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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
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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

34/371

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

J




ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto, ST7TMC2S6-Auto Supply, reset and clock

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.

55/371




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

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
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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
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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.
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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 frequency divided or multiplied by 2 (fogco).

From Run mode, the different power saving modes may be selected by setting the re!levant
register bits or by calling the specific ST7 software instruction whose action depencis or. the
oscillator status.

Figure 21. Power saving mode transitions

High
Run T <+
Siow |
Wait
Slow Wait
Active Halt
Halt
Low

Power consumption
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8.2

Note:

72/371

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 enables or
disables SLOW mode and two CPx bits select the internal slow frequency (fcpy)-

In this mode, the master clock frequency (fosc,) can be divided by 2, 4, 8 or 16. The CPU
and peripherals are clocked at this lower frequency (fcpy).

Slow Wait mode is activated when entering the Wait mode while the device is already in
Slow mode.

Figure 22. SLOW mode clock transitions

foscar fosca/a forc:
¢ >< P ——
cPU
I I R OO R A YA R
fosce JULLLUULLLT & ULy
CP1:0 —_ 00 X T ~
MCCSR

SMS T — —_:__i

Normal run mode request

New SLOW
frequency
request
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8.3

Wait mode

Wait mode places the MCU in a low power consumption mode by stopping the CPU.
This power saving mode is selected by calling the ‘WFI" instruction.

All peripherals remain active. During Wait mode, the 1[1:0] bits of the CC register are forced
to ‘107, 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 remains in Wait mode until a reset or an interrupt occurs, causing it to wake up.

Refer to Figure 23.

Figure 23. Wait mode flow-chart

Oscillator On
. . Peripherals On
I[1:0] bits 10
—|_._l
d
N -
reset
N - Y
Interrnt >
—
Y -
Oscillator On
Peripherals Off
CPU On
1[2:0] bits 10

v

256 or 4096 CPU clock

cycle delay
Oscillator On
¢ N Peripherals On
| CPU On
I[1:0] bits xx®

v

Fetch (ese_t vector or
service interrupt

1. Before servicing an interrupt, the CC register is pushed on the stack. The I[1:0] bits of the CC register 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 lowest power consumption modes of the MCU. They
are both entered by executing the ‘HALT’ instruction. The decision to enter either in Active
Halt or Halt mode is given by the MCC/RTC interrupt enable flag (OIE bit in MCCSR
register).

Table 23.  Active Halt and Halt power saving modes

MCCSR OIE bit Power saving mode entered when HALT instruction is executed
0 Halt mode
1 Active Halt mode

841 Active Halt mode

Active Halt mode is the lowest power consumption mode of the MCU with a roz( time clock
available. It is entered by executing the ‘HALT" instruction when the OIE: Lt &i the main clock
controller status register (MCCSR) is set (see Section 6.6 on pagz 54 for more details on
the MCCSR register).

The MCU can exit Active Halt mode on reception of eithe " zn MCC/RTC interrupt, a specific
interrupt (see Table 22: Interrupt mapping on page 70, or a reset. When exiting Active Halt
mode by means of an interrupt, no 256 or 4096 Zr'L' tycle delay occurs. The CPU resumes
operation by servicing the interrupt or by fetching the reset vector which woke it up (see
Figure 25).

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

In Active Halt mode, onl ’1he ria.n oscillator and its associated counter (MCC/RTC) are
running to keep a wal e-11: tine base. All other peripherals are not clocked except those
which get their ciack upply from another clock generator (such as external or auxiliary

oscillator).

The scfeyuard against staying locked in Active Halt mode is provided by the oscillator
interrup..

Note: Az 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.

Figure 24. Active Halt timing overview

Active 256 or 4096 CPU
Run | HALT cycle delay Run
T o A >
Reset or I
HALT interrupt
instruction Fetch vector

[MCCSR.OIE = 1]

1. This delay occurs only if the MCU exits Active Halt mode by means of a reset.

J
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Figure 25. TActive HALT mode flow-chart

Oscillator On
HALT instruction Peripherals™®) Off
(MCCSR.OIE=1 CPU Off
I[1:0] bits 10
N
L
N %
Y
Interrupt®
Oscillator On
Y Peripherals Off
CPU On
I[1:0] bits xX@)
256 or 4096 CPU clock
cycle delay
Oscillator Oor |
. | Peripherals on
CPU o
I[1:0] bits xX©)

L

Fewh reset vector or
se vice interrupt

Peripherals clocked with an external clock source can still be active.

2. Only the MCC/RTC interrupt and so.me specific interrupts can exit the MCU from Active Halt mode (such as
external interrupt). Refer to ""airl= 22 Interrupt mapping on page 70 for more details.

3. Before servicing an interruyt, \he CC register is pushed on the stack. The I[1:0] bits of the CC register are
set to the current softvore priority level of the interrupt routine and restored when the CC register is

popped.

751371




Power saving modes ST7MC1K2-Auto, ST7/MC1K6-Auto, ST7/TMC2S4-Auto, ST7/TMC2S6-Auto

8.4.2
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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 6.6 on page 54 for more details on the MCCSR register).

The MCU can exit Halt mode on reception of either a specific interrupt (seeTable 22:
Interrupt mapping on page 70) 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 Figure 27).

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 stnpped,
including the operation of the on-chip peripherals. All peripherals are not clocke 1 oxcept the
ones which get their clock supply from another clock generator (such as ar external or
auxiliary oscillator).

The compatibility of Watchdog operation with Halt mode is corfigtrad by the “WDGHALT”
option bit of the option byte. The HALT instruction when exectzd while the Watchdog
system is enabled, can generate a Watchdog RESET (see Seciion 14.1 on page 356 for
more details).

Figure 26. HALT timing overview

256 or 4096 CPU
Run HALT Cyc|e de|ay Run
%Sy Y= >
| Reset
| T or
HALT interrupt
instruction Fetch
[MCCSR.OIE = Q] vector
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Figure 27. Halt mode flowchart

HALT instruction
(MCCSR.OIE = 0)

A 4

Watchdog Oscillator Off
reset Peripherals® Off

CPU off
I[1:0] bits 10

Oscillator Oon

Peripherals Off
»|CPU On
“1[2:01 vite

i_ 256 or 4096 CPU clock

cycle delay
Oscillator On
Peripherals On
CPU On
I[1:0] bits XX@)
v

Fetch reset vector or
service interrupt

1o

\"'DGHALT is an option bit. See option byte section for more details.
Peripherals clocked with an external clock source can still be active.

Only some specific interrupts can exit the MCU from Halt mode (such as external interrupt). Refer to
Table 22: Interrupt mapping on page 70 for more details.

Before servicing an interrupt, the CC register is pushed on the stack. The I1[1:0] bits of the CC register are
set to the current software priority level of the interrupt routine and recovered when the CC register is

popped.

771371




I/O ports ST7MC1K2-Auto, ST7TMC1K6-Auto, ST/TMC2S4-Auto, ST7TMC2S6-Auto
9 I/O ports
9.1 Introduction
The I/O ports offer different functional modes:
o transfer of data through digital inputs and outputs and for specific pins,
® external interrupt generation,
® alternate signal input/output for the on-chip peripherals.
An I/O port contains up to eight 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 1/0 pin may be programmed using the cziresponding register bits in the DDR and OR
registers: Bit X corresponding to pin X or *.e hort. The same correspondence is used for the
DR reqister.
The following description takes into account the OR register, (for specific ports which do not
provide this register refer .0 Sect on 9.3: 1/0 port implementation). The generic I/O block
diagram is shown in Figu.e 28.
9.21 Input modzcs
The input configuration is selected by clearing the corresponding DDR register bit. In this
casQ, reading the DR register returns the digital value applied to the external 1/O pin.
Liiverent input modes can be selected by software through the OR register.
Note: 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
correct level on the pin as soon as the port is configured as an output.
3 Do not use read/modify/write instructions (BSET or BRES) to modify the DR register as this
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might corrupt the DR content for 1/0Os configured as input.

External interrupt function

When an /O is configured as input with interrupt, an event on this I/0O can generate an
external interrupt request to the CPU.

Each pin can independently generate an interrupt request. The interrupt sensitivity is
independently programmable using the sensitivity bits in the EICR register.

Each external interrupt vector is linked to a dedicated group of I/0O port pins (see Section 2:
Pin description and Section 7: Interrupts). If several input pins are selected simultaneously
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9.2.2

9.2.3

Note:

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.

Output modes

The output configuration is selected by setting the corresponding DDR register bit. In this
case, writing the DR register applies this digital value to the 1/O pin through the latch. Then
reading the DR register returns the previously stored value.

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

Table 24. DR register value and output pin status

DR Push-pull Opeii-drain
0 Vss B Vss
1 Vpp Floating

Alternate functions

When an on-chip peripheral is configL rea tc use a pin, the alternate function is automatically
selected. This alternate function takes giiority over the standard 1/0O programming.

When the signal is coming frcm an on-chip peripheral, the 1/0O pin is automatically
configured in output moe (p*'sh-pull or open drain according to the peripheral).

When the signal is gaing to an on-chip peripheral, the I/O pin must be configured in input
mode. In this cése e pin state is also digitally readable by addressing the DR register.

Input puit-Lo configuration can cause unexpected value at the input of the alternate
periphe:al input. When an on-chip peripheral use a pin as input and output, this pin has to
he configured in input floating mode.
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Figure 28. 1/O port general block diagram
Alternate !
Register - _ output Vop P-buffer
access Y P — (see Table 25 below)
Y.
— S Pull-up
, ' Alternate (see Table 25 below)
N enable
o om Z ~D7ﬂ|[ Voo
o oom 1 —
" . Pull-u r
'I . condition A Tad
G or \x\2
3 : ¥ If implemented @—{ N
s| ;
8| + ORSEL . /v | —L—\\
'. /I’ : N-buff
. : utier -J_—- Diodes
\ , (see Table 25 below)
' DDR SEL '
. )/ , 5 Analog
' ! input
' : CMOS «——1—~
| ! Schmitt §
“DRSEL ¥ 1 trigger
/ 0 > \ » Alternate
, input
External < \ &
interrupt
source (eiy)
Table 25.  1/C rort mode options
Diodes™®
Configuration mode Pull-up P-buffer
| to VDD to VSS
Floating with/without interrupt off®
Input Off
Pull-up with/without interrupt on®
On
Push-pull On On
P Off®
Output Open drain (logic level) Off
True open drain NI4) NI NI4)

1. 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 device against positive stress.

Implemented not activated.

Implemented and activated.

Not implemented.
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I/0 ports
Table 26.  1/O port configurations
Hardware configuration
Not implemented in S DR register access
true open drain -~ A J——
110 ports % "
}o% Pull-up condition DR W
’ . 47
L register Data bus
{b@ ’ R,
g
5 .
I ——  » Alternate input
o e » External interrupt source (2i,}
Interrupt condition
— - » Analog input
Not implemented in
true opendrain  ___------. N DR register access
S 1/0 ports . vDD T PE—-
: : L
9 1
= .
s) o DR RIW
.% %X _______ i ? .- register Data bus
S 4—[ I —
c
g
Alternate enable Alternate output
Not implemented in )
true opendrain =~ . --"7 77777 Tl DR register access
I/O ports -7 Vbp i P
~ » ‘ N
3 ‘ Rpy
% t . - ’ DR R/W
° Pad [-<-._| . T register Data bus
a | [} . !
< |
| @
D: % T
Alternate enable Alternate output
1.

Caution:

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

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

The alternate function must not be activated as long as the pin is configured as input with
interrupt, in order to avoid generating spurious interrupts.
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9.3

Q.4
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Analog alternate function

When the pin is used as an ADC input, the 1/0O must be configured as floating input. The
analog multiplexer (controlled by the ADC registers) switches the analog voltage present on
the selected pin to the common analog rail which is connected 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 analog pin.

Warning: The analog input voltage level must be within the limits
stated in the absolute maximum ratings.

I/O port implementation

The hardware implementation on each I/O port depends on thZ scthings in the DDR and OR
registers and specific feature of the 1/0 port such as ADC Inpuvt or true open drain.

Switching these 1/O ports from one state to another shcui 1 be done in a sequence that
prevents unwanted side effects. Recommended sa‘e wransitions are illustrated in Figure 29.
Other transitions are potentially risky and shor'lc be avoided, since they are likely to present
unwanted side-effects such as spurious iaterrurt generation.

Figure 29. Interrupt I/O port state w2isitions

e () 4 () > (D)
\_’/

~Input Input Output Output
loating/pull-up floating open drain push-pull
interrupt (reset state)

! @ =DDR, OR
|

Low power modes

Table 27.  Effect of low power modes on I/O ports

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.
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9.5

9.5.1

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).

Table 28. 1/O port interrupt control/wake-up capability

Interrupt event Event flag | Enable control bit | Exit from WAIT | Exit from HALT
External interrupt on selected ) DDRx, ORxX Yes
external event

I/O port implementation

The I/O port register configurations are summarized below.
Standard ports

Table 29.  Standard ports: PA4, PA2:0, PB5:0, PC7:4, PD7:6. F=5:0, PF5:0, PG7:0,

PH7:0
Mode DDR OR
Floating input \& 0 0
Pull-up input o Nl 0 1
Open drain output )V 1 0
Push-pull output 1 1

Interrupt ports

Table 30. Inte-rap: ports with pull-up: PA6, PA3, PB6, PC3, PC1, PD5, PD4, PD2

Mode DDR OR
Floati n:ngut 0 0
i'_DL.'_I-up interrupt input 0 1
,_Open drain output 1 0
1 1

Push-pull output

Table 31. Interrupt ports without pull-up: PA7, PA5, PB7, PC2, PCO, PD6, PD3, PD

Mode DDR OR
Floating input 0 0
Floating interrupt input 0 1
Open drain output 1 0
Push-pull output 1 1
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Table 32.  Port configuration
Input Output
Port Pin name
OR=0 OR=1 OR=0 OR=1
PA7, PA5 Floating Floating interrupt Open drain Push-pull
Port A | PAG, PA3 Pull-up interrupt Open drain Push-pull
PA2:0 Pull-up Open drain Push-pull
PB7 Floating interrupt Open drain Push-pull
Port B | PB6 Pull-up interrupt Open drain Push-pull
PB5:0 Pull-up Open drain Push-null
PC7:4 Pull-up Open drain P s~ gl
Port C | PC3, PC1 Pull-up interrupt Open drain l-_s_| pull
PC2, PCO Floating interrupt Open draiw_ M Push-pull
PD7, PDO Pull-up One L‘r_a:1_ Push-pull
Port D | PD6, PD3, PD1 Floating interrupt L‘_*oe_n drain Push-pull
PD5, PD4, PD2 Pull-up interrugt Open drain Push-pull
Port E | PE5:0 Pl':i»'l_p_ Open drain Push-pull
Port F | PF5:0 IJTJEp Open drain Push-pull
Port G |PG7:0 ) Pull-up Open drain Push-pull
Port H | PH7:0 Pull-up Open drain Push-pull
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9.6

I/O port register map and reset values

Table 33.  1/O port register map and reset values

Address (Hex.) Register 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 | '.SB
0005h PBOR :
0006h PCDR
0007h PCDDR MSB LSB
0008h PCOR
0009h PDDR
000Ah PDDDR MSB LSB
000Bh PDOR
000Ch PEDR
000Dh PEDDR 1ASE LSB
000Eh PEOR
000Fh PFDR
0010h L_P.'-L‘l'WR_ ] MSB LSB
0011h I °FOR
0012k \ PGDR

\ 0613h PGDDR MSB LSB
|6214h PGOR
0015h PHDR
0016h PHDDR MSB LSB
0017h PHOR
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10.1

10.1.1

10.1.2

10.1.3
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Window watchdog (WWDG)

Introduction

The window watchdog is used to detect the occurrence of a software fault, usually
generated by external interference or by unforeseen logical conditions, which causes the
application program to abandon its normal sequence. The watchdog circuit generates an
MCU reset on expiry of a programmed time period, unless the program refreshes the
contents of the downcounter before the T6 bit becomes cleared. An MCU reset is also
generated if the 7-bit downcounter value (in the control register) is refreshed before tnha
downcounter has reached the window register value. This implies that the counter icst be
refreshed in a limited window.

Main features

® Programmable free-running downcounter
® Conditional reset
—  reset (if watchdog activated) when the down.ounter value becomes less than 40h

— reset (if watchdog activated) if the dow ncounter is reloaded outside the window
(see Figure 33)
® Hardware/software watchdog ac'lvai'o:i (selectable by option byte)

® Optional reset on HALT instruction (configurable by option byte).

Functional description

The counter value storcy in the WDGCR register (bits T[6:0]), is decremented every 16384
fosca cycles (appiax.), and the length of the timeout period can be programmed by the user
in 64 incretnams.

If the watchdog is activated (the WDGA bit is set) and when the 7-bit downcounter (T[6:0]
“its) rolls over from 40h to 3Fh (T6 becomes cleared), it initiates a reset cycle pulling low the
reset pin for typically 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.
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Figure 30. Watchdog block diagram
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The application program raust write in the WDGCR register at regular intervals during
normal operation to prevert an MCU reset. This operation must occur only when the counter
value is lower then the window register value. The value to be stored in the WDGCR register
must be betwzen )’Fh and COh (see Figure 31).

Enabi‘rg the watchdog

Wi-eri software watchdog is selected (by option byte), the watchdog is disabled after a reset.
It1s 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 and 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 represent the time delay before the
watchdog produces a reset (see Figure 31: Approximate timeout duration). The timing
varies between a minimum and a maximum value due to the unknown status of the
prescaler when writing to the WDGCR register (see Figure 32).

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 33 describes the window watchdog process.
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Note:

10.1.4

10.1.5

Caution:

88/371

The T6 bit can be used to generate a software 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 reset on halt option is selected, then the HALT
instruction generates a reset.

Using Halt mode with the watchdog

If Halt mode with watchdog is enabled by option byte (no watchdog reset on HALT
instruction), it is recommended before executing the HALT instruction to refresh the WDG
counter, to avoid an unexpected WDG reset immediately after waking up the microcontroller.

How to program the watchdog timeout

Figure 31 shows the linear relationship between the 6-bit value to be loaded i th.e watchdog
counter (CNT) and the resulting timeout duration in milliseconds. This cen be used for a
quick calculation without taking the timing variations into account. I’ m2ve precision is
needed, use the formulae in Figure 32.

When writing to the WDGCR register, always write 1 ir the T6 bit to avoid generating an
immediate reset.

Figure 31. Approximate timeout duration
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Figure 32. Exact timeout duration (ty,i, and tyay)

WHERE:

tmino = (LSB + 128) X 64 x tosce2
tmaxo = 16384 X tosc2

tosce = 125ns if fOSCZ =8 MHz

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

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

TB1 bit (MCCSR reg.) TBO bit (MCCSR reg.) Selected MCCSR timebase MSB LSB
0 0 2ms 4 59
0 1 4ms 8 53
1 0 10ms 20 35
1 1 25ms 49 ;} -y |

To calculate the minimum watchdog timeout (tin):

IE CNT<[M§B} THEN tmin = tmm0+16384>< CNT x tOSC2

4CNT
MSB

4CNT"7‘
MSB |l ¢ ‘vec2

ELSE tin = tyino * [16384x (CNT—[ D+(192+ LSB) x 64 x [

To calculate the maximum watchdog timeout (tax):

IF CNT{—MSB}

7 THEN tmax =t

maxo * 16384 x CN7 x tosey

ELSE‘ma

16384 x (CNT - ﬁ—c‘

T 4CNT
S5 ||+ (132 +LSB) x 64x[ ﬂxtosc:

x - tmax0+[ MSB

NOTE: In the above formulae, divisicn /Zsults must be rounded down to the next integer value.
EXAMPLE: With 2ms timeu” se ected in MCCSR register

Value of T'5: )1 vits in WDGCR register (Hex.) | Min. watchdog timeout (ms) ty,i, | Max. watchdog timeout (ms) ty,ax

00 1.496

2.048

3F 128

128.552
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Figure 33. Window watchdog timing diagram
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T6 bit
Reset _|

10.1.6 Low power modes

Table 34. Effect of low power modes on winco »~ watchdog

Mode Desc.iption
Slow No effect on watchdog. The zowncaunter continues to decrement at normal speed.
Wait No effect on watchdog. The duwncounter continues to decrement.

OIE bitin | WDGHALT
MCCSR Dit i
register | cpiion byte

No watchdog reset is generated. The MCU enters Halt mode.
The watchdog counter is decremented once and then stops
counting and is no longer able to generate a watchdog reset
Hein until the MCU receives an external interrupt or a reset.
‘ If an interrupt is received (refer to Table 22: Interrupt 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 application
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 counter is not decremented. It stops counting.
When the MCU receives an oscillator interrupt or external
interrupt, the watchdog restarts counting immediately. When
the MCU receives a reset the watchdog restarts counting after
256 or 4096 CPU clocks.

Active Halt 1 X

10.1.7 Hardware watchdog option

If Hardware watchdog is selected by option byte, the watchdog is always active and the
WDGA bit in the WDGCR is not used. Refer to Section 14.1: Flash option bytes.
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10.1.8 Using Halt mode with the watchdog (WDGHALT option)

If Halt mode is used when the watchdog is enabled, refresh the WDG counter before
executing the HALT instruction to avoid an unexpected WDG reset immediately after waking
up the microcontroller.

10.1.9 Watchdog interrupts

None.

10.1.10 Watchdog control register (WDGCR)

WDGCR Reset value: 0111 1111 (7Fh)
7 6 5 4 3 2 1 J
WDGA T[6:0] P
R/W R/IW W

Table 35. WDGCR register description

Bit | Name Function

Activation bit
This bit is set by software and cr!y vieared by hardware after a reset. When
WDGA = 1, the watchdzy =cn enerate a reset.
7 | WDGA | 0: Watchdog disabled
1: Watchdog enabled
Note: This bi*is ot used if the hardware watchdog option is enabled by option
byte.

7-bit coantar (MSB to LSB)
6:0 | T[6:0] v hace bits contain the value of the watchdog counter. It is decremented every

| 16384 fogco cycles (approx). A reset is produced when it rolls over from 40h to
| 3Fh (T6 becomes cleared).

10.1.11 \Wveatchdog window register (WDGWR)

WDGWR Reset value: 0111 1111 (7Fh)
7 6 5 4 3 2 1 0
Reserved WI[6:0]
- RIW

Table 36. WDGWR register description

Bit | Name Function

7 - Reserved, must be kept cleared

7-bit window value

6:0 | W[6:0 . . .
[6:0] These bits contain the window value to be compared to the downcounter.
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10.1.12

10.2

10.2.1
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Watchdog timer register map and reset values

Table 37. Watchdog timer register map and reset values
Address (Hex.) | Register label 7 6 5 4 3 2 1 0
002Ah WDGCR WDGA T6 T5 T4 T3 T2 T1 TO
Reset value 0 1 1 1 1 1 1 1
002Bh WDGWR 0 W6 W5 w4 W3 w2 w1 WO
Reset value 0 1 1 1 1 1 1 1

PWM auto-reload timer (ART)

Introduction

The pulse width modulated auto-reload timer on-chip peripheral consisis of .an 8-bit auto

reload counter with compare/capture capabilities and of a 7-bit prescai=r clock source.

These resources allow five possible operating modes:
Generation of up to 4 independent PWM signals
Output compare and time base interrupt

External event detector

°

°

® Upto 2 input capture functions
°

°

Up to 2 external interrupt sources

The three first modes can be t'sed ogether with a single counter frequency.

The timer can be used to vane Uup the MCU from Wait and Halt modes.
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Figure 34. PWM auto-reload timer block diagram
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10.2.2

94/371

Functional description

Counter

The free running 8-bit counter is fed by the output of the prescaler, and is incremented on
every rising 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 auto-reload register (ARTARR). The prescaler is not affected.

Counter clock and prescaler

The counter clock frequency is given by:

fcounTer = finput/2°C1# 0%

The timer counter’s input clock (fypyT) feeds the 7-bit programmable prosczier, which
selects one of the eight available taps of the prescaler, as defined ky ~.C;2:0] bits in the
ARTCSR. Thus the division factor of the prescaler can be set 0 2" (wnere n =0, 1, ...7).

This finpyT frequency source is selected through the EXCL bit of the ARTCSR register and
can be either the fopy or an external input frequency -y

The clock input to the counter is enabled by the I CE (timer counter enable) bit in the
ARTCSR register. When TCE is reset, the caunien 1s stopped and the prescaler and counter
contents are frozen. When TCE is set, u.2 ccunter runs at the rate of the selected clock
source.

Counter and prescaler initiclization

After reset, the countei ana the prescaler are cleared and fijypyt = fopu-

The counter car: e initialized by:

® Writing r0 ‘he ARTARR register and then setting the FCRL (force counter re-load) and
tt e "'CE (timer counter enable) bits in the ARTCSR register.

® Wrniing to the ARTCAR counter access register,

in woth cases the 7-bit prescaler is also cleared, whereupon counting starts from a known
value.

Direct access to the prescaler is not possible.

Output compare control

The timer compare function is based on four different comparisons with the counter (one for
each PWMx output). Each comparison is made between the counter value and an output
compare register (OCRX) value. This OCRX register can not be accessed directly, it is
loaded from the duty cycle register (PWMDCRKX) at each overflow of the counter.

This double buffering method avoids glitch generation when changing the duty cycle on the
fly.
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Figure 35. Output compare control
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Independent PWM signal generation

This mode allows up to four pulse width modulated signals to be generated on the P\VNix output pins with
minimum core processing overhead. This function is stopped during Halt moe.

Each PWMx output signal can be selected independently using the corrasponding OEX bit in the PWM
Control register (PWMCR). When this bit is set, the corresponding ;D pin is configured as output push-
pull alternate function.

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

fPWM = fCOUNTER/(256 - ARTARR)

When a counter overflow occurs, the PWNix pin level is changed depending on the corresponding OPx
(output polarity) bit in the PWMCR re giater. When the counter reaches the value contained in one of the
output compare register (OCRX) the cciresponding PWMx pin level is restored.

It should be noted that the re1oau values also affect the value and the resolution of the duty cycle of the
PWM output signal. To cktain a signal on a PWMx pin, the contents of the OCRXx register must be greater
than the contents c¢* th.e ARTARR register.

The maximum 3vailable resolution for the PWMx duty cycle is:
Resolutich = 1/(256 - ARTARR)

No'e: 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.

‘ﬁ 95/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

Figure 36. PWM auto-reload timer function
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Figure 37. PWM signal from 0% to 100% duty cycle
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Output cor'par2 and time base interrupt

On oveiflew, the OVF flag of the ARTCSR register is set and an overflow interrupt request is generated if
the overfiow interrupt enable bit, OIE, in the ARTCSR register, is set. The OVF flag must be reset by the
Jser software. This interrupt can be used as a time base in the application.

External clock and event detector mode

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

nEVENT = 256 - ARTARR

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

J
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Note:

Note:

Figure 38. External event detector example (3 counts)

fext = fcounTerR | + | + | + | + | + | + | +

ARTARR = FDh

Counter |~ FDh >< FEh >< FFh >< FDh >< FEh >< FFh >< FDh>:
ovE ' ' : : '

& ARTCSR read l X ARTCSR read

Interrupt Interrupt
ifOIE=1 ifOIE=1

Input capture function

This mode allows the measurement of external signal 1>u se widths through ARTICRX
registers.

Each input capture can generate an interrupt inder endently on a selected input signal
transition. This event is flagged by a set ¢f t1.e corresponding CFx bits of the input capture
control/status register (ARTICCSR).

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

The active transition (fallir g i ~icing edge) is software programmable through the CSx bits
of the ARTICCSR regisie".

The read only irp'c cupture registers (ARTICRX) are used to latch the auto-reload counter
value when 7 wansition is detected on the ARTICx pin (CFx bit set in ARTICCSR register).
After feiching e interrupt vector, the CFx flags can be read to identify the interrupt source.

After a capture detection, data transfer in the ARTICRX register is inhibited until it is read
(clearing the CFx hit).

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

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

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

This mode allows the Input capture capabilities to be used as external interrupt sources.
The interrupts 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 identify the interrupt source.

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

set).

Figure 39. Input capture timing diagram
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10.2.3 PWM ART registers
ART control/status regisier (ARTCSR)
ARTCSR Reset value: 0000 0000 (00h)
7 A 5 4 3 2 1 0
¢\
EXCL | CC[2:0] TCE FCRL OIE OVF
R'W RIW RIW RO RIW RIW
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Table 38.

ARTCSR register description

Bit

Name

Function

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

6:4

CC[2:0]

Counter clock control

These bits are set and cleared by software. They determine the prescaler division

ratio from fiypyT:

000: Prescaler division ratio from fjnpyut = finpuT (fcOUuNTER)
and 8 MHz (with fiypyt = 8 MHZz)

001: Prescaler division ratio from fyypyt = finput/2 (fcounTeER)
and 4 MHz (with fiypyt = 8 MHZ)

010: Prescaler division ratio from fjnpyt = finput/4 (fcOUNTER)
and 2 MHz (with fiypyt = 8 MHZ)

011: Prescaler division ratio from fjxpyut = finput/8 (frgiin EF)
and 1 MHz (with f|NPUT =8 MHz)

100: Prescaler division ratio from finput = fines 1116 'cOUNTER)
and 500 kHz (with f|NPUT =8 MHz)

101: Prescaler division ratio from fiyp:q = Tirput/32 (fcounTER)
and 250 kHz (with fyypyt = 8 MHz)

110: Prescaler division ratio o1 T put = finpuT/64 (fcOUNTER)
and 125 kHz (with 'V|prr -8 MHz)

111: Prescaler division raus from f|NPUT = f|NPUT/128 (fCOUNTER)
and 62.5 knz (with lePUT =8 MHz)

TCE

Timer counter enakle
This hit is sct and cleared by software. It puts the timer in the lowest power
conaulaption mode.
O CCounter stopped (prescaler and counter frozen)
1: Counter running

[\

FCRL

Force counter reload
This bit is write-only and any attempt to read it yields 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.

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 (bit 0) is set.
0: Overflow interrupt disable
1: Overflow interrupt enable

OVF

Overflow flag
This bit is set by hardware and cleared by software reading the ARTCSR register. It
indicates the transition of the counter from FFh to the ARTARR value.
0: New transition not yet reached
1: Transition reached
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ART counter access register (ARTCAR)

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

CA[7:0]

R/W

Table 39. ARTCAR register description

Bit | Name Function

Counter access data

7:0 | CA[7:0] These bits can be set and cleared either by hardware or by software. The ARTCAR
’ ' register is used to read or write the auto-reload counter ‘on the fly’ (wh''e ‘tic
counting).

Auto-reload register (ARTARR)

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

AR[7:7]

P

Table 40. ARTARR register description

Bit | Name Function

Counter euco-2icad data

Trese his are set and cleared by software. They are used to hold the auto-reload
valt.e which is automatically 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 functions:

Adjusting the PWM frequency

Setting the PWM duty cycle resolution
See below for PWM frequency versus resolution:
fewm Min/max (~0.244 kHz/31.25 kHz) = resolution (8-bit): ARTARR value 0
fewm Min/max (~0.244 kHz/62.5 kHz) = resolution (> 7-bit): ARTARR value 0..127
fewm Min/max (~0.488 kHz/125 kHz) = resolution (> 6-bit): ARTARR value 128..191
fewm Min/max (~0.977 kHz/250 kHz) = resolution (> 5-bit): ARTARR value 192..223
fewm Min/max (~1.953 kHz/500 kHz) = resolution (> 4-bit): ARTARR value 224..239

L%
; 7:0| AR[7:0]

PWM control register (PWMCR)

PWMCR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
OE[3:0] OP[3:0]

R/W R/W

J
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Table 41. PWMCR register description

Bit | Name Function

PWM output enable
These bits are set and cleared by software. They enable or disable the PWM output
7:4 | OE[3:0] channels independently acting on the corresponding I/O pin.
0: PWM output disabled
1: PWM output enabled

PWM output polarity
3:0| OP[3:0] | These bits are set and cleared by software. They independently select the polarity
of the four PWM output signals (see Table 42).

Table 42. PWM output signal polarity selection

PWMx output level >)
oeax®
Counter < OCRXx Counter > OCRx
1 0 > 0
0 1 AN 1
1. When an OPx bit is modified, the PWMXx output signal polarity is imimediately reversed.
PWM duty cycle registers (PWMDCRX)
PWMDCRx Reset value: 0000 0000 (00h)
7 6 5 % 3 2 1 0
DCJ[7:0]
- R/W

Table 43. PV/MUCZRX register description

Bit | Mamo L Function

: Duty cycle data

i ! These bits are set and cleared by software. A PWMDCRX register is associated with

| 7:0| DC[7:0] 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 registers allow the duty cycle to be set

independently for each PWM channel.

ART input capture control/status register (ARTICCSR)

ARTICCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved CS[2:1] CIE[2:1] CF[2:1]
- R/W R/W R/W
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Table 44. ARTICCSR register description

Bit| Name Function

7.6 - Reserved, must be kept cleared.

Capture sensitivity
These bits are set and cleared by software. They determine the trigger event
5:4 | CS[2:1] polarity on the corresponding input capture channel.
0: Falling edge triggers capture on channel x
1: Rising edge triggers capture on channel x

Capture interrupt enable
These bits are set and cleared by software. They enable or disable the input
3:2 | CIE[2:1] | capture channel interrupts independently.
0: Input capture channel x interrupt disabled
1: Input capture channel x interrupt enabled

Capture flag

These bits are set by hardware and cleared by software reariin the corresponding
1:.0| CF[2:1] | ARTICRX register. Each CFx bit indicates that an input ¢ ipu ' x has occurred.

0: No input capture on channel x

1: An input capture has occurred on channel x

ART input capture registers (ARTICRX)

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

IC[7:0]

RO

Table 45. ARTICKX register description

T
Bit | Name | Function

Input capture data

V7 IC[7:0] These read-only bits are set and cleared by hardware. An ARTICRX register
b\, ' contains the 8-bit auto-reload counter value transferred by the input capture channel
| X event.

J
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PWM auto-reload timer register map and reset values

Table 46. PWM auto-reload timer register map and reset values

Address (Hex.) | Register label 7 6 5 4 3 2 1 0

0074h PWMDCR3 DC7 DC6 | DC5 | DC4 | DC3 DC2 DC1 | DCO
Reset value 0 0 0 0 0 0 0 0

0075h PWMDCR2 DC7 DC6 | DC5 | DC4 | DC3 DC2 DC1 | DCO
Reset value 0 0 0 0 0 0 0 0

0076h PWMDCR1 DC7 DC6 | DC5 | DC4 | DC3 DC2 DC1 | 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 o | o

0078h PWMCR OE3 OE2 | OE1 | OEO | OP3 OP2 SIE ' OPO
Reset value 0 0 0 0 0 0 0 0

0079h ARTCSR EXCL | CC2 | CC1 | CCO | TCE | R’RL | OIE | OVF
Reset value 0 0 0 0 0 0 0 0

007Ah ARTCAR CA7 CA6 | CA5 | CA4 '« CA3 CA2 CAl | CAO
Reset value 0 0 0 J 0 0 0 0

007Bh ARTARR AR7 AR6 | AI’5 | AR4 | AR3 AR2 AR1 | ARO
Reset value 0 0 0 0 0 0 0 0

007Ch ARTICCSR CS2 | CS1 | CIE2 | CIEL CF2 | CF1
Reset value ) 0 0 0 0 0 0 0

007Dh ARTICR1 IC7 IC6 IC5 IC4 IC3 IC2 IC1 ICO
Reset valve 0 0 0 0 0 0 0 0

007Eh ARTICR. IC7 IC6 IC5 IC4 IC3 IC2 IC1 ICO
Resot va.ue 0 0 0 0 0 0 0 0
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10.3

10.3.1

10.3.2

Note:
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16-bit timer

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 signals (input capture) or generation of up to two output waveforms (output compare
and PWM).

Pulse lengths and waveform periods can be modulated from a few microseconds to several
milliseconds 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 synchronized 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 timea:s, register
names are prefixed with TA (timer A) or TB (timer B).

Main features

® Programmable prescaler: fop, divided by 2, 4 or €
® Overflow status flag and maskable interrupt

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

® Output compare functions with

2 dedicated 16-bit reqisters

2 dedicated progrimmable signals

2 dedicated siatus flags

1 dedic.ac=20 maskable interrupt

® Input cepuive 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 1/O ports (ICAP1, ICAP2, OCMP1, OCMP2, EXTCLK)

Some timer pins may not be available (not bonded) in some devices. Refer to Table 2:
Device pin description on page 23.

The block diagram is shown in Figure 40.

When reading an input signal on a non-bonded pin, the value is always ‘1'.
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10.3.3

Functional description

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 and low.

Counter register (CR)
® Counter high register (CHR) is the most significant byte (MSB).
® Counter low register (CLR) is the least significant byte (LSB).

Alternate counter register (ACR)
® Alternate counter high register (ACHR) is the MSB.
® Alternate counter low register (ACLR) is the LSB.

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 flay), located in the
status register, (SR), (seel6-bit read sequence (from either the couvnay register or the
alternate counter register) on page 107).

Writing in the CLR register or ACLR register resets the frzc rurining counter to the FFFCh
value. Both counters have a reset value of FFFCh (thic i1 wxe only value which is reloaded in
the 16-bit timer). The reset value of both counters 1z also FFFCh in One Pulse mode and
PWM mode.

The timer clock depends on the clock cun:ol bits of the CR2 register, as illustrated in

Table 51. The value in the counter reg'ste, repeats every 131 072, 262 144 or 524 288 CPU
clock cycles depending on the CC[1:0] bits. The timer frequency can be fcpy/2, fopyu/4,
fcpyu/8 or an external frequeiicy.
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Figure 40. Timer block diagram
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Timer interrupt

CR1 (control register 1)

CR 2 (control register 2)

1. IfIC, OC and TO interrupt requests have separate vectors then the last OR is not present (see Table 22: Interrupt mapping)
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Note:

16-bit read sequence (from either the counter register or the alternate counter register)

Figure 41. 16-bit read sequence

Beginning of the sequence

A

Att0 | Read MSB LSB is buffered

T “other !
' Returns the buffered
Att0 +At | Read LSB LSB value at t0

Sequence completed

The user must read the MSB first, then the LSB value is buffered automatica'ty.

This buffered value remains unchanged until the 16-bit read sequence v cornpleted, even if
the user reads the MSB several times.

After a complete reading sequence, if only the CLR register ¢~ ACLR register are read, they
return the LSB of the count value at the time of the read.

Whatever the timer mode used (input capture, outpuc ~ompare, one pulse mode or PWM
mode) an overflow occurs when the counter rolls cvar rom FFFFh to 0000h then:
® The TOF bit of the SR register is set
® Atimer interrupt is generated if;
— TOIE bit of the CR1 register is set and
— | bit of the CC regisier s cleared.
If one of these conditicis is false, the interrupt remains pending to be issued as soon as
they are both true.
Clearing the uverflow interrupt request is done in two steps:
1. Pealing ine SR register while the TOF bit is set.
2. An access (read or write) to the CLR register.
Tie 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) without 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).

External clock

The external clock (where available) is selected if CCO =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 external clock pin EXTCLK that triggers the free running counter.

The counter is synchronized with the falling edge of the internal CPU clock.
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Note:

108/371

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 frequency must be less than a
quarter of the CPU clock frequency.

Figure 42. Counter timing diagram, internal clock divided by 2

evooee JUUUUUULUUUUUUUUT

Internal reset —|
Timer clock _|_| |_| |_| |_| |_| |_| |_| |_|_

Counter register \ FerD ) Frre Y FRFF ) 0000 \ 0001 Y 0002 Y 0003 X:

Timer overflow flag (TOF) |

Figure 43. Counter timing diagram, internal clock divided by .*

cuaose J UUUUL S TUUUUUY]

Internal reset —|

s
Timer clock ~|—i_ Y ﬁ/ J |_|
- T\ 7
. FFFC | FFFD oooo  f o001
Counter register — 4/\%/

Timer overflov. fle1 (TSF) |

Figure 44. Councer timing diagram, internal clock divided by 8

CPU clock , ’

Internal reset —|

Timer clock |_| A_Ii
. FFFC X FFFD 0000
Counter register
Timer overflow flag (TOF)

The device is in reset state when the internal reset signal is high, when it is low the device is
running.
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Note:

Input capture

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

The two input capture 16-bit registers (IC1R and IC2R) are used to latch the value of the
free-running counter after a transition detected by the ICAPI pin (see below).

MSB LSB

ICIR ICiIHR ICILR

ICIR register is a read-only register.

The active transition is software programmable through the IEDGi bit of control regisicrs
(CRi).

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

Procedure

To use the input capture function, select the following in the CR2 reyicter:

® Select the timer clock (CC[1:0]) (see ).

® Select the edge of the active transition on the ICAI2 ain with the IEDG2 bit (the ICAP2
pin must be configured as floating input).

Select the following in the CR1 register:

® Set the ICIE bit to generate an inteirunt after an input capture coming from either the
ICAPL1 pin or the ICAP2 pin

® Select the edge of the aciive transition on the ICAP1 pin with the IEDG1 bit (the
ICAP1pin must be ccnfiioured as floating input).

When an input captur 2 occuis:

® The ICFi bit s se:

® The ICiRR 1 2yister contains the value of the free running counter on the active transition
G 1 the \CAPI pin (see Figure 46).

® A tinerinterrupt is generated if the ICIE bit is set and the | bit is cleared in the CC
register. Otherwise, the interrupt remains pending until both conditions become true.

Clearing the input capture interrupt request (that is, clearing the ICFi bit) is done in two

steps:

1. By reading the SR register while the ICFi bit is set.

2. By accessing (reading or writing) the ICILR register.

After reading the ICiHR register, transfer of input capture data is inhibited and ICFi is never

set until the ICILR register is also read.

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

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

In One Pulse mode and PWM mode only the input capture 2 can be used.

The alternate inputs (ICAP1 and ICAP2) are always directly connected to the timer. So any
transitions on these pins activate the input capture function. Moreover if one of the ICAPI pin
is configured as an input and the second one as an output, an interrupt can be generated if
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the user toggle the output pin and if the ICIE bit is set. This can be avoided if the input
capture function i is disabled by reading the ICiHR (see note 1).

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

Figure 45. Input capture block diagram

ICAP1 éw
pin T
Y v CR1 (control register 1)
ICAPZ L ) Edge detect | Edge detect ICIE IEDG1]
pin ~ § circuit 2 circuit 1
_’ ——— |

SR (statL s reoiste )

% ) |
IC2R register IC1R register ICF1 ICF2 L 0 | O 0
A A _ \ N

?

16-bit CR2 (control register 2)

16-bit free running counter ‘ _|L TCCI CCO |IEDG2

: N

Figure 46. Input capture timing diagram

| p——
Timer clock | L
Counter registe;  — F01 X FF02 X FFO03 X
CAPi pin
ICAPi flag |
l ICAPI register X FFO3

1. The active edge is the rising edge.

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

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

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

When a match is found between the output compare register and the free running counter,
the output compare function:

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

® Sets a flag in the status register

® Generates an interrupt if enabled

Two 16-bit registers output compare register 1 (OC1R) and output compare register 2
(OC2R) contain the value to be compared to the counter register each timer cloc.< cvile.

MSB LSb

OCiR OCiHR OCIiLR

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

Timing resolution is one count of the free running ~ouiiter: (fepuicciriop)-

Procedure:

To use the output compare function, sc'zct the following in the CR2 register:

® Setthe OCIE bit if an outp.'t is needed then the OCMPi pin is dedicated to the output
compare i signal.

® Select the timer cloc: (CC[1:0]) (see Table 51).

In the CR1 register ceiect the following:
® Select the OLVLI bit to be applied to the OCMPI pins after the match occurs.
® Sctthe OCIE bit to generate an interrupt if it is needed.

Wieeri a match is found between OCRI register and CR register:
s Set the OCFi bit.
® The OCMPI pin takes OLVLi bit value (OCMPI pin latch is forced low during reset).

® Atimer interrupt is generated if the OCIE bit is set in the CR2 register and the | bit is
cleared in the CC register (CC).
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Note:
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The OCIR register value required for a specific timing application can be calculated using
the following formula:

Equation 1
Aocir= At-feru
PRESC
Where:
At = output compare period (in seconds)
fepy = CPU clock frequency (in hertz)
PRESC = timer prescaler factor (2, 4 or 8 depending on CCJ[1:0] bits, see Table 51)

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

Equation 2
A OCIR = At fEXT

Where:
At = output compare period (in seconds)
fext = external timer clock frequency (in h21i2)

Clearing the output compare interrupt recu=st (that is, clearing the OCFi bit) is done by:

1. Reading the SR register while the SCFi bit is set.

2. Accessing (reading or writing) the OCILR register.

The following procedure 's recommended to prevent the OCFi bit from being set between

the time it is read an th:2 ime it is written to the OCiR register:

® Write to th2 QCiHR register (further compares are inhibited).

® Re2d the SR register (first step in the clearance of the OCFi bit, which may be already
set).

*  Write to the OCILR register (enables the output compare function and clears the OCFi
bit).

After a processor write cycle to the OCIHR register, the output compare function is inhibited

until the OCILR register is also written.

If the OCIE bit is not set, the OCMPIi pin is a general 1/0O port and the OLVLi bit does not
appear when a match is found but an interrupt could be generated if the OCIE bit is set.

In both internal and external clock modes, OCFi and OCMPIi are set while the counter value
equals the OCIR register value (see Figure 48 for an example with fop,/2 and Figure 49 for
an example with fcp,/4). This behavior is the same in OPM or PWM mode.

The output compare functions can be used both for generating external events on the
OCMPi pins even if the input capture mode is also used.

The value in the 16-bit OCIR register and the OLVi bit should be changed after each
successful comparison in order to control an output waveform or establish a new elapsed
timeout.
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Forced compare output capability

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

FOLVLI bits have no effect in both one pulse mode and PWM mode.

Figure 47. Output compare block diagram

16-bit free running counter OC1E|OC2E CC1 |CcCo
‘ ‘ CR2 (control register 2)
16-bit
; CR1 (control register 1) J ’
QOutput compare circuit OCIE FOLV2|FoLvioLvL2 OLVL1 » Laih :1 OC';\i/InPl
~ 1
| [ J
16-bit 16-bit L )]
v La;ch I OCpl\illan
OCI1R register | >
| : v R
OCF1 OCFZ‘ 0 v ‘ 0
‘ OCZ2R register | S » -
¢ R (status register)

Figure 48. Output compare timing diagram, fryer = fcpu/2

Interna CPU clock
Timer clock ﬂ ﬂ ﬂ ﬂ ﬂ ’_L

Counter register 2ECF){ 2ED0 ( 2€D1 X 262 { 2ED3 X 26D4 )}

Output compare register i (OCRI) 2ED3

Output compare flag i (OCFi)
| OCMPI pin (OLVLi = 1)

‘ﬁ 113/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

Figure 49. Output compare timing diagram, f1yer = fcpu/4

Internal CPU clock m—m
Timer clock H H H H H ’—L

Counter register 2ECF){ 2EDO 2ED1>< 2602 ) 2ED3 ZED4><:

Output compare register i (OCRI) 2ED3

Output compare flag i (OCFi)
OCMPi pin (OLVLi = 1)

One pulse mode

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

The one pulse mode uses the input capturel func:icn and the output comparel function.

Procedure

1. Load the OCIR register with the v2lu 2 coiresponding to the length of the pulse (see
Equation 3 below).

2. Select the following in the CRZ register:

— Using the OLVL. hit, select the level to be applied to the OCMP1 pin after the
pulse.

— Using the QL2 bit, select the level to be applied to the OCMP1 pin during the
pulse.

—  Zeiac( the edge of the active transition on the ICAP1 pin with the IEDGL1 bit (the
ICAP1 pin must be configured as floating input).

2. Select the following in the CR2 register:

—  Set the OCL1E bit, the OCMP1 pin is then dedicated to the output compare 1
function.

— _Set the OPM bit.
—  Select the timer clock CC[1:0] (see Table 51).

J
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Figure 50. One pulse mode sequence

One pulse mode cycle

When‘;vent ICR1 = counter
occurs on [P OCMP1=0LVL2

ICAP1 to FFFCh

Counter is reset
ICF1 bit is set
v
When
counter R
=O0C1R OCMP1 = OLVL1
L1

When a valid event occurs on the ICAP1 pin, the counter value is loaded in the ICR1
register. The counter is then initialized to FFFCh, the OLVL2 bit is output on the C'\Civi¥*1 pin
and the ICF1 bit is set.

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

Clearing the input capture interrupt request (that is, clearing 122 ICFi bit) is done in two
steps:

1. Reading the SR register while the ICFi bit is cet.

2. Accessing (reading or writing) the ICILR reis‘er.

The OC1R register value required for a spec’fic timing application can be calculated using
the following formula:

Equation 3
OCIR value = ::E% -5
Where:
t= pulse period (in seconds)
fepe = CPU clock frequency (in hertz)
phmsC = timer prescaler factor (2, 4 or 8 depending on the CC[1:0] bits, see Table 51)

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

Equation 4
OCIR=1« fEXT -5

Where:
t= pulse period (in seconds)
fext = external timer clock frequency (in hertz)

When the value of the counter is equal to the value of the contents of the OC1R register, the
OLVL1 bit is output on the OCMP1 pin, (see Figure 51).
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Note:
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1

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

When the pulse width modulation (PWM) and one pulse mode (OPM) bits are both set, the
PWM mode is the only active one.

If OLVL1 = OLVL2 a continuous signal is seen on the OCMP1 pin.

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

When one pulse mode is used OC1R is dedicated to this mode. Nevertheless OC2R and
OCF2 can be used to indicate a period of time has been elapsed but cannot generate an
output waveform because the level OLVL2 is dedicated to the one pulse mode.

Figure 51. One pulse mode timing example

IciR Y 01F8 _X'F«rfs

Counter OlFSXFFFCXFFFDXFFFEX:; E)zx .( FFFD
2ED3
ICAP1 T 2

o oLvL2
OCMP1 ] OLvL2 1 oLl
Comparel

1. IEDG1 =1, OCIR = 2EDOh, OLVvL* =0, OLVL2 =1

Figure 52. Pulse widtit mcuulation mode timing example

Cointe  34E2YFFFC Y FFFDY FFFEY X 2ED0) 2EDT)(2EDZY  )(34E2) FFFC
/
i
|
|

OLVL2
oompr  —J otz ol

Compare2 Comparel Compare2

1. OCIR = 2EDOh, OC2R = 34E2, OLVL1 = 0, OLVL2 = 1
Pulse width modulation mode

Pulse width modulation (PWM) mode enables the generation of a signal with a frequency
and pulse length determined by the value of the OC1R and OCZ2R registers.

Pulse width modulation mode uses the complete output compare 1 function plus the OC2R
register, and so this functionality can not be used when PWM mode is activated.

In PWM mode, double buffering is implemented on the output compare registers. Any new
values written in the OC1R and OC2R registers are loaded in their respective shadow
registers (double buffer) only at the end of the PWM period (OC2) to avoid spikes on the
PWM output pin (OCMP1). The shadow registers contain the reference values for
comparison in PWM ‘double buffering’ mode.
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Note:

There is a locking mechanism for transferring the OCIR value to the buffer. After a write to
the OCIHR register, transfer of the new compare value to the buffer is inhibited until OCILR
is also written.

Unlike in output compare mode, the compare function is always enabled in PWM mode.

Procedure

To use pulse width modulation mode:

1.

Load the OC2R register with the value corresponding to the period of the signal using
the formula in the opposite column.

Load the OC1R register with the value corresponding to the period of the pulse if
(OLVL1 = 0 and OLVL2 = 1) using Equation 5.

Select the following in the CR1 register:

Using the OLVL1 bit, select the level to be applied to the OCMP1 pin after a stzc2¢sful
comparison with OC1R register.

Using the OLVL2 hit, select the level to be applied to the OCMP1 pin atier a successful
comparison with OC2R register.

Select the following in the CR2 register:

Set OC1E bit: the OCMP1 pin is then dedicated to the ou:out compare 1 function.
Set the PWM bit.

Select the timer clock (CC[1:0]) (see Table 52

Figure 53. Pulse width modulation rv:le

Pulse width modulation cycle

\ 4

When
counter

=0C1R

OCMP1 =0LVL1

v

OCMP1 = OLVL2
When

Eounter Counter is reset
=0C2R to FFFCh

ICF1 bit is set

A 4

If OLVL =1 and OLVLZ2 = 0 the length of the positive pulse is the difference between the
OCZ2R and OCI1R registers.

If OLVL1 = OLVLZ2 a continuous signal is seen on the OCMPL1 pin.
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The OCIR register value required for a specific timing application can be calculated using
the following formula:

Equation 5
OCIR value = ItD*RfE% -5
Where:
t= signal or pulse period (in seconds)
fepu = CPU clock frequency (in hertz)
presc =  timer prescaler factor (2, 4 or 8 depending on CCJ[1:0] bits, see Table 51)

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

Equation 6
OCiR=t1+ fEXT -5

Where:
t= signal or pulse period (in seconds)
fext = external timer clock frequency (in hertz)

The output compare 2 event causes the counter tw e Initialized to FFFCh (see Figure 52)

Note: 1 The OCF1 and OCF2 bits cannot be set vy naraware in PWM mode therefore the output
compare interrupt is inhibited.

2 The ICF1 bit is set by hardware when the counter reaches the OC2R value and can produce
a timer interrupt if the ICIE bit is set and the | bit is cleared.

3 In PWM mode the ICAP: pin can not be used to perform input capture because it is
disconnected to the titne”. rhe ICAP2 pin can be used to perform input capture (ICF2 can be
set and IC2R caiy b= 10aded) but the user must take care that the counter is reset each
period and I 1 can also generates interrupt if ICIE is set.

4  When the pulse width modulation (PWM) and one pulse mode (OPM) bits are both set, the
PW mode is the only active one.

10.3.4 Low power modes

Table 47. Effect of low power modes on 16-bit timer

Mode Description

No effect on 16-bit timer.

Wait . . . . .
Timer interrupts cause the device to exit from Wait mode.

16-bit timer registers are frozen.

In Halt mode, the counter stops counting until Halt mode is exited. Counting resumes from
the previous count when the device is woken up by an interrupt with ‘exit from Halt mode’
capability or from the counter reset value when the device is woken up by a reset.

If an input capture event occurs on the ICAPI pin, the input capture detection circuitry is
armed. Consequently, when the device is woken up by an interrupt with ‘exit from Halt
mode’ capability, the ICFi bit is set, and the counter value present when exiting from Halt
mode is captured into the ICiR register.

Halt
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10.3.5 Interrupts
Table 48.  16-bit timer interrupt control/wake-up capability®
Interrupt event Event Enable_ Exitfrom | Exitfrom
flag control bit WAIT HALT
Input capture 1 event/counter reset in PWM mode ICF1 Yes No
Input capture 2 event ICF2 ICIE Yes No
Output compare 1 event (not available in PWM mode) | OCF1 Yes No
Output compare 2 event (not available in PWM mode) | OCF2 OCIE Yes No
Timer overflow event TOF TOIE Yes No
1. The 16-bit timer interrupt events are connected to the same interrupt vector (see Section 7: Inter uy.(s)
These events generate an interrupt if the corresponding enable control bit is set and the interritow masl. in
the CC register is reset (RIM instruction).
10.3.6 Summary of 16-bit timer modes
Table 49. Summary of 16-bit timer modes
Ava''acie resources
Modes Input i put Output Output
capture 1 capture 2 compare 1 compare 2
Input capture® and/or @ Yes . Yes Yes Yes
Output compare @ and/or @ vas Yes Yes Yes
One pulse mode (¢ No Not recommended® No Partially®
PWM mode : No Not recommended®) No No
1. Seenote 4in Onic p‘lls,_e;wde on page 114.
2. See note 5 n Qe pulse mode on page 114.
3. Set no'e < in Pulse width modulation mode on page 116.
10.3.7 16 Lit timer registers
Each timer is associated with three control and status registers, and with six pairs of data
registers (16-bit values) relating to the two input captures, the two output compares, the
counter and the alternate counter.
Control register 1 (CR1)
CR1 Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
ICIE OCIE TOIE FOLV2 FOLV1 OoLvL2 IEDG1 OoLvL1
R/W R/W R/W R/W R/W R/W R/W R/W
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Table 50.

CR1 register description

Bit | Name

Function

7 | ICIE

Input capture interrupt enable

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

6 | OCIE

Output compare interrupt enable

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

5 | TOIE

Timer overflow interrupt enable

0: Interrupt is inhibited
1: A timer interrupt is enabled whenever the TOF bit of the SR register i~ <ot

4 |FOLV2

Forced output compare 2
This bit is set and cleared by software.

0: No effect on the OCMP2 pin
1: Forces the OLVL2 bit to be copied to the OCMPZ pir., I the OC2E bit is set and
even if there is no successful comparison

3 |FOLV1

Forced output compare 1
This bit is set and cleared by software.

0: No effect on the OCMP1 pin
1: Forces OLVL1 to be copicd ‘017 OCMPL1 pin, if the OC1E bit is set and even if

there is no successful :omyarison

2 |OLvL2

Output level 2
This bit is cadicd to ‘he OCMP2 pin whenever a successful comparison occurs with
the OC2R .2y isier and OCXE is set in the CR2 register. This value is copied to the
OCMF1 oir n one pulse mode and pulse width modulation mode.

1 |IEDLL

Ino it vaye 1
7 his bit determines which type of level transition on the ICAP1 pin triggers the
capture.
0: A falling edge triggers the capture
1: A rising edge triggers the capture

0 | OLvLl

Output level 1

The OLVL1 bit is copied to the OCMP1 pin whenever a successful comparison occurs
with the OC1R register and the OCLE bit is set in the CR2 register.
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Control register 2 (CR2)

CR2 Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
OC1E OC2E OPM PWM CC[1:0] IEDG2 EXEDG
R/W R/W R/W R/W R/W R/W R/W
Table 51. CR2 register description
Bit| Name Function
Output compare 1 pin enable
This bit is used only to output the signal from the timer on the OCMP1 piii (O.V1
in output compare mode, both OLV1 and OLV2 in PWM and one-pu'xe mcue).
7 OC1E Whatever the value of the OC1E bit, the output compare 1 function of ihe iimer
remains active.
0: OCMP1 pin alternate function disabled (I/O pin free fci g=ncral-purpose 1/0)
1: OCMP1 pin alternate function enabled
Output compare 2 pin enable
This bit is used only to output the signal f: ' the timer on the OCMP2 pin (OLV2
6 0C2E in output compare mode). Whatever th > value of the OC2E bit, the output
compare 2 function of the timer re meir.s active.
0: OCMP2 pin alternate functicr (isabled (I/O pin free for general-purpose 1/0)
1: OCMP2 pin alternatz ivntic n enabled
One pulse mode
0: One pulse mnde is not active
5 OPM 1: One puls2inode is active, the ICAP1 pin can be used to trigger one pulse on
the U Z1P1 pin; the active transition is given by the IEDG1 bit. The length of
e generated pulse depends on the contents of the OC1R register.
u'se width modulation
0: PWM mode is not active
4 “WM 1: PWM mode is active, the OCMP1 pin outputs a programmable cyclic signal;
| I the length of the pulse depends on the value of OC1R register; the period
ll depends on the value of OC2R register.
Clock control
The timer clock mode depends on the following bits:
00: Timer clock = fcpy/4
01: Timer clock = fepy/2
3:2| CC[L:.0 CPU
[L:0] 10: Timer clock = fcp /8
11: Timer clock = external clock (where available)
Note: If the external clock pin is not available, programming the external clock
configuration stops the counter.
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Table 51. CR2 register description (continued)
Bit| Name Function
Input edge 2
This bit determines which type of level transition on the ICAP2 pin triggers the
1 IEDG2 capture.

0: A falling edge triggers the capture
1: A rising edge triggers the capture

0 | EXEDG triggers the counter register.

External clock edge
This bit determines which type of level transition on the external clock pin EXTCLK

0: A falling edge triggers the counter register
1: A rising edge triggers the counter register

Control/status register (CSR)

The 3 least significant bits are not used.

CSR K2sed value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
ICF1 OCF1 TOF ICF2 cc:-2 i TIMD Reserved
RO RO RO RO RO RO -
Table 52. CSR register descripticn
Bit | Name Function
Input capture flog L
0: No input copuaire (reset value)
7 | ICF1 1: A inpud capture has occurred on the ICAP1 pin or the counter has reached the
O(2R value in PWM mode. To clear this bit, first read the SR register, then read or
| write the low byte of the IC1R (IC1LR) register.
Output compare flag 1
; | 0: No match (reset value)
| 6 |OCF1| 1:The content of the free running counter has matched the content of the OC1R
register. To clear this bit, first read the SR register, then read or write the low byte of
the OC1R (OC1LR) register.
Timer overflow flag
0: No timer overflow (reset value)
5 | TOF 1: The free running counter rolled over from FFFFh to 0000h. To clear this bit, first
read the SR register, then read or write the low byte of the CR (CLR) register.
Note: reading or writing the ACLR register does not clear TOF.
Input capture flag 2
4 | IcF2 0: No input capture (reset value)
1: An input capture has occurred on the ICAP2 pin. To clear this bit, first read the SR
register, then read or write the low byte of the IC2R (IC2LR) register.
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Table 52. CSR register description (continued)

Bit | Name Function

Output compare flag 2

0: No match (reset value)
3 |OCF2 | 1:The content of the free running counter has matched the content of the OC2R
register. To clear this bit, first read the SR register, then read or write the low byte of
the OC2R (OC2LR) register.

Timer disable
This bit is set and cleared by software. When set, it freezes the timer prescaler and
counter and disabled the output functions (OCMP1 and OCMP2 pins) to reduce
2 | TIMD power consumption. Access to the timer registers is still available, allowing the timer
configuration to be changed while it is disabled.
0: Timer enabled
1: Timer prescaler, counter and outputs disabled

1:0 - Reserved, must be kept cleared

Input capture 1 high register (IC1HR)

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

IC1IHR Reset value: undefined
7 6 5 - 3 2 1 0
MSB ‘ ‘ \.J ‘ ’ | LSB
RO RO RO RO RO RO RO RO

Input capture 1 lov/ reqicter (IC1LR)

This is an 8-bit "ecu only register that contains the low part of the counter value (transferred
by the input >apiure 1 event).

ICL.R Reset value: undefined
7 6 5 4 3 2 1 0
MSB ‘ ‘ ‘ LSB
RO RO RO RO RO RO RO RO

Output compare 1 high register (OC1HR)

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

OC1HR Reset value: 1000 0000 (80h)
7 6 5 4 3 2 1 0
MSB LSB
R/W R/W R/W R/W R/W R/W R/W R/W
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Output compare 1 low register (OC1LR)

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

OCI1LR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
MSB ‘ ‘ ‘ LSB
R/W R/W R/W R/W R/W R/W R/W R/W

Output compare 2 high register (OC2HR)

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

OC2HR Reset va'ue: 1000 0000 (80h)
7 6 5 4 3 > 1 0
MSB ‘ ‘ \ LSB
RIW RIW RIW RIW RW  RW RIW RIW

Output compare 2 low register (OC2LR)

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

OC2LR Reset value: 0000 0000 (00h)
7 6 S 4 3 2 1 0
MSB \\ _‘ | LSB
R/W RIW R/W R/W R/W R/W R/W R/W

Crunter high register (CHR)

Thus is an 8-bit read-only register that contains the high part of the counter value.

CHR Reset value: 1111 1111 (FFh)
7 6 5 4 3 2 1 0
MSB LSB
RO RO RO RO RO RO RO RO
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Counter low register (CLR)

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

CLR Reset value: 1111 1100 (FCh)
7 6 5 4 3 2 1 0
MSB | | LSB
RO RO RO RO RO RO RO RO

Alternate counter high register (ACHR)

This is an 8-bit read-only register that contains the high part of the counter valu2.

ACHR Reset vaer 1111 1111 (FFh)
7 6 5 4 3 > 1 0
MSB ‘ ‘ \ LSB
RO RO RO RO RO RO RO RO

Alternate counter low register (ACLR)

This is an 8-bit read-only register that coniair.s the low part of the counter value. A write to
this register resets the counter. An acc-ess to this register after an access to CSR register
does not clear the TOF bit in the CGR register.

ACLR Reset value: 1111 1100 (FCh)
7 3 5 4 3 2 1 0
MsB | ‘ ‘ LSB
[ Mss ¢
RC RO RO RO RO RO RO RO

Input capture 2 high register (IC2HR)

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

IC2HR Reset value: undefined
7 6 5 4 3 2 1 0
MSB LSB
RO RO RO RO RO RO RO RO
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Input capture 2 low register (IC2LR)

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

IC2LR Reset value: undefined
7 6 5 4 2 0
MSB LSB
RO RO RO RO RO RO RO RO
16-bit timer register map and reset values

Table 53.  16-bit timer register map and reset values
Address (Hex.) | Register label 7 6 5 4 3 2 1 0
Timer A: 32 CR1 ICIE | OCIE | TOIE | FOLV2 | FOLV1 | O'.v! j IEDG1| OLVL1
Timer B: 42 Reset value 0 0 0 0 o | ¢ 0 0
Timer A: 31 CR2 OC1E | OC2E | OPM | PWM cC1 CCO |IEDG2 | EXEDG
Timer B: 41 Reset value 0 0 0 0 0 0 0 0
Timer A: 33 CSR ICF1 [OCF1| TOF 122 | OCF2 | TIMD - -
Timer B: 43 Reset value 0 0 0] 0 0 0 0 0
Timer A: 34 ICHR1 MSB | ) ) ) ) ) LSB
Timer B: 44 Reset value - -
Timer A:35  |ICLR1 MSB | ) \ ) ) ) LSB
Timer B: 45 Reset value - -
Timer A:36 | OCHR1 MSB | ) ) ) ) ) LSB
Timer B: 46 Reset valuz - -
Timer A:37  'CCIRL MSB | ) ) ) ) ) LSB
Timer B: 47 [ Meset value - -
Timer A" 3E | OCHR2 MSB | ) ) ) ) ) LsB
Tinor B. 4E Reset value - -

; Timer A:3F | OCLR2 MSB | ] ) ] ) ] LSB
Timer B: 4F Reset value - -
Timer A: 38 CHR MSB LSB
Timer B: 48 Reset value 1 1 1 1 1 1 1 1
Timer A: 39 CLR MSB LSB
Timer B: 49 Reset value 1 1 1 1 1 1 0 0
Timer A: 3A ACHR MSB LSB
Timer B: 4A Reset value 1 1 1 1 1 1 1 1
Timer A: 3B ACLR MSB LSB
Timer B: 4B Reset value 1 1 1 1 1 1 0 0
Timer A:3C  |ICHR2 MSB | ) ) ) ) ) LSB
Timer B: 4C Reset value - -
Timer A:3D  |ICLR2 MSB | ) ) ) ) ) LSB
Timer B: 4D Reset value - -
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10.4

10.4.1

10.4.2

Note:

10.4.3

Serial peripheral interface (SPI)

Introduction

The serial peripheral interface (SPI) allows full-duplex, synchronous, serial communication
with external devices. An SPI system may consist of a master and one or more slaves or a
system in which devices may be either masters or slaves.

Main features

Full duplex synchronous transfers (on three lines)
Simplex synchronous transfers (on two lines)
Master or slave operation

6 master mode frequencies (fcpy/4 max.)

fepu/2 max; slave mode frequency (see note below)
SS management by software or hardware
Programmable clock polarity and phase

End of transfer interrupt flag

Write collision, master mode fault and overrun flags

In slave mode, continuous transmission is not possitie at maximum frequency due to the
software overhead for clearing status flags ar.d 11 initiate the next transmission sequence.

General description

Figure 54 on page 128 shows he serial peripheral interface (SPI) block diagram. There are
three registers:

® SPI control register (SFICR)

® SPI control/stetus register (SPICSR)

® SPldatarayister (SPIDR)

The SP!is connected to external devices through four pins:

*  MISO: master in/slave out data

e  MOSI: master out/slave in data

SCK: serial clock out by SPI masters and input by SPI slaves
SS: slave select:

This input signal acts as a ‘chip select’ to let the SPI master communicate with slaves
individually and to avoid contention on the data lines. Slave SS inputs can be driven by
standard I/O ports on the master device.
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Figure 54. Serial peripheral interface block diagram
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Functional description

A basic example of i iterconnections between a single master and a single slave is illustrated in
Figure 55.

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

Thex communication is always initiated by the master. When the master device transmits data to a slave
device via MOSI pin, the slave device responds by sending data to the master device via the MISO pin.
This implies full duplex communication with both data out and data in synchronized with the same clock
signal (which is provided by the master device via the SCK pin).

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

Four possible data/clock timing relationships may be chosen (see Figure 58 on page 132) but master and
slave must be programmed with the same timing mode.

J
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Figure 55. Single master/single slave application

Master Slave
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generator
55 __
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\_, Not used if SS is man:.ged
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Slave select management

As an alternative to using the SS pin to control the slave select sionz!, the application can choose to
manage the slave select signal by software. This is configured Ly «h.2 SSM bit in the SPICSR register
(see Figure 57).

In software management, the external SS pin is frez iar oter application uses and the internal SS signal
level is driven by writing to the SSI bit in the SPICLR ragister.

In master mode SS internal must be held hich continuously.
In slave mode, there are two cases d~ren2ing on the data/clock timing relationship (see Figure 56):

If CPHA =1 (data latched on secur.d clock edge)

® SSinternal must be hald luw during the entire transmission. This implies that in single slave L
applications the SC pin either can be tied to Vgg, or made free for standard 1/0O by managing the SS
function by soic~are (SSM =1 and SSI = 0 in the in the SPICSR register)

If CPHA = 0 {lcia latched on first clock edge)

® SSinernal must be held low during byte transmission and pulled high between each byte to allow
tt e slave to write to the shift register. If SS is not pulled high, a write collision error occurs when the
<.ave writes to the shift register (see Write collision error (WCOL) on page 133).

Figure 56. Generic SS timing diagram

MOSI/MISO Byte 1 Byte 2 Byte 3

Master SS ___/

Slave SS

A
(if CPHA = 0) /\ /
—

Slave SS
(if CPHA = 1)
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Note:

Note:

Note:

Caution:

Note:
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Figure 57. Hardware/software slave select management
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Master mode operation

In master mode, the serial clock is output on the SCK pin. The clock frequency, polarity and
phase are configured by software (refer to SPI control/status register (SPICSR) on
page 137).

The idle state of SCK must correspond to the polarity selected in the SPICSR : 2gister (oy
pulling up SCK if CPOL = 1 or pulling down SCK if CPOL = 0).
To operate the SPI in master mode, perform the following steps in order:
1. Write to the SPICR register:
—  Select the clock frequency by configuring the SPR[z.9] bits.
—  Select the clock polarity and clock phase by con’ioaring the CPOL and CPHA bits.
Figure 58 shows the four possible configurauons.
The slave must have the same CPOL and CFFH4 <ettings as the master.
2. Write to the SPICSR register:

—  Either set the SSM bit and sct tne SSI bit or clear the SSM bit and tie the SS pin
high for the compleic byte transmit sequence.

3. Write to the SPICR regisuwor:
—  Setthe MSTK anu SPE bits
MSTR and SPE it :emain set only if SS is high).

If the SP!'CS\2 register is not written first, the SPICR register setting (MSTR bit) may be not
taken 10 account.

“h = transmit sequence begins when software writes a byte in the SPIDR register.

Master mode transmit sequence

When software writes to the SPIDR register, the data byte is loaded into the 8-bit shift

register and then shifted out serially to the MOSI pin most significant bit first.

When data transfer is complete:

® The SPIF bit is set by hardware.

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

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

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

2. Aread to the SPIDR register

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

Note:

104.4

Note:

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

To operate the SPI in slave mode:
1. Write to the SPICSR register to perform the following actions:
—  Select the clock polarity and clock phase by configuring the CPOL and CPHA bits
(see Figure 58).
The slave must have the same CPOL and CPHA settings as the master.

— Manage the SS pin as described in Slave select management on page 129 and
Figure 56. If CPHA = 1 SS must be held low continuously. If CPHA = 0 SS must be
held low during byte transmission and pulled up between each byte to let the slave
write in the shift register.

2. Write to the SPICR register to clear the MSTR bit and set the SPE bit to enanle u e SPI
I/O functions.

Slave mode transmit sequence

When software writes to the SPIDR register, the data byte is 'vadod unto the 8-bit shift
register and then shifted out serially to the MISO pin most sigi fficant bit first.

The transmit sequence begins when the slave device raceives the clock signal and the most

significant bit of the data on its MOSI pin.

When data transfer is complete:

® The SPIF bit is set by hardware.

® Aninterrupt request is generated i SPIE bit is set and interrupt mask in the CCR
register is cleared.

Clearing the SPIF bit is ;e forined by the following software sequence:

1. Anaccess to tha SPICSR register while the SPIF bit is set

2. Awrite or o rvau to the SPIDR register

While *he CPi= bit is set, all writes to the SPIDR register are inhibited until the SPICSR
registei Is read.

ihe SPIF bit can be cleared during a second transmission; however, it must be cleared
hefore the second SPIF bit in order to prevent an overrun condition (see Overrun condition
(OVR) on page 133).

Clock phase and clock polarity

Four possible timing relationships may be chosen by software, using the CPOL and CPHA
bits (see Figure 58).

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

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

Figure 58 shows an SPI transfer with the four combinations of the CPHA and CPOL bits.
The diagram may be interpreted as a master or slave timing diagram where the SCK pin, the
MISO pin and the MOSI pin are directly connected between the master and the slave
device.
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If CPOL is changed at the communication byte boundaries, the SPI must be disabled by resetting the

SPE bit.

Figure 58. Data clock timing diagram
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1. This figure should not be used as a replacement for parametric information. Refer to Section 12: Electrical characteristics.
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10.4.5

Note:

Note:

Error flags

Master mode fault (MODF)
Master mode fault occurs when the master device’s SS pin is pulled low.

When a master mode fault occurs:
® The MODF bit is set and an SPI interrupt request is generated if the SPIE bit is set.

® The SPE bitis reset. This blocks all output from the device and disables the SPI
peripheral.

® The MSTR bitis reset, thus forcing the device into slave mode.

Clearing the MODF bit is done through a software sequence:
1. Avread access to the SPICSR register while the MODF bit is set.
2. A write to the SPICR register.

To avoid any conflicts in an application with multiple slaves, the SS pin mus® e pulled high
during the MODF bit clearing sequence. The SPE and MSTR bits may b~ rZstored to their
original state during or after this clearing sequence.

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

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

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

Overrun condition (O\'K)

An overrun conditior. cerurs when the master device has sent a data byte and the slave
device has not ~ica<d the SPIF bit issued from the previously transmitted byte.

When 2~ ¢ /e:run occurs, the OVR bit is set and an interrupt request is generated if the SPIE
bit is sut.

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

The OVR hit is cleared by reading the SPICSR register.

Write collision error (WCOL)

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

Write collisions can occur both in master and slave mode. See also Slave select
management on page 129.

A ‘read collision’ never occurs since the received data byte is placed in a buffer in which
access is always synchronous with the CPU operation.

The WCOL bit in the SPICSR register is set if a write collision occurs.
No SPI interrupt is generated when the WCOL bit is set (the WCOL bit is a status flag only).
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Notz:
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Clearing the WCOL bit is done through a software sequence (see Figure 59).

Figure 59. Clearing the WCOL bit (write collision flag) software sequence

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

1st step Read SPICSR

v Result
2nd step Read SPIDR V\?CpéFLiOO

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

1st step Read SPICSR

l Recu*

2nd step Read SPIDR ’ L 'WCOL=0 —‘

1. Writing to the SPIDR register instead of reading it does nct =<2t the WCOL bit.
Single master and multimaster configureuans

There are two types of SPI systems:
® Single master system

® Multimaster system

Single master system

A typical single mas‘e~ system may be configured using a device as the master and four
devices as slaves (see Figure 60).

The maste (evice selects the individual slave devices by using four pins of a parallel port to
contro. the 1our SS pins of the slave devices.

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

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

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

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

Multimaster system

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

The multimaster system is principally handled by the MSTR bit in the SPICR register and
the MODF bit in the SPICSR register.
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10.4.6

Note:

Caution:

Figure 60. Single master/multiple slave configuration

SS 4 SS [ SS |4 SS |4
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Slave device Slave device Slave device Slave device
MOSI  MISO MOSI MISO MOSI  MISO MOSI MISO

4 ¥ A 4
MOSI  MISO
SCK —

Master &

device S )

5V—» 5SS

Low power modes

Table 54.  Effect of low power modes 01 SPI
Mode Description
. No effect on SPI. \_/
Wait

SPI interrupt 2vents cause the device to exit from Wait mode.

SPI reg.sters ae frozen.

In Hal* ioue, the SPIis inactive. SPI operation resumes when the device is

| We ken up by an interrupt with ‘exit from Halt mode’ capability. The data received
Halt is subsequently read from the SPIDR register when the software is running
(interrupt vector fetching). If several data are received before the wake-up event,
then an overrun error is generated. This error can be detected after the fetch of

the interrupt routine that woke up the device.

IJsing the SPI to wake up the device from Halt mode

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

When waking up from Halt mode, if the SPI remains in slave mode, it is recommended to
perform an extra communications cycle to bring the SPI from Halt mode state to normal
state. If the SPI exits from slave mode, it returns to normal state immediately.

The SPI can wake up the device from Halt mode only if the slave select signal (external SS
pin or the SSI bit in the SPICSR register) is low when the device enters Halt mode. So, if
slave selection is configured as external (see Slave select management on page 129), make
sure the master drives a low level on the SS pin when the slave enters Halt mode.
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10.4.7

Note:

10.4.8
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Interrupts
Table 55.  SPlinterrupt control/wake-up capability

Interrupt event Event flag | Enable control bit | Exit from WAIT | Exit from HALT
SPI end of transfer event SPIF Yes
Master mode fault event MODF SPIE Yes
Overrun error OVR No

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

SPI registers

SPI control register (SPICR)

SPICR kzset value: 0000 xxxx (0xh)
7 6 5 4 3 2 1 0
SPIE SPE SPR2 MSTR C."L‘L_ 1 CPHA SPR[1:0]
R/W R/W R/W R/W —r</_W R/W R/W

Table 56. SPICR register descrip:ior.

Bit| Name Function

Serial peri.horal interrupt enable

This b't i set and cleared by software.

Chaaterrupt is inhibited
| 1: An SPI interrupt is generated whenever an end of transfer event, master mode
fault or overrun error occurs (SPIF = 1, MODF = 1 or OVR = 1 in the SPICSR
register).

7 SPIE

| Serial peripheral output enable

This bit is set and cleared by software. It is also cleared by hardware when, in
master mode, SS = 0 (see Master mode fault (MODF) on page 133). The SPE bit is
cleared by reset, so the SPI peripheral is not initially connected to the external pins.
0: 1/0 pins free for general purpose 1/0

1: SPI I/O pin alternate functions enabled

6 SPE

Divider enable
This bit is set and cleared by software and is cleared by reset.
0: Divider by 2 enabled
1: Divider by 2 disabled
This bit is used with the SPR[1:0] bits to set the baud rate:
5 | SPR2 100: Serial clock = fcpy/4
000: Serial clock = fepy/8
001: Serial clock = fcp/16
110: Serial clock = fcp,/32
010: Serial clock = fcp/64
011: Serial clock = fcp/128
This bit has no effect in slave mode.
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Table 56. SPICR register description (continued)

Bit| Name Function

Master mode
This bit is set and cleared by software. It is also cleared by hardware when, in

4 | MSTR master mode, SS = 0 (see Master mode fault (MODF) on page 133).

0: Slave mode

1: Master mode. The function of the SCK pin changes from an input to an output
and the functions of the MISO and MOSI pins are reversed.

Clock polarity

This bit is set and cleared by software. This bit determines the idle state of the
serial clock. The CPOL bit affects both the master and slave modes.

3 | CPOL 0: SCK pin has a low level idle state

1: SCK pin has a high level idle state

Note: If CPOL is changed at the communication byte boundaries, the SH riust be
disabled by resetting the SPE bit.

Clock phase
This bit is set and cleared by software.
2 | CPHA 0: The first clock transition is the first data capture euge
1: The second clock transition is the first captui= eage
Note: The slave must have the same CP2L ana CPHA settings as the master.

Serial clock frequency

1:0 | SPR[1:0] These bits are set and cleared Ly Zoriware. Used with the SPR2 bit, they select the
' ’ baud rate of the SPI seriai 212ck SCK output by the SPI in master mode.
Note: These 2 bits have no 2affect in slave mode.

SPI control/status registcr (SPICSR)

SPICSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
SP'r ;_ _\NCOL OVR MODF Reserved SOD SSM SSI
R0 RO RO RO - R/W R/W R/W

fable 57. SPICSR register description

Bit | Name Function

Serial peripheral data transfer flag

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

1: Data transfer between the device and an external device has been completed
Note: While the SPIF bit is set, all writes to the SPIDR register are inhibited until the
SPICSR register is read.

Write collision status
This bit is set by hardware when a write to the SPIDR register is done during a
6 |WCOL| transmit sequence. It is cleared by a software sequence (see Figure 59).
0: No write collision occurred
1: A write collision has been detected
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Table 57. SPICSR register description (continued)

Bit | Name Function

SPI overrun error
This bit is set by hardware when the byte currently being received in the shift register
is ready to be transferred into the SPIDR register while SPIF = 1 (see Overrun
5| OVR condition (OVR) on page 133). An interrupt is generated if SPIE = 1 in the SPICR
register. The OVR bit is cleared by software reading the SPICSR register.
0: No overrun error
1: Overrun error detected

Mode fault flag
This bit is set by hardware when the SS pin is pulled low in master mode (see Master
mode fault (MODF) on page 133). An SPI interrupt can be generated if SPIE = 1 in
4 | MODF | the SPICR register. This bit is cleared by a software sequence (an access tc ine
SPICSR register while MODF = 1 followed by a write to the SPICR regite”).
0: No master mode fault detected
1: A fault in master mode has been detected

3 - Reserved, must be kept cleared

SPI output disable
This bit is set and cleared by software. When sc:t it disables the alternate function of
2 | SOD the SPI output (MOSI in master mode/MISC ii. siave mode).
0: SPI output enabled (if SPE = 1)
1: SPI output disabled

SS management

This bit is set and cleared Y software. When set, it disables the alternate function of

the SPI SS pin and uscs the SSI bit value instead (see Slave select management on

1| SSM page 129).

0: Hardwai~ ‘maragement (SS managed by external pin)

1: Softw are 1~anagement (internal SS signal controlled by SSI bit. External SS pin
1-e fu.r general-purpose 1/O)

3S iniernal mode
This bit is set and cleared by software. It acts as a ‘chip select’ by controlling the level
0 | SGI of the SS slave select signal when the SSM bit is set.
<l 0: Slave selected
| 1. Slave deselected

SPI data /O register (SPIDR)

SPIDR Reset value: undefined
7 6 5 4 3 2 1 0

D[7:0]

R/W

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

Note: During the last clock cycle the SPIF bit is set, a copy of the received data byte in the shift
register is moved to a buffer. When the user reads the serial peripheral data I/O register, the
buffer is actually being read.
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10.5

10.5.1

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

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

A read to the SPIDR register returns the value located in the buffer and not the content of
the shift register (see Figure 54).

SPI register map and reset values

Table 58.  SPIregister map and reset values

Address (Hex.) | Register label | 7 6 5 4 3 2 . o
0021h SPIDR MSB LSB
Reset value X X X X X | o X X
SPICR SPIE | SPE |SPR2 | MSTR | ©7OL | CPHA | SPR1 | SPRO
0022h
Reset value 0 0 0 0 X X X X
0023h SPICSR SPIF |WCOL | OVR | K1IQCDF SOD | SSM SSi
Reset value 0 0 c | 0 0 0 0 0

LINSCI serial communication interface (LIN master/slave)

Introduction

The serial communications interface (SCI) offers a flexible means of full-duplex data
exchange with exiesral equipment requiring an industry standard NRZ asynchronous serial
data format. Tr.e GCI offers a very wide range of baud rates using two baud rate generator
syster s.

Tke LIN-dedicated features support the LIN (local interconnect network) protocol for both
n.ascer and slave nodes.

This chapter is divided into SCI mode and LIN mode sections. For information on general
SCI communications, refer to Section 10.5.5: SCI mode - functional description. For LIN
applications, refer to both Section 10.5.5: SCI mode - functional description and

Section 10.5.9: LIN mode - functional description.
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10.5.2

10.5.3
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SCI features

Full duplex, asynchronous communications

NRZ standard format (mark/space)
Independently programmable transmit and receive baud rates up to 500K baud
Programmable data word length (8 or 9 bits)
Receive buffer full, transmit buffer empty and end of transmission flags
2 receiver wake-up modes:

— address bit (MSB)

— idle line

Muting function for multiprocessor configurations
Separate enable bits for transmitter and receiver
Overrun, noise and frame error detection

6 interrupt sources

— transmit data register empty

— transmission complete

—  receive data register full

— idle line received

— overrun error

—  parity interrupt

Parity control:

—  transmits parity bit

—  checks parity of recened data byte
Reduced power co:s imridon mode

LIN features

&S

LIN n.aster

—  13-bit LIN synch break generation
LIN slave

— automatic header handling

— - automatic baud rate resynchronization based on recognition and measurement of
the LIN synch field (for LIN slave nodes)

— automatic baud rate adjustment (at CPU frequency precision)
— 11-bit LIN synch break detection capability

—  LIN parity check on the LIN identifier field (only in reception)
—  LIN error management

—  LIN header timeout

—  Hot plugging support
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10.5.4

LINSCI serial communication interface - general description

The interface is externally connected to another device by two pins:

TDO: transmit data output. When the transmitter is disabled, the output pin returns to
its I/O port configuration. When the transmitter is enabled and nothing is to be
transmitted, the TDO pin is at high level.

RDI: receive data input is the serial data input. Oversampling techniques are used for
data recovery by discriminating between valid incoming data and noise.

Through these pins, serial data is transmitted and received as characters comprising:

An idle line prior to transmission or reception

A start bit

A data word (8 or 9 bits) least significant bit first
A stop bit indicating that the character is complete

This interface uses three types of baud rate generator:

A conventional type for commonly-used baud rates

An extended type with a prescaler offering a very wide rarac ¢f haud rates even with
non-standard oscillator frequencies

A LIN baud rate generator with automatic resynchroization
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Figure 61. SCI block diagram (in conventional baud rate generator mode)
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10.5.5

SCl mode - functional description

Conventional baud rate generator mode

The block diagram of the serial control interface in conventional baud rate generator mode is
shown in Figure 61.

It uses four registers:

® 2 control registers (SCICR1 and SCICR2)
® astatus register (SCISR)

® abaud rate register (SCIBRR)

Extended prescaler mode

Two additional prescalers are available in extended prescaler mode. They are shov": in
Figure 63.

® an extended prescaler receiver register (SCIERPR)
® an extended prescaler transmitter register (SCIETPR)

Serial data format

Word length may be selected as being either 8 or 9 bits L » nrogramming the M bit in the
SCICRL1 register (see Figure 62).

The TDO pin is in low state during the start kit
The TDO pin is in high state during tke s vit.
An idle character is interpreted as 2 continuous logic high level for 10 (or 11) full bit times.

A break character is a chara~tzrvith a sufficient number of low level bits to break the normal
data format followed by « n =xtra ‘1’ bit to acknowledge the start bit.

143/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

144/371

Figure 62. Word length programming
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Transmitter

The transmitter can send data wards of either 8 or 9 bits depending on the M bit status.
When the M bit is set, w=rd lengtn is 9 bits and the 9th bit (the MSB) has to be stored in the
T8 bit in the SCICR? (egisier.

Character transn:ission

During an» SC!ransmission, data shifts out least significant bit first on the TDO pin. In this
mode, 'ie SCIDR register consists of a buffer (TDR) between the internal bus and the

tre nsmit shift register (see Figure 61).

Procedure

® Select the M bit to define the word length.

® Select the desired baud rate using the SCIBRR and the SCIETPR registers.

®  Setthe TE bit to send a preamble of 10 (M = 0) or 11 (M = 1) consecutive ones (idle
line) as first transmission.

® Access the SCISR register and write the data to send in the SCIDR register (this
sequence clears the TDRE bit). Repeat this sequence for each data to be transmitted.

Clearing the TDRE bit is always performed by the following software sequence:

1. Accessing the SCISR register.

2. Writing to the SCIDR register.
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Note:

Note:

The TDRE bit is set by hardware and it indicates that:

® the TDR register is empty,

® the data transfer is beginning,

® the next data can be written in the SCIDR register without overwriting the previous
data.

This flag generates an interrupt if the TIE bit is set and the I[|1:0] bits are cleared in the CCR
register.

When a transmission is taking place, a write instruction to the SCIDR register stores the
data in the TDR register and which is copied in the shift register at the end of the current
transmission.

When no transmission is taking place, a write instruction to the SCIDR register places the
data directly in the shift register, the data transmission starts, and the TDRE bit i5
immediately set.

When a character transmission is complete (after the stop bit) the TC bt is verand an
interrupt is generated if the TCIE is set and the I[1:0] bits are cleared ia tire CCR register.

Clearing the TC bit is performed by the following software se~ue nce.
1. Accessing the SCISR register.
2. Writing to the SCIDR register.

The TDRE and TC bits are cleared by the same sctfuvare sequence.
Break characters

Setting the SBK bit loads the shift reg.ste with a break character. The break character
length depends on the M bit (cee Figure 62).

As long as the SBK bit is ¢ ey, nie SCI sends break characters to the TDO pin. After clearing
this bit by software, the ST inserts a logic 1 bit at the end of the last break character to
guarantee the re~cgr.iuon of the start bit of the next character.

Idle line

Setting thie E bit drives the SCI to send a preamble of 10 (M = 0) or 11 (M = 1) consecutive
‘15 Jidle line) before the first character.

in this case, clearing and then setting the TE bit during a transmission sends a preamble
(idle line) after the current word. Note that the preamble duration (10 or 11 consecutive ‘1's
depending on the M bit) does not take into account the stop bit of the previous character.

Resetting and setting the TE bit causes the data in the TDR register to be lost. Therefore the
best time to toggle the TE bit is when the TDRE bit is set, that is, before writing the next byte
in the SCIDR.

Receiver

The SCI can receive data words of either 8 or 9 bits. When the M bit is set, word length is 9
bits and the MSB is stored in the R8 bit in the SCICRL register.

Character reception

During a SCI reception, data shifts in least significant bit first through the RDI pin. In this
mode, the SCIDR register consists or a buffer (RDR) between the internal bus and the
received shift register (see Figure 61).

145/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

146/371

Procedure

® Select the M bit to define the word length.

® Select the desired baud rate using the SCIBRR and the SCIERPR registers.
® Setthe RE bit, this enables the receiver which begins searching for a start bit.

When a character is received:

® The RDRF bitis set. It indicates that the content of the shift register is transferred to the
RDR.

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

® The error flags can be set if a frame error, noise or an overrun error has been detected
during reception.

Clearing the RDRF bit is performed by the following software sequence done by:

1. Accessing the SCISR register

2. Reading the SCIDR register.

The RDRF bit must be cleared before the end of the reception of the n2xt character to avoid
an overrun error.

Idle line

When an idle line is detected, there is the same pro-cdiire as a data received character plus
an interrupt if the ILIE bit is set and the I[|1:0] ki.s ¢ re cleared in the CCR register.

Overrun error

An overrun error occurs when a charactcr is received when RDRF has not been reset. Data

can not be transferred from the shirt register to the TDR register as long as the RDRF bit is

not cleared.

When an overrun errcr occuis;

® The OR bitic vel

® The RCR contentis not lost.

® Tie shift register is overwritten.

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

The OR bit is reset by an access to the SCISR register followed by a SCIDR register read
operation.

Noise error

Oversampling techniques are used for data recovery by discriminating between valid

incoming data and noise.

When noise is detected in a character:

® The NF bitis set at the rising edge of the RDRF hit.

® Data is transferred from the shift register to the SCIDR register.

® No interrupt is generated. However this bit rises at the same time as the RDRF bit
which itself generates an interrupt.

The NF bit is reset by a SCISR register read operation followed by a SCIDR register read
operation.
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Note:

Framing error

A framing error is detected when:

® The stop bit is not recognized on reception at the expected time, following either a
desynchronization or excessive noise.

® A break is received.

When the framing error is detected:

® the FE bitis set by hardware

® Data is transferred from the shift register to the SCIDR register.

® No interrupt is generated. However this bit rises at the same time as the RDRF bit
which itself generates an interrupt.

The FE bit is reset by a SCISR register read operation followed by a SCIDR register read
operation.

Break character

When a break character is received, the SCI handles it as a framing airo, 10 differentiate a
break character from a framing error, it is necessary to read the SC.IDR. If the received value
is 00h, it is a break character. Otherwise it is a framing error.

Conventional baud rate generation

The baud rates for the receiver and transmitter (Rx «.nd Tx) are set independently and
calculated as follows:

Equation 7
f fepe
Tx=—CPU Rx:—-;—
(16.PR).TR 1o:P R).RR
where

PR =1, 3, 4 cr '3 (see SCI baud rate register (SCIBRR) on page 156, SCP[1:0] bits)

TR="7,2,4 8,16, 32, 64,128 (see SCI baud rate register (SCIBRR) on page 156, SCT[2:0]
bits)

KR =1, 2,48, 16, 32, 64,128 (see SCI baud rate register (SCIBRR) on page 156,
SCR[2:0] bits)

Example: If fcpy is 8 MHz (normal mode) and if PR = 13 and TR = RR = 1, the transmit and
receive baud rates are 38400 baud.

The baud rate registers MUST NOT be changed while the transmitter or the receiver is
enabled.

Extended baud rate generation

The extended prescaler option gives a very fine tuning on the baud rate, using a 255 value
prescaler, whereas the conventional baud rate generator retains industry standard software
compatibility.

The extended baud rate generator block diagram is described in Figure 63.

The output clock rate sent to the transmitter or to the receiver is the output from the 16
divider divided by a factor ranging from 1 to 255 set in the SCIERPR or the SCIETPR
registers.
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Note:
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The extended prescaler is activated by setting the SCIETPR or SCIERPR register to a value
other than zero. The baud rates are calculated as follows:

Equation 8

f fepu
Tx=__ Y RX =

16.ETPR*(PR*TR) 16-ERPR*(PR*RR)

where

ETPR =1, ..., 255 (see SCI extended transmit prescaler division register (SCIETPR) on
page 158)

ERPR =1, ..., 255 (see SCI extended receive prescaler division register (SCIERPR) on
page 157)
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Figure 63. SCI baud rate and extended prescaler block diagram
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Receiver muting and wake-up feature

In multiprocessor configurations it is often desirable that only the intended message
recipient should actively receive the full message contents, thus reducing redundant SCI
service overhead for all non-addressed receivers.

The non-addressed devices may be placed in sleep mode by means of the muting function.

Setting the RWU bit by software puts the SCI in sleep mode:

All the reception status bits can not be set.

All the receive interrupts are inhibited.
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A muted receiver may be woken up in one of the following ways:
® Dby idle line detection if the WAKE bit is reset,
® by address mark detection if the WAKE bit is set.

Idle line detection

Receiver wakes up by idle line detection when the receive line has recognized an idle line.
Then the RWU bit is reset by hardware but the IDLE bit is not set.

This feature is useful in a multiprocessor system when the first characters of the message
determine the address and when each message ends by an idle line. As soon as the line
becomes idle, every receivers is woken up and the first characters of the message which
indicates the addressed receiver are analyzed. The receivers which are not addressed set
RWU bit to enter in mute mode. Consequently, they do not treat the next characters
constituting the next part of the message. At the end of the message, an idle line is 3ei't by
the transmitter: this wakes up every receiver which are ready to analyse the acdt2ssing
characters of the new message.

In such a system, the inter-characters space must be smaller than the 1aie time.
Address mark detection

Receiver wakes up by address mark detection when it reccives a ‘1’ as the most significant
bit of a word, thus indicating that the message is an adurez<. The reception of this particular
word wakes up the receiver, resets the RWU bit an »es the RDRF bit, which allows the
receiver to receive this word normally and to 1'se it as an address word.

This feature is useful in a multiprocessar svvs em when the most significant bit of each
character (except for the break character is reserved for address detection. As soon as the
receivers receive an address character (most significant bit = ‘1"), the receivers are woken
up. The receivers which are ot addressed set the RWU bit to enter in mute mode.
Consequently, they do riat trezc tae next characters constituting the next part of the
message.

Parity contro,

Hardware L /te parity control (generation of parity bit in transmission and parity checking in
recootion) can be enabled by setting the PCE bit in the SCICR1 register. Depending on the
cherzcter format defined by the M bit, the possible SCI character formats are as listed in
Table 59.

In case of wake-up by an address mark, the MSB bit of the data is taken into account and
not the parity bit

Table 59. Character formats

M bit PCE bit Character format
0 | sSBW | 8 bit data | STBA |
0 1 | SB | 7-bit data | PB®) | STB |
0 | SB | 9-bit data | STB |
! 1 | SB | 8-bit data | PB | STB |

1. SB = start bit
2. STB = stop bhit
3. PB = parity bit
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10.5.6

10.5.7

Even parity

The parity bit is calculated to obtain an even number of ‘1s’ inside the character made of the
7 or 8 LSB bits (depending on whether M is equal to 0 or 1) and the parity bit.

Example: data = 00110101; 4 bits set > parity bit is O if even parity is selected (PS bit = 0).
Odd parity

The parity bit is calculated to obtain an odd number of ‘1s’ inside the character made of the
7 or 8 LSB bits (depending on whether M is equal to 0 or 1) and the parity bit.

Example: data = 00110101; 4 bits set > parity bit is 1 if odd parity is selected (PS bit = 1).
Transmission mode

If the PCE bit is set then the MSB bit of the data written in the data register is not transmitted
but is changed by the parity bit.

Reception mode

If the PCE bit is set, the interface checks if the received data byte has an even number of
‘1s’ if even parity is selected (PS = 0) or an odd number of ‘1s’ if cdd party is selected

(PS =1). If the parity check fails, the PE flag is set in the SCiSP register and an interrupt is
generated if PCIE is set in the SCICR1 register.

Low power modes

Table 60. Effect of low power modas ar. SCl
Mode Description
Wait No e_ffect on 2CI. _ _ _
SCl int=rrup.s cause the device to exit from Wait mode.
Halt SCI Féglsters are frozen. N N . . .
O\ In Halt mode, the SCI stops transmitting/receiving until Halt mode is exited.
Intervupte
racle 61, SClinterrupt control/wake-up capability
| ftervipt event Event Enable' Exit from Exit from
flag control bit WAIT HALT
Transmit data register empty TDRE TIE
Transmission complete TC TCIE
Received data ready to be read RDRF
Overrun error or LIN synch error detected OR/LHE RIE Yes No
Idle line detected IDLE ILIE
Parity error PE PIE
LIN header detection LHDF LHIE

The SCI interrupt events are connected to the same interrupt vector (see Section 7:

Interrupts).
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These events generate an interrupt if the corresponding enable control bit is set and the
interrupt mask in the CC register is reset (RIM instruction).

10.5.8 SCIl mode registers

SCI status register (SCISR)

SCISR Reset value: 1100 0000 (COh)
7 6 5 4 3 2 1 0
TDRE TC RDRF IDLE OR® NFD FED PEWD
RO RO RO RO RO RO RO RO

1. This bit has a different function in LIN mode, please refer to Section 10.5.10: LIN mode registers.

Table 62. SCISR register description

Bit | Name Function

Transmit data register empty

This bit is set by hardware when the content of tho TD\? register has been transferred
into the shift register. An interrupt is generatec it ‘h< TIE = 1 in the SCICR2 register. It
7 | TDRE | s cleared by a software sequence (an accss tu the SCISR register followed by a
write to the SCIDR register).

0: Data is not transferred to th= chiitingister

1: Data is transferred to th7 sihiic re gister

Transmission complete
This bit is set by hardware when transmission of a character containing data is
complete. An in.ciuptis generated if TCIE = 1 in the SCICR2 register. It is cleared by

a software s>q.ience (an access to the SCISR register followed by a write to the

6 | TC ;

SCIDR reqister).

0: narsmission is not complete

1. vansmission is complete

Note: TC is not set after the transmission of a preamble or a break.

| Received data ready flag

This bit is set by hardware when the content of the RDR register has been transferred
to the SCIDR register. An interrupt is generated if RIE = 1 in the SCICR2 register. It is
5 |RDRF | ' cleared by a software sequence (an access to the SCISR register followed by a read
to the SCIDR register).

0: Data is not received

1: Received data is ready to be read

Idle line detected

This bit is set by hardware when an idle line is detected. An interrupt is generated if
the ILIE = 1 in the SCICR2 register. It is cleared by a software sequence (an access to
the SCISR register followed by a read to the SCIDR register).

0: No idle line is detected

1: Idle line is detected

Note: The idle bit is not set again until the RDRF bit has been set itself (that is, a new
idle line occurs).

4 | IDLE

J
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Table 62. SCISR register description (continued)

Bit | Name Function

Overrun error

The OR bit is set by hardware when the word currently being received in the shift
register is ready to be transferred into the RDR register whereas RDRF is still set. An
interrupt is generated if RIE = 1 in the SCICR2 register. It is cleared by a software

3| OR sequence (an access to the SCISR register followed by a read to the SCIDR register).
0: No Overrun error

1: Overrun error detected

Note: When this bit is set, RDR register contents are not lost but the shift register is
overwritten.

Character noise flag
This bit is set by hardware when noise is detected on a received character. I' 1s
cleared by a software sequence (an access to the SCISR register follow.:d by & read
to the SCIDR register).
0: No noise
1: Noise is detected
Note: This bit does not generate interrupt as it appears at the came time as the RDRF
bit which itself generates an interrupt.

Framing error

This bit is set by hardware when a desyr.-l rorization, excessive noise or a break
character is detected. It is cleared bv 1 shmuware sequence (an access to the SCISR
register followed by a read to the SCiDK register).

1 FE 0: No framing error

1: Framing error or break charucter detected

Note: This bit does not yenerate an interrupt as it appears at the same time as the
RDRF bit which iisei® generates an interrupt. If the word currently being transferred
causes bot & frame arror and an overrun error, it is transferred and only the OR bit is
set.

Parity 210/
115 bit is set by hardware when a byte parity error occurs (if the PCE bit is set) in
receiver mode. It is cleared by a software sequence (a read to the status register
followed by an access to the SCIDR data register). An interrupt is generated if PIE = 1

| in the SCICR1 register.

0: No parity error

1: Parity error detected

o
-
h

SCI control register 1 (SCICR1)

SCICR1 Reset value: x000 0000 (x0h)
7 6 5 4 3 2 1 0
R8 T8 SCID M WAKE pPCe® PS PIE
R/W RIW R/W RIW R/W RIW R/W R/W

1. This bit has a different function in LIN mode; please refer to Section 10.5.10: LIN mode registers
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Table 63. SCICRL1 register description

Bit | Name Function

Receive data bit 8

R8
7 This bit is used to store the 9th bit of the received word when M = 1.

Transmit data bit 8
This bit is used to store the 9th bit of the transmitted word when M = 1.

6 T8

Disabled for low power consumption
When this bit is set the SCI prescalers and outputs are stopped at the end of the
current byte transfer in order to reduce power consumption.This bit is set and cleared
5 | SCID
by software.
0: SCI enabled
1: SCI prescaler and outputs disabled

Word length

This bit determines the word length. It is set or cleared by software.
4 M 0: 1 start bit, 8 data bits, 1 stop bit
1: 1 start bit, 9 data bits, 1 stop bit

Note: The M bit must not be modified during a data rar.stor (both transmission and
reception).

Wake-up method

This bit determines the SCI wake-up mathoa. Itis set or cleared by software.

3 |WAKE | O0:lIdle line

1: Address mark

Note: If the LINE bit is set the WAKE bit is deactivated and replaced by the LHDM bit.

Parity control enabiz

This bit is se” and cleared by software. It selects the hardware parity control
2 | PCE (generatior. and aetection for byte parity, detection only for LIN parity).

0: Paritv cowrol disabled

1: aitv control enabled

Dai'ty selection

This bit selects the odd or even parity when the parity generation/detection is enabled
1 ps (PCE bit set). Itis set and cleared by software. The parity is selected after the current
| | byte.
| 0: Even parity
1: Odd parity

Parity interrupt enable

This bit enables the interrupt capability of the hardware parity control when a parity
error is detected (PE bit set). The parity error involved can be a byte parity error (if bit
0| PIE PCE is set and bit LPE is reset) or a LIN parity error (if bit PCE is set and bit LPE is
set).

0: Parity error interrupt disabled

1: Parity error interrupt enabled

J
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SCI control register 2 (SCICR2)

SCICR2 Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
TIE TCIE RIE ILIE TE RE Rwu® sBk®
RIW RIW R/W RIW R/W RIW RIW R/W

1. This bit has a different function in LIN mode; please refer to Section 10.5.10: LIN mode registers.

Table 64. SCICR2 register description

Bit | Name Function

Transmitter interrupt enable
This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCl interrupt is generated whenever TDRE = 1 in the SCISR reyister

7 | TIE

Transmission complete interrupt enable
This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCl interrupt is generated whenever T7. = 1 in the SCISR register

6 | TCIE

Receiver interrupt enable
This bit is set and cleared by softwore
0: Interrupt is inhibited
1: An SCl interrupt is generated whenever OR = 1 or RDRF =1 in the SCISR register

5| RIE

Idle line interrupt enahle
This bit is set aina vleared by software.
0: Interruzt 1 nthibited
1: An ST ircerrupt is generated whenever IDLE = 1 in the SCISR register

4 | ILIE

Tronsmitter enable

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

0: Transmitter is disabled

L i TE 1: Transmitter is enabled

Notes:

- During transmission, a ‘0’ pulse on the TE bit (‘0" followed by ‘1’) sends a preamble
(idle line) after the current word.

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

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

0: Receiver is disabled in the SCISR register
1: Receiver is enabled and begins searching for a start bit
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Note:
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Table 64. SCICR2 register description (continued)

Bit | Name Function

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

1 | RWU Notes:

- Before selecting mute mode (by setting the RWU bit) the SCI must first receive a
data byte, otherwise it cannot function in mute mode with wakeup by Idle line
detection.

- In Address Mark Detection Wake-up configuration (WAKE bit = 1) the RWU bit
cannot be modified by software while the RDRF bit is set.

Send break

This bit set is used to send break characters. It is set and cleared by snft vare.
o | sBK 0: No break character is transmitted
1: Break characters are transmitted

Note: If the SBK bit is set to ‘1’ and then to ‘0’, the tre:isi ter sends a BREAK word at
the end of the current word.

SCl data register (SCIDR)

SCIDR Reset value: undefined
7 6 5 4 3 2 1 0

DR[7:0]

R/W

The data register con:ains the received or transmitted data character, depending on whether
it is read from 9. written to.

This rc-gister performs a double function (read and write) since it is composed of two
register., one for transmission (TDR) and one for reception (RDR).

1he TDR register provides the parallel interface between the internal bus and the output
shift register (see Figure 61).

The RDR register provides the parallel interface between the input shift register and the
internal bus (see Figure 61).

SCI baud rate register (SCIBRR)

SCIBRR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
SCP[1:0] SCT[2:0] SCRI[2:0]
R/W R/W R/W

When LIN slave mode is disabled, the SCIBRR register controls the conventional baud rate
generator.
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Table 65. SCIBRR register description

Bit| Name Function

First SCI prescaler
These 2 prescaling bits allow several standard clock division ranges:
7:6| SCP[L:0] 00: PR prescal?ng factor =1
01: PR prescaling factor = 3
10: PR prescaling factor = 4
11: PR prescaling factor = 13

SCI transmitter rate divisor

These 3 bits, in conjunction with the SCP1 and SCPO bits define the total division
applied to the bus clock to yield the transmit rate clock in conventional baud rate
generator mode:

000: TR dividing factor = 1

5:3| SCT[2:0] 001: TR d?v?d?ng factor = 2

010: TR dividing factor = 4

011: TR dividing factor = 8

100: TR dividing factor = 16

101: TR dividing factor = 32

110: TR dividing factor = 64

111: TR dividing factor = 128

SCI receiver rate divider

These 3 bits, in conjunction with the SCP[1:0] bits define the total division applied
to the bus clock to yield th= racciv 2 rate clock in conventional baud rate generator
mode:

000: RR dividing factoi =1

2:0 | SCR[2:0] 001: RR d?vﬁdfng facior =2

010: RR divizing factor = 4

011: RP civiqir.g ‘actor = 8

100: xR Jdiv,ding factor = 16

191. R dividing factor = 32

116. RR dividing factor = 64

| 111: RR dividing factor = 128

SCl ex:ended receive prescaler division register (SCIERPR)

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

ERPRI[7:0]

R/W

Table 66. SCIERPR register description

Bit Name Function

8-bit extended receive prescaler register

The extended baud rate generator is activated when a value other than 00h is
7:0 | ERPR[7:0] | stored in this register. The clock frequency from the 16 divider (see Figure 63) is
divided by the binary factor set in the SCIERPR register (in the range 1 to 255).

The extended baud rate generator is not active after a reset.
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SCI extended transmit prescaler division register (SCIETPR)

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

ETPR[7:0]

R/W

Table 67. SCIETPR register description

Bit Name Function

8-bit extended transmit prescaler register
The extended baud rate generator is activated when a value other then Juh 15
stored in this register. The clock frequency from the 16 divider (see =icurc 03) is
7:0 | ETPR[7:0]| divided by the binary factor set in the SCIETPR register (in the range % tu 255).
The extended baud rate generator is not active after a resex
Note: In LIN slave mode, the conventional and extendec 410 ate generators are
disabled.

LIN mode - functional description

The block diagram of the serial control interface > 1 11y slave mode is shown in Figure 65.

It uses six registers:
® 3 control registers: SCICR1, SC.CR:! und SCICR3

® 2 status registers: the SCISR register and the LHLR register mapped at the SCIERPR
address

® A baud rate registe.: . PR mapped at the SCIBRR address and an associated fraction
register LPFR mepoped at the SCIETPR address

The bits dediraec tu LIN are located in the SCICR3. Refer to the register descriptions in
Section 10 5.1(: LIN mode registers for the definitions of each bit.

Ertaring LIN mode

To use the LINSCI in LIN mode the following configuration must be set in SCICR3 register:
® Clear the M bit to configure 8-bit word length.

® Set the LINE bit.

Master

To enter master mode the LSLV bit must be reset. In this case, setting the SBK bit sends 13
low bits.

The baud rate can then be programmed using the SCIBRR, SCIERPR and SCIETPR
registers.

In LIN master mode, the conventional prescaler and/or extended prescaler define the baud
rate (as in standard SCI mode).
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Slave

Set the LSLV bit in the SCICRS3 register to enter LIN slave mode. In this case, setting the
SBK bit has no effect.

In LIN slave mode the LIN baud rate generator is selected instead of the conventional
prescaler or extended prescaler. The LIN baud rate generator is common to the transmitter
and the receiver.

The baud rate can then be programmed using LPR and LPRF registers.

Note: It is mandatory to set the LIN configuration first before programming LPR and LPRF,
because the LIN configuration uses a different baud rate generator from the standard one.

LIN transmission

In LIN mode the same procedure as in SCI mode has to be applied for a LIN trans.»izsion.

The procedure to transmit the LIN header is as follows:

1. First set the SBK bit in the SCICR2 register to start transmitting a 13-t LIN synch
break.

2. Reset the SBK bit.

3. Load the LIN synch field (0x55) in the SCIDR registe:r 0 request synch field
transmission.

4. Wait until the SCIDR is empty (TDRE bit set i1 f1ie SCISR register).

5. Load the LIN message identifier in the SCiDR register to request identifier
transmission.

Figure 64. LIN characters

8-bit word length /™M Yit 's reset)

13,1 ¢ .aracter Next Next data character
S| vio| Bit 1] Bit 2] Bit 3] it 4] Bit 5] Bit 6] Bit 7] StOP| !

idle line S
LIN synch field
LIN synch break = 13 low bits Start
R R B B R | B i

LIN synch field Next
*Sgilt”| Bit 0y Bit 1/ Bit 2y Bit 3[Bit 4¥ Bit 5|Bit 6y Bit 7| Stop| Bt
»

L
Measurement for baud rate autosynchronization
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Figure 65. SCI block diagram in LIN slave mode
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Note:

Note:

Note:

LIN reception

In LIN mode the reception of a byte is the same as in SCI mode but the LINSCI has features
for handling the LIN header automatically (identifier detection) or semiautomatically (synch
break detection) depending on the LIN header detection mode. The detection mode is
selected by the LHDM bit in the SCICRS.

Additionally, an automatic resynchronization feature can be activated to compensate for any
clock deviation, for more details please refer to LIN baud rate on page 165.

LIN header handling by a slave

Depending on the LIN header detection method the LINSCI signals the detection of a LIN
header after the LIN synch break or after the identifier has been successfully received.

It is recommended to combine the header detection function with mute mode. Putting the
LINSCI in mute mode allows the detection of headers only and prevents the receg.tivii >f any
other characters.

This mode can be used to wait for the next header without being interri:m2a by the data
bytes of the current message in case this message is not relevant fo: tie application.
Synch break detection (LHDM = 0)

When a LIN synch break is received:

® The RDREF bit in the SCISR register is set. It \ncizetes that the content of the shift
register is transferred to the SCIDR registe , c value of 0x00 is expected for a break.

® The LHDF flag in the SCICR3 regisie: indirates that a LIN synch break field has been
detected.

® Aninterrupt is generated if the LHic bit in the SCICR3 register is set and the 1[1:0] bits
are cleared in the CCR reyister.

® Then the LIN synch fi=ld is received and measured.

— If automati~ "esynchronization is enabled (LASE bit = 1), the LIN synch field is not
transfeie 10 the shift register: There is no need to clear the RDRF bit.

— Ifeutomatic resynchronization is disabled (LASE bit = 0), the LIN synch field is
reseived as a normal character and transferred to the SCIDR register and RDRF is
set.

i LIN slave mode, the FE bit detects all frame error which does not correspond to a break.
Identifier detection (LHDM = 1)

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

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

LIN slave parity

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

In this case, the parity bits of the LIN identifier field are checked. The identifier character is
recognized as the third received character after a break character (included) (see
Figure 66).
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Figure 66. LIN header

Parity bits

LIN synch LIN synch Identifier
break field field

The bits involved are the two MSB positions (7th and 8th bits if M = 0; 8th and 9th bits if
M = 0) of the identifier character. The check is performed as specified in Figure 67 by the
LIN specification.

Figure 67. LIN identifier
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LIN error detection

LIN header error fleq
The LIN heaciar ervor flag indicates that an invalid LIN header has been detected.

When a | IN header error occurs:

® The LHE flag is set.

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

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

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

LHE/OVR error conditions

When auto resynchronization is disabled (LASE bit = 0), the LHE flag detects the following:
® The received LIN synch field is not equal to 55h.
® Anoverrun has occurred (as in standard SCI mode).

Furthermore, if LHDM is set it also detects that a LIN header reception timeout occurred
(only if LHDM is set).
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When the LIN auto-resynchronization is enabled (LASE bit = 1), the LHE flag detects the
following:

® The deviation error on the synch field is outside the LIN specification which allows up to
+ 15.5% of period deviation between the slave and master oscillators.

® ALIN header reception timeout has occurred. If Theaper > THEADER max then the
LHE flag is set (only if LHDM is set to 1), see Figure 68. B

® An overflow during the synch field measurement, which leads to an overflow of the
divider registers. If LHE is set due to this error then the SCI goes into a blocked state
(LSF bit is set).

® Anoverrun has occurred on fields other than the synch field (as in standard SCI mode).
Deviation error on the synch field

The deviation error is checked by comparing the current baud rate (relative to the slave
oscillator) with the received LIN synch field (relative to the master oscillator). Tw~ checks are
performed in parallel:

® The first check is based on a measurement between the first fallirg edge and the last
falling edge of the synch field. Let us refer to this period deviat'or. a5 D:

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

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

If 15.625% <D < 16.40625%, then the fla¢ can be either set or reset depending on the
dephasing between the signal on the kvl line and the CPU clock.

® The second check is baseu on the measurement of each bit time between both edges
of the synch field: thic checks that each of these bit times is large enough compared to
the bit time of the cunrent baud rate.

When LHE is sct Juc to this error then the SCI goes into a blocked state (LSF bit is set).
LIN hezder umie-out error

When tt.e LIN identifier field detection method is used (by configuring LHDM to 1) or when
Ll « 2.uto-resynchronization is enabled (LASE bit = 1), the LINSCI automatically monitors the
THEADER_MAx condition given by the LIN protocol.

If the entire header (up to and including the STOP bit of the LIN identifier field) is not
received within the maximum time limit of 57 bit times then a LIN header error is signalled
and the LHE bit is set in the SCISR register.

Figure 68. LIN header

mE h iyl

 LINsynch , LINsynch . Identifier
! break | field . field

i
€

. * THEADER

__"____
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The time-out counter is enabled at each break detection. It is stopped in the following
situations:

® A LIN identifier field has been received
® An LHE error occurred (other than a timeout error)

® A software reset of LSF bit (transition from high to low) occurred during the analysis of
the LIN synch field

® The LHE bit is set due to this error during the LIN synchr field (if LASE bit = 1) then the
SCI goes into a blocked state (LSF bit is set)

If LHE bit is set due to this error during fields other than LIN synch field or if LASE bit is reset
then the current received header is discarded and the SCI searches for a new break field.

Note on LIN header time-out limit

According to the LIN specification, the maximum length of a LIN header which doez 01
cause a timeout is equal to 1.4 * (34 + 1) = 49 TgT_MmASTER-

TeiT_masTER refers to the master baud rate.

When checking this timeout, the slave node is desynchronized for tae reception of the LIN
break and synch fields. Consequently, a margin must be allo\ve, v3king into account the
worst case: This occurs when the LIN identifier lasts exacty’ 10 Tgit masTER Periods. In this
case, the LIN break and synch fields last 49 - 10 = 39 7 3 wasTER Periods.

Assuming the slave measures these first 39 bits wt: a desynchronized clock of 15.5%. This
leads to a maximum allowed header length ¢«

39 x (1/0.845) Tgi1 masTER * 10 TpiT MAUTZR = 56.15 TRiT sLave

A margin is provided so that the timea-out occurs when the header length is greater than 57
TeiT_stLave periods. If itis less tran or equal to 57 Tt g ave Periods, then no timeout
occurs.

LIN header lencth

Even if no timeo 1t vcecurs on the LIN header, it is possible to have access to the effective LIN
header icn it {Theaper) through the LHL register. This allows monitoring the Trrame max
conditica given by the LIN protocol, at software level.

hisieature is only available when LHDM bit = 1 or when LASE bit = 1.
Mute mode and errors

In mute mode when LHDM bit = 1, if an LHE error occurs during the analysis of the LIN
synch field or if a LIN header time-out occurs then the LHE bit is set but it does not wake up
from mute mode. In this case, the current header analysis is discarded. If needed, the
software has to reset LSF bit. Then the SCI searches for a new LIN header.

In mute mode, if a framing error occurs on data (which is not a break), it is discarded and the
FE bit is not set.

When LHDM bit = 1, any LIN header which respects the following conditions causes a
wake-up from mute mode:

® Avalid LIN break field (at least 11 dominant bits followed by a recessive bit).

® Avalid LIN synch field (without deviation error).

® A LIN identifier field without framing error. Note that a LIN parity error on the LIN
identifier field does not prevent wake-up from mute mode.

® No LIN header time-out should occur during header reception.
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Notz:

Figure 69. LIN synch field measurement

tcpy = CPU period

tgr = Baud rate period

SM = Synch measurement register (15 bits)
tgr = 16.LP.tcpy
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Measurement = 8.Tgr = SM.tcpy

LPR() X LPR(n+1)

LPR = tgr/(16.tcpy) = rounding (SM/128)

LIN baud rate

Baud rate programming is done by writing a value in the LPR prescaler or performing an
automatic resynchronization as described below.

Automatic resynchronization

To automatically adjust the baud rate based on meacurement of the LIN synch field:

® Write the nominal LIN prescaler value (usitz'yy, depending on the nominal baud rate) in
the LPFR/LPR registers.

® Setthe LASE bit to enable the acto synchronization unit.

When auto synchronization is enabled, after each LIN synch break, the time duration

between five falling edges o LI is sampled on fopy and the result of this measurement is

stored in an internal 15 bt 1=gister called SM (not user accessible) (see Figure 69). Then

the LDIV value (ard its associated LPFR and LPR registers) are automatically updated at

the end of the fi th faiiing edge. During LIN synch field measurement, the SCI state machine
is stopped and no data is transferred to the data register.

LIN slave baud rate generation
in LIN mode, transmission and reception are driven by the LIN baud rate generator.

LIN master mode uses the extended or conventional prescaler register to generate the baud
rate.

If LINE bit = 1 and LSLV bit = 1 then the conventional and extended baud rate generators
are disabled. Thus, the baud rate for the receiver and transmitter are both set to the same
value, which depends on the LIN Slave baud rate generator:

Equation 9
fepu

TX=RXxX= ———
(16.LDIV)
where

LDIV is an unsigned fixed point number. The mantissa is coded on 8 bits in the LPR register
and the fraction is coded on 4 bits in the LPFR register.

If LASE bit = 1 then LDIV is automatically updated at the end of each LIN synch field.
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Three registers are used internally to manage the auto-update of the LIN divider (LDIV):
® LDIV_NOM (nominal value written by software at LPR/LPFR addresses).

® LDIV_MEAS (results of the field synch measurement).

® LDIV (used to generate the local baud rate).

The control and interactions of these registers is explained in Figure 70 and Figure 71. It
depends on the LDUM bit setting (LIN divider update method)

As explained in Figure 70 and Figure 71, LDIV can be updated by two concurrent actions: a
transfer from LDIV_MEAS at the end of the LIN sync field and a transfer from LDIV_NOM
due to a software write of LPR. If both operations occur at the same time, the transfer from
LDIV_NOM has priority.

Figure 70. LDIV read/write operations when LDUM =0

Write LPR Write LPFR

.

MANT(7:0) | FRAC(3:0) | LDIV_NOM

LIN cyac Leld
m :asurement

S

e
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Write LPR | MANT(7:0) | FRAC(3:0) | LDIV_MEAS
Update
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| synch field
/
~

MeN ff?:O)T FRAC(3:0) | LDIV ________y Baud rate generation

Read LPR Read LPFR
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Note:

Figure 71. LDIV read/write operations when LDUM =1

Write LPR Write LPFR

T T
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RDRF =1
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Read LPR Read LPFR

LINSCI clock tolerance
LINSCI clock tolerance when unsynchronized

When LIN slaves are unsynchronized (m=¢n:ng no characters have been transmitted for a
relatively long time), the maximum tolorated deviation of the LINSCI clock is £15%.

If the deviation is within this range then the LIN synch break is detected properly when a
new reception occurs.

This is made possible by e fact that masters send 13 low bits for the LIN synch break,
which can be interLreed as 11 low bits (13 bits - 15% = 11.05) by a ‘fast’ slave and then
considered s a LiN synch break. According to the LIN specification, a LIN synch break is
valid vinen ‘ts duration is greater than tsgrkTs = 10. This means that the LIN synch break
must lact at least 11 low bits.

Iv t1.& period desynchronization of the slave is +15% (slave too slow), the character ‘00h’
which represents a sequence of 9 low bits must not be interpreted as a break character
(9 bits + 15% = 10.35). Consequently, a valid LIN synch break must last at least 11 low bits.

LINSCI clock tolerance when synchronized

When synchronization has been performed, following reception of a LIN synch break, the
LINSCI, in LIN mode, has the same clock deviation tolerance as in SCI mode, which is
explained below:

During reception, each bit is oversampled 16 times. The mean of the 8th, 9th and 10th
samples is considered as the bit value.

Consequently, the clock frequency should not vary more than 6/16 (37.5%) within one bit.

The sampling clock is resynchronized at each start bit, so that when receiving 10 bits (one
start bit, 1 data byte, 1 stop bit), the clock deviation should not exceed 3.75%.
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Clock deviation causes

The causes which contribute to the total deviation are:

® Dira: deviation due to transmitter error.

The transmitter can be either a master or a slave (in case of a slave listening to the
response of another slave).

® Dyeas: error due to the LIN synch measurement performed by the receiver.

® DquanT: error due to the baud rate quantization of the receiver.

® Drgc: deviation of the local oscillator of the receiver: This deviation can occur during
the reception of one complete LIN message assuming that the deviation has been
compensated at the beginning of the message.

® D, : deviation due to the transmission line (generally due to the transceivers)

All the deviations of the system should be added and compared to the LINSCI <lock

tolerance:
|
|
|

Dtra * Dmeas tDguant + Drec * DrcoL < 3.75%

Figure 72. Bit sampling in reception mode
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L One bit time o
L

Eirur due to LIN synch measurement

rhe LIN synch field is measured over eight bit times.

This measurement is performed using a counter clocked by the CPU clock. The edge
detections are performed using the CPU clock cycle.

This leads to a precision of 2 CPU clock cycles for the measurement which lasts 16*8*LDIV
clock cycles.

Consequently, this error (Dygas) IS:
2/(128*LDIVyn)-

LDIVy N corresponds to the minimum LIN prescaler content, leading to the maximum baud
rate, taking into account the maximum deviation of +15%.

J




ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto, ST7TMC2S6-Auto On-chip peripherals

10.5.10

Error due to baud rate quantization

The baud rate can be adjusted in steps of 1/(16 * LDIV). The worst case occurs when the
‘real’ baud rate is in the middle of a step.

This leads to a quantization error (DgyanT) €qual to 1/(2¥16*LDIV ).

Impact of clock deviation on maximum baud rate

The choice of the nominal baud rate (LDIVyq)) influences both the quantization error
(DguanT) @nd the measurement error (Dygas). The worst case occurs for LDIV .

Consequently, at a given CPU frequency, the maximum possible nominal baud rate
(LPRpn) should be chosen with respect to the maximum tolerated deviation given by the
equation:

D1ra + 2/(128*LDIVyyn) + 1/(2*16*LDIV)y ) + Drec + Dol < 3.75%

Example:

A nominal baud rate of 20Kbits/s at Tcpy = 125ns (8 MHz) leads to | LIV, ;o = 25d.
LDIVyyn = 25 - 0.15*25 = 21.25

DmEeas = 2/(128*LDIV)yy) * 100 = 0.00073%

Douant = 1/(2¥16*LDIV)yy) * 100 = 0.0015%

LIN slave systems

For LIN slave systems (the LINE and Lsi\' b.ts are set), receivers wake up by LIN synch
break or LIN identifier detection (dependiag on the LHDM bit).

Hot plugging feature for LIN clave nodes

In LIN slave mute mode ‘tt.e LiNE, LSLV and RWU bits are set) it is possible to hot plug to a
network during an ongoiny communication flow. In this case the SCI monitors the bus on the
RDI line until 11 voasecutive dominant bits have been detected and discards all the other
bits received.

LIN mode registers

SCl status register (SCISR)

SCISR Reset value: 1100 0000 (COh)
7 6 5 4 3 2 1 0
TDRE TC RDRF IDLE LHE NF FE PE
RO RO RO RO RO RO RO RO
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SCISR register description(l)

Function

Transmit data register empty

This bit is set by hardware when the content of the TDR register has been transferred
into the shift register. An interrupt is generated if the TIE = 1 in the SCICR2 register. It
is cleared by a software sequence (an access to the SCISR register followed by a
write to the SCIDR register).

0: Data is not transferred to the shift register

1: Data is transferred to the shift register

Transmission complete
This bit is set by hardware when transmission of a character containing data is
complete. An interrupt is generated if TCIE = 1 in the SCICR2 register. It is clearad by
a software sequence (an access to the SCISR register followed by a write to tha
SCIDR register).
0: Transmission is not complete
1: Transmission is complete
Note: TC is not set after the transmission of a preamble or 7 L7e2k.

Received data ready flag

This bit is set by hardware when the content of the RDRR register has been transferred
to the SCIDR register. An interrupt is generated i KIE = 1 in the SCICR2 register. It is
cleared by a software sequence (an acces. 0 the SCISR register followed by a read
to the SCIDR register).

0: Data is not received

1: Received data is ready ‘0 b> veud

Idle line detected

This bit is set by hai1ware when an idle line is detected. An interrupt is generated if
the ILIE = 1 ir the 3CICR2 register. It is cleared by a software sequence (an access to
the SCISR reaicter followed by a read to the SCIDR register).

0: Nc iale e is detected

1: 1002 iine is detected

Note: The idle bit is not set again until the RDRF bit has been set itself (that is, a new
idle line occurs).

Table 68.
Bit | Name
7 | TDRE
6 TC
5 |RDRF
4 | IDLE

b

|

|
3 | LHE

LIN header error
During LIN header this bit signals three error types:
The LIN synch field is corrupted and the SClI is blocked in LIN Synch state (LSF
bit = 1).
A timeout occurred during LIN header reception.
An overrun error was detected on one of the header field (see OR bit description in
SCI status register (SCISR) on page 152).
An interrupt is generated if RIE = 1 in the SCICR2 register. If blocked in the LIN synch
state, the LSF bit must first be reset (to exit LIN synch field state and then to be able to
clear LHE flag). Then it is cleared by the following software sequence: An access to
the SCISR register followed by a read to the SCIDR register.
0: No LIN Header error
1: LIN Header error detected
Note: Apart from the LIN header this bit signals an overrun error as in SCI mode, (see

description in SCI status register (SCISR) on page 152).
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Table 68. SCISR register description(l) (continued)

Bit | Name Function

Noise flag

> NE In LIN master mode (LINE bit = 1 and LSLV bit = 0) this bit has the same function as in
SCI mode, please refer to SCI status register (SCISR) on page 152.

In LIN slave mode (LINE bit = 1 and LSLV bit = 1) this bit has no meaning.

Framing error

In LIN slave mode, this bit is set only when a real framing error is detected (if the stop
bit is dominant (0) and at least one of the other bits is recessive (1). It is not set when
a break occurs, the LHDF bit is used instead as a break flag (if the LHDM bit = 0). It is
cleared by a software sequence (an access to the SCISR register followed by a read

to the SCIDR register).

0: No framing error

1: Framing error detected

Parity error
This bit is set by hardware when a LIN parity error occurs (if th 2> F CZ bit is set) in
receiver mode. It is cleared by a software sequence (a reac to the status register
0 PE followed by an access to the SCIDR data register). A irtesrupt is generated if PIE = 1
in the SCICR1 register.
0: No LIN parity error
1: LIN parity error detected

1. Bits 7:4 have the same function as in SCI mode, plezse “efr to SCI status register (SCISR) on page 152.

SCI control register 1 (SCICR1)

SCICR1 Reset value: x000 0000 (x0h)
7 6 5 4 3 2 1 0
R8 e —’_ gCID M WAKE PCE Reserved PIE
R/W Jn? R/W R/W R/W R/W - R/W

Table 63. SCICR1 register description(l)
) 5 |

IRt

b

Name Function

Receive data bit 8

R8
! This bit is used to store the 9th bit of the received word when M = 1.

Transmit data bit 8

R T8 This bit is used to store the 9th bit of the transmitted word when M = 1.

Disabled for low power consumption
When this bit is set the SCI prescalers and outputs are stopped and the end of the
current byte transfer in order to reduce power consumption.This bit is set and cleared
by software.
0: SClI enabled
1: SCI prescaler and outputs disabled

5 | SCID
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Table 69. SCICR1 register description(l) (continued)

Bit | Name Function

Word length

This bit determines the word length. It is set or cleared by software.
4 M 0: 1 start bit, 8 data bhits, 1 stop bit
1: 1 start bit, 9 data bits, 1 stop bit

Note: The M bit must not be modified during a data transfer (both transmission and
reception).

Wake-up method

This bit determines the SCI wake-up method. It is set or cleared by software.

3 |WAKE| 0:Idle line

1: Address mark

Note: If the LINE bit is set, the WAKE bit is deactivated and replaced by th2 [ HDN' bit.

Parity control enable

This bit is set and cleared by software. It selects the hardware paiity ~ontrol for LIN
identifier parity check.

2 | PCE . )

0: Parity control disabled

1: Parity control enabled

When a parity error occurs, the PE bit in the SC!SR reyister is set.
1 - Reserved, must be kept cleared

Parity interrupt enable

This bit enables the interrupt c2pc bility of the hardware parity control when a parity
error is detected (PE bit sr:t). vho parity error involved can be a byte parity error (if bit
0| PIE PCE is set and bit LPE is roezc) or a LIN parity error (if bit PCE is set and bit LPE is
set).

0: Parity erro - irterrunt disabled

1: Parity er. r intcrrupt enabled

1. Bits 7:3 and bit C have ti.c same function as in SCI mode; please refer to SCI control register 1 (SCICR1)
on page 153.

SCI centvol register 2 (SCICR2)

SCICR2 Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
TIE TCIE RIE ILIE TE RE RwWU SBK
R/W R/W R/W R/W R/W R/W R/W R/W

Table 70.  SCICR2 register description®

Bit | Name Function

Transmitter interrupt enable
This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCl interrupt is generated whenever TDRE = 1 in the SCISR register

7 | TIE

Transmission complete interrupt enable
6 | TCIE This bit is sgt .an(.i (':Ieared by software.
0: Interrupt is inhibited

1: An SCl interrupt is generated whenever TC = 1 in the SCISR register
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page 155.

Table 70. SCICR2 register description(l) (continued)
Bit | Name Function
Receiver interrupt enable
5 | RIE This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCI interrupt is generated whenever OR = 1 or RDRF = 1 in the SCISR register
Idle line interrupt enable
a | ILE This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCI interrupt is generated whenever IDLE = 1 in the SCISR register
Transmitter enable
This bit enables the transmitter. It is set and cleared by software.
0: Transmitter is disabled
3 TE 1: Transmitter is enabled
Notes:
- During transmission, a ‘0’ pulse on the TE bit (‘0" followed k' 1’) sends a preamble
(idle line) after the current word.
- When TE is set there is a 1 bit-time delay before tho trancmission starts.
Receiver enable
> | RE This bit enables the receiver. It is set and ceured by software.
0: Receiver is disabled in the SCISR rzg:s.ar
1: Receiver is enabled and beqins scaiching for a start bit
Receiver wake-up
This bit determines if the SCi1s in mute mode or not. It is set and cleared by software
and can be cleareu by nardware when a wake-up sequence is recognized.
0: Receiver ir a~tve mode
1| RWU 1: Receivet 'n mute mode
Notes
- Miute mode is recommended for detecting only the header and avoiding the reception
o oany other characters. For more details please refer to LIN reception on page 161.
- In LIN slave mode, when RDRF is set, the software can not set or clear the RWU bit.
) Send break
! I This bit set is used to send break characters. It is set and cleared by software.
o | sBK 0: No break character is transmitted
1: Break characters are transmitted
Note: If the SBK bit is set to ‘1’ and then to ‘0", the transmitter sends a BREAK word at
the end of the current word.
1. Bits 7:2 have the same function as in SCI mode; please refer to SCI control register 2 (SCICR2) on
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SCI control register 3 (SCICR3)

SCICR3 Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
LDUM LINE, LSLV LASE LHDM LHIE LHDF LSF
R/W R/W R/W R/W R/W R/W R/W

Table 71. SCICR3 register description

Bit Name Function

LIN divider update method
This bit is set and cleared by software and is also cleared by hardwae (when
RDRF = 1). Itis only used in LIN slave mode. It determines how th: LIN civider
can be updated by software.
0: LDIV is updated as soon as LPR is written
(if no auto synchronization update occurs at the saric tm::)
7 LDUM 1: LDIV is updated at the next received charactc: ‘whe.r RDRF = 1)
after a write to the LPR register
Notes:
- If no write to LPR is performed betwee n the setting of LDUM bit and the
reception of the next character, D1/ 15 updated with the old value.
- After LDUM has been set, it 1s Lssible to reset the LDUM bit by software.
In this case, LDIV can he mauairied by writing into LPR/LPFR registers.

LIN mode enable bits
These bits canfigure the LIN mode:
0x: LIN mnoe aisabled
10: LI i 1nasier mode
11 LIN slave mode
Tho LIN master configuration enables the cabability to send LIN synch breaks
13 low bits) using the SBK bit in the SCICR2 register.
The LIN slave configuration enables:
6:5 | LI E, LSLV| The LIN slave baud rate generator. The LIN divider (LDIV) is then represented by
. | the LPR and LPFR registers. The LPR and LPFR registers are read/write
accessible at the address of the SCIBRR register and the address of the
SCIETPR register.
Management of LIN headers
LIN synch break detection (11-bit dominant)
LIN wake-up method (see LHDM bit) instead of the normal SCI wake-up method
Inhibition of break transmission capability (SBK has no effect)
LIN parity checking (in conjunction with the PCE bit)

LIN auto synch enable
This bit enables the auto synch unit (ASU). It is set and cleared by software. It is
4 LASE only usable in LIN slave mode.
0: Auto synch unit disabled
1: Auto synch unit enabled

J

174/371




ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto, ST7TMC2S6-Auto On-chip peripherals

Table 71. SCICRS3 register description (continued)

Bit Name Function

LIN header detection method

This bit is set and cleared by software. It is only usable in LIN slave mode. It
enables the header detection method. In addition if the RWU bit in the SCICR2
3 LHDM register is set, the LHDM bit selects the wake-up method (replacing the WAKE
bit).

0: LIN synch break detection method

1: LIN identifier field detection method

LIN header interrupt enable
> LHIE This bit is set and cleared by software. It is only usable in LIN slave mode.

0: LIN header interrupt is inhibited
1: An SCl interrupt is generated whenever LHDF = 1

LIN header detection flag

This bit is set by hardware when a LIN header is detected ard cleared by a
software sequence (an access to the SCISR register follcwe 1 vy a read of the
SCICRS register). It is only usable in LIN slave modc..

0: No LIN header detected

1 LHDF 1: LIN header detected

Note: The header detection method detcndas on the LHDM bit:

- If LHDM = 0, a header is detecteu a= a LiN synch break

- If LHDM = 1, a header is detec ea a3 a LIN Identifier, meaning that a LIN synch
break field + a LIN synch fi=.d 1 a LIN identifier field have been consecutively
received.

LIN synch field state

This bit indirav»s that the LIN synch field is being analyzed. It is only used in LIN
slave made. 11 awto synchronization mode (LASE bit = 1), when the SCl is in the
LIN syrc. field state it waits or counts the falling edges on the RDI line.

0 LSF It s =t by hardware as soon as a LIN synch break is detected and cleared by

| hzrdware when the LIN synch field analysis is finished (see Figure 73). This bit
can also be cleared by software to exit LIN Synch state and return to idle mode.
0: The current character is not the LIN synch field

1: LIN synch field state (LIN synch field undergoing analysis)

Fiyure 73. LSF bit set and clear

11 dominant bits Parity bits

o innngimmii

C— ——P——>

LINsynch ' LIN synch: Identifier
break field field
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10.5.11

LIN divider (LDIV) registers

LDIV is coded using the two registers LPR and LPFR. In LIN slave mode, the LPR register is
accessible at the address of the SCIBRR register and the LPFR register is accessible at the
address of the SCIETPR register.

LIN prescaler register (LPR)

LPR Reset value: 0000 0000 (00h)

7 6 5 4 3 2 1 0

LPR[7:0]

R/W

Table 72.

LPR register description

Bit | Name

Function

LIN prescaler (mantissa of LDIV)

7:0 | LPR[7:0]

These 8 bits define the value of the mantissa of th> LDIV (see Table 73).

Table 73. LIN mantissa rounded values

LPR[7:0]

Reunaed mantissa (LDIV)

00h

SCI clock disabled

Olh

1

FEh |

254

FFh ’

255

Caution:

LPR and LP™-R \zgisters have different meanings when reading or writing to them.

Consequ 21 tly bit manipulation instructions (BRES or BSET) should never be used to modify

the LP+(7:0] bits, or the LPFR[3:0] bits.

L.N prescaler fraction register (LPFR)

Reset value: 0000 0000 (00h)

LPFR
7 6 5 4 3 2 1 0
Reserved LPFR[3:0]
- R/W
Table 74. LPFR register description
Bit| Name Function
74 - Reserved
3:0 | LPFR[3:0] Fraction of L.DIV . _
These 4 bits define the fraction of the LDIV (see Table 75).
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Table 75. LDIV fractions

LPFR[3:0] Fraction (LDIV)
Oh 0
1h 1/16
Eh 14/16
Fh 15/16

Note: 1 When initializing LDIV, the LPFR register must be written first. Then, the write to the LPR
register effectively updates LDIV and so the clock generation.

2 InLIN Slave mode, if the LPR[7:0] register is equal to 00h, the transceiver and receiver 11put
clocks are switched off.
Examples of LDIV coding
Example 1: LPR = 27d and LPFR = 12d
This leads to:
Mantissa (LDIV) = 27d
Fraction (LDIV) = 12/16 = 0.75d
Therefore LDIV = 27.75d
Example 2: LDIV = 25.62d
This leads to:
LPFR = rounded(16*0.62d) = iounded(9.92d) = 10d = Ah
LPR = mantissa (25.620d) = 25d = 1Bh
Example 3: LDIV = 2¢.92d
This leads tc-
LPFR = -6unded(16*0.99d) = rounded(15.84d) = 16d

The carry must be propagated to the mantissa: LPR = mantissa (25.99) +
1=26d = 1Ch.

LIy neader length register (LHLR)

LHLR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
LHLR[7:0]
RO
Note: In LIN slave mode when LASE =1 or LHDM = 1, the LHLR register is accessible at the

address of the SCIERPR register.
Otherwise this register is always read as 00h.

177/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

Table 76. LHLR register description

Bit Name Function

LIN header length
This is a read-only register, which is updated by hardware if one of the following
conditions occurs:

After each break detection, it is loaded with ‘FFh’

7:0 | LHLR[7:0] If a timeout occurs on TheapeR, it is loaded with 00h

After every successful LIN header reception (at the same time as the setting of
LHDF bit), it is loaded with a value (LHL) which gives access to the number of
bit times of the LIN header length (Thgaper)- The coding of this value is
explained below.

LHL register coding:

THEADER MAX = 57
LHL (7:2) represents the mantissa of (57 - Tygaper) (See Table 77)

LHL (1:0) represents the fraction (57 - Theaper) (See Table 78)

Table 77. LIN header mantissa values

LHL[7:2] Mantissa (57 - Ty:-arer) Mantissa (Tyeaper)

Oh 0 57

1h i 56

39h 56 1

L O

3Ah 57 0

3Bh 58 Never occurs
3th 62 Never occurs
3Fh 63 Initial value

“able 78. LIN header fractions

LHL[1:0] Fraction (57 - Tueaper)
oh 0
1h 1/4
2h 1/2
3h 3/4

J

178/371




ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto, ST7TMC2S6-Auto On-chip peripherals

Examples of LHL coding:
Example 1: LHL = 33h = 001100 11b
LHL(7:3) = 1100b = 12d
LHL(1:0) =11b=3d
This leads to:
Mantissa (57 - Theaper) = 12d
Fraction (57 - Thgaper) = 3/4 = 0.75
Therefore:
(57 - TheapeER) = 12.75d and Thgaper = 44.25d
Example 2:
57 - THeaDER = 36.21d
LHL(1:0) = rounded(4*0.21d) = 1d
LHL(7:2) = Mantissa (36.21d) = 36d = 24h
Therefore LHL(7:0) = 10010001 = 91h
Example 3:
57 - THeaDER = 36.90d
LHL(1:0) = rounded(4*0.90d) = 4d
The carry must be propagated to the matissa:
LHL(7:2) = Mantissa (36.90d) + 1 = 37d
Therefore LHL(7:0) = 10110000 = AOh

SCl register map and reset values

Table 79.  SCl register map and reve: values

Addr. (Hex.) Register name |7 6 5 4 3 2 1 0
0018h SCI1SR TDRE TC RDRF IDLE | OR/LHE NF FE PE
Reset valu= 1 1 0 0 0 0 0 0
SCI1Dy DR7 DR6 DR5 DR4 DR3 DR2 DR1 DRO
0019h
R :sct value - - - - - - - -
T _ %
| SCI1BRR SCP1 | SCPO | SCT2 | SCT1 SCTO SCR2 | SCR1 | SCRO
001Al LPR (LIN slave mode) LPR7 | LPR6 LPR5 LPR4 LPR3 LPR2 LPR1 | LPRO
Reset value 0 0 0 0 0 0 0 0
! 001Bh SCI1CR1 R8 T8 SCID M WAKE PCE PS PIE
Reset value X 0 0 0 0 0 0 0
001Ch SCI1CR2 TIE TCIE RIE ILIE TE RE RwWU SBK
Reset value 0 0 0 0 0 0 0 0
001Dh SCI1CR3 LDUM | LINE LSLV LASE | LHDM LHIE LHDF LSF
Reset Value 0 0 0 0 0 0 0 0
SCI1ERPR ERPR | ERPR | ERPR | ERPR | ERPR3 | ERPR | ERPR | ERPR
001Eh LHLR (LIN slave mode) | LHL7 LHL6 LHL5 LHL4 LHL3 LHL2 LHL1 | LHLO
Reset value 0 0 0 0 0 0 0 0
SCIITPR ETPR7 | ETPR6 | ETPR5 | ETPR4 | ETPR3 | ETPR2 | ETPR1 | ETPRO
001Fh LPRF (LIN slave mode) 0 0 0 0 LPRF3 | LPRF2 | LPRF1 | LPRFO
Reset value 0 0 0 0 0 0 0 0
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10.6 Motor controller (MTC)

10.6.1 Introduction

The ST7 motor controller (MTC) can be seen as a three-phase pulse width modulator
multiplexed on six output channels and a back electromotive force (BEMF) zero-crossing
detector for sensorless control of permanent magnet direct current (PM BLDC) brushless
motors.

The MTC is particularly suited to driving brushless motors (either induction or permanent
magnet types) and supports operating modes like:

Commutation step control with motor voltage regulation and current limitation
Commutation step control with motor current regulation, that is, direct torque ccntrol
Position sensor or sensorless motor phase commutation control (six-step mac<)

BEMF zero-crossing detection with high sensitivity. The integrated phase voltage
comparator is directly referred to the full BEMF voltage without any ettenuation. A
BEMF voltage down to 200mV can be detected, providing high nciste. immunity and
self-commutated operation in a large speed range.

Realtime motor winding demagnetization detection for fir.z-tuning the phase voltage
masking time to be applied before BEMF monitoring.

Automatic and programmable delay between 3[-F zero-crossing detection and motor
phase commutation.

PWM generation for three-phase sir=wave or three-channel independent PWM
signals.

Table 80. MTC functional L'ocks

Secion Page

Input detection block \J 189
Input pins 0 N 189
S¢ns Jf.:.s;mode 192

D event detection 193

|r \ _Z event detection 195
Demagnetization (D) event 197

Z event generation (BEMF zero crossing) 200
Protection for ZH event detection 201
Position sensor mode 202
Sampling block 203
Commutation noise filter 206
Speed sensor mode 208
Tachogenerator mode 209
Encoder mode 210
Summary 211
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Table 80. MTC functional blocks (continued)

Section Page
Delay manager 213
Switched mode 214
Autoswitched mode 217
Debug option 219
Built-in checks and controls for simulated events 221
Speed measurement mode 227
Summary 233
PWM manager 234
Voltage mode 234 B
Over current handling in voltage mode \ ;4
Current mode \ 235
Current feedback comparator 235
Current feedback amplifier 237
Measurement window 237
Channel manager \_ 240
MPHST phase state register \J 242
Emergency feature o 243
Deadtime generator 245
Programmable choope‘T \> 251
PWM generator E.'(,".k_ N 252
Main ft-?aur;s_ 252
Fu:\;tBnaI description 253
;_ ¢ Prescaler 253
[ PWM operating mode 254
Repetition down-counter 257
PWM interrupt generation 257
Timer resynchronization 258
PWM generator initialization and start-up 259
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Table 81. MTC registers
Register Description Register page (RPGS bit) | Page
MTIM Timer counter register 0 260
MTIML Timer counter register LSB (mode dependent) 0 260
MZPRV Capture Z,,_; register 0 260
MZREG Capture Z,, register 0 261
MCOMP Compare C,,, register 0 261
MDREG Demagnetization register 0 261
MWGHT A, weight register 0 262
MPRSR Prescaler and sampling register 0 202
MIMR Interrupt mask register 0 X\ —’—2_63_
MISR Interrupt status register 0 = 264
MCRA Control register A C 265
MCRB Control register B PAY 0 268
MCRC Control register C B 0 270
MPHST Phase state register 0 271
MCFR Motor current feedback register \~ 0 272
MDFR Motor D event filter registe r \J 0 273
MREF Reference register o 0 275
MPCR PWM control reaiste: 0 276
MREP Repetitici cGumn.rr_egister 0 277
MCPWH Cr::,u,ar: Bhase W preload register high 0 277
MCPWL | E)Tnpare phase W preload register low 0 277
MCPV.’_ - Compare phase V preload register high 0 278
l_\A'_PI Compare phase V preload register low 0 278
|_I\/ICPUH Compare phase U preload register high 0 278
MCPUL Compare phase U preload register low 0 279
MCPOH Compare 0 preload register high 0 279
MCPOL Compare 0 preload register low 0 279
MDTG Deadtime generator register 1 280
MPOL Polarity register 1 282
MPWME PWM register 1 283
MCONF Configuration register 1 284
MPAR Parity register 1 285
MZFR Motor Z event filter register 1 286
MSCR Motor sampling clock register 1 288




ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto, ST7TMC2S6-Auto On-chip peripherals

10.6.2

10.6.3

Main features

® 2 on-chip analog comparators: one for BEMF zero-crossing detection, the other for
current regulation or limitation

® 7 selectable reference voltages for the hysteresis comparator (0.2V, 0.6V, 1V, 1.5V, 2V,
2.5V, 3.5V) and the possibility to select an external reference pin (MCVREF).

8-bit timer (MTIM) with three compare registers and two capture features, which may
be used as the delay manager of a speed measurement unit

Measurement window generator for BEMF zero-crossing detection
Filter option for the zero-crossing detection

Auto-calibrated prescaler with 16 division steps

8x8-bit multiplier

Phase input multiplexer

Sophisticated output management:

—  The six output channels can be split into two groups (high anc: low,.

— The PWM signal can be multiplexed on high, low or both grcugs, alternatively or
simultaneously, for six-step motor drives.

—  12-bit PWM generator with full modulation capaility (0 and 100% duty cycle),
edge or center-aligned patterns

—  Dedicated interrupt for PWM duty cycle< vt duting and associated PWM repetition
counter

— Programmable deadtime insziticn vt

—  Programmable high frequencv ~hopper insertion and high current PWM outputs
for direct optocoupler drives

—  The output polaiity is p-ogrammable channel by channel.

— A programmanic Lit (active low) forces the outputs in HiZ, low or high state,
dependlirg a1, option byte 1 (refer to Section 14: ST7MCxxx-Auto device
configure tion and ordering information).

—  rn'2inergency stop’ input pin (active low) asynchronously forces the outputs in
HiZ, Low or High state, depending on option byte 1 (refer to Section 14:
ST7MCxxx-Auto device configuration and ordering information).

Application example: PM BLDC motor drive

This example shows a six-step command sequence for a 3-phase permanent magnet DC
brushless motor (PM BLDC motor). Figure 75 shows the phase steps and voltage, while
Table 82 shows the relevant phase configurations.

To run this kind of motor efficiently, an autoswitching mode has to be used, that is, the
position of the rotor must self-generate the powered winding commutation. The BEMF zero
crossing (Z event) on the non-excited winding is used by the MTC as a rotor position sensor.
The delay between this event and the commutation is computed by the MTC and the
hardware commutation event C,, is automatically generated after this delay.

After the commutation occurs, the MTC waits until the winding is completely demagnetized
by the free-wheeling diode: during this phase the winding is tied to OV or to the HV high
voltage rail and no BEMF can be read. At the end of this phase a new BEMF zero-crossing
detection is enabled.
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The end of demagnetization event (D), is also detected by the MTC or simulated with a timer
compare feature when no detection is possible.

The MTC manages these three events always in the same order: Z generates C after a
delay computed in realtime, then waits for D in order to enable the peripheral to detect
another Z event.

The BEMF zero-crossing event (Z), can also be detected by the MTC or simulated with a
timer compare feature when no detection is possible.

The speed regulation is managed by the microcontroller, by means of an adjustable
reference current level in case of current control, or by direct PWM duty-cycle adjustment in
case of voltage control.

Figure 74. Chronogram of events (in autoswitched mode)

Ch event f * * >
Z,, or Zg event T : f : f : f —— >
Dy event — T - : i >
Dg event — : : : f : —'— ' >
Cn processing i:' — [" T —"‘ : .'—‘ >
Wait for C,, :’—: : :—I—— :'_i : '—| >
Wait for D, I = —5——"—1 : — : >
Wait for Z —‘:—— = A |_|' : '_|. >
;A L e
R
oy, - ; | L
Cn — < Do :
P VA v
Voltage on phase A o E I : | |
[ : i N '

Voltage on phase B

Voltage on phase C WWHW ' ' 7

P signal when sampled \ X A e-/ '
(output of the analog MUX) ! b TR . L

BEMF
sampling

VREF
(threshold value for
Input comparator)
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Figure 75. Example of command sequence for 6-step mode (typical 3-phase PM BLDC motor

control)

Step DY D )
switch

HV/2

Superimposed voltage - -
(BEMF induced by rotor)
- approx. HV/2 (PWM on)

- approx. OV (PWM off) ov

Demagnetlza{lonl

Commutation delay

)
Wait for BEMF = 0

PWM off pulses

v

1. Control and sampling PWM influence is not represented on these simplified chronograms.

1574
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All detections of Z,, events are done during a short measurement window while the high side switch is
turned off. For this reason the PWM signal is applied on the high side switches.

When the high side switch is off, the high side winding is tied to OV by the free-wheeling diode, the low
side winding voltage is also held at OV by the low side ON switch and the complete BEMF voltage is
present on the third winding: detection is then possible.

Table 82.  Step configuration summary

Step
Configuration
2 pI} >3 X, g pIS
Current direction AtoB | AtoC | BtoC | BtoA | CtoA | CtoB
Phase state | High side TO TO T2 T2 T4 / T4
register Low side T3 5 5 T1 o3
0O0I5:0] bits in MPHST register 001001 | 100001 | 100100 00C1?0_L(,35010 011000
Measurement done on MCIC | MCIB | MCIA | =12 | MCIB | MCIA
BEMF input e
IS[1:0] bits in MPHST register 10 01 o( 10 01 00
Back EMF shape Falling | Risiny : Faling | Rising | Falling | Rising
BEMF edge —
CPB bit in MCRB register (ZVD bit = 0) 0 \ 1 0 1 0 1
Hardware or | Voltage on mgasured point at the start of s HY oV iy oV HY
hardware- demagnetization |
simulated SR Y\
PWM side selection to acceleiate Low High Low High Low High
Demagnetization | 48magnetization side side side side side side
switch i i M
Driver selgctlon to occaierate T T0 T T T T4
demagnetizat.

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

10.6.4 Application example: AC induction motor drive

Although *ti2 command sequence is rather different between a PM BLDC and an AC three-phase
indachar motor, the motor controller can be configured to generate three-phase sinusoidal voltages.

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

The variable voltage levels to be applied on the motor terminals come from continuously varying duty
cycle, from one PWM period to the other (refer to Figure 76 on page 187). The PWM counter generates a
dedicated update event (U event) which:

® updates automatically the compare registers setting the duty cycle to avoid time critical issues and
ensure glitchless PWM operation

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

J
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The shape of the output voltage (voltage, frequency, sinewave, trapezoid, ...) is completely
managed by the application software, in charge of computing the compare values to be
loaded for a given PWM duty-cycle (refer to Figure 77).

Finally, the PWM modulated voltage generated by the power stage is smoothed by the
motor inductance to get sinusoidal currents in the stator windings.

The induction motor being asynchronous, there is no need to synchronize the rotor position
to the sinewave generation phase in most of the applications.

Part of the MTC dedicated to delay computation and event sampling can thus be
reconfigured to perform speed acquisition of the most common speed sensor, without the
need of an additional standard timer.

This speed measurement timer with clear-on-capture and clock prescaler auto-setting
allows to keep the CPU load to a minimum level while taking benefit of the embeddzd 1aput
comparator and edge detector.

Figure 76. Complementary PWM generation for three-phase indu-tior motor
(1 phase represented)

U event

Compare preload register processing

PWM qc¢nerawor counter

PWM ref signal

L

| MCO0 T L—l

Deadtime insertion
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Figure 77. Typical command signals of a three-phase induction motor

Phase c M -

PWM
period
<+>

PWM outputi . . :

| | | |
Duty cycle 51%,50% 49%

I | | |
Duty cycle 199% | 100% | 99% |

PWM output: : : :
| | |
| | |

I
Duty cycle | 1% 1 0% | 1%
:

1. These simplified chronograms represent the pkas= \Ziwges after low-pass filtering of the PWM outputs
reference signals.

10.6.5 Functional description

The MTC can be split into fi 2 main parts as shown in the simplified block diagram in
Figure 78. Each of theze nerts may be configured for different purposes:

® Input deteci'on L'uek with a comparator, an input multiplexer and an incremental
encoder in:erace, which may work as:

—  a BGMF zero-crossing detector
—  aspeed sensor interface
« rhe delay manager with an 8/16-bit timer and an 8x8 bit multiplier, which may work as:
— an 8-bit delay manager
—  aspeed measurement unit

® The PWM manager, including a measurement window generator, a mode selector and
a current comparator

® The channel manager with the PWM multiplexer, polarity programming, deadtime
insertion and high frequency chopping capability and emergency HiZ configuration
input

® The three-phase PWM generator with 12-bit free-running counter and repetition
counter

J
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10.6.6

Input detection block

This block can operate in position sensor mode, in sensorless mode or in speed sensor
mode. The mode is selected via the SR bit in the MCRA register and the TES[1:0] bits in
MPAR register (refer to Table 93 for set-up information). The block diagram is shown in
Figure 79 for the position sensor/sensorless modes (TES[1:0 = 00) and in Figure 89 for the
speed sensor mode (TES[1:0] = 01, 10, 11).

Input pins

The MCIA, MCIB and MCIC input pins can be used as analog or as digital pins.

® In sensorless mode, the analog inputs are used to measure the BEMF zero crossing
and to detect the end of demagnetization if required.

® In sensor mode, the analog inputs are used to get the hall sensor information.

® In speed sensor mode (example, tachogenerator), the inputs are used as 7igite! pins.

When using an AC tachogenerator, a small external circuit may be nerced o convert
the incoming signal into a square wave signal which can be treatet’ Lvihe MTC.

Due to the presence of diodes, these pins can permanently suppart an input current of 5mA.
In sensorless mode, this feature enables the inputs to be cor.nected to each motor phase
through a single resistor.

A multiplexer, programmed by the 1S[1:0] bits in the " H ST register selects the input pins
and connects them to the control logic in either sencoiiess or tachogenerator mode. In
encoder mode, it is mandatory to connect ser=21 digital outputs to the MCIA and MCIB pins.
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Figure 78. Simplified MTC block diagram
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Figure 79. Input stage in sensorless or sensor mode (bits TES[1:0] = 00)
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Sensorless mode
This mode is used to detect BEMF zero crossing and end of demagnetization events.

The analog phase multiplexer connects the non-excited motor winding to an analog 100mV
hysteresis comparator referred to a selectable reference voltage.

IS[1:0] bits in MPHST register allow the input to be selected which drives to the comparator
(either MCIA, B or C). Be careful that the comparator is OFF until CKE and/or DAC bits are
set in MCRA register.

The VR[2:0] bits in the MCRC register select the reference voltage from seven internal
values depending on the noise level and the application voltage supply. The reference
voltage can also be set externally through the MCVREF pin when the VR[2:0] bits are set.

Table 83. Threshold voltage setting \
VR2 VR1 VRO VReg Voltage thresholc
1 1 1 Threshold voltage set by ey e r.= MCVREF pin
typical value inr vpp =5V

1 1 0 _3_.5V

1 0 1 25V

1 0 0 \X 2v

0 1 1 o Nl 1.5V

0 1 0 ) X 1V

0 0 1 0.6V

0 0 0 0.2v

BEMF detections arc e formed during the measurement window, when the excited
windings are free- whzeling through the low side switches and diodes. At this stage the
common sta” conilection voltage is near to ground voltage (instead of Vpp/2 when the
excitert windings are powered) and the complete BEMF voltage is present on the non-
excited wvinding terminal, referred to the ground terminal.

1Y« zero crossing sampling frequency is then defined, in current mode, by the
ineasurement window generator frequency (SA[3:0] bits in the MPRSR register) or, in
voltage mode, by the PWM generator frequency and phase U duty cycle.

During a short period after a phase commutation (C event), the winding where the back-emf
is read is no longer excited but needs a demagnetization phase during which the BEMF
cannot be read. A demagnetization current goes through the free-wheeling diodes and the
winding voltage is stuck at the high voltage or to the ground terminal. For this reason an ‘end
of demagnetization event’ D must be detected on the winding before the detector can sense
a BEMF zero crossing.

For the end-of-demagnetization detection, no special PWM configuration is needed; the
comparator sensing is done at a selectable frequency (fscg) (see Table 166).

So the three events C (commutation), D (demagnetization) and Z (BEMF zero crossing)
must always occur in this order in autoswitched mode when hard commutation is selected.
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The comparator output is processed by a detector that automatically recognizes the D or Z
event, depending on the CPB or ZVD edge and level configuration bits as described in
Table 88.

To avoid wrong detection of D and Z events, a blanking window filter is implemented for
spike filtering. In addition, by means of an event counter, software can filter several
consecutive events up to a programmed limit before generating the D or Z event internally.
This is shown in Figure 80 and Figure 81.

D event detection

In sensorless mode, the D window filter becomes active after each C event. It blanks out the
D event during the time window defined by the DWF[3:0] bits in the MDFR register (see
Table 84). The reset value is 200ps.

This window filter becomes active after both hardware and software C events.

The D event filter becomes active after the D window filter. It counts the numner of
consecutive D events up to a limit defined by the DEF[3:0] bits in the MR register. The
reset value is 1. The D bit is set when the counter limit is reached.

Sampling is done at a selectable frequency (fscp), see Table 163.
The D event filter is active only for a hardware D event ‘D ;. For a simulated (Dg) event, it is
forced to 1.

Figure 80. D window and event filter flon chari

; Window
End of blanking "
window? filter
P Yes
Sampling
Event

filter

No

'44 Reset counter Limit = 1?

Increment counter
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Set the D bit
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Table 84.

D window filter setting®

DWF3

DWF2

DWF1 | DWFO

C to D window filter in
Sensorless mode (SR =0)

SR=1

5us

10 ps

15 us

20 ps

25 s

30 ps

35 s

40 ps

60 ps

80 ps

100 ps

120 ps

140 ps

162 s

r|lO|lOCO|FRP|FRP|O|O|R|FRP|OC|O|kFRL|FL,|O]|O
o(r|O|(FrRP|O|FRP|O|FRP|O|FRP|O|FRLP|O|FL,|O

rlr|lr|r|r|r|r|r|o|lo|lo|o|o|o|lo]|o

PrlrRr|FP|P|IOC|lOC|OC|OC|PFR|FP|PFRP|IFPRP|IO[IO|O|O

[ERN
[N

130 ps

200 ps

No window filter aricer T event

Table 85.

1. Times are indicated for 4 MHz fr=g| -

D event filier setting

DEF3

DEF2 | C=R?

—,_DEFO

D event limit

SR=1

o

-

0

o

Ol N|O|O | B W|IN]| P

[EnY
o

[EnY
[N

[EnY
N

[EnY
w

FP{F|FP|FP|FP|IPFP|IOlOC|lO|lOC|O|C O

R|lRPr|O|OC|lO|O|FRP|FRP|[FRLP|FPLP|O|O|C

o|lo|r|r|o|lo|r|r|o|lo|r|r|o|o
rlo|lr|o|lr|o|r|o|r|o|rRr|o|r

[EnY
I

No D event filter
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Table 85. D event filter setting (continued)

DEF3 | DEF2 | DEF1 | DEFO D event limit SR=1

1 1 1 0 15
1 1 1 1 16

No D event filter

Z event detection

In sensorless mode, the Z window filter becomes active after each D event. It blanks out the
Z event during the time window defined by the ZWF[3:0] bits in the MZFR register (see
Table 86). The reset value is 200us. This window filter becomes active after both hardware
and software D events.

The Z event filter becomes active after the Z window filter. It counts the number of
consecutive Z events up to a limit defined by the ZEF[3:0] bits in the MZFR regis‘e.. The
reset value is 1. The Z bit is set when the counter limit is reached.

Sampling is done at a selectable frequency (fscp), see Table 166.
The Z event filter is active only for a hardware Z event (Z). For a s mtlated (Zg) event, it is
forced to 1. Z event filter is also active in sensor mode.

Figure 81. Z window and event filter flowchart
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Table 86.  Z window filter setting®

ZWF3 | ZWF2 | ZWF1 | ZWFO0 Se?]stgrlze"s";”rig‘g’gi(”seé izno) SR=1
0 0 0 0 5 s
0 0 0 1 10 ps
0 0 1 0 15 ps
0 0 1 1 20 us
0 1 0 0 25 us
0 1 0 1 30 us
0 1 1 0 35 s
0 1 1 1 40 pys
No window filte: at.=r D event
1 0 0 0 60 ps
1 0 0 1 80 us
1 0 1 0 100 ps
1 0 1 1 120 ps
1 1 0 0 140 ps \~
1 1 0 1 160 s Y
1 1 1 0 10 s
1 1 1 1 \_/ _200 us
1. Times are indicated for 4 MHz f-=g,~y-
Table 87. Z event filtor secting
ZEF3 JEFZ I ZEF1 ZEFO Z event limit
0 _0 0 0 1
0 VAl 0 0 1 2
L0 0 1 0 3
0 0 1 1 4
0 1 0 0 5
0 1 0 1 6
0 1 1 0 7
0 1 1 1 8
1 0 0 0 9
1 0 0 1 10
1 0 1 0 11
1 0 1 1 12
1 1 0 0 13
1 1 0 1 14
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Table 87. Z event filter setting (continued)
ZEF3 ZEF2 ZEF1 ZEFO Z event limit
1 1 1 0 15
1 1 1 1 16

Table 88 shows the event control selected by the ZVD and CPB bits. In most cases, the D
and Z events have opposite edge polarity, so the ZVD bit is usually 0.

Table 88. ZVD and CPB edge selection bits(®)
ZV/D bit CPB bit Event generation vs input data sampled
A
DWF Z\WF ZEF
<+« > <« > i
0 0 25 | o
C Dy sz
A \
DWF Z\WF ZEF
0 L <« > <« > <« >
 pERL YU A e
P55} s\
C Dy A4
A _ \\t
DWF Z\WrF ZEF
“« > < » <« >
1 0 SEcl o] [
2 a
C Dy z
A
DWF Z\WF ZEF
| <+« > <+ > <« >
1 1 E—
DEFE
c © "gDH sz
~fL
Note: Tne ZVD bit is located in the MPOL register, the CPB bit is in the MCRB register.
1. L=geni:

OV/ = D window filter

LEF = D event filter

ZWF = Z window filter

ZEF = Z event filter. Refer also to Table 92 on page 207.

Demagnetization (D) event

At the end of the demagnetization phase, current no longer goes through the free-wheeling
diodes. The voltage on the non-excited winding terminal goes from one of the power rail
voltages to the common star connection voltage plus the BEMF voltage. In some cases (if
the BEMF voltage is positive and the free-wheeling diodes are at ground for example) this
end of demagnetization can be seen as a voltage edge on the selected MCIx input and it is
called a hardware demagnetization event Dy. See Table 88.

The D event filter can be used to select the number of consecutive D events needed to
generate the Dy event.

If enabled by the HDM bit in the MCRB register, the current value of the MTIM timer is
captured in register MDREG when this event occurs in order to be able to simulate the
demagnetization phase for the next steps.
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When enabled by the SDM bit in the MCRB register, demagnetization can also be simulated by
comparing the MTIM timer with the MDREG register. This kind of demagnetization is called simulated
demagnetization Dg.

If the HDM and SDM bits are both set, the first event that occurs, triggers a demagnetization event. For
this to work correctly, a Dg event must not precede a Dy event because the latter could be detected as a
Z event.

Simulated demagnetization can also be always used if the HDM bit is reset and the SDM bit is set. This
mode works as a programmable masking time between the C and Z events. To drive the motor securely,
the masking time must be always greater than the real demagnetization time in order to avoid a spurious
Z event.

When an event occurs, (either Dy or Dg) the DI bit in the MISR register is set and an interrupt request is
generated if the DIM bit of register MIMR is set.

Caution:  1: Due to the alternate automatic capture and compare of the MTIM timer with "\DRPEG
register by Dy and Dg events, the MDREG register should be manipulated with sgecial care.

Caution:  2: Due to the event generation protection in the MZREG, MCOMP and mDnN G registers for
Soft Event generation (see Built-in checks and controls for simulated ¢ vents on page 221),
the value written in the MDREG register in soft demagnetization :ncde (SDM = 1) is checked
by hardware after the C event. If this value is less than or ezcual ‘o the MTIM counter value at
this moment, the Software demagnetization event is cener2ed immediately and the MTIM
current value overwrites the value in the MDREG rog:star to be able to re-use the right
demagnetization time for another simulated eveat yeneration.

Figure 82. D event generation mechanism

DsH

C\/:‘N | MTIM [8-bit up counter] @ ﬂ

+8

Dy — 1Y
| MDREG [D,] @ H

v

Compare

SPLG bit
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MCRB register

SDM® pit

| SEB, bit® | [HDM,, bit®)

—_———— ———=

MDFR register

MCRB register
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T et DWF[?;I:O]
i DEF[3:0] ~h g
MDFR register
Dy

Dg W D

Dy ~1W| Fo Y D = Dy and HDM bit + Dg and SDM bit i
HDM bit —| To interrupt generator
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1. Preload bit, new value taken into account at the next C event (in normal mode) or when a value is written in the MPHST
register when in direct access mode. For more details refer to the description of the DAC bit in Control register A (MCRA)
on page 265. The use of a preload register allows all the registers to be updated at the same time

2. Register updated on R event
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Table 89. Demagnetization (D) event generation (example for ZVD = 0)
HS:VI Meaning CPB bit=1 CPB bit=0
D = Dg = output compare [MDREG, MTIM registers]
Undershoot due to Weak/null
motor parasite or first undershoot and
sampling BEMF positive
HV
0 Simulated mode

(SDM bit = 1 and HDM bit = 0)

HV/2

Hardware/simulated \mo e
(SDM bit =1 zind HLM bit = 1)

Undershoot a'te to
motor haracite or first
saimpling

| h

HV/2

D = Dy + Dg (hardwe re actection or output
Snpere true)

Weak/null
undershoot and
BEMF positive

HV

HV/2

D = Dy (hardware
detection only)

HV

HV/2

1. This is a zoom to the additional voltage induced by the rotor (back EMF)
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Caution:

Caution:
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Z event generation (BEMF zero crossing)

When both C and D events have occurred, the PWM may be switched to another group of
outputs (depending on the OS[2:0] bits in the MCRB register) and the real BEMF zero
crossing sampling can start (see Figure 88). After Z event, the PWM can also be switched to
another group of outputs before the next C event.

A BEMF voltage is present on the non-powered terminal but referred to the common star
connection of the motor whose voltage is equal to Vpp/2.

When a winding is free-wheeling (during PWM off-time) its terminal voltage changes to the
other power rail voltage, this means if the PWM is applied on the high side driver, free-
wheeling is done through the low side diode and the terminal is OV.

This is used to force the common star connection to OV in order to read the BEMF referred
to the ground terminal.

Consequently, BEMF reading (that is, comparison with a voltage close to 0V® can cnly be
done when the PWM is applied on the high side drivers. When the BEMF signai crosses the
threshold voltage close to zero, it is called a hardware zero-crossing ev2n. 2£y. A filter can be
implemented on the Z; event detection (see Figure 84).

The Z event filter register (MZFR) is used to select the numbe. of consecutive Z events
needed to generate the Z,, event. Alternatively, the PZ %i. cen be used to enable protection
as described in Figure 84 on page 202

For this reason the MTC outputs can be split iii vve groups called LOW and HIGH and the
BEMF reading is made only when PWM i apptied on one of these two groups. The REO bit
in the MPOL register is used to selec the gioup to be used for BEMF sensing (high side
group). It has to be configured whateve: the sampling mode.

When enabled by the HZ hit in M'CRC register, the current value of the MTIM timer is
captured in register MZFES wnen this event occurs in order to be able to compute the real
delay in the delay maiacer part for hardware commutation but also to be able to simulate
zero-crossing ey n:is 1or other steps.

When enabled dy the SZ bit set in the MCRC register, a zero-crossing event can also be
simula‘eu by comparing the MTIM timer value with the MZREG register. This kind of zero-
crossing event is called simulated zero-crossing Zg.

if soth HZ and SZ bits are set in MCRC register, the first event that occurs, triggers a zero-
crossing event.

Depending on the edge and level selection (ZVD and CPB) bits and when PWM is applied
on the correct group, a BEMF zero crossing detection (either Zy, or Zg) sets the ZI bit in the
MISR register and generates an interrupt if the ZIM bit is set in the MIMR register.

1: Due to the alternate automatic capture and compare of the MTIM timer with MZREG
register by Z,, and Zg events, the MZREG register should be manipulated with special care.

2: Due to the event generation protection in the MZREG, MCOMP and MDREG registers for
soft event generation, the value written in the MZREG register in simulated zero-crossing
mode (SZ = 1) is checked by hardware after the D (either Dy or Dg) event. If this value is
less than or equal to the MTIM counter value at this moment, the simulated zero-crossing
event is generated immediately and the MTIM current value overwrites the value in the
MZREG register. See Built-in checks and controls for simulated events on page 221.

The Z event also triggers some timer/multiplier operations, for more details see
Section 10.6.7: Delay manager.
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Figure 83. Z event generation
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1. Preload register; changes taken into account at next C event.
2. Register updated on R event.

Protection for Z event detection

To avoid an erroneous detection of a hardware zero-crossing event, a filter can be enabled by setting the
PZ bit in the MCRA register. This filter ensiiress the detection of a Z event on an edge transition between
D event and Zy event.

Without this protection, Zy evert a=wection is done directly on the current sample in comparison with the
expected state at the output of vhe phase comparator. For example, if a falling edge transition (meaning a
transition from 1 to O at tha sutput of the phase comparator) is configured for Z event through the CPB
bit in MCRB registe: «hen, the state 0 is expected at the comparator output and once this state is
detected, the Z . 2vent is generated without any verification that the state at the comparator output of the
previous szunLle was 1. The purpose of this protection filter is to be sure that the state of the comparator
output at the sample before was really the opposite of the current state which is generating the Zy event.
With thie filter, the Z,y event generation is done on edge transition level comparison.

vhis filter is not needed in sensor mode (SR = 1) and for simulated zero-crossing event (Zs) generation.
When the PZ bit is set, the Z event filter ZEF[3:0] in the MZFR register is ignored.
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Figure 84. Protection of Zy event detection
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1. Preload bit, new value taken into account =t he next C event (in normal mode) or when a value is written in the MPHST
register when in direct access mode. Fer more details refer to the description of the DAC bit in Control register A (MCRA)
on page 265. The use of a preload reicter ailows all the registers to be updated at the same time

Position sensor mode

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

For each siep one of these three inputs is selected (1S[1:0] bits in register MPHST) in order to detect the
Z everi. be careful that the phase comparator is OFF until CKE and /or DAC bits are set in MCRA
reg<ta,,

I sensor mode, demagnetization and the related features (such as the special PWM configuration, Dg or
Dy management, programmable filter) are not available (see Table 90).

Table 90.  Demagnetization access

SR bit MCRA register Demagnetization feature availability
1 No
0 Yes

In sensor mode configuration the rotor detection does not need a particular phase configuration to
perform the measurement and a Z event can be read from any detection window. The sampling is done
at a selectable frequency (fscp) (see Table 166). This means that Z event position sensoring is more
precise than it is in sensorless mode.
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There is no minimum off time required for current control PWM in sensor mode so the
minimum off time is set automatically to Opys as soon as the SR bit is set in the MCRA
register and a true 100% duty cycle can be set in the PWM compare U register for the PWM
generation in voltage mode.

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

Procedure for reading sensor inputs in direct access mode

In direct access mode, the sensors can be read either when the clock is enabled or disabled
(depending on the CKE bit in the MCRA register). To read the sensor data the following
steps have to be performed:

1. Select direct access mode (DAC bit in MCRA register)

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

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

Sampling block

For a full digital solution, the phase comparator output samphag frequency is the frequency
of the PWM signal applied to the switches and the samplin:; for the Z event detection in
sensorless mode is done at the end of the off time of thiz WM signal to avoid to have to re-
create a virtual ground because when the PWM c<igneal s off, the star point is at ground due
to the free-wheeling diode. That's why, the sa:iibling for Z event detection is done by default
during the OFF-state of the PWM signa! cha therefore at the PWM frequency.

In current mode, this PWM signal is gonerated by a combination of the output of the
measurement window generatar (SA[3:0] bits), the output of the current comparator and a
minimum OFF time set by tke O T[3:0] bits for system stabilization.

In voltage mode, this =WM cignal is generated by the 12-bit PWM generator signal in the
compare U regis‘er witiy still a minimum OFF time required if the sampling is done at the end
of the OFF time 01 the PWM signal for system stabilization. The PWM signal is put OFF as
soon as th« curent feedback reaches the current input limitation. This can add an OFF time
to the ore programmed with the 12-bit Timer.

~Cr L event detection in sensorless mode, no specific PWM configuration is needed and the
saunpling frequency (fscr, see Table 166) is completely independent from the PWM signal.

In sensor mode, the D event detection is not needed as the MCIA, MCIB and MCIC pins are
the digital signals coming from the hall sensors so no specific PWM configuration is needed
and the sampling for the Z detection event is done at fsc, completely independent from the
PWM signal.

In sensorless mode, if a virtual ground is created by the addition of an external circuit,
sampling for the Z event detection can be completely independent from the PWM signal
applied to the switches. Setting the SPLG bit in the MCRC register allows a sampling
frequency of fgcg for Z event detection independent from the PWM signal after getting the D
(end of demagnetization) event. This means that the sampling order is given whatever the
PWM signal (during the ON time or the OFF time). As soon as the SPLG bit is set in the
MCRC register, the minimum OFF time needed for the PWM signal in current mode is set to
Ous and a true 100% duty cycle can be set in the 12-bit PWM generator compare register in
voltage mode.
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Specific applications can require sampling for the Z event detection only during the ON time
of the PWM signal. This can happen when the PWM signal is applied only on the low side
switches for Z event detection. In this case, during the OFF time of the PWM signal, the
phase voltage is tied to the application voltage V and no back-EMF signal can be seen.
During the ON time of the PWM signal, the phase voltage can be compared to the neutral
point voltage and the Z event can be detected. Therefore, it is possible to add a
programmable delay before sampling (which is normally done when the PWM signal is
switched ON) to perform the sampling during the ON time of the PWM signal. This delay is
set with the DS [3:0] bits in the MCONF register.

Table 91. Delay length before sampling(l)
DS3 DS2 DS1 DSO

Delay added to sample at Toy

No delay added. Sample during T gr
2.5 s

<LS

0
1
0
1 1.5 us
0
1
0

10 ps
12.5 us
15 s
17.5 us
J» 0 20 ps
225 ps
25 ps
27.5 s
30 ps
325 s
35 pus
375 s

Rk O|lO|FrP|IPIO|OC|(PFR|FP|O|O|F|FL|O|O
-

Rl |FRP|FRP|FP|IRP|IOlO|lO|lO|O|OC|O| O

Pr|lFRr|~rlOlOC|]OC|O|R|FR|FRL|FRL|OC|O|IO]|O

Rrlo|lr|Oo|Rr|O|R

1 1

L. Times are indicated for 4 MHz fpggripH-

As soon as a delay is set in the DS[3:0] bits, the minimum OFF time for the PWM signal is
no longer required and it is automatically set to Ous in current mode in the internal sampling
clock and a true 100% duty cycle can be set in the 12-bit PWM generator compare U
register if needed.

Depending on the frequency and the duty cycle of the PWM signal, the delay inserted
before sampling could cause it sample the signal OFF time instead of the ON time. In this
case an interrupt can be generated and the sample is not taken into account. When a
sample occurs outside the PWM signal ON time, the SOI bit in the MCONF register is set
and an interrupt request is generated if the SOM bit is set in the MCONF register. This
interrupt is enabled only if a delay value has been set in the DS[3:0] bits. In this case, the
sampling is done at the PWM frequency but only during the ON time of the PWM signal.
Figure 85 and Figure 86 show in detail the generation of the sampling order when the delay
is added.
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Note:

1

For complete flexibility, the possibility of sampling at fscg high frequency during the ON time
of the PWM signal is also available when the SPLG bit is set as if there is a delay value in
the DS[3:0] bits. This means that when the sampling is to be performed, after the delay a
sampling window at fgcg frequency is opened until the next OFF time of the PWM signal.
The sampling out interrupt is generated if the delay added is longer than the duty cycle of
the PWM signal. As the SPLG bit is set and a value has been put in the DS[3:0] bits, no
minimum off time is required for the PWM signal and it is automatically set to Ous in current
mode. A true 100% duty cycle can be also set in the 12-bit Timer in voltage mode. Figure 87
shows in detail the sampling at fgcg high frequency during ON time.

Figure 85. Adding the delay to sample during ON time for Z detection

T )
| Sampling | New sample
>
| Db[3:0] S[3:0]

1 . — |
| I |
PWM signal
| L
PWM OFF time

Current sample

Figure 86. Sampling out interrupt generaticn

| TSampling

[ so

| ' DS[3:0]
- = —
PWM signal | | |
1 o
<> A
PWM OFF time N New sample during next OFF time.
SO

Current sample Sample not taken into account.
SO interrupt generated.

v To interrupt generator

1 ~onclusion, there are four sampling types that are available for Z event detection in
sensorless mode.

1. Sampling at the end of the OFF time of the PWM signal at the PWM frequency.

2. Sampling, at a programmable frequency independent of the PWM state (during ON
time or OFF time of the signal). Sampling is done at fscg (see Table 166).

3. Sampling during the ON time of the PWM signal by adding a delay at PWM frequency.

4. Sampling, at a programmable frequency during the ON time (addition of a
programmable delay) of the PWM signal. Sampling is done at fscg (see Table 166).

The sampling type is applied only for Z event detection after the D event has occurred.
Whatever the sampling type for Z event detection, the sampling of the signal for D event
detection is always done at the selected fgcg frequency (see Table 166), independently of
the PWM signal (either during ON or OFF time). Table 92 explains the different sampling
types in sensorless and in sensor mode.

When the MOE bit in the MCRA register is reset (MCOx outputs in reset state), and the SR
bit in the MCRA register is reset (sensorless mode) and the SPLG bit in the MCRC register
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is reset (sampling at PWM frequency) then, depending on the state of the ZSV bit in the
MSCR register, Z event sampling can run or be stopped (and D event is sampled).

When BEMF sampling is performed at the end of the PWM signal off-time, the inputs in
OFF-state are grounded or put in HiZ as selected by the DISS bit in the MSCR register.

The ZEF[3:0] event counter in the MZFR register is active in all configurations.

Figure 87. Sampling during ON time at fgcp

fscr during on time
| |

AR
[—>
DS[3:0] | DSI[3:0]
<> ]
PWM signal ! |
A L

PWM OFF state
Current sample

Commutation noise filter

For D event detection and for Z event detection (wh21 SPLG bit is set while DS[3:0] bits are
reset), sampling is done at fgcg during the PVvivi ON or OFF time (Sampling block on

page 203). To avoid any erroneous deteci'orn cue to PWM commutation noise, an hardware
filter of 1ps (for foeripy = 4 MHz) when P /M is put ON and when PWM is put OFF has
been implemented. This means that, witn sampling at 1MHz (1pus), due to this filter, 1
sample are ignored directly afte the commutation.

This filter is active all thc time ror the D event and it is active for the Z event when the SPLG
bit is set and DS[3:C! vits are cleared (meaning that the Z event is sampled at high
frequency during *ti= PWM ON or OFF time).
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Table 92.  Sensor/sensorless mode and D and Z event selection(®
Sampling
SR | SPLG | DS[3:0] Mode 0OS[2:0 | Event detection behavior Window and Behavior of the
bit | bit bits bits use | sampling clock | for Zevent | event filters output PWM
detection
D: fscr Atthe end of ‘Before D’ behavior,
Sensors Z: SA and OT the off time ‘between D and Z’
0 0 000 not used Enabled config. of the PWM % = behavior and ‘after
PWM frequency signal 3 '-3'- % é Z' behavior
- O0OAQaNT -
During off 55 5 ; 9 | ‘Before D’ behavior,
0 1 000 Sensors Enabled D: fscr timeorON | § &5 £ & o | ‘between D and Z'
not used Z: fgcr time ofthe | 55 & | behavior ard ‘after
PWM signal | 2.0, & &, Z’ bektaviol
e
Not D: fscr During ON % a ,% N | ‘Be‘ore D' ehavior,
Sensors Z: SA and OT - 9 ) E o LS ‘botveeen D and Z
0 0 |equalto Enabled ) timeofthe | === =« : .
not used config. . EE & T F | behaviorand ‘after
000 PWMsignal | z € = ¥ o , .
PWM frequency 3D E ¢ d Z' behavior
S 2 5 =29
c o0
. T L E N ‘Before D’ behavior,
Not Sensors D: fscp E_)urlng ON O N ‘between D and Z’
0 1 equalto not used Enabled _f time of the behavior and ‘after
000 Z:fscr PWM si el \ :
N Z' behavior
. No Z window
Position os1 | Iﬁrﬁlengr%lzl\llz filter - only Z | ‘Before Z' behavior
1 X XXX | sensors | . Z: fger : event filter is and ‘after Z’
disabled time of the L -
used - active in behavior
PWM signal
sensor mode
1. For fgcg selection, see Table 166
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Figure 88. Functional diagram of Z detection after D event
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Speed sensor mode

This mode is entered whenever the tacho edge selection bits in the MPAR register are not
both reset (TES[1:0] = 01, 10 or 11). The corresponding block diagram is shown in
Figure 89.

Either incremental encoder or tachogenerator-type speed sensor can be selected with the
IS[1:0] bits in the MPHST register.
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Tachogenerator mode (IS[1:0] = 00, 01 or 10)

Any of the MCIx input pins can be used as a tachogenerator input, with a digital signal (externally
amplified for instance); the two remaining pins can be used as standard 1/O ports.

A digital multiplexer connects the chosen MCIx input to an edge detection block. Input selection is done
with the IS[1:0] bits in the MPHST register.

An edge selection block is used to select one of three ways to trigger capture events: rising edge, falling
edge or both rising and falling edge sensitive; set-up is done with the TES[1:0] bits (keeping in mind that
TES[1:0] = 00 configuration is reserved for position sensor/

sensorless modes).

Having only one edge selected eliminates any incoming signal dissymmetry, which may due to pole-to-
pole magnet dissymmetry or from a comparator threshold with low level signals.

Figure 91 presents the signals generated internally with different tacho input and TES bit settings.
Hall sensors

This configuration is also suitable for motors using three hall sensors for position deiec'iun and not driven
in six-step mode (refer to Speed measurement mode on page 227).

Initializing the input stage

As the IS[1:0] bits in the MPHST register are preload bits (new value: waihen into account at C event), the
initialization value of the 1S[1:0] bits has to be entered in direct access mode. This is done by setting the
DAC bit in the MCRA register during the speed sensor inpic imit.alization routine.

Figure 89. Input stage in speed sensor mode (TE5]1:0] bits = 01, 10, 11)

Input block Inp it comparator block Event detection
<+ —P¢« — - — - — — — — — > — — - — — — — — — -»
Encoder clock
In1 Incremental Clk
encoder R
i interface Direction
P In2

MPHST register \ 4

Input;, sel IS[1:0] EDIR bit

MCRC register

MCIA \\v MPAR register
T=-1,57) or encoder 00 TES[L:0]

| % v
Tacho capture
MCIB [
———P 01 >
Tacho®) or encoder ”| Ao Lor A X >

MCIC 10
Tacho? or free 110

1. According to IS[1:0] bits setting.

‘ﬁ 209/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

Note:
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Encoder mode (IS[1:0] = 11)

Figure 91 shows the signals delivered by a standard digital incremental encoder and
associated information:

® Two 90° phased square signals with variable frequency proportional to the speed; they
must be connected to MCIA and MCIB input pins,

® Clock derived from incoming signal edges,

® Direction information determined by the relative phase shift of input signals (+/-90°).

The incremental encoder interface block aims at extracting these signals. As input logic is
both rising and falling edge sensitive (independently from TES[1:0] bits setting), resulting
clock frequency is four times the one of the input signals, thus increasing resolution for
measurements.

It may be noticed that direction bit (EDIR bit in MCRC register) is read only and thet it anes
not affect counting direction of clocked timer (see Section 10.6.7: Delay manaqar,. As a
result, one cannot extract position information from encoder inputs during spoed reversal.

Figure 90. Tacho capture events configured by the TES[1:0] kits

| PER

MCIBW ! \4 ¢ | A\ 4 A 4 \ 4 t
P L

MCIA‘

Encoder inputs

Direction EDIR bit Ly,

Encoder clock

+ Sampling of MCIA to determine direction

~igure 91. Incremental encoder output signals and derived information
|

Tacho input
=y TES[1:0] = 11
. : . TES[L:0] = 01
Tacho capture A .
; ; ; TES[L:0] = 10
e . . .

If only one encoder output is available, it may be input either on MCIA or MCIB and an
encoder clock signal is still generated (in this case the frequency is 50% less than with two
inputs.

The state of EDIR bit depends on signals present on MCIA and MCIB pins, the result is
given by sampling the falling edges of MCIA with MCIB.
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Summary

The input detection block set-up for the different available modes is summarized in Table 93.

Table 93.  Input detection block set-up
. TES[1:0] bits .
Input detection . SR IS[1:0] bits
block mode Sensor type Edge sensitivity bit (tacho gdge (input selection)
selection)
- 00
Position sensor | Hall, optical, ... BOth. rising and 1 00 01
falling edges 10
00
Sensorless - - 0 00 01
13
Incremental Both rising and Any configuration
encoder falling edges different from 0.: 11
(imposed) 011012
00
Rising edge 01 01
10
Speed sensor A
Tachogenerator 00
generaior, | ealling edoe 10 01
hall, optical...
10
Bot~ rizing and 00
falling edges 11 ol
g edg 10
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Note on using the three MCIx pins as standard 1/0Os: When none of the MCIx pins are needed in the
application (for instance when driving an induction motor in open loop), they can be used as standard 1/O
ports, by configuring the motor controller as follows: PCN =1, TES =0 and IS = 11. This disables the
MCIx alternate functions and switches off the phase comparator. The state of the MCIx pins is
summarized in Table 94 on page 212.

Table 94.  MCIx pin configuration summary(l)

PCN | TES | SR |IS[1:0]| McIA | MciB | mcic | mputdetection Comments
block mode
00 Analog Hi-Z or Hi-Z or
input® | GND GND
o1 Hi-Z or Analog Hi-Z or Sensorless All MCIx pins are reserved for
0 GND input® |  GND the MTC peripheral.
10 Hi-Z or Hi-Z or Analog
GND GND | input®
11 NA NA NA NA \M
0 00 00 Analog | Standard | Standard
input® 110 110
o1 Standard | Analog | Standard Position sal.sCr From 1 to 3 MCIx pins reserved
L /0 input(®) 110 ~ %" | depending on sensor
10 Standard | Standard | Analog
110 110 input®
11 Standard | Standard | Stardard' ) All MCIx pins are standard 1/Os.
1/0 110 /(@ Phase comparator is OFF
=0 X XX NA NA. NA NA
00 Analc()zg) | N [a;]d&ld Standard
mpu_t_ o o Phase comparator is ON. The
o1 Standara | Analog | Standard ) IS[1:0] bits must not be modified
+ 1’0 input(z) 110 to avoid spurious event detection
00 x [ ‘_0_ Standard | Standard | Analog in motor controller
a e /0 input(®
| Standard | Standard | Standard All MCIx pins are S“"Y“da“?' "93-
11 /0 /O /O - Recommended configuration:
ol phase comparator OFF
00 Digital | Standard | Standard
input® 110 110
o1 Standard | Digital | Standard | Speed sensor
I/O input(3) 110 tachogenerator )
=00 | X — Phase comparator is OFF
10 Standard | Standard | Digital
110 110 input®)
11 Digital Digital | Standard | Speed sensor
input® | input® 110 encoder

1. When PCN =0, TES =0 SR =0, inputs in OFF-state are put in HiZ or grounded depending on the value of the DISS bit in

the MSCR register.

2. Analog input: based on analog comparator and analog voltage reference. The corresponding digital I/O is disabled and
data in the DR register is not representative of data on the input.

3. Digital input: use of standard V,, V| I/O level. This input can also be read via the associated 1/O port.
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10.6.7 Delay manager

This part of the MTC contains all the time-related functions. Its architecture is based on an 8-bit shift
left/shift right timer shown in Figure 92.

Figure 92. Overview of MTIM timer in switched and autoswitched mode
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- reload bits, new value taken into account at the next C event (in normal mode) or when a value is written in the MPHST
register when in direct access mode. For more details refer to the description of the DAC bit in Control register A (MCRA)
on page 265. The use of a preload register allows all the registers to be updated at the same time.

The MTIM timer includes:
® Anauto-updated prescaler

® A capture/compare register for simulated demagnetization simulation (MDREG)

® Two cascaded capture and one compare registers (MZREG and MZPRV) for storing the times
between two consecutive BEMF zero crossings (Zy events) and for zero-crossing event simulation

(Zs)

® An 8x8 hit multiplier for auto computing the next commutation time
® 1 compare register for phase commutation generation (MCOMP)

The MTIM timer module can work in two main modes when driving synchronous motors in six-step mode.

1574
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In switched mode the user must process the step duration and commutation time by
software.

In autoswitched mode the commutation action is performed automatically depending on the
rotor position information and register contents. This is called the hardware commutation
event Cy. When enabled by the SC bit in the MCRC register, commutation can also be
simulated by writing a value directly in the MCOMP register that is compared with the MTIM
value. This is called simulated commutation Cg (Built-in checks and controls for simulated
events on page 221).

Both in switched mode and autoswitched mode, if the SC bit in the MCRC register is set
(software commutation enabled), no comparison between

the MCOMP and MTIM register is enabled before a write access in the MCOMP register.
This means that if the SC bit is set and no write access is done after in the MCOMP register,
no Cg commutation event occurs.

In speed measurement mode, when using encoder or tachogenerator speed ser.sois (that
is, both TES[1:0] bits in the MPAR register are not reset and the input 0 teciion block is set-
up to process sensor signals), motor speed can be measured but it iz 1°0! possible drive a
motor in six-step mode, either sensored or sensorless.

Speed measurement mode is useful for motors supplied with 5 phase sinewave-modulated

PWM signals:

® AC induction motors,

® Permanent magnet AC (PMAC) motors (2!*t.cugh it needs three position sensors, they
can be handled just like tachogerciaor signals).

This mode uses only part of the delay 1=anager’s resources. For more details refer to Speed
measurement mode on page 227.

Table 95. Switched and autoswitched modes

SWA bit | Commutation type MCOMP user access
|
0 Switched mode
- Read/Write
"4 Autoswitched mode

Switched mode

This feature allows the motor to be run step-by-step. This is useful when the rotor speed is
still too low to generate a BEMF. It can also run other kinds of motor without BEMF
generation such as induction motors or switch reluctance motors. This mode can also be
used for autoswitching with all computation for the next commutation time done by software
(hardware multiplier not used) and using the powerful interrupt set of the peripheral.

In this mode, the step time is directly written by software in the commutation compare
register MCOMP. When the MTIM timer reaches this value a commutation occurs (C event)
and the MTIM timer is reset.

At this time all registers with a preload function are loaded (see Section 10.6.13: MTC
registers on page 260). The CI bit of MISR is set and if the CIM bit in the MIMR register is
set an interrupt is generated.

The MTIM timer prescaler (step ratio bits ST[3:0] in the MPRSR register) is user
programmable. Access to this register is not allowed while the MTIM timer is running
(access is possible only before the starting the timer by means of the CKE bit) but the
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prescaler contents can be incremented/decremented at the next commutation event by setting the RMI
(decrement) or RPI (increment) bits in the MISR register. When this method is used, at the next
commutation event the prescaler value is updated but also all the MTIM timer-related registers are shifted
in the appropriate direction to keep their value. After it has been taken into account, (at commutation) the
RPI or RMI bit is reset by hardware. See Table 96.

Only one update per step is allowed, so if both RPI and RMI bits are set simultaneously by software,
there is no effect on the MISR register: the write access to these two bits together is not taken into
account and the previous state is upheld. This means that if either RPI or RMI bits were set before the
write access of both bits at the same time, this bit (RPI or RMI) is kept at 1. If neither bit was set before
the simultaneous write access, neither of them are set after the write access.

In switched mode, BEMF and demagnetization detection are already possible in order to pass in
autoswitched mode as soon as possible but Z and D events do not affect the timer contents.

In this mode, if an MTIM overflow occurs, it restarts counting from 0x00h and the Ol overflow fle.g in he
MCRC register is set if the TES[1:0] bits = 00.

Caution: In this mode, MCOMP must never be written to O.

Table 96.  Step update

. CKE | SWA | Clock Ratio incremont Ratio decrement
Mode TES[1:0] bit bit state Read (slow dew 1) (speed up)

X XX 0 x | Disabled Write the O11(3:0] value directly in the MPRSR register

o = §_)

% Sot k| bit in the MISR | Set RMI bit in the MISR
Switched 00 1 0 |Enabled| 72  rocsteruntil next register until next

-u’)- commutation commutation

>
Autoswitched 00 1 1 |Enabiad| §

[ -1 < Automatically updated according to MZREG value
Speed measure (011011 | 1 X | =navled
—_L
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Figure 93. Step ratio functional diagram
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1. Only in auto-switched mode (SWA =1 in MCRA register).
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Note:

Autoswitched mode

In this mode, using the hardware commutation event Cy, (SC bit reset in MCRC register), the
MCOMP register content is automatically computed in real time as described below and in
Figure 94.

The C (either Cg or Cp) event has no effect on the contents of the MTIM timer.

When a Z event occurs the MTIM timer value is captured in the MZREG register, the
previous captured value is shifted into the MZPRYV register and the MTIM timer is reset. See
Figure 74.

When a Zg event occurs, the value written in the MZREG register is shifted into the MZPRV
register and the MTIM timer is reset.

One of these two registers, (when the SC bit = 0 in the MCRC register and dependina ¢n the
DCB bit in the MCRA register), is multiplied with the contents of the MWGHT regis.er and
divided by 256. The result is loaded in the MCOMP compare register, which auton:atically
triggers the next hardware commutation (C event).

The result of the 8*8 bit multiplication, once written in the MCOMP rzg’ster is compared with
the current MTIM value to check that the MCOMP value is net a'reauy less than the MTIM
value due to the multiplication time. If MCOMP <= MTIM, a Cy, event is generated
immediately and the MCOMP value is overwritten by th 2 i TIM value.

Table 97.  Multiplier result

DCB bit Zcommutation delay
0 MCOMP = MWGHT x MZPRV/256
1 MCOMP = MWGHT x MZREG/256

After each shift operatini® the multiply is recomputed for greater precision.
Using either the MZK&G or MZPRYV register depends on the motor symmetry and type.

The MWGH™ royister gives directly the phase shift between the motor driven voltage and
the BE M)~ This parameter generally depends on the motor and on the speed.

Seng tne SC bit in the MCRC register enables the simulated commutation event (Cg)
g2neration. This means that a write access is possible to the MCOMP register and the
MTIM value is compared directly with the value written by software in the MCOMP register
to generate the Cq event. The comparison is enabled as soon as a write access is done to
the MCOMP register. This means that if the SC bit is set and no write access is done to the
MCOMP register, the C event never occurs because no comparison is made between
MCOMP and MTIM. Therefore, it is recommended in autoswitched mode, when using
software commutation feature (SC bit is set) and for a normal event sequence, the
corresponding value to be put in MCOMP has to be written during the Z interrupt routine
(because MTIM has just been reset), so that there is no spurious comparison. If the SC bit is
set during a Z event interrupt, then, the result of the 8*8 bits hardware multiplication can be
overwritten by software in the MCOMP register. When simulated commutation mode is
enabled, the event sequence is no longer respected, meaning that the peripheral accepts
consecutive commutation events and does not necessarily wait for a D event after a Cq
event. In this case the MCOMP register can be written immediately after the previous C
event, in the C interrupt service routine for example.
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Note:
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Figure 94. Cy processor block
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1. Register updated on R event.
An overflow of the MTIM timer g=nerates an RPI interrupt if the RIM bit is set.

When simulated commu’adiois mode is enabled, the D and Z events are not ignored by the
peripheral; this means thad if a Z event happens, the MTIM 8-bit internal counter is reset.

To generate colisecaudve simulated commutations (Cg), the successive value has to be
written in the MZOMP register only after a C event generation. Otherwise, the C event never
occurs

When simulated commutation mode is enabled, the built-in check is active, so if the value
wriuen in the MCOMP register is less than or equal to MTIM, the C event is generated and
the data in the MCOMP register are overwritten by the MTIM value.

Auto-updated step ratio register

® In switched mode: the MTIM timer is driven by software only and any prescaler change
has to be done by software (see Switched mode on page 214 for more details).

® Inautoswitched mode: an auto-updated prescaler always configures the MTIM timer for
best accuracy. Figure 93 illustrates the process of updating the step ratio bits:

—  When the MTIM timer value reaches 100h, the prescaler is automatically
incremented in order to slow down the MTIM timer and avoid an overflow. To keep
consistent values, the MTIM register and all the relevant registers are shifted right
(divided by two). The RPI bit in the MISR register is set and an interrupt is
generated (if RIM is set). The timer restarts counting from its median value 0 x 80h
and if the TES[1:0] bits = 00, the Ol bit in the MCRC register is set.

— When a Z-event occurs, if the MTIM timer value is below 55h, the prescaler is
automatically decremented in order to speed up the MTIM timer and keep
precision better than 1.2%. The MTIM register and all the relevant registers are
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shifted left (multiplied by two). The RMI bit in the MISR register is set and an
interrupt is generated if RIM is set.

— If the prescaler contents reach the value 0, it can no longer be automatically
decremented, the MTC continues working with the same prescaler value, that is,
with a lower accuracy. No RMI interrupt can be generated.

— If the prescaler contents reach the value 15, it can no longer be automatically
incremented. When the timer reaches the value FFh, the prescaler and all the
relevant registers remain unchanged and no interrupt is generated, the timer
restarts counting from 0 x 00h and if the TES[1:0] bits = 00, the Ol bit in the MCRC
register is set at each overflow (it has to be reset by software). The RPI bit is no
longer set. The PWM is still generated and the D and Z detection circuitry still
work, enabling the capture of the maximum timer value.

The automatically updated registers are: MTIM, MZREG, MZPRV, MCOMP and MCREG.
Access to these registers is summarized in Table 99.

Debug option

In both switched mode and autoswitched mode, setting the bit DG in NMFWME register
enables the debug option. This option consists of outputting \1e C, D and Z signals in real
time on pins MCZEM and MCDEM. This is very useful during the debug phase of the
application. Figure 95 shows the signals output on pins M“"DEM and MCZEM with the
debug option.

Note: 1 When the delay coefficient equais 1’256 (C eventimmediately after Z event), a
glitch appears on MCZEM ;i tc ve able to see the event even in this case.

This option is also available in speed imeasurement mode with different signal outputs (see
Figure 95):

® MCDEM toggles when o capture event is generated.
® MCZEM toggles 2very iime a U event is generated.
These signals e iy available if the TES[1:0] bits = 10, 01 or 11.

2 'n sensor mode, the MCDEM output pin toggles at each C event. The MCZEM
pin outputs the Z event.
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Figure 95. Output on pins MCDEM and MCZEM with debug option (DG bit = 1)
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Debug outputs in speed measurement mode (TES[1:0] bits equal to 01, 10 or 11)

Note:
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Using the auto-updated MTIM timer: The auto-updated MTIM timer works accurately
within its operating range but some care has to be taken when processing timer-dependent
data such as the step duration for regulation or demagnetization.

For example if an overflow occurs when calculating a simulated end of demagnetization
(MCOMP + demagnetization_time > FFh), the value that is stored in MDREG is:
80h + (MCOMP + demagnetization_time-FFh)/2.
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Note:

Note:

Commutation interrupts: It is good practice to modify the configuration for the next step as
soon as possible, that is, within the commutation interrupt routine.

All registers that need to be changed at each step have a preload register that enables the
modifications for a complete new configuration to be performed at the same time (at C event
in normal mode or when writing the MPHST register in direct access mode).

These configuration bits are:

CPB, HDM, SDM and OS2 in the MCRB register and IS[1:0], OO[5:0] in the MPHST
register.

Initializing the MTC: As shown in Table 99 all the MTIM timer registers are in read-write
mode until the MTC clock is enabled (with the CKE bit). This allows the timer, prescaler and
compare registers to be properly initialized for start-up.

In sensorless mode, the motor has to be started in switched mode until a BEMF voltag= is
present on the inputs. This means the prescaler ST[3:0] bits and MCOMP register nave to
be modified by software. When running the ST[3:0] bits can only be increme’itec!
decremented, so the initial value is very important.

When starting directly in autoswitched mode (in sensor mode for eyainple), write an
appropriate value in the MZREG and MZPRYV register to perfoin: ¢ siep calculation as soon
as the clock is enabled.

Built-in checks and controls for simulated e\ en.s

As described in Figure 92 on page 213, MZRZC MDREG and MCOMP registers are
capture/compare registers. The compare registers are write accessible and can be used to
generate simulated events. The value of the MTIM timer is compared with the value written
in the registers and when the MTIM vaiue reaches the corresponding register value, the
simulated event is generated. Simulated event generation is enabled when the
corresponding bits are set:

® Inthe MCRB reg'ste: fui simulated demagnetization

—  SDM Einar simulated demagnetization.
® Inthe M CC register for simulated zero-crossing and commutation

—  SC bit for simulated commutation.

—  SZ bit for simulated zero-crossing event.
To avoid a system stop, special attention is needed when writing in the register to generate
the corresponding simulated event. The value written in the register has to be greater than
the current value of the MTIM timer when writing in the registers. If the value written in the

registers (MDREG, MZREG or MCOMP) is already less than the current value of MTIM, the
simulated event is never generated and the system is stopped.

For this reason, built-in checks and controls have been implemented in the MTIM timer.

If the value written in one of those registers in simulated event generation mode is less than
or equal to the current value of the timer when it is compared, the simulated event is
generated immediately and the value of the MTIM timer at the time the simulated event
occurs overwrites the value in the registers. Like that the value in the register really
corresponds to the simulated event generation and can be re-used to generate the next
simulated event.

So, the value written in the registers able to generate simulated events is checked by
hardware and compare to the current MTIM value to verify that it is greater.
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Figure 96. Simulated demagnetization/zero-crossing event generation (SC = 0)

After C interrupt After D interrupt
4 MDREG value checked. If MZREG value checked. If
MDREG<=MTIM MZREG<=MTIM
immediate Dg generation immediate Zg generation
Zy
Zy
ZS ZS
!
E Ds Dh Ds
@
£
s |
£
= CH CH CH
/'
During C interrupt ) 000
simulated or hardware D/Z events Zg Simulaw>d zero-crossing
value written in MDREG/MZREG Ds  Simulated demagnetization
simulated event generation — Hardware zero-crossing
' (.  Hardware commutation
L.
\ & >
t

When using hardware commutation Cy, the seque 1ce 2: events needed is Cy then D and finally Z events
and the value written in the registers are checked au different times.

If SDM bit is set, meaning simulated demaan =tization, a value must be written in the MDREG register to
generate the simulated demagnetiza“o1. This value must be written after the C (either Cg or Cy) event
preceding the simulated demagnetization.

If SZ bit is set, meaning simulaied zero-crossing event, a value must be written in the MZREG register to
generate the simulated z¢ro crossing. This value must be written after the D event (Dy or Dg) preceding
the simulated zero-~ressing.

When using zirruated commutation (Cg), the result of the 8*8 hardware multiplication of the delay
manager- i% r.0: taken in account and must be overwritten if the SC bit has been set in a Z event interrupt
and thz sequence of events is broken meaning that several consecutive simulated commutations can be
imptemcnted.

As soon as the SC bit is set in the MCRC register, the system won’t necessarily expect a D event after a
C event. This can be used for an application in sensor mode with only one hall effect sensor for example.

Be careful that the D and Z events are not ignored by the peripheral, this means that for example if a Z
event occurs, the MTIM timer is reset. In simulated commutation mode, the sequence D -> Z is expected,
and this order must be respected.

As the sequence of events may not be the same when using simulated commutation, as soon as the SC
bit is set, the capture/compare feature and protection on MCOMP register is reestablished only after a
write to the MCOMP register. This means that as soon as the SC bit is set, if no write access is done to
the MCOMP register, no commutation event is generated, whatever the value of MCOMP compared to
MTIM at the time SC is set. This does not depend on the running mode: switched or autoswitched mode
(SWA bit). If software commutation event is used with a normal sequence of events C-->D-->Z, it is
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recommended to write the MCOMP register during the Z interrupt routine to avoid any spurious
comparison as several consecutive Cq events can be generated.

Note that two different simulated events can be used in the same step (like Dg followed by Zg).

Note also that for more precision, it is recommended to use the value captured from the preceding
hardware event to compute the value used to generate simulated events.

Figure 96, Figure 97 and Figure 98 shows details of simulated event generation.

Figure 97. Simulated commutation event generation with only 1 hall effect sensor (SC bit = 1)

A After C interrupt MCOMP is
written for Cg event. If
MCOMP <MTIM C interrupt. SC reset in MCRB.
immediate Cg generation Next C event = Cy with 8*8 bit multiplication.
4

MTIM timer value

Z  Zero-crossing event

C interrupt D Demagnetization event
SC setin MCRC Cy Hardware commutation
Cg Simulated commutation

1. Ifthe SC bit is set during Z vve it interrupt, then the 8*8 bit hardware multiplication result must be overwritten in the
MCOMP register. C ner nvce, when the SC bit is set, the result of the multiplication is not taken into account after a Z event.
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Figure 98. Simulated commutation and Z event
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Figure 99 gives the step ratio register value (left axic) and the number of BEMF sampling during one
electrical step with the corresponding accuiacy on the measure (right axis) as a function of the
mechanical frequency.

For a given prescaler value (step ratio -2yister) the mechanical frequency can vary between two fixed
values shown on the graph as the segment ends. In autoswitched mode, this register is automatically
incremented/decrementer: vhen the step frequency goes out of this segment.

At fyrc = 4 MHz, tl e rar.ge covered by the step ratio mechanism goes from 2.39 to 235000
(pole pair x rpm) witt. a minimum accuracy of 1.2% on the step period.

To read thr: .umper of samples for Zn within one step (right Y axis), select the mechanical frequency on
the X @a’s and the sampling frequency curve used for BEMF detection (PWM frequency or measurement
wirdnw frequency). For example, for N.Frpm = 15000 and a sampling frequency of 15 kHz, there are
approximately 10 samples in one step and there is a 10% error rate on the measurement.

J
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Figure 99. Step ratio bits decoding and accuracy results and BEMF sampling rate
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Table 98.  Step frequency/period range (4 MHz)
Step frequency Step period
Step ratio bits ST[3:0] in MPRSR register

Maximum Minimum Minimum Maximum
0000 23.5 kHz 7.85 kHz 42.5 s 1275 ps
0001 11.7 kHz 3.93 kHz 85 us 255 ps
0010 5.88 kHz 1.96 kHz 170 ps 510 ps
0011 2.94 kHz 980 Hz 340 ps 1.02 ms
0100 1.47 kHz 490 Hz 680 ps 2.04 ms
0101 735 Hz 245 Hz 1.36 ms 4.08 ms
0110 367 Hz 123 Hz 2.72ms 8.12 m;3
0111 183 Hz 61.3 Hz 544 ms | _.1_b_.32 ms
1000 919 Hz 30.7 Hz 10.¢ |._s_ M 32.6 ms
1001 459 Hz 154 Hz - L{’: ;S 65.2 ms
1010 22.9 Hz 766Hz | 436ms 130 ms
1011 11.4 Hz 2¢3 4z 87 ms 261 ms
1100 5.74 Hz \ -;.92 Hz 174 ms 522 ms
1101 2.87 :‘z_ 0.958 Hz 349 ms 1.04s
1110 14_3;z 0.479 Hz 697 ms 2.08s
1111 | 0.718 Hz 0.240 Hz 140s 417 s

Table 99.

State of MCRA/MCRB/MPA

R 12gisw2i vits

modes of accessing m i tiner-related registers

Access to MTIM timer related registers

RST | TES | SWA | CKE Read only .
bit | [1:0] | bit bit Mode )\ cess Read/write access
Configuration MTIM, MTIML, MZPRV, MZREG, MCOMP, MDREG,
0 XX 0
) mode ST[3:0]
-4
MCOMP, MDREG, MZREG, MZPRV RMI bit of
MISR:
| 0: no action
0 00 0 1 | Switched mode | MTIM, ST[3:0] | 1: decrement ST[3:0]
RPI bit of MISR:
0: no action
1: increment ST[3:0]
MDREG, MCOMP, MZREG, MZPRYV, RMI, RPI bit of
i MISR:
0o | oo | 1 | 1 |Auoswiched |y s3] _
mode Set by hardware, (increment ST[3:0]), cleared by
software
01 MDREG, MZREG, MZPRV, RMI, RPI bhit of MISR:
Speed sensor | MTIM, MTIML, .
0 10 X 1 . Set by hardware, (increment or decrement
mode ST[3:0]
11 ST[3:0]), cleared by software.
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Speed measurement mode

Motor speed can be measured using two methods depending on sensor type: period measurement or
pulse counting. Typical sensor handling is described here.

Incremental encoders allows accurate speed measurement by providing a large number of pulses per
revolution (ppr) with ppr rates up to several thousands; the higher the ppr rate, the higher the resolution.
The proposed method consists of counting the number of clock cycles issued by the incremental encoder
interface (encoder clock) during a fixed time window (refer to Figure 101).

The tachogenerator has a much lower ppr rate than the encoder (typically factor 10). In this context, it is
more meaningful to measure the period between tacho captures (that is, relevant transitions of the
incoming signals). Accuracy is imposed by the reference clock, that is, the CPU clock (refer to

Figure 100).

Figure 100. Tachogenerator period acquisition using MTIM timer
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Figure 101. Encodcr clock frequency measure using MTIM timer
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Nsee:
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Hall sensors (or equivalent sensors providing position information) are widely used for motor
control. There are two cases to be considered:

® BLDC motor or six-step synchronous motor drive; ‘sensor mode’ is recommended in
this case, as most tasks are performed by hardware in the delay manager.

® BLAC, asynchronous or motors supplied with 3-phase sinewave-modulated PWM
signals in general. In this case ‘speed sensor mode’ allows high accuracy speed
measurement (the sensor mode of the delay manager being unsuitable for sinewave
generation). Position information is handled by software to lock the statoric field to the
rotoric one for driving synchronous motors.

Hall sensors are usually arranged in a 120° configuration. In that case they provide 3 ppr
with both rising and falling edge triggering; the tachogenerator measurement method can
therefore be applied. The main difference lies in the fact that one must use the position
information they provide. This can be done using the three MCIx pins and the analcg
multiplexer to know which of the three sensors toggled; an interrupt is generate d ‘ust afier
the expected transition (refer to Figure 102).

As described in Figure 103, the MTIM timer is re-configured dependin j ¢ the selected
sensor. This means that most of delay manager registers are used for a different purpose,
with modified functionalities.

For greater precision, the MTIM up-counter is extended t> 16 bits using MTIM and an
additional MTIML register. On a capture event, the cuirr 21t counter value is captured and the
counter [MTIM:MTIML] is cleared. The counting uivecuon is not affected by the EDIR bit
when using an encoder sensor.

A 16-bit capture register is used to store ‘hs captured value of the extended MTIM counter:
the speed result is either a period in cleck cycles or a number of encoder pulses. This 16-bit
register is mapped in the MZk=G and MZPRYV register addresses. To ensure that the read
value is not corrupted betv/e = the high and low byte accesses, a read access to the MSB of
this register (MZREG) !ock: the LSB (that is, MZPRYV content is locked) until it is read and
any other capture evart .n between these two accesses is discarded.

A compare vnait alluws a maximum value to be entered for the tacho periods. If the 16-bit
counter M ThA:MTIML] exceeds this value, a speed error interrupt is generated. This may be
used tc warn the user that the tachogenerator signal is lost (wires disconnected, motor
stalled,...). As 8-bit accuracy is sufficient for this purpose, only the MSByte of the counter
(Lhatis, MTIM) is compared to 8-bit compare register, mapped in the MDREG register
iocation. The LSByte is nevertheless compared with a fixed FFh value. Available values for
comparison are therefore FFFFh, FEFFh, FDFFh, ..., 01FFh, O0FFh.

This functionality is not useful when using an encoder. With an encoder, user must monitor
the captured values by software during the periodic capture interrupts: for instance, when
driving an AC motor, if the values are too low compared to the stator frequency, a software
interrupt may be triggered.
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Figure 102. Hall sensor period acquisition using MTIM timer
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Figure 103. Overview of MTIM timer in speed measurement mode
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1. Register set-up described in Speed sensor mode on page 208
2. Register updated on R event.
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A logic block manages capture operations depending on the sensor type. A capture is
initiated on an active edge (‘tacho capture’ event) when using a tachogenerator.

If an encoder is used, the capture is triggered on two events depending on the encoder
capture mode bit (ECM) in the MZFR register:

® Reading the MSB of the counter in manual mode (ECM = 1)
® Interrupt from the real time clock in automatic mode (ECM = 0)

The clock source of the counter is selected depending on sensor type:
® Motor control peripheral clock (16 MHz) with tachogenerator or hall sensors
® Encoder clock

In order to optimize the accuracy of the measurement for a wide speed range, the auto-
updated prescaler functionality is used with slight modifications compared to
sensor/sensorless modes (refer to Figure 104 and Table 96).

® When the [MTIM:MTIML] timer value reaches FFFFh, the prescaler is auwomatically
incremented in order to slow down the counter and avoid an overfiov'. 70 neep
consistent values, the MTIM and MTIML registers are shifted right (d, 1ded by two). The
RPI bit in the MISR register is set and an interrupt is genera‘ad (i, RIM is set).

® When a capture event occurs, if the [MTIM:MTIML] timer “«alue is below 5500h, the
prescaler is automatically decremented in order tc snzed up the counter and keep
precision better than 0.005% (1/5500h). The MTint ond MTIML registers are shifted left
(multiplied by two). The RMI bit in the MISR ivgisier is set and an interrupt is generated
if RIM is set.

® If the prescaler contents reach the vairi€ 0, it can no longer be automatically
decremented, the [MTIM:MTIML, timer continues working with the same prescaler
value, that is, with a lower accuracy. No RMI interrupt can be generated.

o If the prescaler contents i2ech the value 15, it can no longer be automatically
incremented. When the umer reaches the value FFFFh, the prescaler and all the
relevant recisters *emain unchanged and no interrupt is generated, the timer clock is
disabled, enc 1.5 contents stay at FFFFh. The capture logic block still works, enabling
the cap urv uf the maximum timer value.

The on!v automatically updated registers for the speed sensor mode are MTIM and MTIML.
8¢ cess to delay manager registers in speed sensor mode is summarized in Table 99.
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Nne:

Note:
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Figure 104. Auto-updated prescaler functional diagram

[MTIM:MTIML] timer overflow
(MTIM = MTIML FFh)

@

Ratio = Rat|o +1

Counter = Counter/2

f

Slow-down control

Capture with [MTIM:MTIML] timer < 5500h
(MZREG < 55h)

Ratio > 0?

| Ratio = Ratio -1
v

‘ Counter =0

Iy
CE_”d_/

Speed-up control

Three kinds of interrupt can be generated in Snced sensor mode, as summarized in
Figure 105:

e Cinterrupt, when a capture ever t oc:uis; this interrupt shares resources (mask bit and
flag) with the commutation event i switched/autoswitched mode, as these modes are
mutually exclusive.

® RPI/RMI interrupts occur wt.en the ST[3:0] bits of the MPSR register are changed,
either automatice ily or y hardware.

® Sinterrupt 2~curs when a speed error happens (that is, a successful comparison
betweeri [MT.M:MTIML] and [MDREG:FF]). This interrupt has the same channel as the
eruergency stop interrupt (MCES), as it also warns the user about abnormal system
op *ration. The respective flag bits have to be tested in the interrupt service routine to
differentiate speed errors from emergency stop events.

“hese interrupts may be masked individually.

Delay manager initialization in speed measurement mode: In order to set-up the
[MTIM:MTIML] counter properly before any speed measurement, the following procedure
must be applied:

1. The peripheral clock must be disabled (resetting the CKE bit in the MCRA register) to
allow write access to ST[3:0], MTIM and MTIML (refer to Table 99)

2. MTIM, MTIML must be reset and appropriate values must be written in the ST[3:0]
prescaler adapt to the frequency of the signal being measured and to allow speed
measurement with sufficient resolution.

MTIML: The least significant byte of the counter (MTIML) is not used when working in
position sensor or sensorless modes.

Debug option

A signal reflecting the capture events may be output on a standard 1/O port for debugging
purposes. Refer to Debug option on page 219 for more details.

573




ST7MC1K2-Auto, ST/TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

On-chip peripherals

Figure 105. Prescaler auto-change example
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RMI Ratio decrement

[MTIM:MTIML] input clock:

A Fx  (ST[3:0]=n)
A Fx/2 (ST[3:0] = n+1)

O &

Summary

The use of the delay manager regicters for the various available modes is summarized in Table 100.

Table 100. MTIM timer-related registers
Name Reset \alue Switched/auto switched mode Speed measurement mode
MTIM AE Timer value 16-bit timer MSB value
MTIM! _:_ - 00h N/A 16-bit timer LSB value
I\/.ZR'EJ 00h Capture/compare Zn Capture of 16-bit timer MSB
| _.‘vl_ZPRV 00h Capture Zn-1 Capture of 16-bit timer LSB
MCOMP 00h Compare Cn+1 N/A
MDREG 00h Demagnetization Dn Compare fog(;srp])ee;c:i;r]ror interrupt
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PWM manager

The PWM manager controls the motor via the six output channels in voltage mode or
current mode depending on the VOCL1 bit in the MCRA register. A block diagram of this part
is given in Figure 107.

Voltage mode

In voltage mode (VOC1 bit = ‘0%), the PWM signal which is applied to the switches is
generated by the 12-bit PWM generator compare U.

Its duty cycle is programmed by software (refer to the PWM Generator section) as required
by the application (speed regulation for example).

The current comparator is used for safety purposes as a current limitation. For this feature,
the detected current must be present on the MCCFI pin and the current limitation rist he
present on pin MCCREF. This current limitation is fixed by a voltage reference cop=nuing on
the maximum current acceptable for the motor. This current limitation is geinera‘ed with the
Vpp voltage by means of an external resistor divider but can also be azj.isted with an
external reference voltage (<5V). The external components are adjusia oy the user
depending on the application needs. In voltage mode, it is mancawry to set a current
limitation. As this limitation is set for safety purposes, an interr.\pt can be generated when
the motor current feedback reaches the current limitati-n ‘n voltage mode. This is the
current limitation interrupt and it is enabled by setung ine corresponding CLM bit in the
MIMR register. This is useful in voltage mode fo " scurity purposes.

The PWM signal is directed to the channe’ n anager that connects it to the programmed
outputs (see Figure 107).

Over current handling in valtage mode

When the current limitatior. interrupt is enabled by setting the CLIM bit in the MIMR register
(available only in vol*taae mode), the OCV hit in MCRB register determines the effect of this
interrupt on the N.COx outputs as shown in Table 101.

Table 10.. UCV bit effect

! CLiMbic| CLIbit | OCV bit Output effect Interrupt
;-_ '0 0 X Normal running mode No

0 1 X PWM is put OFF on current loop effect No

1 0 X Normal running mode No

1 1 0 PWM is put OFF on current loop effect Yes

1 1 1 All MCOx outputs are put in reset state (MOE reset)(l) Yes

1. Only this functionality (CLIM = CLI = OCV = 1) is valid when the three PWM channels are enabled (PCN
bit = 1 in the MDTG register). It can also be used as an over-current protection for three-phase PWM
application (only if voltage mode is selected).
For safety purposes, it can be necessary to put all MCOXx outputs in reset state (high
impedance, high state or low state depending on the setting made by the option byte) on a
current limitation interrupt. This is the purpose of the OCV bit. When a current limitation
interrupt occurs, if the OCV bit is reset, the effect on the MCOXx outputs is only to put the
PWM signal OFF on the concerned outputs. If the OCV bit is set, when the current limitation
interrupt occurs, all the MCOXx outputs are put in reset state.
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Current mode

In current mode, the PWM output signal is generated by a combination of the output of the
measurement window generator (see Figure 108) and the output of the current comparator,
and is directed to the output channel manager as well (Figure 109).

The current reference is provided to the comparator by phase U, V or W of the PWM
Generator (up to 12-bit accuracy) the signal from the three compare registers U, V or W can
be output by setting the PWMU, PWMV or PWMW bits in the MPWME register. The PWM
signal is filtered through an external RC filter on pin MCCREF.

The detected current input must be present on the MCCFI pin.

Current feedback comparator

Two programmable filters are implemented:

® A blanking window (current window filter) after PWM has been switched ©\ (0 avoid
spurious PWM OFF states caused by parasitic noise

® An event counter (current feedback filter) to prevent PWM beina t irt eu OFF when the
first comparator edge is detected.

Figure 106. Current window and feedback filters

PWM on |
b
/End of
No blanking window? Current window filter
r » Yes
Current feedback filter
No Current > limit? Yes

' Reset counter

Limit=1?

Increment counter

No Yes

e
Yes

Set the CL bit
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Note:

236/371

Table 102. Current window filter setting(l)

CFW2 CFW1 CFWO0 Blanking window length

0 0 0 Blanking window off

0.5 ps

1ps
15pus

2 s
2.5 ps

3 us
3.5 s

0 0
0 1
0 1
1 0
1 0
1 1
1 1

mrlo|lrkr|o|lr|o]|kr

1. Times are indicated for 4 MHz fpgriph-

The current window filter is activated each time the PWM is turned ON 't hle.nks the output
of the current comparator during the time set by the CFW[2:0] bits in the MCFR register. The
reset value is 000b (blanking window off).

The current feedback filter sets the number of consecutive valil! samples (when current is
above the limit) needed to generate the active CL event ized to turn off the PWM. The reset
value is 1.

The sampling of the current comparator is dcne ot fpgr|pn/4-

Table 103. Current feedback filter setling

CFF2 CFF1 CFrO0 No. of feedback samples needed to turn off PWM
0 0 i 0 1
0 < W 1 2
0 ~l— ) I 0 3
] \ 1 1 4
| 1 0 0 5
N> 1 0 1 6
1 1 0 7
1 1 1 8

The ON time of the resulting PWM starts at the end of the measurement window (rising
edge), and ends either at the beginning of the next measurement window (falling edge), or
when the current level is reached.

Be careful that the current comparator is OFF until the CKE and/or DAC bits are set in the
MCRA register.
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Note:

Note:

Current feedback amplifier

In both current and voltage mode, the current feedback from the motor can be amplified
before entering the comparator. This is done by an integrated op-amp that can be used
when the OAON bit is set in the OACSR register and the CFAV bit in the MREF register is
reset. This allows the three points of the op-amp to be accessed for a programmable gain.
The CFAV bit in the MREF register selects the MCCFIO or OAZ(MCCFI1) pin as the
comparator input as shown in the following table.

Table 104. Comparator input selection

CFAV bit Meaning
0 Select OAZ(MCCFI1) as the current comparator input
1 Select MCCFIO as the current comparator input

If the amplifier is not used for current feedback, it can be used for other purpisec. i this
case, the OAON bit in the OACSR register and the CFAV bit in the MRE™- recisier both have
to be set. This means that the current feedback has to be on the MCZ.~I(. pin to be directly
connected to the comparator and the OAP, OAN and OAZ (MCZT I1) rins can be used to
amplify another signal. Both the OAZ(MCCFI1) and MCCFIOQ iiis can be connected to an
ADC entry. See (Figure 107).

The MCCFIO pin is not available in LQFP32 and LQF ©44 devices. In this case, the CFAV bit
must be reset. The choice to use the op-amp or nct s made with the OAON bit.

Measurement window

In current mode, the measurement window frequency can be programmed between 390Hz
and 50 kHz by the means of the SA[3:0] bits in the MPRSR register.

These frequencies are given iur a 4 MHz peripheral input frequency for a BLDC drive (XT16,
XT8 bits in MCONF reqister).

In sensorless 902 this measurement window can be used to detect BEMF zero crossing
events. !*s mdth can be defined between 2.5us and 40us as a minimum in sensorless mode
by the 2713.0] bits in the MPWME register.

Th’s sets the minimum off time of the PWM signal generated by this internal clock. This off
tinie can vary depending on the output of the current feedback comparator. In sensor mode
(SR = 1) and when the sampling for the Z event is done during the PWM ON time in
sensorless mode (SPLG bit is set in MCRC register and/or DS[3:0] bits with a value other
than 000 in MCONF register), there is no minimum OFF time required anymore, the
minimum off time is set automatically to Ous and the OFF time of the PWM signal is
controlled only by the current regulation loop.
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Figure 107. Current feedback
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Ty
Y
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CLI: Current limitation interrupt
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CFF[2:0] bits

1 To phase state control
_—>

VJ
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Table 105. Sampling fr

sqency selection®

SA3

Sa2

SA1

SAO

Sampling frequency

o

50.0 kHz

40.0 kHz

33.33 kHz

25.0 kHz

20.0 kHz

18.1 kHz

15.4 kHz

12.5 kHz

10 kHz

6.25 kHz

3.13 kHz

1.56 kHz

PP P|FP|PIOlO|OC|O|O

Rr|lO|lOC|O|O|FR|(FR|RL|FL|OC|O|O

OoO(rRr|FP,P|OC|O|(FR|FP,P|OC|OC|FL|FL,|O| O

o|r|O|FRP|O|FRP|O|(FR|O|(FR|OC|Fr|O

1.25 kHz
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Table 105. Sampling frequency selection® (continued)

SA3 SA2 SA1l SAO Sampling frequency
1 1 0 1
1 1 1 0
1 1 1 1

1. Times are indicated for 4 MHz fpgripH-

Warning:

If the off time value set is superior than the period of the PWM signal (for

example 40us off time for a 50 kHz (25us period) PWM frequency), then
the signal output on MCOXx pins selected is a 100% duty cycle signal

(always at 1).

Table 106. Off time table(®)

OT3

oT2

oT1

OT0

OFF time sensorless moZzc
(SR =0) (DS[3:0] =)

Sensor mode (SR = 1) or
sampling during ON time in
sensorless mode
(SPLG =1 and/or DS[3:0] bits)

25¢s

O us

7.5 us

o r|lolr|o

10 ps

12.5ps

15 ps

17.5 ps

PP PP |O|O|lO| O

&

20 ps

[P

22.5 ps

25 s

PP P|O|lOjlOCO|]O|]OC|O| O] O

27.5 us

30 ps

325 ps

35 s

37.5 us

RPlRr|lRr|R|R

Rr|lrRr|lR|Rr|lO|O|O

Rl O|lOC|(FRP|FRP|IO|lOC|IFR|[rTO|OC|FR|FR]|]O)|O

rlo|lr|lo|lr|lolr|o|lr|ol|r

40 ps

No minimum off time

1. Times are indicated for 4 MHz fpgripH.
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Figure 108. Sampling clock generation block®
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The BEMF is sampled at the end of OFF time

in sensorless mode

1. The MTC controller input frequency (fperipn) is 4 MHz in this example, It can be cofig ircd to 8 MHz with

the XT16: XT8 bits in the MCONF register

Channel manager

The channel manager consists of:

® A phase state register with preload and polar:ty tunction
® A multiplexer to direct the PWM to the (ow and/or high channel group
® A tristate buffer asynchronously irivern by an emergency input

The block diagram is shown in Figure 109.
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Figure 109. Channel manager block diagram
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1. Preload register, changes taken into account at next C event.
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MPHST phase state register

A preload register enables software to asynchronously update the channel configuration for
the next step (during the previous commutation interrupt routine for example): the OO[5:0]
bits in the MPHST register are copied to the phase register on a C event.

Table 107. Output state

OPI[5:0] bit 0O0J[5:0] bit MCO[5:0] pin
0 0 1 (OFF)
0 1 0-(PWM allowed)
1 0 0 (OFF)
1 1 1-(PWM allower)

Direct access to the phase register is also possible when the DAC bit in the MTR~ register
is set.
Note: In direct access mode (DAC bit is set in MCRA register):

1. A Ceventis generated as soon as there is a write accecs 13 OO[5:0] bits in MPHST
register.

2.  The PWM application is selected by the OSO0 bit in thc MCRB register.

3. Regardless of the value of the CKE bit in the VCXA register, the MTIM Clock is
disabled and D and Z events are not detertec.

Table 108. DAC and MOE bit mear ing

MOE bit DAC bit I Effect on output
— j—
0 X | Reset state(?)
1 Q I Standard running mode
1 1 MPHST register value (depending on MPOL, MPAR register values
: and PWM setting). See Table 155.

1. The set state of the outputs can be either high impedance, low or high state depending on the
c.rresponding option bit.

Ti.e polarity register is used to match the polarity of the power drivers keeping the same
control logic and software. If one of the OPx bits in the MPOL register is set, this means the
switch x is ON when MCOXx is Vpp.

Each output status depends also on the momentary state of the PWM, its group (low or
high), and the peripheral state.

PWM features

The outputs can be split in two PWM groups in order to differentiate the high side and the
low side switches. This output property can be programmed using the OE[5:0] bits in the
MPAR register.

Table 109. Meaning of the OE[5:0] bits

OE[5:0] Channel group
0 High channel
1 Low channel

J
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Note:

The multiplexer directs the PWM to the upper channel, the lower channel or both of them
alternatively or simultaneously according to the peripheral state.

This means that the PWM can affect any of the upper or lower channels allowing the
selection of the most appropriate reference potential when free-wheeling the motor in order
to:

® improve system efficiency
® speed up the demagnetization phase
® enable back EMF zero crossing detection

The OSJ[2:0] bits in the MCRB register allow the PWM configuration to be configured for
each case as shown in Figure 111 and Figure 110.

During demagnetization, the OS2 bit is used to control PWM mode, and it is latched in a
preload register so it can be modified when a commutation event occurs and the
configuration is active immediately.

The OS1 bit is used to control the PWM between the D and Z events tc con:rui back EMF
detection.

OSO0 bit allows control of the PWM signal between the Z evercand thie next C event.

Demagnetization speed-up: During demagnetization th~ 'oltage on the winding has to be
as high as possible in order to reduce the demagnetizaiioi: ime. Software can apply a
different PWM configuration on the outputs betwean the C and D events, to force the free
wheeling on the appropriate diodes to maximi.e tha demagnetization voltage.

Emergency feature

When the NMCES pin goes lcw:

® The tristate output b fferis put in reset state asynchronously.

® The MOE bit in the ML_RA register is reset.

® Aninterrupt requ st is sent to the CPU if the EIM bit in the MIMR register is set.

This bit car: he cunnected to an alarm signal from the drivers, thermal sensor or any other
securi.v r.oraponent.

Tt i< feature functions even if the MCU oscillator is off.
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Figure 110. PWM application in voltage or current sensorless mode (see Table 133)
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Figure 111. PWM application in voltage or current sensor mode (see Table 134)

(sensor mode: SR = 1)
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In sensor mode, there is no demagnetization event 21d the PWM behavior can be changed before and after Z event.

Deadtime generator

When using typical triple half hi‘d¢ e opology for power converters, precautions must be taken to avoid
short circuits in half bridgez Tt:s is ensured by driving high and low side switches with complementary
signals and by managir.y e time between the switching-off and the switching-on instants of the adjacent
switches.

This time is usLAally known as deadtime and has to be adjusted depending on the devices connected to
the PWN: cumuts and their characteristics (intrinsic delays of level-shifters, delays due to power switches,
etc.)

‘Wi €1 driving motors in six-step mode, the deadtime generator function also allows synchronous
rectification to be performed on the switch adjacent to the one where PWM is applied to reduce
conduction losses.

For each of the three PWM channels, there is one 6-bit deadtime generator available.
It generates two output signals: A and B.

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

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

Figure 112 shows the relationship between the output signals of the deadtime register and its inputs.
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If the delay is greater than the width of the active phase (A or B) then the corresponding
pulse is not generated (see Figure 113 and Figure 114).

Figure 112. Deadtime waveforms
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Figure 113. Deadtime waveform with delay greater than the negct.ive PWM pulse
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Figure 114. De2i'r 2 waveform with delay greater than the positive PWM pulse
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Note:

Table 110. Deadtime programming and example

. . Deadtime
Deadtime Deadtime T

DTG5 | DTG4 | Targ expression value @ 16 I\thgz fmtc @ 1;&;3;
mtc
0 X | 2XTme | (DTG[4..0]+1) X Tgrg | From 1to 32 Ty 125ns 0.125ps to 4ps
1 0 | 4XThi 250ns 4.25ps to 8us

(DTG[3..0]+17) X Tyg | From 17 to 32 Ty

1 1 | 8XThte 500ns 8.5us to 16ps

The deadtime delay is the same for each of the channels and is programmable with the
DTGI5..0] bits in the MDTG register.

The resolution is variable and depends on the DTG5 and DTG4 bits. Table 110 summarizes
the set-up of the deadtime generator.

ITmic is the period of the deadtime generator input clock (Fy = 16 MHz in mSs: coses, not
affected by the XT16:XT8 prescaler bits in the MCONF register).

For safety reasons, and since the deadtime depends only on exterra cohiponent
characteristics (level-shifter delay, power components switching a.iration, etc.), the register
used to set-up deadtime duration can be written only once aftur the MCU reset. This
prevents a corrupted program counter modifying this sv'si€ir critical set-up, which may
cause excessive power dissipation or destructive choci-tsrough in the power stage half
bridges.

When using the three independent U, V a~a W WM signals (PCN bit set) (see Figure 115)
to drive the MCOX outputs, deadtime s alced as shown in Figure 112.

The deadtime generator is enablec/disabled using the DTE bit.
The effect of the DTE bit ('ezcnas on the PCN bit value.

If the PCN bit is set:

® DTE isreau aly. To reset it, first reset the PCN bit, then reset DTE and set PCN to 1
again.

e If DTE =0, the high and low side outputs are simply complemented (no deadtime
inscrtion, DTG[5:0] bits are not significant); this is to allow the use of an external
Jeadtime generator.

The reset value of the MDTG register is FFh so when configuring the deadtime, it is
mandatory to follow one the two following sequences:

1. To use deadtimes while the PCN bit is set; from reset state write the MDTG value at
once. The DTE bit is read back as 1 whatever the programming value (read only if
PCN =1)

2. To use deadtimes while the PCN bit is reset, write first the deadtime value in DTGJ[5:0],
then reset the PCN bit, or do both actions at the same time.

247/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

Figure 115. Channel manager output block diagram with PWM generator delivering three PWM

sighals
PWM generator signals
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time time time  [€ 7 PCN bit =1
[ [ I I I I
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HFE[1:0] bits y v y y y y 2
. \ » f <
HFRQ2:0] bits \5 > High frequency chopper <
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X6
OP[5:0] bits \
6
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\ </ x6 |
Y | |
i— | | A Y |
{1 1 03 . — " 3
N o
i 8 3 8 ¢ 5 3
o O @) O 2 0 o
% = = = = = =

1. The output of the current limitation comparator can be used w::en three PWM signals are enabled if the VOCL1 bit = 0 in the
MCRA register.

If the PCN bit is reset, one of the three F'A'}M signals (the one set by the compare U register pair) or the
output of the measurement window gunerator (depending on if the driving mode is voltage or current) is
used to provide six-step signals tirairigh the PWM manager (to drive a PM BLDC motor for instance).

In that case, DTE behaves 'ie a standard bit (with multiple write capability). When the deadtime
generator is enabler! (it LTeE = 1), the following restrictions are applied:

® Channels are now grouped by pairs: channel[0:1], channel[2:3], channel[4:5]; a deadtime generator
is alloca‘ed © each of these pairs (see cautions below).

® The il uut signal of the deadtime generator is the active output of the PWM manager for the
carresponding channel. For instance, if we consider the channel[0:1] pair, it may be either channel O
o/ channel 1.

® When both channels of a pair are inactive, the corresponding outputs also stay inactive (this is
mandatory to allow BEMF zero-crossing detection).

These restrictions are summarized in Table 111, which also summarizes the functionality of the deadtime
generator when the PCN bit is reset. 1 (PWM) means that the corresponding channel is active (1 in the
corresponding bit in the MPHST register), and a PWM signal is applied on it (using the MPAR register
and the OSJ[2:0] bits in MCRB register). PWM represents the complementary signals (although the duty
cycle is slightly different due to deadtime insertion). 0 means that the channel is inactive and 1 means
that the channel is active and a logic level 1 is applied on it (no PWM signal).

J
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Table 111. Deadtime generator outputs

PCN=0;DTE=1;x=0,2,4

On/Off x (OOx bit)

On/Off x+1 (OOx+1 bit)

MCOx output

MCOx + 1 output

0 1 (PwmD) PWM PWM
1 (PwM®) 0 PWM PWM
1 1 (PwM®) 0 0
1 (PwM®) 1 0 0
1 0 1 0
0 1 0 1
0 0 0 )

1.

PWM generation enabled.

Warning:

Grouping channels by pairs imposes thc =.ternial

connections between the MCO outputs «nd power devices;
the user must therefore pay attertinn to respect the
‘recommended schematics’ dest.ned in Figure 124 on
page 289 and Figure 125 o pege 290.

Note:

As soon as the channels are groupea in wairs, special care has to be taken in configuring

the MPAR register for a PM BLDC drive. If both channels of the same pair are both labelled
‘high’ for example and if the #W\ 1 is applied on high channels, the active MCO output x
(OOx =1 bit in the MPHS'\" reyister) outputs PWM and the paired MCO output x + 1

(OOx + 1bit in the MPYE register) outputs PWM and vice versa.

Caution:

When PCN = 0 an1 a complementary PWM is applied (DTE = 1) on one channel of a pair, if

both chanre:s iire active, this corresponds in output to both channels OFF. This is for
securiv/ purposes to avoid cross-conduction.

Caution:

nefore.

7o ciear the DTE bit from reset state of MDTG register (FFh), the PCN bit must be cleared
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Figure 116. Channel manager output block diagram with PWM generator delivering 1 PWM signal
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1. Preload register, changes taken into account at next C event.
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Note:

Programmable chopper

Depending on the application hardware (use of a pulse transformer, for example), a chopper
may be needed for the PWM signal. The MREF register allows the chopping frequency and
mode to be programmed.

The HFE[1:0] bits program the channels on which chopping is to be applied. The chopped
PWM signal may be needed for high side switches only, low side switches or both of them in
the same time (see Table 112).

Table 112. Chopping mode

HFE[1:0] bits Chopping mode
HFE1 HFEO PCN bit=0 PCNbit=1
0 0 OFF OFF
Low side swit_hes
0 1 Low channels only
"MceL, 3,5
kioi side switches
1 High ch | I ~
0 igh channels only MCO0. 2. 4
+
1 1 Both low and high channels : Both high and low sides

The chopping frequency can be any of the eight velves from 100 kHz to 2 MHz selected by
the HFRQI[2:0] bits in the MREF register (see Touie 113).

Table 113. Chopping frequency

Chopping frequency
HFRQ2 | HFRQL | HEF.GO thc ::lg '\I\//II:ZZ .
mtc
0 v 0 100 kHz 50 kHz
0 o 1 200 kHz 100 kHz
| o 1 0 400 kHz 200 kHz
o 1 1 500 kHz 250 kHz
1 0 0 800 kHz 400 kHz
1 0 1 1 MHz 500 kHz
1 1 0 1.33 MHz 666.66 MHz
1 1 1 2 MHz 1 MHz

When the PCN bit = 0:

- If complementary PWM signals are not applied (DTE bit = 0), the high and low drivers are
fixed by the MPAR register. Figure 109, Figure 115 and Figure 116 indicate where the
HFE[1:0] bits are taken into account depending on the PWM application.

- If complementary PWM signals are applied (DTE bit = 1), the channels are paired as
explained in Deadtime generator on page 245. This means that the high and low channels
are fixed and the HFE[1:0] bits indicate where to apply the chopper. Figure 117 shows
typical complementary PWM signals with high frequency chopping enabled on both high
and low drivers.

251/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

Figure 117. Complementary PWM signals with chopping frequency on high and low side drivers
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10.6.10 PWM generator block

The PWM generator block produces three independent PWM signals based on « single carrier frequency
with individually adjustable duty cycles.

Depending on the motor driving method, one or three of these Ji¢irals may be redirected to the other
functional blocks of the motor control peripheral, using the PCCN vit in the MDTG register.

When driving PM BLDC motors in six-step mode (volte Je mude only, either sensored or sensorless) a
single PWM signal (phase U) is used to supply the inp n stage, PWM and channel manager blocks
according to the selected modes.

For other kind of motors requiring inde»eiident PWM control for each of the three phases, all PWM
signals (phases U, V and W) are dire<ted to the channel manager, in which deadtime or a high frequency
carrier may be added. This is the casz of AC induction motors or PMAC motors for instance, supplied
with 120° shifted sinewaves in valtage mode.

Main features

® 12-bit PWWi free-running up/down counter with up to 16 MHz input clock (Fpc)

® Edge-aigned and center-aligned PWM operating modes

® Posshuity to reload compare registers twice per PWM period in center-aligned mode

¢, +ull-scale PWM generation

® PWM update interrupt generation

® 8-bit repetition counter

e 38-bit PWM mode

®  Timer resynchronization feature
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Figure 118. PWM generator block diagram

12-bit compare 0 register
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counter

_’U\]\‘
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N N 12-bit PWM counter
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I, Y O
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active registers on U event
A event
u Update of compare registers PWM

interrupt generation |
_—

Functional description

The three PWM sigria's arc generated using a free-running 12-bit PWM counter and three 13-bit
compare registers fc< phase U, V and W: MCMPU, MCMPV and MCMPW registers respectively.

A fourth 12-hi; register is needed to set-up the PWM carrier frequency: MCMPO register.

Each »r1 h=se compare registers is buffered with a preload register. Transfer from preload to active
reqg:siais is done synchronously with PWM counter underflow or overflow depending on configuration.
“his allows compare values to be written without risks of spurious PWM transitions.

The block diagram of the PWM generator is shown in Figure 118.

Prescaler

The 12-bit PWM counter clock is supplied through a 3-bit prescaler to allow the generation of lower PWM
carrier frequencies. It divides Fpyc by 1, 2, 3, ..., 8 to get Fpyc pwm-

This prescaler is accessed through three bits PCP[2:0] in MPCR register; this register is buffered: the
new value is taken into account after a PWM update event.
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PWM operating mode

The PWM generator can work in center-aligned or edge-aligned mode depending on the
CMS bit setting in the MPCR register.

Figure 119 shows the corresponding counting sequence.

It offers also an 8-bit mode to get a full 8-bit range with a single compare register write
access by setting the PMS bit in MPCR register.

The comparisons described here are performed between the PWM counter value extended
to 13 bits and the 13-bit compare register. Having a compare range greater than the counter
range is mandatory to get a full PWM range (that is, up to 100% modulation). This principle
is maintained for 8-bit PWM operations.

Center-aligned mode (CMS bit = 1)

In this operating mode, the PWM counter counts up to the value loaded in the X2 bit
compare O register then counts down until it reaches zero and restarts couat'ng up.

The PWM signals are set to ‘0’ when the PWM counter reaches, in un ccniting, the
corresponding 13-bit compare register value and they are set tn ‘" vhen the PWM counter
reaches the 13-bit compare value again in down-counting.

Figure 119. Counting sequence in center-aligned ar.4 cdge-aligned mode

~\ )
Center-aligned mode 0 1 2 ‘ s ) | 16 15 2 1 0 1
I— A |
T |
Edge-aligned mode ’ 9 ‘ 1 N 15 16 0 1 | ... 16 0 1
L |

— v —

T = PWM period, value of 12-bit compare 0 register = 16

If the 13-bit compare register value is greater than the extended compare O register (the 13t
bit is set to ‘0’), the corresponding PWM output signal is held at ‘1’.

If the 13-bit compare register value is 0, the corresponding PWM output signal is held at ‘0.

Figure 120 shows some center-aligned PWM waveforms in an example where the
compare O register value = 8.

J
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Figure 120. Center-aligned PWM waveforms (compare O register = 8)

4 o'

1 compare register value = 4
2 compare register value = 7
3 compare register value > 8
4 compare register value = 0

Edge-alighed mode (CMS bit = 0)

In this operating mode, the PWM counter cnunis up to the value loaded in the 12-bit
compare register. Then the PWM cou:ie” s leared and it restarts counting up.

The PWM signals are set to ‘0’ when tne PWM counter reaches, in up-counting, the
corresponding 13-bit Compare register value and they are set to ‘1’ when the PWM counter
is cleared.

If the 13-bit compare r=g'sier value is greater than the extended compare O register (the 13t
bit is set to ‘0’), *.e coirresponding PWM output signal is held at ‘1'.

If the 13-b¥. compare register value = 0, the corresponding PWM output signal is held at ‘0’.

Figure 221 shows some edge-aligned PWM waveforms in an example where the compare 0
-ayister value = 8.
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Note:

Note:

Note:
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Figure 121. Edge-aligned PWM waveforms (compare O register = 8)

4 ‘0

1 compare register value = 4
2 compare register value = 8
3 compare register value > 8

12-bit mode (PMS bit =0 in the MPCR register)

This mode is useful for MCMPO values ranginga ‘rom 9 bits to 12 bits. Figure 122 presents
the way compare 0 and compare U, V, W shcuid ve loaded. It requires loading two bytes in
the MCMPxH and MCMPXxL registers (inavis, MCMPO, MCMPU, MCMPV and MCMPW 16-
bit registers) following the sequence «=scribed below:

® write to the MCMPXL regicter (LSB) first
® then write to the MCIMFxr! r2gister (MSB).

The 16-bit value is then ready to be transferred in the active register as soon as an update
event occurs. Thix cejuence is necessary to avoid potential conflicts with update interrupts
causing the haruware transfer from preload to active registers: if an update event occurs in
the mizai2 of uie above sequence, the update is effective only when the MSB has been
written.

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

This mode is useful whenever the MCMPO value is less than or equal to 8-hits. It allows
significant CPU resource savings when computing three-phase duty cycles during PWM
interrupt routines. In this mode, the compare 0 and compare U, V, W registers have the
same size (8 bits). The extension of the MCMPX registers is done in using the OVFx bits in
the MPCR register (refer to Figure 122). These bits force the related duty-cycles to 100%
and are reset by hardware on occurence of a PWM update event.

Read access to registers with preload: During read accesses, values read are the
content of the preload registers, not the active registers.

Compare register active bit locations: The 13 active bits of the MCMPx registers are left-
aligned. This allows temporary calculations to be done with 16-bit precision, round-up is
done automatically to the 13-bit format when loading the values of the MCMPXx registers.

MCMPOx registers: The configuration MCMPOH = MCMPOL = 0 is not allowed.
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Figure 122. Comparison between 12-bit and 8-bit PWM mode
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Repetition down-counter

Both in center-aligned and edge-alingnea modes, the four compare registers (one compare 0
and three for the U, V and W nhases) are updated when the PWM counter underflow or
overflow and the 8-bit renctiuon down-counter has reached zero.

This means that dato are wransferred from the preload compare registers to the compare
registers every N ~ycies of the PWM Counter, where N is the value of the 8-bit repetition
register in ecige -aligned mode. When using center-aligned mode, the repetition down-
countcr Is decremented every time the PWM counter overflows or underflows. Although this
limits th> maximum number of repetition to 128 PWM cycles, this makes it possible to
«pria‘e the duty cycle twice per PWM period. As a result, the effective PWM resolution in
that case is equal to the resolution we can get using edge-aligned mode, that is, one T
period. When refreshing compare registers only once per PWM period in center-aligned
mode, maximum resolution is 2XT ., due to the symmetry of the pattern.

The repetition down counter is an auto-reload type; the repetition rate is maintained as
defined by the MREP register value (refer to Figure 123).
PWM interrupt generation

A PWM interrupt is generated synchronously with the ‘U’ update event, which allows to
refresh compare values by software before the next update event. As a result, the refresh
rate for phases duty cycles is directly linked to MREP register setting.

A signal reflecting the update events may be output on a standard I/O port for debugging
purposes. Refer to Debug option on page 219 for more details.
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Note:
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Figure 123. Update rate examples depending on mode and MREP register setting
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U~rA U event: preload registers transf »rred 0 active registers and PWM interrupt generated.
AN U event if transition from MREP = 0 to MREP = 1 occurs when 12-bit counter is equal to MCPO.

Timer resynchronization

The 12-bit timel cen oe resynchronized by a simple write access with FFh value in the MISR
register R<s /n:hronization means that the 12-bit counter is reset and all the compare
preload registers MCPO, MCPU, MCPV, MCPW are transferred to the active registers.

7o resynchronize the 12-bit timer properly, the following procedure must be applied:

". Load the new values in the preload compare registers

2. Load FFh value in the MISR register (this resets the counter and transfers the compare
preload registers in the active registers: U event)

3. Reset the PUI flag by loading 7Fh in the MISR register. Refer to note 2 on page 291.

Loading FFh value in the MISR register has no effect on any flag other than the PUI flag and
generates a PWM update interrupt if the PUM bit is set.

Warning: In switched mode (SWA bit is reset), the procedure is the
same and loading FFh in the MISR register has no effect on
any flags except those on the PUI flag. As a consequence, it
is recommended to avoid setting RMI and RPI flags at the
same time in switched mode because none of them are taken
into account.
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PWM generator initialization and start-up

The three-phase generator counter stays in reset state (that is, stopped and equal to 0), as
long as MTC peripheral clock is disabled (CKE = 0).

Setting the CKE bit has two actions on the PWM generator:

® It starts the PWM counter

o It forces the update of all registers with preload registers transferred on U update event,
that is, MREP, MPCR, MCMPO, MCMPU, MCMPV, MCMPW (in 12-bit mode, both
MCMPxL and MCMPxH must have been written, following the mandatory LSB/MSB
sequence, before setting CKE bit). It consequently generates a U interrupt.

10.6.11 Low power modes

Before executing a HALT or WFI instruction, software must stop the motor, and n ay chcose
to put the outputs in high impedance.

Table 114. Effect of low power modes on MTC

Mode Description
Wait No effect on MTC interface.
MTC interrupts exit from Wait mode.
MTC registers are frozen.
Halt In Halt mode, the MTC inter’ace i< inactive. The MTC interface becomes

operational again when (e ICU is woken up by an interrupt with ‘exit from Halt
mode’ capability.

10.6.12 Interrupts

Table 115. MTC interriupt control/wake-up capability

Interrupt e ver t Event flag | Enable control bit | Exit from WAIT | Exit from HALT
Ratio ‘«ct al.:e; RPI Yes No
RIM
. Rau o decrement RMI Yes No
igpe_ed error SEI SEM Yes No
Emergency stop El EIM Yes No
Current limitation CLI CLIM Yes No
BEMF zero-crossing VA ZIM Yes No
End of demagnetization DI DIM Yes No
Commutation or capture Cl CiM Yes No
PWM update PUI PUM Yes No
Sampling out SOl SOM Yes No

The MTC interrupt events are connected to the three interrupt vectors (see Section 7:
Interrupts).

They generate an interrupt if the corresponding enable control bit is set and the interrupt
mask in the CC register is reset (RIM instruction).
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10.6.13
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MTC registers

Timer counter register (MTIM)

MTIM Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
T[7:0]

R/W

Table 116. MTIM register description

Bit | Name Function

MTIM counter value

These bits contain the current value of the 8-hit up counter. In speed neacurcment
7:0| T[7:0] | mode, when using encoder sensor and MTIM captures triggered Lv W (refer to
Figure 103) a read access to MTIM register causes a captura of tie [MTIM:MTIML]
register pair to the [MZREG: MZPRV] registers.

Timer counter register LSB (MTIML)

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

Table 117. MTIML reg:s.ar uescription

Bit | Name Function

M 714 counter value LSB

7:0| T-17 0,1 These bits contain the current value of the least significant byte of the MTIM up
‘ counter, when used in speed measurement mode (that is, as a 16-bit timer).

Capture Z,; register (MZPRV)

MZPRV Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
ZP[7:0]

R/W

Table 118. MZPRV register description

Bit | Name Function

Previous Z value or speed capture LSB

7:0 | ZP[7:0] These bits contain the previous captured BEMF value (Zy.1) in switched and
' ' autoswitched mode or the LSB of the captured value of the [MTIM:MTIML] registers

in speed sensor mode.
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Capture Z, register (MZREG)

MZREG Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
ZC[7:0]

R/W

Table 119. MZREG register description

Bit | Name Function

Current Z value or speed capture MSB.

These bits contain the current captured BEMF value (Zy) in switched and

7:0| ZC[7:0]| autoswitched mode or the MSB of the captured value of the [MTIM:MTIM, | recisiars
in speed sensor mode. A read access to MZREG in this case disabl: ihe speed
captures up to MZPRYV reading (refer to Speed measurement mode o page 227).

Compare C,,, register (MCOMP)

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

DC{7:]

F./W

Table 120. MCOMP register description

Bit | Name Function

Next ccmpaie value
ThRe pits contain the compare value for the next commutation (Cy41)-

7:0| DC[7:0]

Demeyietization register (MDREG)

MOREG Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
DNJ[7:0]

R/W

Table 121. MDREG register description

Bit | Name Function

D value

These bits contain the compare value for simulated demagnetization (Dy) and the
7:0 | DN[7:0] | captured value for hardware demagnetization (D) in switched and autoswitched
mode. In speed sensor mode, the register contains the value used for comparison
with MTIM registers to generate a speed error event.
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An weight register (MWGHT)

MWGHT Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
AN[7:0]

R/W

Table 122. MWGHT register description

Bit | Name Function

A weight value

7:0 |AN[7:0] | These bits contain the Ay weight value for the multiplier. In autoswitched mede the
MCOMP register is automatically loaded when a Z event occurs (see Equatior, 1J).

Equation 10

Zn x MWGHT o Zn-1 x MWGHT
256(d) 256(d)

@)

where (*) depends on the DCB bit in the MCRA register

Prescaler and sampling register (MPRSF)

MPRSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
‘ SA[30 ‘ ST[3:0]
F 'M’_ R/W

Table 123. W“R5R register description

Bit i'ar’.neT Function

i Sampling ratio
SA[3:0]| These bits contain the sampling ratio value for current mode. Refer to Table 105:
Sampling frequency selection on page 238.

_\I_
=

Step ratio

These bits contain the step ratio value. It acts as a prescaler for the MTIM timer and
3:0 [ ST[3:0]| is auto incremented/decremented with each R+ or R- event. Refer to Table 98: Step
frequency/period range (4 MHz) on page 226 and Table 99: modes of accessing
mtim timer-related registers on page 226.

J
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Interrupt mask register (MIMR)
MIMR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
PUM SEM ‘ RIM ‘ CLIM ‘ EIM ZIM DIM CIM
R/W R/W R/W R/W R/W R/W R/W R/W
Table 124. MIMR register description
Bit | Name Function
PWM update mask bit
7 | PUM 0: PWM update interrupt disabled
1: PWM update interrupt enabled
Speed error mask bit
6 | SEM 0: Speed error interrupt disabled
1: Speed error interrupt enabled
Ratio update interrupt mask bit
5 | RIM 0: Ratio update interrupts (R+ and R-) disabled
1: Ratio update interrupts (R+ and R-) enabk!2a
Current limitation interrupt mask bit
0: Current limitation interrupt cis2b.cu
4 | CLIM 1: Current limitation interrvjpe cnabad
This interrupt is available cnly ‘n voltage mode (VOC1 bit = 0 in MCRA register) and
occurs when the motor current feedback reaches the external current limitation value.
Emergency sto) intzrrupt mask bit
3 | EIM 0: Emergzacy ctop interrupt disabled
1: Emeyqancy stop interrupt enabled
B2ar E AF zero-crossing interrupt mask bit
2 | 2\ ' 0; BEMF Zero-crossing Interrupt disabled
1: BEMF Zero-crossing Interrupt enabled
; i End of demagnetization interrupt mask bit
l'1 | pim 0: End of demagnetization interrupt disabled
1: End of demagnetization interrupt enabled if the HDM or SDM bit in the MCRB
register is set
Commutation/capture interrupt mask bit
0| CIM 0: Commutation/capture interrupt disabled
1: Commutation/capture interrupt enabled
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Interrupt status register (MISR)

MISR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
PUI RPI ‘ RMI ‘ CLI ‘ El ZI DI cl
RIW RIW RIW RIW RIW RIW RIW RIW

Table 125. MISR register description

Bit

Name

Function

PUI

PWM update interrupt flag

This bit is set by hardware when all the PWM compare register are transferrez frcm
the preload to the active registers. The corresponding interrupt allows the 'ser o
refresh the preload registers before the next PWM update event defin:u with MREP
register.

0: No PWM update interrupt pending

1: PWM update interrupt pending

RPI

Ratio increment interrupt flag
Autoswitched mode (Swa bit = 1)
0: No R+ interrupt pending
1: R+ interrupt pending
Switched mode (Swa bit = 0)
0: No R+ action
1: The hardware incremer.'s th2 ST[3:0] bits when the next commutation occurs and
shifts all timer registers right.
Speed sensor moaau= (SWA bit = x, TES[1:0] bits = 01, 10, 11)
0: No R+ inteirupt peading
1: R+ Intzrrupt cending

RMI

Ratic de~r-ment interrupt flag
Asswitched mode (SWA bit = 1)
u: No R- interrupt pending
1: R- Interrupt pending
Switched mode (SWA bit = 0)
0: No R- action
1: The hardware decrements the ST[3:0] bits when the next commutation occurs and
shifts all timer registers left
Speed sensor mode (SWA bit = x, TES[1:0] bits = 01, 10, 11)
0: No R- interrupt pending
1: R- Interrupt pending

CLI

Current limitation interrupt flag

0: No current limitation interrupt pending
1: Current limitation interrupt pending

El

Emergency stop interrupt flag

0: No emergency stop interrupt pending
1: Emergency stop interrupt pending

VA|

BEMF zero-crossing interrupt flag

0: No BEMF zero-crossing interrupt pending
1: BEMF zero-crossing interrupt pending
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Note:

1

Table 125. MISR register description (continued)

Bit | Name Function

End of demagnetization interrupt flag

1 DI 0: No end of demagnetization interrupt pending
1: End of demagnetization interrupt pending

Commutation/capture interrupt flag

0| Ci 0: No commutation/capture interrupt pending
1: Commutation/capture interrupt pending

Loading value FFh in the MISR register resets the PWM generator counter and transfers the
compare preload registers in the active registers by generating a U event (PUI bit set to 1).
Refer to Timer resynchronization on page 258.

When several MTC interrupts are enabled at the same time the BRES instructior niusit 10t
be used to avoid unwanted clearing of status flags: if a second interrupt occuis vihi'le BRES
is executed (which performs a read-modify-write sequence) to clear the flag o a first
interrupt, the flag of the second interrupt may also be cleared and the ~0/vesponding
interrupt routine is not serviced. It is thus recommended to use a lvad iastruction to clear the
flag, with a value equal to the logical complement of the bit. For instance, to clear the PUI
flag:

Id MISR, # Ox7F.

In autoswitched mode (SWA = 1 in the MRCA -ecister): As all bits in the MISR register are
status flags, they are set by internal hardwz:< signals and must be cleared by software. Any
attempt to write them to 1 has no effect (\hoy are read as 0) without interrupt generation.

In switched mode (SWA = 0 in the MR CA register): To avoid losing any interrupts when
modifying the RMI and RPI bits the following instruction sequence is recommended:

Id MISR, # Ox9F; reset ouvh RMI and RPI bits.
Id MISR, # OxBF; se: i’V pit.
Id MISR, # 0xD.=; ~et RPI bit.

Continl register A (MCRA)

MCRA Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
MOE | CKE ‘ SR ‘ DAC VoC1 SWA Pz DCB
RIW RIW RIW RIW RIW RIW RIW RIW

Table 126. MCRA register description

Bit | Name Function

QOutput enable bit

7 | MOE | 0: Outputs disabled; MCO[5:0] outputs are put in reset stateM(@
1: Outputs enabled; MCO[5:0] outputs enabled
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Table 126. MCRA register description (continued)

Bit | Name Function

Clock enable bit

0: Motor control peripheral clocks disabled

1: Motor control peripheral clocks enabled

6 | CKE Note: ‘Clocks disabled’ means that all peripheral internal clocks (delay manager,
internal sampling clock, PWM generator) are disabled. Therefore, the peripheral can
no longer detect events and the preload registers do not operate. When clocks are
disabled, write accesses are allowed, so for example, MTIM counter register can be
reset by software. See Table 127.

Sensor ON/OFF

0: Sensorless mode
5 SR g
1: Position sensor mode
See Table 128, Table 133 and Table 134.

Direct access to phase state register

0: No direct access (reset value). In this mode the preload valte f vie MPHST and

MCRB registers is taken into account at the C event

1: Direct access enabled. In this mode, write a value in -he MPHST register to access
4 | DAC the outputs directly
See Table 129.
Note: In direct access mode (DAC bit is s=1 in MICRA register), a C event is generated
as soon as there is a write access tn tie 29[5:0] bits in MPHST register. In this case,
the PWM low/high selection is dz1c vy the OSO0 bit in the MCRB register.

Voltage/current mode

3 | VOC1 | O0: Voltage mode
1: Current mode

Switched/aut. s\ ‘itched mode
0: Switched niode
1: #onoswitched mode
[INALEH
1. After reset, in autoswitched mode (SWA = 1), the motor control peripheral is waiting
for a C commutation event.

2 | SWA |

i | 2. After reset, a C event is immediately generated when CKE and SWA are
| simultaneously set due to a nil value of MCOMP.

Protection from parasitic zero-crossing event detection
0: Protection disabled
1: Protection enabled
Note: If the PZ bit is set, the Z event filter (ZEF[3:0] in the MZFR register is ignored.

Data capture bit

o | pce 0: Use MZPRYV (Zy-1) for multiplication
1: Use MZREG (Zy) for multiplication
See Table 130.

1. The reset state is either high impedance, high or low state depending on the corresponding option bit.

2. When the MOE bit in the MCRA register is reset (MCOX outputs in reset state), and the SR bit in the MCRA
register is reset (sensorless mode) and the SPLG bit in the MCRC register is reset (sampling at PWM
frequency) then, depending on the state of the ZSV bit in the MSCR register, Z event sampling can run or
be stopped (and D event is sampled).
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Table 127. Output configuration summary®

CKE bit | MOE bit | DAC bit | Peripheral clock Effect on MCOx output
0 0 X Disabled Reset state
0 1 0 Disabled Peripheral frozen®
0 1 1 Disabled Direct access via MPHST (only logical level)®
1 0 X Enabled Reset state
1 1 0 Enabled Standard running mode.
1 1 1 Enabled Direct access via MPHST (PWM can be applied)(3)

1. When clocks are disabled (CKE bit reset) while outputs are enabled (MOE bit set), the effects on the MCOXx
outputs where PWM signal is applied depend on the running mode selected:
- In voltage mode (VOCL1 bit = 0), the MCOx outputs where PWM signal is applied stay at level 1.
- In current mode (VOCL bit = 1), the MCOx outputs where PWM signal is applied are put to leve' 0.
In all cases, MCOx outputs where a level 1 was applied before disabling the clocks stay at leve' 1. That is
why it is recommended to disable the MCOx outputs (reset MOE bit) before disabling the ~licks. This puts
all the MCOx outputs under reset state defined by the corresponding option bit.
Effect on PWM generator: The PWM generator 12-bit counter is reset as soon as ~K= = J. This ensures
that the PWM signals start properly in all cases. When these bits are set, all regiswore wich preload on
update event are transferred to active registers.

2. “Peripheral frozen” configuration is not recommended, as the peripheral \ ~ay be stopped in an unknown
state (depending on PWM generator outputs,etc.). It is better practicc to exit from run mode by first setting
output state (by toggling either MOE or DAC bits) and then to dis k"o the clock if needed.

3. Indirect access mode (DAC = 1), when CKE = 0 (peripherc | «'uck uisabled) only logical level can be
applied on the MCOx outputs when they are enabled wkeivcas wnen CKE = 1 (peripheral clock enabled), a
PWM signal can be applied on them. Refer to Table 13%: D 2adtime generator set-up on page 281.

Table 128. Sensor mode selectionr

SR bit Mode OS[2:0] bus Behavior of the output PWM
‘Between C,, and D’ behavior,
0 Sensors not usec | DS{2:0] bits enabled ‘Between D and Z' behavior and

‘Between Z and C,,,¢" behavior

Sensers used

OS1 disabled

‘Between C,, and Z’ behavior and
‘Between Z and C,,.," behavior

Tabhle 129. DAC bit meaning

IOE bit DAC bit Effect on output
0 X Reset state depending on the option bit
1 0 Standard running mode
1 1 MPHST register value (depending on MPOL, MPAR register values

and PWM setting) (see Table 155)

Table 130. Multiplier result

DCB bit Commutation delay
0 MCOMP = MWGHT x MZPRV/256
1 MCOMP = MWGHT x MZREG/256
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Control register B (MCRB)

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

Reserved | cPB® ‘ HDM® ‘ somM® ocv 0s2® OS[L:0]
- RIW RIW RIW RIW RIW

1. Preload bits, new value taken into account at the next C event (in normal mode) or when a value is written
in the MPHST register when in direct access mode. For more details refer to the description of the DAC bit

in Control register A (MCRA) on page 265. The use of a preload register allows all the registers to be

updated at the same time.

Table 131. MCRB register description

Bit

Name

Function

7

Reserved, must be kept at reset value.

CPB

Compare bit for zero-crossing detection

0: Zero crossing detection on falling edge
1: Zero crossing detection on rising edge

HDM

Hardware demagnetization event mask bit

0: Hardware demagnetization disablecd
1: Hardware demagnetization enabled

SDM

Simulated demagnetization ev2nr* niasX pit

0: Simulated demagnetizaticn disabled
1: Simulated demagnetizaticn enabled

ocv

Over current handln.q in voltage mode
0: Overcurrenu pratection is OFF
1: Overcurvetit nrotection is ON
This bt 22ts as described in Table 132.

2:0

IS

L,

| 081:0]

Juarating output mode selection bits

These bits are used to define the various PWM output configurations. Refer to the

step behavior diagrams (Figure 110 and Figure 111), Table 133: Step

behavior/sensorless mode, Table 134: PWM mode when SR =1, and Table 135:

PWM mode when DAC = 1.
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Note:

Table 132. Over current handling

CLIM bit | CLI bit | OCV bit Output effect Interrupt
0 0 X Normal running mode No
0 1 X PWM is put off as current loop effect No
1 0 X Normal running mode No
1 1 0 PWM is put off as current loop effect Yes
1 1 1 All MCOx outputs are put in reset state (MOE reset)(l) Yes

1. This feature is also available when using the three PWM outputs (PCN bit = 1 in the MDTG register),
providing that the VOC1bit = 0 (MCRA register). See Over current handling in voltage mode on page 234.

Table 133. Step behavior/sensorless mode

. PWM after C and . PWM after D and PWM ~ft=2r Z and
OS2 bit before D OS1 bit before Z 0s0 hefore next C
0 i high channels
0 On high channels —
1 On low channels
0 On high channels ~
0 On high channels
1 On low channe's
1 On low channels
0 On high channels
0 On Fioh channels
1 On low channels
1 On low channels —— 1— -—
0 On high channels
1 On low channels
1 On low channels

For more details, see Step henavior diagrams (Figure 110 and Figure 111).

Table 134. PW\ imode when SR =1

0S2 kit PWM after C and 051 bit Unused 0s0 PWM after Z and before
before Z next C
; 0 On high channels
0 On high channels X X
| 1 On low channels
0 On high channels
1 On low channels X X
1 On low channels
Table 135. PWM mode when DAC =1
OS2 bit Unused OS1 bit Unused 0OS0 PWM on outputs
0 On high channels
X X X X
1 On low channels
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Warning: As the MCRB register contains preload bits with, it has to be
written as a complete byte. A bit set or bit reset instruction on

a non-preload bit resets has-theeffectefresetting all the
preload bits.

Control register C (MCRC)

MCRB Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
SEl/OI | EDIR/HZ ‘ sz ‘ sc SPLG VR[2:0]
RIW RO RIW RIW RIW R

Table 136. MCRC register description

Bit | Name Function

Speed error interrupt flag/MTIM overflow flag
Position sensor or sensorless moce T£$71:0] bits = 00):
Ol: MTIM overflow flag
This flag signals an overflow of ‘< viTIM timer. It has to be cleared by software.
0: No MTIM timer overflow

7 | SEI/OI 1: MTIM timer overflow

Note: No interrupt is associated with this flag.

Speed sensci mnde (TES[1:0] bits = 01, 10, 11):

SEIl: Spead error interrupt flag

0: No tachz error interrupt pending

! Tacho error interrupt pending

v-1.coder Direction bit/ Hardware zero-crossing event bit
Position sensor or sensorless mode (TES[1:0] bits = 00):
HZ: Hardware zero-crossing event bit

: I This read/write bit selects if the Z event is hardware or not.
| 0: No hardware zero-crossing event

1: Hardware zero-crossing event

6 |EDIR/HZ Speed sensor mode (TES[1:0] bits = 01, 10, 11):

EDIR: Encoder direction bit

This bit is read-only. As the rotation direction depends on encoder outputs and
motor phase connections, this bit cannot indicate absolute direction. It therefore
gives the relative phase-shift (that is, advance/delay) between the two signals in
guadrature output by the encoder (see Figure 91).

0: MCIA input delayed compared to MCIB input

1: MCIA input in advance compared to MCIB input

Simulated zero-crossing event bit

5 SZ 0: No simulated zero-crossing event
1: Simulated zero-crossing event
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Table 136. MCRC register description (continued)

Bit| Name Function
Simulated commutation event bit
0: Hardware commutation event in auto-switched mode (SWA = 1 in MCRA
4 SC register)
1: Simulated commutation event in auto-switched mode (SWA = 1 in MCRA
register)
Sampling Z event at high frequency in sensorless mode (SR = 0)
This bit enables sampling at high frequency in sensorless mode independently of
the PWM signal or only during ON time if the DS[3:0] bits in the MCONF register
contain a value. Refer to Table 160: MCONF register description on page 284.
3 | SPLG 0: Normal mode (Z sampling at PWM frequency at the end of the OFF time)
1: Z event sampled at fgcg (See Table 166)
Note: When the SPLG bit is set, there is no minimum OFF time prooraunrrea by the
OT [3:0] bits, the OFF time is forced to Ops. This means that in ctn=n: mode, the
OFF time of the PWM signal comes only from the current losi
BEMF/demagnetization reference threshold
These bits select the Vrgg value as shown below.
111: Vrgg voltage threshold = threshold volteys set by external MCVREF pin
110: 3.5V
101: 2.5v®
2:0| VR[2:0] | 100: 2v®
011: 1.5V
010: 1v®
001: 0.6v(M)
000: 0.2v(V
The Vrer va'ue it used for BEMF and demagnetization detection.

1. Typical values for Vpp = 5V

Phase state reguster (MPHST)

MPHST

7

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

IS[1:0]®) ‘ 00[5:0/¥

RIW

R/W

1. Preload bits, new value taken into account at the next C event.

Table 137. MPHST register description

Bit | Name Function
Input selection bits
These bits mainly select the input to connect to the comparator:
00: channel selected = MCIA.
01: channel selected = MCIB.
7:6| 1S[1:0] 10: channel selected = MCIC.

11: channel selected = Both MCIA and MCIB: encoder mode.

The fourth configuration (1IS[1:0] = 11) specifies that an incremental encoder is used
(in this case MCIA and MCIB digital signals are directly connected to the
incremental encoder interface and the analog multiplexer is bypassed).
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Table 137. MPHST register description (continued)

Bit | Name Function

Channel ON/OFF bits
These bits are used to switch channels ON/OFF at the next C event if the DAC
bit = 0 or if DAC directly = 1.

5:0| O0[5:0]| 0: Channel OFF (output channel state inactive), the relevant switch is OFF, no PWM
possible

1: Channel ON (output channel state active), the relevant switch is ON, PWM is
possible (not significant when PCN or DTE bit is set)

Caution:  Asthe MPHST register contains bits with preload, the whole register has to be written at
once. This means that a bit set or bit reset instruction on only one bit without preload resets
all the bits with preload.

Motor current feedback register (MCFR)

MCFR Resewvaiue: 0000 0000 (00h)
7 6 5 4 3 2 1 0
RPGS RST CFF[2:0] ; CFW[2:0]
RIW RIW RIW ) RIW

Table 138. MCFR register description

Bit| Name Function

Register page seicction
7 | RPGS 0: Access to 1evjisters mapped in page 0
1: Acrese te registers mapped in page 1

R+ sot 1.4TC registers
6 RST | Software can set this bit to reset all MTC registers without resetting the ST7.

0: No MTC register reset
1: Reset all MTC registers

; | Current feedback filter bits

| These bits select the number of consecutive valid samples (when the current is
above the limit) needed to generate the active event(l):

000: current feedback samples = 1

001: current feedback samples = 2

5:3| CFF[2:0] | 010: current feedback samples = 3

011: current feedback samples = 4

100: current feedback samples =5

101: current feedback samples = 6

110: current feedback samples =7

111: current feedback samples = 8

J
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Table 138. MCEFR register description (continued)

Bit| Name Function

Current window filter bits

These bits select the length of the blanking window activated each time PWM is
turned on(®:
000: blanking window = off
001: blanking window = 0.5us
2:0 | CFW[2:0] 010: blanking window = 1us
011: blanking window = 1.5pus
100: blanking window = 2us
101: blanking window = 2.5us
110: blanking window = 3us
111: blanking window = 3.5us
The filter blanks the output of the current comparator.

1. Sampling is done at fpprpn/4.

2. Times are indicated for 4 MHz fpgr|ph-

Motor D event filter register (MDFR)

MDFR Reset value: 0000 1111 (OFh)
7 6 5 4 3 2 1 0
DEF[3:0] I DWF[3:0]

Vo Wil
R/W R/W

Table 139. MDFR register uascription

Bit| Name Function

D event filter bits
7:4 | DEF[3:0] | = “1hese bits select the number of valid consecutive D events (when the D event is
| uetected) needed to generate the active event. See Table 140.

D window filter bits

13 | DWF[3:0] | These bits select the length of the blanking window activated at each C event. The
; filter blanks the D event detection. See Table 141.

L
Table 140. D event filter setting®

DEF3 | DEF2 | DEF1 | DEFO D event samples SR=1
0 0 0 0 1
0 0 0 1 2
0 0 1 0 3
0 0 1 1 4
0 1 0 0 5 No D event filter
0 1 0 1 6
0 1 1 0 7
0 1 1 1 8
1 0 0 0 9
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Table 140. D event filter setting(l) (continued)

DEF3 | DEF2 | DEF1 | DEFO D event samples SR=1
1 0 0 1 10
1 0 1 0 11
1 0 1 1 12
1 1 0 0 13 No D event filter
1 1 0 1 14
1 1 1 0 15
1 1 1 1 16

1.

Sampling is done at the selected fscg frequency.

Table 141. D window filter setting®

DWF3 | DWF2 | DWF1 | DWFO sei;zr?e‘é"si”nﬂg‘é"eﬁ(';eé izn 0 SrR=1
0 0 0 0 5 s PAY
0 0 0 1 10 ps
0 0 1 0 15us
0 0 1 1 2ons
0 1 0 0 -_’__5—us
0 1 0 1 "~ 30ps
0 1 1 C 35 ps
0 1 1o | 40 us
N —L No window filter after C event

1 o I o 0 60 pis
1 o | o 1 80 ps
1 T - U— 1 0 100 ps

L] o 1 1 120 s

1 1 0 0 140 s
1 1 0 1 160 ps
1 1 1 0 180 pis
1 1 1 1 200 ps

Times are indicated for 4 MHz fpgRripH-
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Reference register (MREF)

MREF Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
HST | cL ‘ CFAV ‘ HFE[1:0] HFRQ[2:0]
RIW RIW RIW RIW RIW

Table 142. MREF register description

Bit Name Function

Hysteresis comparator value
This read only bit contains the hysteresis comparator output.

7 HST . .
0: Demagnetization/BEMF comparator is under Vigg
1: Demagnetization/BEMF comparator is above Vygr
Current loop comparator value
6 cL This read only bit contains the current loop comparata: output value.

0: Current detect voltage is under Vcrer
1: Current detect voltage is above Vcrer

Current feedback amplifier entry validatic:

5 CFAV 0: OAZ(MCCFI1) is the current comua 2tor entry
1: MCCFIO is the current comrarcto. entry

Chopping mode selecticii
These bits select the chorping mode:
4:3| HFE[L:0] 00: Chopp?ng moce = off
01: Choppinu made = on low channels only
10: Or. hvah channels only
11: "3oth hiyn and low channels

Cacrper frequency selection
These bits select the chopping frequency (see Table 143).

2:0 | HFRQ[2:2! |

Eltlle 113. Chopping frequency selection®

i Chopping frequency
HFRQ2 HFRQ1 HFRQO Fo = 16MHZ o
Fmtc = 8MHz mte
0 0 0 100 kHz 50 kHz
0 0 1 200 kHz 100 kHz
0 1 0 400 kHz 200 kHz
0 1 1 500 kHz 250 kHz
1 0 0 800 kHz 400 kHz
1 0 1 1 MHz 500 kHz
1 1 0 1.33 MHz 666.66 MHz
1 1 1 2 MHz 1 MHz

1. The chopper signal has a 50% duty cycle.
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PWM control register (MPCR)

MPCR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
PMS OVFU OVFV OVFW CMS PCP[2:0]
R/IW R/IW RIW R/IW R/W R/W

Table 144. MPCR register description

Bit | Name

Function

7 PMS

PWM mode selection
0: Standard mode: bit b7 in the MCPxH register represents the extension ot
1: ‘8-hit’ mode: bit b7 (extension bit) in the MCPxH register is located ‘'n the MFCR
register (OVFx bits). The number of active bits in MCPxH and M ZFxvL is
decreased to b15:b8 instead of b15:b3.

6 | OVFU

Phase U 100% duty cycle selection
0: Duty cycle defined by MCPUH:MCPUL registei
1: Duty cycle set at 100% on phase U at next undate event and maintained until the
next one. This bit is reset once transferre 1 s the active register on update event.

5 | OVRFV

Phase V 100% duty cycle selection
0: Duty cycle defined by MCPV, 1L 'CPVL register
1: Duty cycle set at 10070 L1 nhase V at next update event and maintained until the
next one. This bit is 1 2se. once transferred to the active register on update event

4 | OVFW

Phase W 100% duty cycle selection
0: Duty evele uefir ed by MCPWH:MCPWL register
1: Duty cy<le set at 100% on phase W at next update event and maintained until
tho next one. This bit is reset once transferred to the active register on update
event.

PWM counter mode selection

0: Edge-aligned mode
1: Center-aligned mode

2:0 | PCP[2:0]

PWM counter prescaler value

This value divides the F frequency by N, where N is PCP[2:0] value. The
resulting frequency of the PWM counter input clock is shown below:

000: PWM counter input clock = Fypyc

001: PWM counter input clock = Fy/2

010: PWM counter input clock = Fy/3

011: PWM counter input clock = F;./4

100: PWM counter input clock = Fpyc/5

101: PWM counter input clock = F,;/6

110: PWM counter input clock = Fp,/7

111: PWM counter input clock = F,/8
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Repetition counter register (MREP)

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

REP[7:0]

R/W

Table 145. MREP register description

Bit | Name Function

Repetition counter value (N)

This register allows the user to set up the update rate of the PWM count2r compare
register (that is, periodic transfers from preload to active registers), a. well &s the
PWM Update interrupt generation rate, if these interrupts are enab ed
Each time the MREP related down-counter reaches zero, the com »are registers
are updated, a U interrupt is generated and it re-starts ceuning from the MREP
value.
7:0 | REP[7:0]| After a microcontroller reset, setting the CKE bit it. t:ie MCRA register (that is,
enabling the clock for the MTC peripheral) force's the transfer from the MREP
preload register to its active register and 2enerzies a U interrupt. During run-time
(while CKE bit = 1) a new value enterea :n ‘he MREP preload register is taken into
account after a U event.
As shown in Figure 123, (N+%) val.e corresponds to:

The number of PWN' peiics in edge-aligned mode

The number of half F*’!vl periods in center- aligned mode

Compare phase W prelcad register high (MCPWH)

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

CPWH[7:0

R/W

Table 146. MCPWH register description

Bit Name Function

7:0 | CPWH][7:0] | Most significant byte of phase W preload value

Compare phase W preload register low (MCPWL)

MCPWL Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
CPWL[7:3] Reserved
RIW -
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Table 147. MCPWL register description

Bit Name Function

7:5 | CPWL[7:3] | Low bits of phase W preload value

2:0 - Reserved

Compare phase V preload register high (MCPVH)

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

CPVH[7:0]

R/W

Table 148. MCPVH register description

Bit Name Function

7:0 | CPVH[7:0] | Most significant byte of phase V preload value

Compare phase V preload register low (MCPVi.)

MCPVL Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
CPVL[7:3] \J Reserved
R/ -

Table 149. MCPVL .ecister description

Bit Name Function

a
7:5| C~Vv'|7:5] | Low bits of phase V preload value

2.5 - Reserved
[—

Compare phase U preload register high (MCPUH)

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

CPW[T7:0]

R/W

Table 150. MCPUH register description

Bit Name Function

7:0 | CPWU[7:0] | Most significant byte of phase U preload value

J
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Note: 1

Compare phase U preload register low (MCPUL)

MCPUL Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
CPUL[7:3] Reserved
R/W -

Table 151. MCPUL register description

Bit Name Function

7:5| CPUL[7:3] | Low bits of phase U preload value

2:0 - Reserved

Compare 0 preload register high (MCPOH)

MCPOH Petat value: 0000 1111 (OFh)
7 6 5 4 3 2 1 0
Reserved < CPOH[3:0]

- \~ R/W

Table 152. MCPOH register descrirnticn

Bit Name Function

7:4 - Reserved

3:0| CPOH[3:0] | Most sigt.ificant bits of compare 0 preload value

Compare 0 preinad register low (MCPOL)

MCPOL Reset value: 1111 1111 (FFh)
7 6 5 4 3 2 1 0

i CPOL[7:0]

R/W

Table 153. MCPOL register description

Bit Name Function

7:0| CPOL[7:0] |Low byte of compare O preload value

The 16-bit compare registers MCMPOx, MCMPUx, MCMPVx, MCMPWx MSB and LSB
parts have to be written sequentially before being taken into account when an update event
occurs; refer to PWM operating mode on page 254 for details.

279/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

Warning: Access to preload registers: Special care has to be taken
with preload registers, especially when using the ST7 BSET
and BRES instructions on MTC registers.

For instance, while writing to the MPHST register, the value in
the preload register is written. However, while reading at the
same address, the current value in the register and not the
value of the preload register is obtained.

Excepted for three-phase PWM generator’s registers, all
preload registers are loaded in the active registers at the
same time. In normal mode this is done automatically when a
C event occurs, however in direct access mode (DAC bit = 1)
the preload registers are loaded as soon as a value is written
in the MPHST register.

Caution:  Access to write-once bits: Special care has to be taken with write-2r.ce bits in MPOL and
MDTG registers; these bits have to be first accessed during th<c s2t-11n,. Any access to the
other bits (not write-once) through a BRES or a BSET instruc:iun locks the content of write-
once bits (no possibility for the core to distinguish individiia: bit access: Read/write internal
signal acts on a whole register only). This protectinn is tireir only unlocked after a processor
hardware reset.

Deadtime generator register (MDTC)

MDTG Reset value: 1111 1111 (FFh)
7 6 S 4 3 2 1 0
PCN DTE | DTG[5:0]
RIW €\ Write once only

1. Write once-only bit if PCN bit is set, read/write if PCN bit is reset.
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Table 154. MDTG register description

Bit | Name Function

Number of PWM channels
0: Only PWM U signal is output to the PWM manager for six-step mode motor
7 PCN control (example, PM BLDC motors)
1: The three PWM signals U, V and W are output to the channel manager
(example, for three-phase sinewave generation)

Deadtime generator enable®

6 DTE 0: Disable the deadtime generator
1: Enable the deadtime generator and apply complementary PWM signal to the
adjacent switch

Deadtime generator set-up®

These bits set-up the deadtime duration and resolution. Refer to Tak:e 118 on
5:0 | DTG[5:0] | page 247 for details.

With Fiyc = 16 MHz, deadtime values range from 125ns to 13Ls with steps of
125ns, 250ns and 500ns.

1. Write once-only bit if PCN bit is set, read/write if PCN bit is reset. To clecr tre 0TE bit if PCN = 1, it is
mandatory to clear the PCN bit first.

2. Write-once bits; once write-accessed these bits cannot be rewrit. 2r. un'ess the processor is reset (see
“Caution: Access to write-once bits” on page 280).

Table 155. Deadtime generator set-up®)

DAC PCN bit.in PTE it .'n Cqmplemer\tary PWM
MDTG register | ML'TG register applied to adjacent switch
0 0 0 No
0 \D 1 Yes
0 J_ - 1 Yes
0 N\l 0 Yes, but WITHOUT deadtime
n \J 0 0 No Complementary PWM
i 0 1 Yes
i \~ 1 1 1 Yes
‘ 1 1 0 Yes, but WITHOUT deadtime

1. This table is true on condition that the CKE bit is set (Peripheral clock enabled) and the MOE bit is set
(MCOx outputs enabled). See Table 127: Output configuration summary on page 267.

When the PCN bit is reset (example, for PM BLDC motors), in Direct Access mode
(DAC =1), if the DTE bit is reset, PWM signals can be applied on the MCOx outputs but not
complementary PWM. Of course, logical levels can be also applied on the outputs.

If the DTE hit is set (PCN = 0 and DAC = 1), channels are paired and complementary PWM
signals can be output on the MCOXx pins. This follows the instructions detailed in Table 111:
Deadtime generator outputs on page 249 as the channels are grouped in pairs.

In this case, the PWM application is selected by the OS0 bit in the MCRB register.
It is also possible to add a chopper on the PWM signal output using bits HFE[1:0] and
HFRQ[2:0] in the MREF register.
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Caution:  1: The PWM mode is selected via the 00[5:0] bits in the MPHST register, the OE[5:0] bits in
the MPAR register and the OS2 and OSO0 bits in the MCRB register as shown in Table 134:
PWM mode when SR =1 on page 269.

Caution:  2: When driving motors with three independent pairs of complementary PWM signals
(PCN = 1), disabling the deadtime generator (DTE = 0) causes the deadtime to be null: high
and low side signals are exactly complemented.

It is therefore recommended not to disable the deadtime generator (it may damage the
power stage), unless deadtimes are inserted externally.

Polarity register (MPOL)

MPOL Reset value: 0011 1132 (3Fh)
7 6 5 4 3 2 1 J
ZVD REO OP[5:0] \
R/W R/W Write once only \™

Table 156. MPOL register description

Bit | Name Functi-r.

Z vs D edge polarity

7 ZVD 0: Zero-crossing and End of De:nayn«tization have opposite edges
1: Zero-crossing and End o/ Oe magnetization have same edge

Read on High or Low chane! bit(})

6 REO 0: Read the BEMF signal on High channels
1: Read on L.uw channels

Output channal polarity®
Thes= i are used together with the OO[5:0] bits in the MPHST register to control
5:0 | OP[5:0] tr.2 Sutput channels (see Table 157).
\ u: Output channel is Active Low
| 1: Output channel is Active High

1. T.iis bit always has to be configured whatever the sampling method.

2. Write-once bits; once write-accessed these bits cannot be rewritten unless the processor is reset (see
‘Caution: Access to write-once bits’ on page 280).

Table 157. Output channel state control

OP[5:0] bit OQ0J[5:0] bit MCO[5:0] pin
0 0 1 (Off)
0 1 0 (PWM possible)
1 0 0 (Off)
1 1 1 (PWM possible)

Warning: OP[5:0] bits in the MPOL register must be configured as
required by the application before enabling the MCOI[5:0]
outputs with the MOE bit in the MCRA register.

J
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PWM register (MPWME)

MPWME Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
DG | PWMW ‘ PWMV ‘ PWMU OT[3:0]
RIW RIW RIW RIW RIW

Table 158. MPWME register description

Bit | Name Function

Debug option
This bit is used to enter debug mode. As a result, C, D and Z events are o1::pu. on
two pins MCDEM and MCZEM in Switched and Autoswitched mode, C ¢na U

7 DG events are output in Speed Measurement mode. Refer to Debug opuon on

page 219 for more details.

0: Normal mode

1: Debug mode

PWM W output control

6 | PWMW | 0: PWM on Compare Register W is not out>u” s MCPWMW pin
1: PWM on Compare Register W is ottp at ar. MCPWMW pin

PWM V output control

5 | PWMV | 0: PWM on Compare Regisii /1S .10t output on MCPWMYV pin
1: PWM on Compare Re:gisi21 Vv is output on MCPWMYV pin

PWM U output control

4 | PWMU | 0: PWM on Cempare Register U is not output on MCPWMU pin
1: PWM on Compere Register U is output on MCPWMU pin

Off tima celixction
3:0| OT[3:0] | Tiex< bits are used to select the OFF time in sensorless current mode as shown in
| e following Table 159.

Table 159. OFF time bits

i Sensor mode (SR = 1) or
| Off time sensorless mode | sampling during ON time in
oT3 oT2 oT1 oT0 (SR=0) sensorless mode
(DS[3:0] = 0) (SPLG =1 and/or DS[3:0]
bits)

0 0 0 0 2.5ups

0 0 0 1 5us

0 0 1 0 7.5 ps

0 0 1 1 10 ps

0 1 0 0 12.5 ps No minimum off -time

0 1 0 1 15 ps

0 1 1 0 17.5 ps

0 1 1 1 20 ps

1 0 0 0 225 ps
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Note:
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Table 159. OFF time bits (continued)

Sensor mode (SR = 1) or
Off time sensorless mode | sampling during ON time in
oT3 oT12 oT1 oT0 (SR=0) sensorless mode
(DS[3:0] = 0) (SPLG =1 and/or DS[3:0]
bits)
1 0 0 1 25 us
1 0 1 0 27.5 ps
1 0 1 1 30 ps
1 1 0 0 32.5 s No minimum off -time
1 1 0 1 35 us
1 1 1 0 37.5 ps
1 1 1 1 40 ps

Times are indicated for 4 MHz fper|pH-

Configuration register (MCONF)

MCONF Reset value: 0000 0010 (02h)
7 6 5 4 3 2 1 0
DS[3:0] | sol | SOM | XT16:XT8
R/W R/W R/W R/W
Table 160. MCONF register description
Bit| Name \ Function

Oe'a, for sampling at Ton

sample during PWM ON time®):

| 0001: Delay added to sample at Ty = 2.5us
0010: Delay added to sample at Toy = 5us
0011: Delay added to sample at Ty = 7.5us
0100: Delay added to sample at Tgy = 10ps
0101: Delay added to sample at Ty = 12.5us
7:4| DS[3:0] 0110: Delay added to sample at Toy = 15us
0111: Delay added to sample at Ty = 17.5us
1000: Delay added to sample at Toy = 20us
1001: Delay added to sample at Toy = 22.5us
1010: Delay added to sample at Toy = 25us
1011: Delay added to sample at Toy = 27.5us
1100: Delay added to sample at Toy = 30us
1101: Delay added to sample at Ty = 32.5us
1110: Delay added to sample at Toy = 35us
1111: Delay added to sample at Toy = 37.5us

| These bits are used to define the delay inserted before sampling in order to

0000: Delay added to sample at Tgy = no delay added, sample during Togg

J
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Table 160. MCONTF register description (continued)

Bit Name Function

Sampling out interrupt flag
This interrupt indicates that the sampling that should have been done during Ton
3 SOl has occurred during the next Toff. In this case, the sample is discarded.
0: No sampling out interrupt pending
1: Sampling out interrupt pending

Sampling out mask bit
This interrupt is available only for Z event sampling as D event sampling is always
done at fgcg high frequency.
0: Sampling out interrupt disabled
> SOM 1: Sampling out interrupt enabled
This interrupt is available only when a delay has been set in the DS[3:0] bits 1" the
MCONF register.
Note: It is recommended to disable the sampling out interrupt whe:i sofhuwvare Z
event is enabled (SZ bit in MCRC register is set) and if the ‘a'ue ii. the DS[3:0]
bits is modified to change the sampling method during the ap»ication.

BLDC drive motor control peripheral input frequency’ setecticn

00: fperipH (peripheral frequency) = fy ¢

01: fperipH (peripheral frequency) = fyy1c/2

1:0 | XT16:XT8 | 10: fperipH (Peripheral frequency) = fyp, /<

11: fperipH (Peripheral frequency) = v 4,-/4 (same as XT16 = 1, XT8 = 0)
Caution: It is recommended tc Se* the peripheral frequency to 4 MHz. Setting
feerIPH = fuTc IS Used mairiy whzn fy, = 4 MHz (for low power consumption).

1. Times are indicated for 4 MHz fpgriph-

Parity register (MPAR)

MPAR Reset value: 0000 0000 (00h)
7 © 5 4 3 2 1 0
TES[1°0) OE[5:0]M)
R/W R/W

1. rreload bits, new value taken into account at the next C event (in normal mode) or when a value is written
in the MPHST register when in direct access mode. For more details refer to the description of the DAC bit

in Control register A (MCRA) on page 265. The use of a preload register allows all the registers to be
updated at the same time.

Table 161. MPAR register description

Bit Name Function

Tacho edge selection bits

The primary function of these bits is to select the edge sensitivity of the

7:6| TES[1:0] tachogenerator capture logic; clearing both TES[1:0] bits specifies that the input
detection block does not operate in speed sensor mode but either in position
sensor or sensorless mode for a six-step motor drive). See Table 162.

Output parity mode
0: Output channel is High
5:0| OEJ[5:0] 1: Output channel Low

Note: These bits are not significant when PCN = 1 (configuration with three
independent phases).
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Table 162. Tacho edges and input mode selection

TES 1 TESO Edge sensitivity Operating mode
0 0 - Position sensor or sensorless
0 1 Rising edge
1 0 Falling edge Speed sensor
1 1 Rising and falling edges

Motor Z event filter register (MZFR)

MZFR Reset value: 0000 1111 (OFh)
7 6 5 4 3 2 1 o
ZEF[3:0] ‘ ZWF[3:0] _j
RIW RW

Table 163. MZFR register description

Bit

Name

Function

74

ZEF[3:0]

Z event filter bits
These bits select the number of va'ia ~onsecutive Z events (when the Z event is
detected) needed to generate the active event. Sampling is done at the selected
fsc frequency (see Tab!c 134) or at PWM frequency.

3.0

ZWF[3:0]

Z window filter bits

These bits select the length of the blanking window activated at each D event. The
filter blanks “ne Z =vent detection until the end of the time window (see Table 165).

Table 164. Z even:iilter setting

ZEF3 bRz ZEF1 ZEFO Z event samples
< "~ 0 0 0 1
. 0 0 0 1 2
o 0 1 0 3
0 0 1 1 4
0 1 0 0 5
0 1 0 1 6
0 1 1 0 7
0 1 1 1 8
1 0 0 0 9
1 0 0 1 10
1 0 1 0 11
1 0 1 1 12
1 1 0 0 13
1 1 0 1 14
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Table 164.

Z event filter setting (continued)

ZEF3

ZEF2

ZEF1

ZEFO

Z event samples

1

1

1

0

15

1

1

1

1

16

Table 165.

Z window filter setting(l)

ZWF3 ZWF2 | ZWF1

ZWFO

D to Z window filter in
Sensorless mode (SR = 0)

SR=1

5 us

10 ps

15 ps

20 ps

25 s

30 ps

35 s

40 ps

£Q s

U us

100 ps

120 ps

140 ps

'Rk, |RP,r|O|lOC|O|O|RrR|(FR|FPLP|FL|O|lO|O|O

c|lo|rRr|FR|O|O|FRP|RP|O|O|FR|FRL|O|O

160 ps

A

180 ps

Rrlr|RPr|Rr|r|P|Rr|r|o|lo|o|o|lo|o|o|o

=y

[EY

rlo|lr|lojr|o|r|o|lr|o|r|o|lr|lo|r]|oO

200 ps

No window filter after D event

1. Time. are indicated for 4 MHz fpgripH
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Motor sampling clock register (MSCR)

MSCR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
S8V Reserved ‘ SCF[1:0] ECM DISS
R/W - R/W R/W R/W

Table 166. MSCR register description

Bit| Name Function

Z event sampling validation when MOE bit is reset
This bit enables/disables Z event sampling in either mode (sampling at PWM
7 sV frequency or at fgcg frequency selected by SCF[1:0] bits).
0: Z event sampling disabled
1: Z event sampling enabled

6:4 - Reserved, must be kept cleared

Sampling clock frequency
These bits select the sampling clock frequenr.y {fscg) used to count D and Z
events():

3:2| SCF[1:0] | 00: fgcp = 1 MHz (every 1ps)

01: fgcp = 500 kHz (every 2us)

10: fSCF =250 kHz (every 45,

11: fgcp = 125 kHz (evrry cuc)

Encoder capture mode

This bit is used tc select the source of events which trigger the capture of the
1 ECM [MTIM:MT Mv| r.ounter when using Encoder speed sensor (see Figure 91).
0: Refu Tive Clock interrupts
1: Reau access on MTIM register

Doty input selection

0 I5S This setting is effective only if PCN = 0, TES = 00 and SR = 0.
0: Unused MCIx inputs are grounded

i 1: Unused MCIx inputs are put in HiZ

Times are indicated for 4 MHz fpggripn-

J
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Figure 124. General view of the MTC for PM BLDC motor control
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Figure 125. General view of the MTC configured for Induction motor control (proposal)
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Table 167. MTC page O register map and reset values

Register name 7 6 5 4 3 2 1 0
MTIM T7 T6 T5 T4 T3 T2 T1 TO
Reset value 0 0 0 0 0 0 0 0
MTIML TLY7 TL6 TL5 TL4 TL3 TL2 TL1 TLO
Reset value 0 0 0 0 0 0 0 0
MZPRV ZP7 ZP6 ZP5 ZP4 ZP3 ZP2 ZP1 ZPO
Reset value 0 0 0 0 0 0 0 0
MZREG ZC7 ZC6 ZC5 ZC4 ZC3 ZC2 ZC1 ZCO
Reset value 0 0 0 0 0 0 0 0
MCOMP DC7 DC6 DC5 DC4 DC3 DC2 DC1 LCOo
Reset value 0 0 0 0 0 0 0 C
MDREG DN7 DN6 DN5 DN4 DN3 DN2 NI DNO
Reset value 0 0 0 0 0 0 L ¥ 0
MWGHT AN7 ANG6 AN5 AN4 AN3 AN? AN1 ANO
Reset value 0 0 0 0 0 o 0 0
MPRSR SA3 SA2 SAl SAO0 CT3 ST2 ST1 STO
Reset value 0 0 0 0 # 7] 0 0 0
MIMR PUM SEM RIM cihii EIM ZIM DIM CIM
Reset value 0 0 0 8 0 0 0 0
MISR PUI RPI Ko CLI El Zl DI Cl
Reset value 0 0 C 0 0 0 0 0
MCRA MOE G’E SR DAC VOC1 SWA Pz DCB
Reset value 0 9 0 0 0 0 0 0
MCRB 9 —T CPB HDM SDM oCcVv 0S2 0OSs1 0Sso
Reset value \ 0 0 0 0 0 0 0
MCRC —'—SEI/OI EDIR/HZ SZ SC SPLG VR2 VR1 VRO
Reset wvai ie 0 0 0 0 0 0 0 0
MPHST IS1 I1SO 005 004 003 002 001 000
| Ruset value 0 0 0 0 0 0 0 0
,_MDFR DEF3 DEF2 DEF1 DEFO DWF3 | DWF2 | DWF1 | DWFO
Reset value 0 0 0 0 1 1 1 1
MCFR RPGS RST CFF2 CFF1 CFFO CFW2 | CFw1 | CFwWO
Reset value 0 0 0 0 0 0 0 0
MREF HST CL CFAV HFE1 HFEO | HFRQ2 | HFRQ1 | HFRQO
Reset value 0 0 0 0 0 0 0 0
MPCR PMS OVFU OVFV OVFW CMS PCP2 PCP1 PCPO
Reset value 0 0 0 0 0 0 0 0
MREP REP7 REP6 REP5 REP4 REP3 REP2 REP1 REPO
Reset value 0 0 0 0 0 0 0 0
MCPWH CPWH7 | CPWH6 | CPWH5 | CPWH4 | CPWH3 | CPWH2 | CPWH1 | CPWHO
Reset value 0 0 0 0 0 0 0 0
MCPWL CPWL7 | CPWL6 | CPWL5 | CPWL4 | CPWL3 0 0 0
Reset value 0 0 0 0 0
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Table 167. MTC page O register map and reset values (continued)

Register name 7 6 5 4 3 2 1 0
MCPVH CPVH7 | CPVH6 | CPVH5 | CPVH4 | CPVH3 | CPVH2 | CPVH1 | CPVHO
Reset value 0 0 0 0 0 0 0 0
MCPVL CPVL7 CPVL6 | CPVL5 | CPVL4 | CPVL3 0 0 0
Reset value 0 0 0 0 0

MCPUH CPUH7 | CPUH6 | CPUH5 | CPUH4 | CPUH3 | CPUH2 | CPUH1 | CPUHO
Reset value 0 0 0 0 0 0 0 0
MCPUL CPUL7 | CPUL6 | CPUL5 | CPUL4 | CPUL3 0 0 0
Reset value 0 0 0 0 0

MCPOH CPOH3 | CPOH2 | CPOH1 | CRPOHO

0 0 0 0 )
Reset value 1 1 1 + A
MCPOL CPOL7 CPOL6 CPOL5 | CPOL4 | CPOL3 | CPOL2 | C™0OL? CPOLO
Reset value 1 1 1 1 1 1 A & 1
Table 168. MTC page 1 register map and reset values
Register Name 7 6 5 4 3 2 1 0
MDTG PCN DTE DTG5 DTCA oTG3 DTG2 DTG1 DTGO
Reset value 1 1 1 1 1 1 1 1
MPOL Z\VD REO OP5 | OP4 OP3 OoP2 OP1 OPO
Reset value 0 0 {_ 1 1 1 1 1 1
MPWME DG PWMW  PWMV | PWMU oT3 0oT2 OoT1 OTO0
Reset value 0 | 0 0 0 0 0 0 0
MCONF DS3 | DS2 DS1 DSO SOl SOM XT16 XT8
Reset value Q 0 0 0 0 0 1 0
MPAR | TES1 TESO OE5 OE4 OE3 OE2 OE1l OEO
Reset value 0 0 0 0 0 0 0 0
MZFR ZEF3 ZEF2 ZEF1 ZEFO ZWF3 ZWF2 | ZWF1 ZWFO
Reset value 0 0 0 0 1 1 1 1
i ISCR SV SCF1 SCFO ECM DISS
I Reset value 0 0 0 0 0 0 0 0
KYI
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Figure 126. Page mapping for motor control
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10.7

10.7.1

10.7.2

10.7.3

10.7.4
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Operational amplifier (OA)

Introduction

The ST7 op-amp module is designed to cover various types of microcontroller applications
where analog signals amplifiers are used.

It may be used to perform a variety of functions such as: differential voltage amplifier,
comparator/threshold detector, ADC zooming, impedance adaptor, general purpose
operational amplifier.

Main features

This module includes:
® 1 stand alone op-amp that may be externally connected using 1/O pins

® Op-amp output can be internally connected to the ADC inputs as well 2 to «ne motor
control current feedback comparator input

® Input offset compensation with optional average

® On/Off bit to reduce power consumption and to enable ti>e input/output connections
with external pins

General description

This op-amp can be used with three externa' piris (see device pinout description) and can
be internally connected to the ADC and ti e iotor Control cells. The gain must be fixed with
external components.

The input/output pins are zcnnected to the op-amp as soon as it is switched ON (through
the OACSR register).

The analog input por:s must be configured as input, no pull-up, no interrupt. Refer to the “I/O
ports” chapter. "Jsing these pins as analog inputs does not affect the ability of the port to be
read as a logic ‘nput.

The ouaut is not connected (HiZ) when the op-amp is OFF. However the pin can still be
g2y as an ADC or MTC input in this case.

\Vhen the op-amp is ON the output is connected to a dedicated pin which is not a standard
I/O port. The output can be also be connected to the ADC or the MTC. The switches are
controlled software (refer to the MTC and ADC chapters).

Input offset compensation

The op-amp incorporates a method to minimize the input offset which is dependant on
process lot. It is useable by setting the OFFCMP bit of the control register, which launch the
compensation cycle. The CMPVR bit is set by hardware as soon as this cycle is completed.
The compensation is valid as long as the OFFCMP bit is high. It can be re-performed by
cycling OFFCMP ‘0’ then ‘1"

The compensation can be improved by averaging the calculation (over 16 times) setting the
AVGCMP bit.

J
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10.7.5

Op-amp programming

The flowchart for op-amp operation is shown in Figure 127.

Figure 127. Normal op-amp operation

C

Power on reset

OACSR = 0000 0000 > External components always connected

(€0

v

Wait for amplifier to wake up (Twakeup)

Write OACSR = x0010xx0

4

No
Compensation offset ? N N

Write OACSR = x0p1 pxx0
p : same as before

Yes

(2a) v

j Yes

Average compensation ? o

(2b)

Write OACSR = x111 0xx0
Wait for 24576*TCPU cycles
Read CMPOVR = 1

Write OACSR = x101 0xx0
Wait for 1536*TCPU cycles
Read CMPOVR =1

\ 4
#OFFCMP and AVGCMP
should be set simt'tenac 1s:;

| Yes

Re-compensate
offset ?

I

closed loop gain > 20dB @ 100kHz ?

, @) #

Write OACSR = x1p1 1xx0
p : same as before

Op-amp useable

#The HIGHGAIN bit can also be written in step (1) or (2)
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10.7.6 Low power modes

Note: The op-amp can be disabled by resetting the OAON bit. This feature allows reduced power
consumption when the amplifier is not used.

Table 169. Effect of low power modes on op-amp

Mode Description
Wait No effect on op-amp
Op-amp disabled
Halt After wake-up from Halt mode, the op-amp requires a stabilization time (see
Section 12: Electrical characteristics)

10.7.7 Interrupts

None.

10.7.8 Register description

Control/status register (OACSR)

Reset value: 0000 0000 (00h)

OASCR
7 6 5 4 3 2 1 0
HIGH
CMPOVR | OFFCMP | AVGCMP OACN GAIN Reserved
RO R/W R/W R/W R/W -

Table 170. OACSP recister description

Bit Name

Function

7| CMPOVR

Compensation completed
This read-only bit contains the offset compensation status.
0: No offset compensation if OFFCMP = 0, or Offset compensation cycle not
completed if OFFCMP =1
1: Offset compensation completed if OFFCMP =1

6 | OFFCMP

Offset compensation

0: Reset offset compensation values
1: Request to start offset compensation

5 | AVGCMP

Average compensation

0: One-shot offset compensation
1: Average offset compensation over 16 times

4 OAON

Amplifier on
0: Op-amp powered off
1: Op-amp on
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10.8

10.8.1

10.8.2

10.8.3

Table 170. OACSR register description (continued)

Bit Name Function

Gain range selection

This bit must be programmed depending on the application. It can be used to
ensure 35dB open loop gain when high, it must be low when the closed loop gain

HIGHGAIN | | -
3 GHG is below 20dB for stability reasons.
0: Closed loop gain up to 20dB
1: Closed loop gain more than 20dB
2:0 - Reserved, must be kept cleared

10-bit A/D converter (ADC)

Introduction

The on-chip analog to digital converter (ADC) peripheral is a 10-bit, succssive
approximation converter with internal sample and hold circuitrv This oeripheral has up to 16
multiplexed analog input channels (refer to device pin out des-*iption) that allow the
peripheral to convert the analog voltage levels from up te 13 diferent sources.

The result of the conversion is stored in two 8-bit Da‘a Registers. The A/D converter is
controlled through a control/status register.

Main features

10-bit conversion

Up to 16 channels with mtiltplexed input

2 software-selectaie sample times

External po:itve reterence voltage Vreg+ Can be independent from supply
Linear suvc23sive approximation

Cate. rogisters (DR) which contain the results

Coriversion complete status flag

Maskable interrupt

On/off bit (to reduce consumption)

o o 6 06 06 06 0 0 O

The block diagram is shown in Figure 128.

Functional description

Analog references

Vgrer+ and Vyeg. are the high and low level reference voltage pins. Conversion accuracy
may therefore be impacted by voltage drops and noise on these lines. Vrgg, can be
supplied by an intermediate supply between Vppa and Vggp to change the conversion
voltage range. Vrygp. must be tied to Vgga. An internal resistor bridge is implemented
between Vreg: and Vieg. pins, with a typical value of 15kQ

297/371




On-chip peripherals ST7TMC1K2-Auto, ST7TMC1K6-Auto, ST7/MC2S4-Auto, STTMC2S6-Auto

Analog power supply

Vppa and Vggp are the supply and ground pins providing power to the converter part. They must be tied
to Vpp and Vgg respectively.

Figure 128. ADC block diagram

fapc

» Prescaler

EOC PRSCIPRSCQADON| CS3 | CS2 | CS1 | CSO | ADCCSR

4 | |
IT
request |
AINO \, |
ADSTSADCIE [~ v
|
AIN1 —p — MCCBCR ' > o
Analog » Analog to digital
o mux converter
.
AINX —p []—

ADCDRMCR D9 D8 D7 D6 D5 D4 D3 D2

ADCDRLSB 0 0 0 0 0 0 D1 DO

Digital A/D convzreion iesult

The conversior 1= monotonic, meaning that the result never decreases if the analog input does not and
never increases i the analog input does not.

If the iap.n voltage (Vp ) is greater than Vg, (high-level voltage reference) then the conversion result is
F&=i i tne ADCDRMSB register and 03h in the ADCDRLSB register (without overflow indication).

If the input voltage (Vn) is lower than Ve (low-level voltage reference) then the conversion result in
the ADCDRMSB and ADCDRLSB registers is 00 00h.

The A/D converter is linear and the digital result of the conversion is stored in the ADCDRMSB and
ADCDRLSB registers. The accuracy of the conversion is described in the Section 12: Electrical
characteristics.

Ran is the maximum recommended impedance for an analog input signal. If the impedance is too high,
there is a loss of accuracy due to leakage and sampling not being completed in the allotted time.

Rgek is the value of the resistive bridge implemented in the device between Vggp: and VRgg..

J
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Note:

A/D conversion

The analog input ports must be configured as input, no pull-up, no interrupt. Refer to the “I/O
ports” chapter. Using these pins as analog inputs does not affect the ability of the port to be
read as a logic input. If the application used the high-impedance analog inputs, then the
sample time should be stretched by setting the ADSTS bit in the MCCBCR register.

In the ADCCSR register:

® Select the CS[3:0] bits to assign the analog channel to convert.
ADC conversion mode

In the ADCCSR register:

® Setthe ADON bit to enable the A/D converter and to start the conversion. From this
time on, the ADC performs a continuous conversion of the selected channel.

® The EOC bit is kept low by hardware during the conversion.

Changing the A/D channel during conversion stops the current conversion or.d starts
conversion of the newly selected channel.

When a conversion is complete:

® The EOC bit is set by hardware

® Aninterrupt request is generated if the ADCIE bit 11 :n MCCBCR register is set (see
Section 6.6.7: MCC control status register (MCCSR) on page 56).

® Theresultis in the ADCDR registers anri e mains valid until the next conversion has
ended.

To read the 10 bits, perform the followino steps:

1. Poll the EOC bit or wait fur EOC interrupt

2. Read ADCDRLSB

3. Read ADCDRMS B

The EOC bit is "ecet by hardware once the ADCDRMSB is read.

To read cry Q bits, perform the following steps:
1. Po'tthe EOC bit or wait for EOC interrupt
2. Read ADCDRMSB

The EOC bit is reset by hardware once the ADCDRMSB is read.
Changing the conversion channel

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

ADCCR consistency

If an End Of Conversion event occurs after software has read the ADCDRLSB but before it
has read the ADCDRMSB, there would be a risk that the two values read would belong to
different samples.

To guarantee consistency:

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

® The ADCDRMSB and the ADCDRLSB are unlocked when the MSB is read or when
ADON is reset.
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Thus, it is mandatory to read the ADCDRMSB just after reading the ADCDRLSB. Otherwise
the ADCDR register is not updated until the ADCDRMSB is read.

10.8.4 Low power modes

Note: The A/D converter may be disabled by resetting the ADON bit. This feature allows reduced
power consumption when no conversion is needed.

Table 171. Effect of low power modes on A/D converter

Mode Description

Wait No effect on A/D converter

A/D converter disabled.

After wake up from Halt mode, the A/D converter requires a stabilize ticn tirr.e
tstag (SeeSection 12: Electrical characteristics) before accurate ccavarsions
can be performed.

Halt

10.8.5 Interrupts

Table 172. A/D converter interrupt control/wake-up capability

5
Interrupt event Event flag Enabliimtrm Exit from Wait Exit from Halt
End of Conversion EOC ADCIED Yes No
1 _

1. The ADCIE bit is in the MCCBCR register \see section 6.6.7: MCC control status register (MCCSR) on
page 56)

10.8.6 Register descripticn

Control/status r=gisier (ADCCSR)

ADCCG5K Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
i " EoC PRSCI[1:0] ADON CS[3:0]
RO RIW RIW RIW

Table 173. ADCCSR register description

Bit Name Function

End of conversion
This bit is set by hardware. It is cleared by software reading the ADCDRMSB
7 EOC register.

0: Conversion is not complete
1: Conversion complete

ADC clock prescaler selection
These bits are set and cleared by software:
6:5| PRSC[L0] | 00: fopc = 4MHz
01:fppc = 2MHz
10: faopc = 1MHz

J
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Table 173. ADCCSR register description (continued)

Bit Name Function

A/D converter on
This bit is set and cleared by software.

0: Disable ADC and stop conversion
1: Enable ADC and start conversion

4 ADON

Channel selection®

convert:

0000: channel pin = AINO
0001: channel pin = AIN1
0010: channel pin = AIN2
0011: channel pin = AIN3
0100: channel pin = AIN4
0101: channel pin = AIN5
3:0| CS[3:0] 0110: channel pin = AING
0111: channel pin = AIN7
1000: channel pin = AIN8
1001: channel pin = AIN9
1010: channel pin = AIN10
1011: channel pin = AIN11
1100: channel pin = AIN12
1101: channel pin = AIN13
1110: channel pin = AIN14
1111: channel pin = AiNL15H

These bits are set and cleared by software. They select the analog input to

1. The number of channels is device dependen.. Refer to Section 2: Pin description.

Data register (ADCDRM3R)

ADCDRMSB Reset value: 0000 0000 (00h)
7 A 5 4 3 2 1 0
) ) Nt D[9:2]
> RO

Table 174. ADCDRMSB register description

Bit | Name Function

MSB of analog converted value
7:0| D[9:2] g converted valu

This register contains the MSB of the converted analog value.

Data register (ADCDRLSB)

ADCDRLSB Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved D[1:0]
- RO
1S7 301/371




On-chip peripherals

ST7MC1K2-Auto, ST7TMC1K6-Auto, ST/MC2S4-Auto, ST7TMC2S6-Auto

302/371

Table 175. ADCDRLSB register description

Bit | Name

Function

7:2 -

Reserved. Forced by hardware to 0.

1:0| D[1:0]

LSB of analog converted value
This register contains the LSB of the converted analog value.

Table 176. ADC register map and reset values

Address Register
(Hex.) label ! 6 5 4 3 2 1 0
oE ADCCSR EOC |PRSC1|PRSCO| ADON CSs3 Cs2 Cs1 CS0
Reset Value 0 0 0 0 0 0 0 0
oF ADCDRMSB D9 D8 D7 D6 D5 D4 D3 C2
Reset Value 0 0 0 0 0 0 0 0
30 ADCDRLSB 0 0 0 0 0 o D1 DO
Reset Value 0 0 0 0 0 L ‘ 0 0

J
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11 Instruction set

11.1 CPU addressing modes

The CPU features 17 different addressing modes which can be classified in 7 main groups:

Table 177. CPU addressing mode groups

Addressing mode Example

Inherent nop

Immediate Id A#$55

Direct Id A$55

Indexed Id A,($55,X) \" |
Indirect Id A,([$55],X) )\

Relative jrne loop \

Bit operation bset byte,#5 PAY

The CPU instruction set is designed to minimize the number of bytec 12quired per instruction: To do so,
most of the addressing modes may be subdivided in two sub-mad'es called long and short:

® Long addressing mode is more powerful because it can s the full 64 Kbyte address space,
however it uses more bytes and more CPU cycles

® Short addressing mode is less powerful beca.'se .t can generally only access page zero (0000h -

O00FFh range), but the instruction size is mere compact, and faster. All memory to memory

instructions use short addressing medec only (CLR, CPL, NEG, BSET, BRES, BTJT, BTJF, INC,

DEC, RLC, RRC, SLL, SRL, SR, SWAF)

The ST7 assembler optimizes the us« of long and short addressing modes.

Table 178. CPU addressing mode overview

Mode Syntax Destination Point(eé;g;jress Poi(rgz)r(jize '(f;tgeg;
Inherent | \~" nop +0
Ier‘.euial_e—r Id A#$55 +1
|—SH3|_[ Direct Id A,$10 00..FF +1
Long Direct Id A,$1000 0000..FFFF +2
No Offset |Direct |Indexed |Id A,(X) 00..FF +0
Short Direct |Indexed |Id A,($10,X) 00..1FE +1
Long Direct |Indexed |Id A,($1000,X) |0000..FFFF +2
Short Indirect Id A,[$10] 00..FF 00..FF byte +2
Long Indirect Id A,[$10.w] 0000..FFFF 00..FF word +2
Short Indirect | Indexed | Id A,([$10],X) 00..1FE 00..FF byte +2
Long Indirect | Indexed |Id A,([$10.w],X) |0000..FFFF 00..FF word +2
Relative Direct jrne loop PC+/-127 +1
‘ﬁ 303/371
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Table 178. CPU addressing mode overview (continued)

Mode Syntax Destination Pointer address Pointer size Length
(Hex.) (Hex.) (bytes)
Relative Indirect jrne [$10] PC+/-127 00..FF byte +2
Bit Direct bset $10,#7 00..FF +1
Bit Indirect bset [$10],#7 00..FF 00..FF byte +2
Bit Direct |Relative |btjt $10,#7,skip |00..FF +2
Bit Indirect | Relative | btjt [$10],#7,skip | 00..FF 00..FF byte +3
1111 Inherent

All inherent instructions consist of a single byte. The opcode fully specifies all the required information for

the CPU to process the operation.

Table 179. Inherent instructions
Inherent instruction Funrticn
NOP No operation X
TRAP S/W interrupt '\
WFI Wait for interrupit \'r;'v_power mode)
HALT Halt osUlia;')r_(‘.O\Ivest power mode)
RET Suk Euing return
IRET interrupt sub-routine return
SIM \ O Set interrupt mask (level 3)
RIM ™ Reset interrupt mask (level 0)
SCF \M Set carry flag
RCF \J Reset carry flag
RSP X Reset stack pointer
LD \ Load
CLR \* Clear
E s—h/p_)op Push/pop to/from the stack
INC/DEC Increment/decrement
TNZ Test negative or zero
CPL, NEG 1 or 2 complement
MUL Byte multiplication
SLL, SRL, SRA, RLC, RRC Shift and rotate operations
SWAP Swap nibbles
304/371 ‘ﬁ
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11.1.2

11.1.3

11.1.4

Immediate

Immediate instructions have two bytes: the first byte contains the opcode, the second byte
contains the operand value.

Table 180. Immediate instructions

Immediate instruction Function
LD Load
CP Compare
BCP Bit compare
AND, OR, XOR Logical operations
ADC, ADD, SUB, SBC Arithmetic operations

Direct
In direct instructions, the operands are referenced by their memery aodress.

The direct addressing mode consists of two sub-modes:

® Direct (short)
The address is a byte, thus requires only one hy e after the opcode, but only allows
00 - FF addressing space.

® Direct (long)
The address is a word, thus allov/inc 64 Kbyte addressing space, but requires 2 bytes
after the opcode.

Indexed (no offset, short, long)

In this mode, the ope and is referenced by its memory address, which is defined by the
unsigned ad<aiticn of an index register (X or Y) with an offset.

The indirzc. addressing mode consists of three sub-modes:

® Indexed (no offset)
There is no offset, (no extra byte after the opcode), and allows 00 - FF addressing
space.

® Indexed (short)
The offset is a byte, thus requires only one byte after the opcode and allows 00 - 1FE
addressing space.

® Indexed (long)
The offset is a word, thus allowing 64 Kbyte addressing space and requires 2 bytes
after the opcode.
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11.1.5

11.1.6

306/371

Indirect (short, long)

The required data byte to do the operation is found by its memory address, located in
memory (pointer).

The pointer address follows the opcode. The indirect addressing mode consists of two sub-
modes:
® Indirect (short)

The pointer address is a byte, the pointer size is a byte, thus allowing 00 - FF
addressing space, and requires 1 byte after the opcode.

® Indirect (long)

The pointer address is a byte, the pointer size is a word, thus allowing 64 Kbyte
addressing space, and requires 1 byte after the opcode.

Indirect indexed (short, long)

This is a combination of indirect and short indexed addressing modes. he nperand is
referenced by its memory address, which is defined by the unsignea cu<iion of an index
register value (X or Y) with a pointer value located in memory. 1 v puinter address follows
the opcode.
The indirect indexed addressing mode consists of twe s'1L inodes:
® Indirect indexed (short)
The pointer address is a byte, the pointer 5ize is a byte, thus allowing 00 - 1FE
addressing space, and requires " n,to fter the opcode.
® Indirect indexed (long)

The pointer address is a b,te, the pointer size is a word, thus allowing 64 Kbyte
addressing space, ar d ievju'res 1 byte after the opcode.

Table 181. Instruiciiuns supporting direct, indexed, indirect and indirect indexed
adlrvssing modes

Lo.g and short instructions Function
. L Load
iAC."’_ Compare
AND, OR, XOR Logical operations
ADC, ADD, SUB, SBC Arithmetic additions/substractions operations
BCP Bit compare

J
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11.1.7

Table 182. Short instructions and functions

Short instructions only Function
CLR Clear
INC, DEC Increment/decrement
TNZ Test negative or zero
CPL, NEG 1 or 2 complement
BSET, BRES Bit operations
BTJT, BTJF Bit test and jump operations
SLL, SRL, SRA, RLC, RRC Shift and rotate operations
SWAP Swap nibbles
CALL, JP Call or jump subroutine N

Relative mode (direct, indirect)

This addressing mode is used to modify the PC register value. Ly adding an 8-bit signed

offset to it.

Table 183. Relative direct and indirect instrurt.ons

Available relative direct/indirect instructinons ! Function

JRxx - Conditional jump
CALLR Call relative

The relative addressing mnae ansists of two sub-modes:

® Relative (direct)

The offset ’s f¢'lowing the opcode.

® Relative (inairect)

T oftset is defined in memory, the address of which follows the opcode.

307/371




Instruction set

ST7MC1K2-Auto, ST/TMC1K6-Auto, ST/MC2S4-Auto, ST7TMC2S6-Auto

11.2

11.2.1

308/371

Instruction groups

Introduction

The ST7 family devices use an instruction set consisting of 63 instructions. The instructions
may be subdivided into 13 main groups as illustrated in the following table:

Table 184. Instruction groups

Using a prebyte

The instruction< a-e described with one to four opcodes.

Group Instructions
Load and transfer LD CLR
Stack operation Push | Pop RSP
Increment/decrement INC DEC
Compare and tests CP TNZ BCP o
Logical operations AND |OR XOR |CPL |NEG 1\
Bit operation BSET |BRES \
Conditional bit test and branch BTJT |BTJF VAY
Arithmetic operations ADC |ADD |SUB “,csC_ MUL
Shift and rotates SLL |SRL Ises |RLC [RRC |swaAP |sLa
Unconditional jump or call JRA JRT J?R_F JP CALL |CALLR |NOP |RET
Conditional branch ‘]RX“‘J \J
Interruption management TRAP | WFI HALT |IRET
Condition code flag modifice tion > SIM RIM SCF |RCF

In orde: 1 2xiend the number of available opcodes for an 8-bit CPU (256 opcodes), three
differen prebyte opcodes are defined. These prebytes modify the meaning of the instruction

‘hey nrecede.

“he whole instruction becomes:

PC-2 End of previous instruction

PC-1 Prebyte

PC opcode

PC+1 Additional word (0 to 2) according to the number of bytes required to

compute the effective address

J
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These prebytes enable instruction in Y as well as indirect addressing modes to be
implemented. They precede the opcode of the instruction in X or the instruction using direct
addressing mode. The prebytes are:

PDY 90 Replace an X based instruction using immediate, direct, indexed, or
inherent addressing mode by a Y one.

PIX 92 Replace an instruction using direct, direct bit, or direct relative
addressing mode to an instruction using the corresponding indirect
addressing mode. It also changes an instruction using X indexed
addressing mode to an instruction using indirect X indexed
addressing mode.

PlY 91 Replace an instruction using X indirect indexed addressing mode by
a'Y one.
11.2.2 lllegal opcode reset

In order to provide enhanced robustness to the device against urexoected behavior, a
system of illegal opcode detection is implemented. If a code \» e axecuted does not
correspond to any opcode or prebyte value, a reset is ger.crated. This, combined with the
Watchdog, allows the detection and recovery from ar unexpected fault or interference.

Note: A valid prebyte associated with a valid opcode forniming an unauthorized combination does
not generate a reset.
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Table 185. Instruction set overview

Mnemo Description Function/example Dst Src L HJ]IO|N|] Z|C
ADC Add with carry A=A+M+C A M N| Z|C
ADD Addition A=A+M A M N Z | C
AND Logical and A=A.M A M N | Z

BCP Bit compare A, memory |tst (A . M) A M N | Z
BRES Bit reset bres Byte, #3 M

BSET Bit set bset Byte, #3 M

BTJF Jump if bit is false (0) btjf Byte, #3, Jmpl |M

BTJT Jump if bit is true (1) btjt Byte, #3, Jmpl |M C
CALL Call subroutine Y I__ T
CALLR | Call subroutine relative

CLR Clear reg, M v 0 1

CP Arithmetic compare tst(Reg - M) reg M I— Tl N | Z|C
CPL One complement A = FFH-A reg, M | N | Z 1
DEC Decrement decY reg, M _|_ 28 N | Z
HALT Halt \ \J 1 0

IRET Interrupt routine return Pop CC, A, X, PC ; \J 1| HJ|JIO|N|] Z]|C
INC Increment inc X reg, M

JP Absolute jump jp [TBL w!

JRA Jump relative always N\~

JRT Jump relative |_ ;

JRF Never jump Y jrf *

JRIH Jump if ext. iNT pin=1 | (ext. INT pin high)

JRIL Jur. o cext. INT pin=0 | (ext. INT pin low)

JRH lu:!”.npifHZl H=1?
JRMN Jump ifH=0 H=07?
‘?(M Jump if 11:0 = 11 11:0=117
JRNM Jump if 11:0 <> 11 11:0<>117
JRMI Jump if N = 1 (minus) N=17?
JRPL Jump if N = 0 (plus) N=07?

JREQ Jump if Z = 1 (equal) zZ=17?
JRNE Jump ifZ=0 (notequal) |Z=0"7?

JRC JumpifC=1 c=17?

JRNC JumpifC=0 C=07?

JRULT |[JumpifC=1 Unsigned <

JRUGE |[JumpifC=0 Jmp if unsigned >=
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Table 185. Instruction set overview (continued)

Mnemo Description Function/example Dst Src m|{HJIO|N|] Z|C
JRUGT |Jumpif (C+Z=0) Unsigned >

JRULE |Jumpif (C+Z=1) Unsigned <=

LD Load dst <= src reg, M M, reg N Z
MUL Multiply XA=X*A AXY XY A 0
NEG Negate (2's compl) neg $10 reg, M N| Z|C
NOP No operation

OR OR operation A=A+M A M N | Z

pop reg reg M
Pop Pop from the stack -+ —
pop CC cc M m|{H|IOl!z]cC

Push Push onto the stack Push Y M reg, CC \

RCF Reset carry flag C=0 3 0
RET Subroutine return AY

RIM Enable interrupts 11:0 = 10 (level 0) 1 0

RLC Rotate left true C C<=A<=C reg, M ] C
RRC Rotate right true C C=>A=>C reg M \J C
RSP Reset stack pointer S = Max allowed ] \D°

SBC Substract with carry A=A-M-C A M N| zZz|C
SCF Set carry flag c=?

SIM Disable interrupts I1:0_= 1 (I;/el 3) 1 1

SLA Shift left arithmetic |_f)_<= A<=0 reg, M N| Z | C
SLL Shift left logic \/ C<=A<=0 reg, M N| Zz|C
SRL Shift right ."E,lg . 0=>A=>C reg, M 0| Z]|C
SRA Shifiiynt arithmetic A7 =>A=>C reg, M N Z C
SUB __I:L‘TJP,_straction A=A-M A M N|z]|c
SV/AR | SWAP nibbles A7-A4 <=> A3-A0 reg, M N | Z
|;«-Z Test for neg and zero tnz Ibll N | Z
TRAP S/W trap S/W interrupt 1 1

WFI Wait for interrupt 1 0

XOR Exclusive OR A=AXORM A M N | Z
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12.1.1

12.1.2

12.1.3

12.1.4

12.1.5
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Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referred to Vgs.

Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Ty = 25°C and T, = Taymax (given by
the selected temperature range).

Data based on characterization results, design simulation and/or technology cha acie istics
are indicated in the table footnotes and are not tested in production. Based cii
characterization, the minimum and maximum values refer to sample tests ar.a represent the
mean value plus or minus three times the standard deviation (mean+3%0’).

Typical values

Unless otherwise specified, typical data are based or 1, - 25°C, Vpp = 5V. They are given
only as design guidelines and are not tested.

Typical curves

Unless otherwise specified, all typical cuives are given only as design guidelines and are
not tested.

Loading capacitc:

The loading coraitivris used for pin parameter measurement are shown in Figure 129.

Figurc 129, Pin loading conditions

—| ST7 PIN

|
i
|
.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 130.
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Figure 130. Pin input voltage

ST7 PIN

12.2 Absolute maximum ratings

Stresses above those listed as “absolute maximum ratings” may cause permanent damage to th< de ‘ice.
This is a stress rating only and functional operation of the device under these conditions is 1ro. imglied.
Exposure to maximum rating conditions for extended periods may affect device reliabilit:.

12.2.1 Voltage characteristics

Table 186. Voltage characteristics

Symbol Ratings Maximum value Unit
Vpp - Vss Supply voltage \" 6.5
Vpp - Vgg Programming voltage 13 \Y
VN Input voltage on any pin®)©) - Vgs-0.3 to Vpp+0.3
|AVppy| and |AVss,| | Variations between different digital power pins 50
[Vssa - Vasyl Variations betwee - J(;E:i_and analog ground pins 50 m
VESD(HBM) Electro-static L'i;"".aae voltage (Human body model) See Section 12.7.3: Absolute
"\ & maximum ratings (electrical
VESDMM) Electro-swatic discharge voltage (Machine model) sensitivity) on page 327

1. Directly connecting 22 RESET and 1/O pins to Vpp or Vgg could damage the device if an unintentional internal reset is
generated or an ''inexy ected change of the 1/O configuration occurs (for example, due to a corrupted program counter). To
guarantee s>fe cperation, this connection has to be done through a pull-up or pull-down resistor (typical: 4.7kQfor RESET,
10kQfor )/Cs, Fur the same reason, unused I/O pins must not be directly tied to Vpp or Vgs.

2. linyreno Nustnever be exceeded. This is implicitly insured if V, maximum is respected. If V, maximum cannot be
rcspeciad, the injection current must be limited externally to the Iy vy Value. A positive injection is induced by Viy > Vpp
~in'e a negative injection is induced by V,\ < Vss.
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12.2.2 Current characteristics

Table 187. Current characteristics

Symbol Ratings Max. value | Unit
32-pin devices 75
lvop Total current into Vpp power lines (source)®
44-pin devices 125
32-pin devices 75
lyss Total current out of Vgg ground lines (sink)®)
44-pin devices 125
Output current sunk by any standard 1/0O and control pin 25
o Output current sunk by any high sink I/O pin 50 _{
mA
Output current source by any I/Os and control pin -25
Injected current on Vpp pin +5
Injected current on RESET pin NM 5
||NJ(PIN)(2)(3) J P ) L ‘|
Injected current on OSC1 and OSC2 pins +5
Injected current on any other pin(4) +5
):I,NJ(p,N)(Z) Total injected current (sum of all I/O and control pins)® +20

1. All power (Vpp) and ground (Vsg) lines must always be connected to th : e.'ternal supply.

2. linypin) Must never be exceeded. This is implicitly insured if Vi maximi.m is respected. If Vjy maximum cannot be
respec%ed, the injection current must be limited externally tc 4.2 1 v 3.5 n) Value. A positive injection is induced by Viy>Vpp
while a negative injection is induced by V|\<Vss. )

3. Negative injection disturbs the analog performance of the device. See Table 221: ADC accuracy with VDD = 5.0V on
page 350 and Note 1 on page 351.
For best reliability, it is recommended to ava'd *ieaalve injection of more than 1.6mA

4. When several inputs are submitted to a cu.ve.t ijection, the maximum Xy ey is the absolute sum of the positive and
negative injected currents (instantaneo Is va.ues). These results are based on characterization with Zljy3piny maximum
current injection on four I/O port pirs cf ¢ device.

12.2.3 Thermal cheracteristics

Table 188. The mai characteristics
*AZ;

Symbul i Ratings Value Unit
Teyo Storage temperature range -65 to +150 °C
T, Maximum junction temperature (see Section 13.2.3: Thermal characteristics on page 355)
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12.3 Operating conditions

12.3.1 General operating conditions

Table 189. General operating conditions

Symbol Parameter Conditions Min Max Unit
fepu Internal clock frequency versus Vpp 0 8 MHz
No Flash Write/Erase.
Extended operating voltage Analog parameters not 3.8 55
uaranteed®
Vop g v
Standard operating voltage 45 55
We
Operating voltage for Flash Write/Erase Vpp =11.41t0 12.6V 4.5 58 |
——3 |
) A suffix version -40 €5 °C
Ta Ambient temperature range N +
C suffix version -0 | 125
1. Clock detector, ADC, comparator and Op-amp functionalities guaranteed only within 4.5 *u J.LV v3itage range.
Figure 131. fcpy max versus Vpp . O
fepy [MHZ]
Functionality
Functionality lguarlanteed
not guaranteed in this area
in this area (unless
otherwise
specified
in the tables
of parametric
data)
Supply voltage [V]
Note: Some temperature ranges are only available with a specific package and memory size.
Refer to Section 14.2: Device ordering information and transfer of customer code on

page 358.

Warning: Do not connect 12V to Vpp before Vpp is powered on, as this may damage
the device.
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12.3.2

Operating conditions with low voltage detector (LVD)

Subject to general operating conditions for Vpp, fosc, and Tp.

Table 190. Operating conditions with LVD

Symbol Parameter Conditions Min Typ Max Unit
ViT+(LvD) Reset release threshold (Vpp rise) 3.90 4.20 4.50
\Y
Virovp) Reset generation threshold (Vpp fall) 3.80 4.00 4.35
Vhys(LvD) LVD voltage threshold hysteresis ViT+vp) Vi) 200 mvV
20 us/V
Vtpor Vpp rise time rate() /
100 | ms/V
. Width of filtered glitches on Vpp® (which A )
g(VDD) are not detected by the LVD)
1. Data based on characterization results, not tested in production.
12.3.3 Auxiliary voltage detector (AVD) thresholds
Subject to general operating condition for Vpp, fosc, and Ta.
Table 191. AVD thresholds
Symbol Parameter Cona'tions Min Typ Max @) Unit
Virsavo) 1:6) AVDF flag toggle threshold (Vpp 435 | 470 4.90
rise) Vv
Vir(avD) 0=4 AVDF flag toggle threshcld (V4 fall) 4.20 | 4.50 4.70
Vhyst(AVD) AVD voltage threshold h}’a;e[ebiq(z) V|T+(AVD)_V|T—(AVD) 200 mV
Voltage drop betwer A\'D flag set and
AVir. LVD reset activass Vir(avo) Vi) 450 mv
1. See Section 15.7: N axi'num values of AVD thresholds on page 366
2. Data based on cirarac.erization results, not tested in production.
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12.4 Supply current characteristics

The following current consumption specified for the ST7 functional operating modes over temperature
range does not take into account the clock source current consumption. To get the total device
consumption, the two current values must be added (except for Halt mode for which the clock is stopped).

12.4.1 Run and slow modes (Flash devices)

Table 192. Run and slow modes (Flash devices)

Symbol Parameter Conditions Typ Max® | Unit
Supply current in Run mode® fosc = 16 MHz, 12 18
(see Figure 132) fcpu = 8 MHz
Ibb 45V <Vpp<5.5V —‘ mA
Supply current in Slow mode(® fosc = 16 MHz, 5 )
(see Figure 133) fcpu = 500 kHz L

Data based on characterization results, tested in production at Vpp max. and fopy max.

Measurements are done in the following conditions:

- Program executed from RAM, CPU running with RAM access. The increase in consumption  vhon 2xecuting from Flash is
50%.

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

- All peripherals in reset state.

- LVD disabled.

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

- In Slow and Slow Wait mode, fcpy is based on fogc divided by 32.

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

Figure 132. Typical Ipp in RUN vs fepy

16.0 >
140 ]—

120 |

00
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. /
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00 r' ‘ ‘ ‘ ‘ ‘ ‘ .
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Fcpu Mhz

Idd \mA}
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Figure 133. Typical Ipp in SLOW vs fcpy

12.4.2 Wait and Slow Wait modes
Table 193. Wait and Slow Wait modes
Symbol Parameter Conditions Typ | Max® | unit
Supply current in Wait mode® lfoge = 16 MHz, \ 1
(see Figure 134) li~py = 8 MHzZ
lDD 45VSVDD555 / I‘ mA
Supply current in Slow Wait mode(® fosc = 16 MHz, 35 5

(see Figure 135)

fch =500 kHz

Data based on characterization results, tested in production &% Vpp max. and fgpy max.

Measurements are done in the following conditions:

- Program executed from RAM, CPU runninc w'th RAM access. The increase in consumption when executing from Flash is

50%.

- All I/O pins in input mode with a static value «t Vpp or Vgg (no load)
- All peripherals in reset state.
- LVD disabled.
- Clock input (OSC1) driven by 2xtoral square wave.
- In Slow and Slow Wait mc e, f .. is based on fygc divided by 32.

To obtain the total ci'm.on' cercumption of the device, add the clock source (Section 12.5.3) and the peripheral power

consumption.

Figure 134. Tyncal Ipp in Wait vs fepy

Fcpu Mhz
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12.4.3

12.4.4

Figure 135. Typical Ipp in Slow Wait vs fcpy

8
Fcpu Mhz
Halt and Active Halt modes
Table 194. Halt and Active Halt modes
Symbol Parameter Condititns Typ | Max | Unit
| 45°C < Tp < +85°C 10
Supply current in Halt mode®) Vpp = 3.0V 1 HA
Ibp -40°C < Tp < +125°C 50
Supply current in Active Halt mode? L,‘G MHz external clock 1|15 | mA

1. Al /O pins in push-pull output mode (wher app'.cable) with a static value at Vpp or Vgg (no load), PLL and
LVD disabled. Data based on characterization results, tested in production at Vpp max. and fcpy max.

2. All'l/O pins in input mode with a stav'c value at Vpp or Vgg. Tested in production at Vpp max and fcpy max
with clock input OSC1 drivei b, a» external square wave; Vpp applied on OSC2 to reduce oscillator
consumption. Consumptic. r.ay we slightly different with a quartz or resonator.

Supply and Zzinck managers

The previo is current consumption specified for the ST7 functional operating modes over
temperccure range does not take into account the clock source current consumption. To get
*thi2 total device consumption, the two current values must be added (except for Halt mode).

Table 195. Supply and clock managers

Symbol Parameter Conditions Typ | Max | Unit
Ipp(vpy | LVD supply current Halt mode 180 | 280
HA
lpp(pL) | PLL supply current Vpp =5V 700
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12.4.5 On-chip peripherals
Table 196. On-chip peripherals
Symbol Parameter Conditions Typ | Unit
Ipptivy | 16-bit Timer supply current() 50
IobarT) |ART PWM supply current® 75
Ipp(spy | SPIsupply current® fcpy = 8 MHz 400
Iooscyy | SCI supply current® Vpp = 5.0V | 400 | pA
Ioputc) | MTC supply current®) 500
Ippapc) |ADC supply current when converting(® fapc = 4 MHz 400 l
IpD(op-amp) | OP-amp supply current(”) fcpu = 8 MHz 150U |
— Il

1. Data based on a differential I measurement between reset configuration (timer counter r. nniny at
fcpuf4) and timer counter stopped (only TIMD bit set). Data valid for one timer.

2. Data based on a differential Ipp measurement between reset configuration (time: >tuoped) and timer
counter enable (only TCE bit set)

3. Data based on a differential Ip measurement between reset configuration {sSPI disabled) and a permanent
SPI master communication at maximum speed (data sent equal to 55h). 11is measurement includes the
pad toggling consumption.

4. Data based on a differential Ipp measurement between SC!' | w. power state (SCID = 1) and a permanent
SCI data transmit sequence.

5. Data based on a differential I measurement betwe 2r re5et configuration (motor control disabled) and the
whole motor control cell enable in speed measu-en.2rt mode. MCO outputs are not validated.

6. Data based on a differential I[pp measuren ent t etween reset configuration and continuous A/D
conversions.

7. Data based on a differential measu, =ment between reset configuration (op-amp disabled) and amplification
of a sinewave (no load, Ayc =1 Vg5 =5V).

125 Clock and uimning characteristics
Subjert w gerieral operating conditions for Vpp, foge, and Ty,
1251 Seneral timings
Table 197. General timings
Symbol Parameter Conditions Min Typ(l) Max | Unit
] ) 2 3 12 |tepy
teansT) Instruction cycle time
fepy = 8 MHz 250 375 | 1500 | ns
. Interrupt reaction time(® 10 22 |tcpy
IT —
VA tyam = AtegsT) * 10 fepy = 8 MHz 1.25 275 | ps

1. Data based on typical application software

2. Time measured between interrupt event and interrupt vector fetch. A te nsy is the number of tepy cycles
needed to finish the current instruction execution.
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12.5.2

12.5.3

External clock source

Table 198. External clock source

Symbol Parameter Conditions Min Typ Max Unit
Voscin | OSC1 input pin high level voltage 0.7 X Vpp Vpp
\%
VosciL | OSCL1 input pin low level voltage Vsg 0.3 X Vpp
twoscH) [ osc1 high or low time® See Figure 136 25
twosciL)
ns
%0sc1) | osc1 rise or fall time 5
tiosci)
I OSCx Input leakage current Vss<ViNS Vpp +1 1 HA

1. Data based on design simulation and/or technology characteristics, not tested in production.

Figure 136. Typical application with an external clock source

90%

VosciH | — — — — — — /
; | 10% |
\
! AV P
VosciL | - - I I
| |

rosca) tfoscy) LY(OSC1H) WiosciL)

External
clock source

B I I A

ST7FMC2S4-Auto
ST7FMC2S6-Auto

> fosc
I ST7FMC1K2-Auto
ST7FMC1K6-Auto

Crystal and ceramic resonator oscillators

The ST7 internal clock can be supplied with four different Crystal/Ceramic resonator
oscillators. All the information given in this paragraph are based on characterization results
with specified typical external components. In the application, 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. Refer to the crystal/ceramic resonator
manufacturer for more details (frequency, package, accuracy...).
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Table 199. Oscillator parameters

Symbol Parameter Conditions Min Typ Max Unit
fosc | Oscillator frequency® 4 16 MHz
Re Feedback resistor 92 kQ

Recommended load capacitance
C1 versus equivalent serial

Cio resistance of the crystal or
ceramic resonator (Rg)

See Table 200 below pF

1. When PLL is used, please refer to Table 201: PLL characteristics on page 323 and to Section 6: Supply,
reset and clock management on page 42 (fogc min. is 8 MHz with PLL).

Table 200. Examples of recommended references

f Typical ceramic resonators®
Supplier 0sC CL1[pF] CL2 [pF
(MHz) Reference
4 CSTCR4MO00G53-R0 ("5, (15)
Murata 8 CSTCE8MO00G52-R0 \10) (20)
16 CSTCE16M0V53-R0 (15) (15)
— |

1. Resonator characteristics given by the ceramic resonator n.a. uf7.cturer. For more information on these
resonators, please consult www.murata.com

Figure 137. Typical application with 2 crysta or ceramic resonator

When resonator with .
Integrated capacitors i2
Sem T T T fosc
‘ O~ 0oscC1
A L
‘ ] | Resonator Re — — ST7FMC1K2-Auto
' CLo ' - - ST7FMC1K6-Auto
— |l ! 0SC2 ST7FMC2S4-Auto
I | o [P * ST7FMC2S6-Auto
| & -\ -
|
|

J
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12.5.4

Clock security system with PLL

Table 201. PLL characteristics

Symbol Parameter Min Typ Max Unit
fosc PLL input frequency range 7 8 MHz
Outputfrequency Out|_out frequency when the PLL 16 MHz
attains lock
tLock PLL lock time (Locked = 1) 50 100 ps
Jitter Jitter in the output clock 2 %
CPU clock frequency when VCO is
fepu connected to ground (ICD internal 3 MHz
clock or back up oscillator)
Table 202. Clock detector characteristics
Symbol Parameter Min Typ | Max Unit
foetect Detected minimum input frequency 500(1) kHz
¢ Time needed to detect OSC1 (or 3 S
setup OSCIN) once CKD is enabled K
¢ Time needed to detect that OSC1 (0'—| 3 S
hold OSCIN) stops W
1. Data based on characterization results, nc' test :a in production.
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12.6

12.6.1
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Figure 138. PLL and clock detector signal start up sequence

OscC1

(or OSCIN)

|

PLLEN

(PLL and CKD) 16 MHz fyco = 6 MHz
PLL CLOCK

@)

|
|
| tIock ! !
—»
LOCK | y [
\ | PLL clock | |
2 SCI (or OSCIN clock |
CKSEL® | //9 ( )‘ | |
folk V|
@) | |
B /
/
7
CSSD | the! &
“——_—_ »
CSSIE® // }‘/

INTERRUPT // e\

| Symbol Parameter Conditions Min Typ Max Unit

Lock does not go low without resetting the PLLEN b'c.

Before setting the CKSEL bit by software in v Je - to switch to the PLL clock, a period of t, must have
elapsed.

2 clock cycles are missing after CKSEL = 1.
CKSEL bit must be set before erabiing the CSS interrupt (CSSIE = 1).

Memory characteristics

RAM and nardware registers

Tahie 203. RAM and hardware registers

Vrm | Data retention mode® | Halt mode (or reset) 1.6 \Y

Minimum Vpp supply voltage without losing data stored in RAM (in Halt mode or under RESET) or in
hardware registers (only in Halt mode). Not tested in production.
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12.6.2

12.7

12.7.1

Flash memory

Table 204. Dual voltage HDFlash memory

Symbol Parameter Conditions Min® | Typ | Max® | unit
Read mode 0 8
fcpy | Operating frequency MHz
Write/Erase mode 1 8
Vpp | Programming voltage® 45V<Vpp<55V | 11.4 12.6 v
Read (Vpp = 12V) 200
lpp | Vpp current®®)
Write/Erase 30 mA
typp | INnternal Vpp stabilization time 10 | Hs
T
Tp = 85°C 40 |
trer | Data retention Tp = 105°C 25 years
UV
Tp = 125°C 10
: ==
Nrw | Write erase cycles Ta = 25°C 20 cycles
Tprog | Programming or erasing -40 o5 85 oC

Terase | temperature range |

Data based on characterization results, not tested in prof*ic'icn

Vpp must be applied only during the programming o' eracing operation and not permanently for reliability
reasons.

Data based on simulation results, not teste d in j rcauction

In Write/Erase mode the Ipp supply current consumption is the same as in Run mode (Section 12.4.1: Run
and slow modes (Flash devices) o~ page 317)

EMC characteristics

Susceptibilit’ tosts are performed on a sample basis during product characterization.

Functional EMS (electro magnetic susceptibility)

Based on a simple running application on the product (toggling two LEDs through I/O ports),
the product is stressed by two electro magnetic events until a failure occurs (indicated by the
LEDs).

ESD: Electro-static discharge (positive and negative) is applied on all pins of the device
until a functional disturbance occurs. This test conforms with the IEC 1000-4-2
standard.

FTB: A Burst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100pF capacitor, until a functional disturbance occurs. This test conforms
with the IEC 1000-4-4 standard.

A device reset allows normal operations to be resumed. The test results are given in the
table below based on the EMS levels and classes defined in application note AN1709.
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Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical application
environment and simplified MCU software. It should be noted that good EMC performance is highly
dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and prequalification tests
in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e Corrupted program counter

® Unexpected reset

® Critical Data corruption (control registers...)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) car. Le 1eproduced by
manually forcing a low state on the RESET pin or the Oscillator pins for 1 seconr:.

To complete these trials, ESD stress can be applied directly on the device, ov2r *he range of specification
values. When unexpected behavior is detected, the software can be harder.2d to prevent unrecoverable
errors occurring (see application note AN1015).

Table 205. EMS test results

Symbol Parameter Conditions Level/class

VDD = 5V, TA N +25°C, fOSC =8 MHZ,

LvD OFF, 4A
Voltage limits to be applied Conforms to IEC 1000-4-2
VEesp |on any /O pinto induce a | ~lesh/ROI/ devices
functional disturbance ‘ Vpp = 5V, Ta = +25°C, fosc = 8 MHz,
LVD ON, 2B

Conforms to IEC 1000-4-2
VDD = 5V, TA = +25°C, fOSC =8 MHZ,

Fast transien: voltege burst

limits to be =pplied through Flighdgvipes Conforms to IEC 1000-4-4 A
Veerg | 1000F 02 Vpp and Vpp pins
te induce a functional ROM devices Vpp =5V, T = +25°C, fogc = 8 MHz, 3B
| aisturbance Conforms to IEC 1000-4-4
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12.7.2 Electro magnetic interference (EMI)

Based on a simple application running on the product (toggling two LEDs through the 1/O ports), the
product is monitored in terms of emission. This emission test is in line with the norm SAE J 1752/3 which
specifies the board and the loading of each pin.

Table 206. EMI emission(M(@)

. Max vs. [fosc/fcpu]
Symbol | Parameter Conditions Device/package Monitored Unit

frequency band | g1 \11, [ 16/8 MHZ
0.1 MHz to 30 MHz 8 6
Vpp - 5V, Ty = +25°C, 30 MHz to 130 MHz 8 12 dBupv
Semi | Peak level | conforming to Flash/LQFP64 |
SAE J 1752/3 130 MHz to 1 GHz 1 i e
SAE EMI Level 15 2R -

1. Data based on characterization results, not tested in production.
2. Refer to Application Note AN1709 for data on other package types.

12.7.3 Absolute maximum ratings (electrical sensitivity)

Based on three different tests (ESD, LU and DLU) using specific 'nazurement methods, the product is
stressed in order to determine its performance in terms of ele.cinicai sensitivity. For more details, refer to
the application note AN1181.

Electro-static discharge (ESD)

Electro-Static Discharges (a positive then a negative pulse separated by 1 second) are applied to the
pins of each sample according to each p.» co nbination. The sample size depends on the number of
supply pins in the device (3 parts*(r-1) £ 1ipply pin). Three models can be simulated: Human body model,
Machine model and Charged dav.c2 :nodel. This test conforms to the JESD22-A114A/A115A/C101-A
standard.

Table 207. ESD ahsolute maximum ratings

Symbol Ratings Conditions Maximum value® Unit
'_“E_SDWM) (Enl/ne:gq?r_fét?nﬂgdd;ffharge otace Ta=+25°C 200 v
vesoeon |Gty %% | mee

1. Data based on characterization results, not tested in production.
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Static and dynamic latch-up

LU: 3 complementary static tests are required on 10 parts to assess the latch-up
performance. A supply overvoltage (applied to each power supply pin) and a current
injection (applied to each input, output and configurable 1/0 pin) are performed on each
sample. This test conforms to the EIA/JESD 78 IC latch-up standard. For more details,
refer to the application note AN1181.

DLU: Electro-static discharges (one positive then one negative test) are applied to
each pin of three samples when the micro is running to assess the latch-up
performance in dynamic mode. Power supplies are set to the typical values, the
oscillator is connected as near as possible to the pins of the micro and the component
is put in reset mode. This test conforms to the IEC1000-4-2 and SAEJ1752/3
standards. For more details, refer to the application note AN1181.

Table 208. Electrical sensitivities

Symbol Parameter Conditions Cass®
LU Static latch-up class Ta=+25°C Sy A
P Tp = +125°C A

VDD =5.5V, fogc =4 MHz,

DLU Dynamic latch-up class Tp = +25°C

Class description: A Class is an STMicroelectronics interna, specification. All its limits are higher than the
JEDEC specifications, that means when a device belon 1s 1) Class A it exceeds the JEDEC standard. B
Class strictly covers all the JEDEC criteria (internati wn~! Ctandard).

J
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12.8 I/O port pin characteristics

12.8.1 General characteristics

Subject to general operating conditions for Vpp, fosc, and T, unless otherwise specified.

Table 209. General characteristics

Symbol Parameter Conditions Min Typ Max Unit

VL Input low level voltage CMOS ports 0.3x Vpp

ViH Input high level voltage 0.7 x Vpp

Vhys | Schmitt trigger voltage hysteresis(®) 1 Y,

Vi Input low level voltage G and H ports .6

V4 Input high level voltage 2.8 RN, ¢ \

Vhys Schmitt trigger voltage hysteresis(l) 409 mV
I,NJ(PW)(Z) Injected current on an 1/O Vpp =5V S +5/-2

mA

(2) | Total injected current (sum of all I/O

ZinaPing ™| and control pins) A
I Input leakage current Vss < ViN<Vnpn 7 *1
s | caah ot oot o 4P | Fioating inpur mode 200 .
Rpy Weak pull-up equivalent resistor(*) V,F\/_SS 50 90 250 kQ
Cio I/O pin capacitance 5 pF
tiaoyout | OUPUL high to low level fau_':nE@; C, = 50pF 25 N
tojput | Output low to high level e time(® Between 10% and 90% 25
twamyin | EXternal interrzgt sulse time® 1 tepu

Hysteresis voltage i etw een Schmitt trigger switching levels. Based on characterization results, not tested.

Iingpiny Must nevver be exceeded. This is implicitly insured if Vi maximum is respected. If Vi maximum cannot be
respeczed, te 'jestion current must be limited externally to the Iy(piy) Value. A positive injection is induced by Vi>Vpp
while a nzy2t /e injection is induced by V|y<Vgs. Refer to Section 1(2.2.2: Current characteristics on page 314 for more
details.

3. Corfigrration not recommended, all unused pins must be kept at a fixed voltage: using the output mode of the 1/O for
<xample or an external pull-up or pull-down resistor (see Figure 139). Static peak current value taken at a fixed Vy value,
Hased on design simulation and technology characteristics, not tested in production. This value depends on Vpp and
temperature values.

4. The Rpy pull-up equivalent resistor is based on a resistive transistor (corresponding Ipy current characteristics described in
Figure 140). This data is based on characterization results, tested in production at Vpp max.

5. Data based on characterization results, not tested in production.

To generate an external interrupt, a minimum pulse width has to be applied on an I/O port pin configured as an external
interrupt source.
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Figure 139. Two typical applications with unused I/O pin

Vop
ST7MC1K2-Auto
ST7MC1K6-Auto
ST7MC2S4-Auto
ST7MC2S6-Auto

Unused /O port

ST7MC1K2-Auto
ST7MC1K6-Auto
ST7MC2S4-Auto
ST7MC2S6-Auto

Unused /O port

1. 1/O can be left unconnected if it is configured as output (0 or 1) by the software. This has (e ar.vantage of
greater EMC robustness and lower cost.

Figure 140. Typical Ipy vs. Vpp with V|y = Vgg
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12.8.2 Output driving current

Subject to general operating conditions for Vpp, fosc, and T, unless otherwise specified.

Table 210. Output driving current

Symbol Parameter Conditions Min Max Unit
Output low level voltage for a standard lio = +5mA 1.2
I/O pin when 8 pins are sunk at same
time (see Figure 142) lio = +2mA 05
Vo o lio = +20mA, Ta < 85°C 1.3
Output low level voltage for a high sink 10~ A= :
/0 pin when 4 pins are sunk at same _ey|Ta285°C 15
timep(see Fi urg 143) Vop =3V v
9 lio = +8mA 0.6
Output high level voltage for an 1/O pin lio =-5mMA, TA<85°C | Vpp-1.4
Vou® | when 4 pins are sourced at same time Ta>85°C Vpp-1.€ |
(see Figure 144) lio = -2mA Vip.7
1. The l|g current sunk must always respect the absolute maximum rating specified in Sectir:: 1..2.2- Current characteristics

on page 314 and the sum of I, (/O ports and control pins) must not exceed lyss.

2. The | current sourced must always respect the absolute maximum rating specifieri n* Seciion 12.2.2: Current

characteristics on page 314 and the sum of |, (I/O ports and control pins) must . o1 2x.eed lypp.

Figure 142. Typical Vg at Vpp = 5V (standard)
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Figure 143. Typical Vg at Vpp = 5V (high-sink)
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Figure 144. Typical Vpp - Von at Vpp = 5V
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12.9

12.9.1

Subject to general operating conditions for Vpp, fogc, and Ty unless ofnierwise specified.

Control pin characteristics

Asynchronous RESET pin

Table 211. Asynchronous RESET pin

Symbol Parameter Ceaditions Min Typ Max | Unit
Vi Input low level voltage®) 0.3xVpp
Viy Input high level voltage™® 0.7xVpp
Vhys Schmitt trigger voltage hysmrb:is(z) 1 \%
3 lio = +5mA 0.5 1.2
VoL Output low leva! ‘ol age®® Vpp =5V
||O = +2mA 0.2 0.5
o Driving urrent on RESET pin 2 mA
Ron Nall pull-up equivalent resistor VN = Vss, Vpp = 5V 50 80 150 kQ
tyRSTL | Generated reset pulse duration Internal reset sources 30
. - us
threTLin | External reset pulse hold time®) 25
_ lgrsTuin | Filtered glitch duration®) 450 ns
1. Data based on characterization results, not tested in production.
2. Hysteresis voltage between Schmitt trigger switching levels.
3. The |,p current sunk must always respect the absolute maximum rating specified in Section 12.2.2: Current characteristics
on page 314 and the sum of I, (I/O ports and control pins) must not exceed lyss.
4. To guarantee the reset of the device, a minimum pulse has to be applied to the RESET pin. All short pulses applied on
RESET pin with a duration below thrsT)in can be ignored.
5. The reset network protects the device against parasitic resets.
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Figure 145. RESET pin protection when LVD is enabled D))

ST7MC1K2-Auto

Vbb
ST7MC1K6-Auto
ST7MC2S4-Auto
ST7MC2S6-Auto
I e
Required Optional ! Ron
External _ Filter

reset © i » Internal
reset

Pulse ﬁWatchdog
}47 generator —lllegal opcode®
%LVD reset

2
Jme-e

1. - The reset network protects the device against parasitic resets.
- The output of the external reset circuit must have an open-drain output to drive the ST7 reset pad. Otherw’se e device
can be damaged when the ST7 generates an internal reset (LVD, illegal opcode or watchdog).
- Whatever the reset source is (internal or external), the user must ensure that the level on the RESET i cén go below the
V). max. level specified in Section 12.9.1: Asynchronous RESET pin on page 332. Otherwise the re et ‘s not taken into
account internally. ]
- Because the reset circuit is designed to allow the internal RESET to be output in the RESC1 i, tne user must ensure
that the current sunk on the RESET pin is less than the absolute maximum value specified for |y yreseT) in Section 12.2.2:
Current characteristics on page 314.

2. When the LVD is enabled, it is recommended not to connect a pull-up resistor oi ~a,acitor. A 10nF pull-down capacitor is
required to filter noise on the reset line.

3. In case a capacitive power supply is used, it is recommended to connect a 11 1Q pull-down resistor to the RESET pin to
discharge any residual voltage induced by the capacitive effect of th : no.<¢ supply (this adds 5pA to the power
consumption of the MCU).

4. Tips when using the LVD:
A. Check that all recommendations related to ICCCLK and .=s<¢ circuit have been applied (see notes above)
B. Check that the power supply is properly decoupled (120nF + 10pF close to the MCU). Refer to AN1709 and AN2017. If
this cannot be done, it is recommended to put a 16OnF + 1MQ pull-down on the RESET pin.
C. The capacitors connected on the RESET piti and 1lso the power supply are key to avoid any start-up marginality. In
most cases, steps 1 and 2 above are sufficiet tor a robust solution. Otherwise: replace 10nF pull-down on the RESET pin
with a 5pF to 20uF capacitor.”

5. Please refer to Section 11.2.2: lli,gal cocode reset for more details on illegal opcode reset conditions
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Figure 146. RESET pin protection when LVD is disabled®
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1. - The reset network protects the device against parasitic resets.
- The output of the external reset circuit must have an open-drain output to drive the ST7 reset pad. Otherw’se e device
can be damaged when the ST7 generates an internal reset (LVD, illegal opcode or watchdog).
- Whatever the reset source is (internal or external), the user must ensure that the level on the RESET i cén go below the
V). max. level specified in Section 12.9.1: Asynchronous RESET pin on page 332. Otherwise the re et ‘s not taken into
account internally. ]
- Because the reset circuit is designed to allow the internal RESET to be output in the RESC1 i, tne user must ensure
that the current sunk on the RESET pin is less than the absolute maximum value specified for |y yreseT) in Section 12.2.2:
Current characteristics on page 314.

2. Please refer to Section 11.2.2: lllegal opcode reset on page 309 for more details an 'llegal opcode reset conditions

12.9.2  ICCSEL/NVpp pin

Subject to general operating conditions for Vpp, fc5c, 222 Tp unless otherwise specified.

Table 212. ICCSEL/Vpp pin

Symbol Parameter Conditions Min Max Unit
Vi Input low level voltage ¢ O Vss 0.2
Vin Input high level \oliage®® ICC mode entry Vpp-0.1 | 12.6 v
I Input ';‘a.'aj_e_k,urrent Vin = Vss +1 HA

1. Data based i, design simulation and/or technology characteristics, not tested in production.
2. Vppis a'sv used to program the Flash (refer to the Flash characteristics).

Figiire 117. Two typical applications with Vpp pin®

—

l
ICCSEL/Vpp - Vpp

N Prog;e;mmlng o >§V 9
— 10kQ

ST7MC1K2-Auto — ST7MC1K2-Auto
ST7MC1K6-Auto ST7MC1K6-Auto
ST7MC2S4-Auto ST7MC2S4-Auto
ST7MC2S6-Auto ST7MC2S6-Auto

1. When the ICC mode is not required by the application, the ICCSEL/Vpp pin must be tied to Vgg.
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12.10

12.10.1

12.10.2

Timer peripheral characteristics

Subject to general operating conditions for Vpp, fogc, and Ty unless otherwise specified.

Refer to Section 9: I/0O ports on page 78 for more details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output...).

8-bit PWM-ART auto-reload timer

Table 213. 8-bit PWM-ART auto-reload timer

Symbol Parameter Conditions Min Typ Max | Unit
1 tepy
tres(Pwim) | PWM resolution time
fepy = 8 MHz 125 | ns
fext | ART external clock frequency
— 0 ———ipu2| MHz
fowm | PWM repetition rate
Respywm | PWM resolution 8 bit
Vos |PWM/DAC output step voltage |Vpp =5V, Res = 8 bits —I— 20 mvV
16-bit timer
Table 214. 16-bit timer
Symbol Parameter Conditions Min Typ Max | Unit
twacapyin | INput capture pulse tin.2 1 tcpu
2 tcpu
tres(Pwim) | PWM resolutich tinie
fcpu =8 MHz 250 ns
fext | Timer ex.2inal clock frequency
= 0 fcpul/4 | MHz
fowr,  F'Wii repetition rate
Rezoww | PWM resolution 16 bit
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12.11 Communication interface characteristics

12.11.1 SPI - serial peripheral interface

Subject to general operating conditions for Vpp, fosc, and T, unless otherwise specified.

Refer to 1/0 port characteristics for more details on the input/output alternate function

characteristics (SS, SCK, MOSI, MISO).

Table 215. SPI characteristics

Symbol Parameter Conditions Min Max Unit
Master fepu/128 fepu/é
f fepy = 8 MHz 0.0625 2
; SCK | SPI clock frequency —=| MHz
1 tC(SCK) Slave 0 f(‘_i_'JI.’).
fcpy = 8 MHZz A

trsck) SPI clock rise and fall
tf(SCK) time

see Table 2 >n naye 23 for 1/0 port
p:n uescription

ns

tsu3s) | SS setup time( Slave (4> Tcpy) + 50
thas)™ | SS hold time Slave ; 120
Master 100
tw(sckH) | gk high and low time
tw(scky) Slave 90
Mastz 100
suM) | pata input setup time '
tSU(Sl) Slave 100
Master 100
) | pata input hold time:
th(sn Slave 100
Data output access
tas0) |gme P Slave 0 120
tais(ss) B;q\tea Jutput disable Slave 240
w;so) | Data output valid time 120
r—— Slave (after enable edge)
| ‘hso) |Data outputhold time 0
tymo) - | Data output valid time 120
Master (after enable edge)
thovoy | Data output hold time 0

1. Data based on design simulation and/or characterization results, not tested in production.

2. Depends on fcpy. For example, if fepy = 8 MHz, then Tepy = 1/fcpy = 125ns and tg,s5) = 550ns.
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Figure 148. SPI slave timing diagram with CPHA = o®
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Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.

When no communication is on-going the data output line of the SPI (MOSI in master moa :, MISO in slave mode) has its
alternate function capability released. In this case, the pin status depends on the I/(5 1 ort configuration.

Figure 149. SPI slave timing diagram with CPHA = 1D
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1. Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.

2. When no communication is on-going the data output line of the SPI (MOSI in master mode, MISO in slave mode) has its
alternate function capability released. In this case, the pin status depends on the 1/O port configuration.
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Figure 150. SPI Master timing diagram(l)
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Measurement points are done at CMOS levels: 0.3xVpp and' 2.7xVpp.

When no communication is on-going the data out:t line of the SPI (MOSI in master mode, MISO in slave mode) has its
alternate function capability released. In this cese, th.2 pin status depends of the I/O port configuration.
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12.12 Motor control characteristics

Subject to general operating conditions for Vpp, fogc, and Ty unless otherwise specified.

12.12.1 Internal reference voltage

Table 216. Internal reference voltage

Symbol Parameter Conditions Min Typ(l) Max | Unit

VR [2:0] = 000 Vpp*0.04

Voltage threshold (VR [2:0] = 000)
Example: Vpp - Vggp = 5V 0.2
VR [2:0] = 001 Vpp*0.12

Voltage threshold (VR [2:0] = 001) — oy
Example: Vpp - Vggp = 5V 0.6
VR [2:0] = 010 vm*o.:ﬂ_

Voltage threshold (VR [2:0] = 010) ——=
Example: Vpp - Vgga = 5V [ 1
VR [2:0] = 011 Vpp*0.3

VREF Voltage threshold (VR [2:0] = 011) v

Example: Vpp - Vgga = 5\ : 1.5
VR [2:0] = 100 Vpp*0.4

Voltage threshold (VR [2:0] = 100) "
Example: Vg, - fc3p =5V 2.0
VR [2.u= 101 Vpp*0.5

Voltage threshold (VR [2:0] = 101) —
Exampic: Vpp - Vgsa = 5V 2.5
VR [2:0] = 110 Vpp*0.7

Voltage threshold (VR [2:01 = 111)
Example: Vpp - Vgga = 5V 35

A Vgep/VRer | Tolerance on Ve - 2.5 10 %

1. Unless otherwise specified, tyj.ic2! data are based on T = 25°C and Vpp - Vgg = 5V. They are given only as design
guidelines and are net tecte!d
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12.12.2 Input stage (comparator + sampling)

Table 217. Input stage (comparator + sampling)

Symbol Parameter Conditions Min Typ Max Unit
Comparator input
VlN VOltage range VSSA 0.1 VDD +0.1 \%
Voitset | COmparator offset error 5 40 mvV
lofiset | INPUt offset current 1 HA
Comparator
tpropag propagation delay 35 100 ns
Time waited before sampling when
- . (2) | comparator is turned ON, that is,
tstartup | Start-up filter duration CKE = 1 or DAC = 1 3 ps
(Wlth prR”:)H =4 MHZ)
Time needed to generate a capture in
tachogenerator mode as soon as the A mtc
MCI input toggles

Time needed to capture MTIM in ;
MZREG (BEMF) when sampling |
during PWM signal OFF time as soen
as MCO becomes ON

3 Mfinte (see Figure 151)

Time needed to set restt fie HST bit
when sampling durit.g “WM signal
OFF time ac soun as MCO becomes
ON (B=Nir)

1/fntc (See Figure 151)

Tirae necded to generate Z event
(+A7"M captured in MZREG) as soon
| &3 the comparator toggles (when
sampling at fgcg)

1ifgcg + 3/ (see Figure 152)

. - 3 K
tsampling | Digital san.nlitig delay® [Time needed to generate D event
(MTIM captured in MDREG) as soon fgcp + 3/fmic (See Figure 152)
as the comparator toggles

Time needed to set/reset the HST bit
when sampling during PWM signal
ON time after a delay (DS > 0) as
soon as MCO becomes ON

Delay programmed in DS bits
(MCONF) + fipe
(see Figure 153)

Time needed to generate Z event

(MTIM in MZREG) when sampling Delay programmed in DS bits
during PWM signal ON time after a (MCONF) + 3/fipic
delay (DS > 0) as soon as MCO (see Figure 153)

becomes ON

Time needed to generate Z event
(MTIM captured in MZREG) when
sampling during PWM signal ON time
at fscg after a delay (DS > 0)

Delay programmed in DS bits
MCONF) + fscg + 3/
(see Figure 153)

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

3. This delay represents the number of clock cycles needed to generate an event as soon as the comparator output or MCO
outputs change.
Example: In tachogenerator mode, this means that capture is performed on the 4th clock cycle after comparator
commutation, that is, there is a variation of (1/f,c) or (1/fscg) depending on the case.

Figure 151. Example 1: waveforms for zero-crossing detection with sampling at the end of

PWM off-time
Sampling time

fmlc
MCOx j \ .
Comparator : : N
output —|-|—|—|-| \‘ X X
Sample : : N/
HST (MCRC) | .
MTIM A5 . X A6 \", A7
MZREG XX : X \ ) A5

Figure 152. Example 2: waveforms far zorc -crossing detection with sampling at fgcr

me LI 1L

fscr |

Comboera or
ou out —I-l-’-u

Sample : |

HST (MCRC) : \‘ ] .
MTIM A5 X " A6 X A7
MZREG XX X A6
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Figure 153. Example 3: Waveforms for zero-crossing detection with sampling after a delay
during PWM on-time

Sampling time
MCOXx ﬂ ' : .

Comparator I | | I |
output

Delay from DS bits

Sample <

HST (MCRC)

MTIM A5 X A6 I . A7

> (__

MZREG XX I ). A6

Figure 154. Example 4: Waveforms for zero-crossing detection with sampling
after a delay at fgcp

E Sampling time
fm'tc ) L I

fSCF : 7~ \ P _—I + : E L

MCOx !

Comparator
output _

Delay from DS bits

Senp= ¢

U U AN P

! HST (MCRC) ! ' X \A |

MTIM S X A6 X

A7 !

r?‘ [

MZREG ! XX
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Figure 155. Example 5: Waveforms for sensor HST update timing diagram for a newly
selected phase input

fmtc = 2 X fepy

fscr

write 1S[1:0] = 01

MCIx

Comparator
output

sample

HST (MCRC)

IS[1:0] (MPHST)

' E Sampling time

_ | /+ I_
1 T
al : )
AN
XX X F\\J I oi

Sampling of sensor input is 1ore at fgcp so after writing IS[1:0] in the MPHST register
for input selection, you havo te wait:

1) Ufee to resynchidnize the data and set the MCIx bit
2) 100ns correzunding to the comparator and multiplexer propagation delay (d)

3) l/fe g ‘0 samiple the comparator output
4) 1/ to resynchronize the data and set the HST bit

Example with fPERlPH = fth =4 MHz:

SCF[1:0] 00 01 10 11
fscr 1 MHz | 500 kHz | 250 kHz| 125 kHz
Secure waiting

time to read 2us 3us Sus 9us
HST
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12.12.3 Input stage (current feedback comparator and sampling)

Table 218. Input stage (current feedback comparator and sampling)

Symbol Parameter Conditions Min Typ Max Unit
Comparator input voltage
Vin rangg P 9 Vsga- 0.1 Vpp+0.1 | V
Voiset | Comparator offset error 5 40M mvV
loffset Input offset current 1 HA
Comparator propagation
thropag delay(l) 35 100 ns
Time waited before sampling ‘
when comparator is turned
tstartup Start-up filter duration® | ON, that is, CKE = 1 or 3 Hs
DAC = 1 (with
freriPH = 4 MHZ)

Time needed to turn OFF the
MCOs when comparator AlivuTe (see Figure 156)
output rises (CFF = 0)

Time between a comparatc*
toggle (current loop eventy |
and bit CL becoming et
t Digital sampling delay® (CFF=9)

sampling g Ping y Time needed 1 t.rn OFF the
MCQs whzn comparator
outsut 1'ses (CFF = x)

2/f\yrc (see Figure 156)

(1 +x) * (4fperipH) *+ (3/fmec)
(see Figure 157)

Time between a comparator

toggle (current loop event) (1 +x) * (4fperipn) + (MUfmec)
and bit CL becoming set (see Figure 157)
(CFF = x)

1. The comparator acc ir=.cy cepends on the environment. In particular, the following cases may reduce the accuracy of the
comparator and must e avoided:
Negative inj=<t o7 current on the 1/Os close to the comparator inputs
Switching 2n /Cz close to the comparator inputs
Negati ‘e injecuon current on not used comparator input (MCCFIO or MCCFI1)
Switei in with a high dV/dt on not used comparator input (MCCFIO or MCCFI1)
Thiexe hhenomena are even more critical when a big external serial resistor is added on the inputs.

“.  Tuis filter is implemented to wait for comparator stabilization and avoid any wrong information during start-up.

3. This delay represents the number of clock cycles needed to generate an event as soon as the comparator output changes.
Example: When CFF = 0 (detection is based on a single detection), MCO outputs are turned OFF at the 4th clock cycle
after comparator commutation, that is, there is a variation of (1 / f,c) or (4/fperipn) depending on the case.

J
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Figure 156. Example 1: Waveforms for overcurrent detection with current feedback filter OFF

Sampling time

ftc £ ; 4

Comparator
output k

Sample :
CL (MCRC) |
MCOx i

Figure 157. Example 2: Waveforms for overcurrent detection with current feerl. ack filter ON)

NS Sampling time
fnc mm LY ‘m}mm

;

T L

fPERIPHIA |

Comparator |E ‘ E :
output 1l \ :

Sample _I— - E l
CL (MCRC) ~0
MCOx N

1. CFF = 001 => 2 consecutive samples are needed to validate the overcurrent event.
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12.13  Operational amplifier characteristics

Subject to general operating conditions for fogc, and T, unless otherwise specified.

(Ta = -40 to +125°C, Vpp - Vggp = 4.5 to 5.5V unless otherwise specified)

Table 219. Operational amplifier characteristics

Symbol Parameter Conditions Min Typ | Max Unit
RL Resistive load (max 500pA @ 5V) 10 kQ
C. Capacitive load at Vot pin 150 pF

Vemir | Common mode input range Vssa Vpp/2 \Y,
v, |mput Oﬁf‘ﬁt voltage After calibration, V| =1V 25 | 1001 v
(+or-)
With respect to temperature 1350 uv/°c
Inp'ut offset voltage drift from the With respect to common mode 4
AVj, |calibrated voltage, temperature . | 1
conditions Input mv/iv
—
With respect to supply 3.10
CMR | Common mode rejection ratio HIGHGAIN = 0 @ 100 kHz 74 g
oA B
SVR | Supply voltage rejection ratio @ 100 kHz 504) 65
Ay | Voltage gain R, = 10kQ 1.5@| 12 vimv
Vv High level output saturation 60
SAT_OH
-~"voltage (Vpp - Vout)
bb_ TOUT R, = 10kQ 90@ | mv
Vv Low level output saturation 30
SAT_OL | yoltage |
_ _ HIGHGAIN = 0 24 4 | 6@
GBP | Gain bandwidth produ-t MHz
HIGHGAIN = 1 7@ | 11 | 154
HIGHGAIN =0
SR* | Slew rate wkile nsing (Ayel = 1, R, = 10kQ 1@ 2
C, = 150pF, V; = 1.75V to 2.75V)®)
 \ Vius
HIGHGAIN =0
SR | Slew rate while falling (AveL = 1, R = 10kQ 254 | 75
C_ = 150pF, V; = 1.75V to 2.75V)®)
I HIGHGAIN = 0 73
om Phase margin degrees
HIGHGAIN = 1 75
Wake-up time for the op-amp ®) 6)
Twakeup | from off state 0.8 1.6 us

1. After offset compensation has been performed.

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

The data are provided from simulations (not tested in production) to guide the user when re-calibration is needed.
Data based on characterization results, not tested in production.

Ayc = closed loop gain.

o g M w

The data are provided from simulations (not tested in production).

J
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12.14  10-bit ADC characteristics

Subject to general operating conditions for Vpp, fogc, and Ty unless otherwise specified.

Table 220. 10-bit ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Varer | Analog reference voltage 3 Vop \Y
fapc | ADC clock frequency 4 MHz
Van | Conversion voltage range® Vssa VAREF Y
Input leakage current for analog +1
input - |
likg — - A
Negative input leakage currenton |V|y<Vgg | )y |< 400pA 5 -
analog pins on adjacent analog pin v
Ran | External input impedance I see kQ
Cain | External capacitor on analog input i Flgl;rr:ad158 pF
Variation freq. of analog input ' Figure 159
fain signal )@ Hz
Capc | Internal sample and hold capacitor 6 pF
Conversion time (sample+hold) fepy = 8 MHz, 3.5 Us
i . i fADC =4 N7,
— Sample capacitor loading time | ADSTS it in MCCBCR 4 1
— Hold conversion time register = 0 10 ADC
tapc
Conversion time (sample+hold) I f~p,; = 8 MHz, 6.5 Hs
~{apc = 4 MHz
. . | 'ADC )
— Sample capacitor loading tme - ADSTS pitin MCCBCR 16 1
— Hold conversion time register = 1 10 ADC
Raree |Analog referencz inpuu resistor ‘ 11 ‘ kQ

When Vggp pins are ot available on the pinout, the ADC refer to Vgg.

Any added ~x erial serial resistor downgrades the ADC accuracy (especially for resistance greater than 10k€). Data
based on characicrization results, not tested in production.

3. CppxrsimiL sepresents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the pad
c2pacitance (3pF). A high CparasiTic Value downgrades conversion accuracy. To remedy this, fapc should be reduced.

4. This graph shows that depending on the input signal variation (fan), Can €an be increased for stabilization time and
decreased to allow the use of a larger serial resistor (Ray)-
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Figure 158. Ry max. vs fapc with Cay = OpF
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1. CparasiTic represents the capacitance of the PCB (dependent on soldering and PCB layout aLaly) plus
the pad capacitance (3pF). A high CparasiTic Value downgrades conversion accuracy. Tn i2mauy this,
fapc should be reduced.

Figure 159. Recommended Cpjy and Ran values

Max. Rain (Kohm)
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u.l
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—a— Cain 47 nF
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1. This 5.2 1 scws that depending on the input signal variation (fa;n), Can €an be increased for stabilization
time ard accreased to allow the use of a larger serial resistor (Ran)-
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12.14.1

12.14.2

Figure 160. Typical application with ADC

Vbp
Vr
0.6V
Rain Lainx 2kemax) | 0. pit AID
VaIN NN {1 * conversion 1
1 Can vV |
— 0.6V o Cadc
v *luA 6pF
DD —
T - E]VAREF —
Raer ST7MC1K2-Au'c |
— 0.1uF ST7TMC1K6 Auiu
A Vssa ST7MC2L 4~ utu
ST7M C2St Auw

Analog power supply and reference pins

Depending on the MCU pin count, the package mzv feeture separate Vager and Vgga
analog power supply pins. These pins supply ncwer to the A/D converter cell and function
as the high and low reference voltages fcr tre conversion. In some packages, Varer and
Vgga pins are not available (refer to Secton 2: Pin description on page 21). In this case the
analog supply and reference pads are internally bonded to the Vpp and Vgg pins.

Separation of the digital and anclog power pins allow board designers to improve A/D
performance. Conversic" accl';azy can be impacted by voltage drops and noise in the event
of heavily loaded or bialv decoupled power supply lines (see Section 12.14.2: General PCB
design guideline: on page 349).

Geneia! PCB design guidelines

Te obtain best results, some general design and layout rules should be followed when
a2siyning the application PCB to shield the noise-sensitive, analog physical interface from
inoise-generating CMOS logic signals.

® Use separate digital and analog planes. The analog ground plane should be connected
to the digital ground plane via a single point on the PCB.

®  Filter power to the analog power planes. It is recommended to connect capacitors, with
good high frequency characteristics, between the power and ground lines, placing
0.1pF and optionally, if needed 10pF capacitors as close as possible to the ST7 power
supply pins and a 1 to 10uF capacitor close to the power source (see Figure 161).

® The analog and digital power supplies should be connected in a star network. Do not
use a resistor, as Vargr is used as a reference voltage by the A/D converter and any
resistance would cause a voltage drop and a loss of accuracy.

® Properly place components and route the signal traces on the PCB to shield the analog
inputs. Analog signals paths should run over the analog ground plane and be as short
as possible. Isolate analog signals from digital signals that may switch while the analog
inputs are being sampled by the A/D converter. Do not toggle digital outputs on the
same I/O port as the A/D input being converted.
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Figure 161. Power supply filtering

110 10uF 10pF ST7MC1K2-Auto
0 M (if needed) O0.1yF | Vgg ST7MCIK6-Auto
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digital noise
T+ filtering I
A Vop
A4 & 'Y ]
Vop il
T,
Power -
supply . p
source (if needed) O.qu []VAREF
External +
noise

filterin
g A Vssa
® * ]

ADC accuracy with Vpp = 5.0V
Table 221. ADC accuracy with Vpp = 5.0V

Symbol Parameter Ccnditions Typ Max®) | Unit
|[Ef| | Total unadjusted error® o)l 4
|Eo| |Offset errort® 25 .
Eol | Gain error® VaRer = 3.0V 105.0V, fepu = 8 MHz, 5 LsB
|Ep| |Differential linearit / e.rr(_r(‘T fapc = MV QN 0
IE| |Integral linear'ty 2iior 2 o

1. Data based on :heracterization results, monitored in production to guarantee 99.73% within + max value
from -40°C .0 - 2Z°C (* 3o distribution limits).

2. ADC. accuracy vs. Negative injection current: Injecting negative current may reduce the accuracy of the
conv.rsion being performed on another analog input. The effect of negative injection current on analog
ps is specified in Section 12.14: 10-bit ADC characteristics on page 347. Any positive injection current

wi'hin the limits specified for ljpiny and Zlineiny in Section 12.8: 1/0 port pin characteristics on page 329
does not affect the ADC accuracy.
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Figure 162. ADC accuracy characteristics

A Digital result ADCDR
2023 b = m mm e (1) Example of an actual transfer curve
! (2) The ideal transfer curve
1022 — \Y -V ' . R
1LSB - DDA SSA ' (3) End point correlation line
1021 — IDEAL 1024 ' ) . -
' E+ = Total unadjusted error: maximum deviation
/§ . between the actual and the ideal transfer curves.
- : Eo = Offset error: deviation between the first actual
7 ' transition and the first ideal one.
' Eg = Gain error: deviation between the last ideal
6 ' transition and the last actual one.
5 X Ep = Differential linearity error: maximum deviation
4 ! between actual steps and the ideal one.
: E, = Integral linearity error: maximum deviation
3 ' between any actual transition and the enc pcint
5 . correlation line.
1+ :
; N L L L b Vi (LSBioen)
4 5 6 7 1021 1022 1023 1024
Vssa VAREF

1. ADC accuracy vs. Negative injection current:
For Iins. = 0.8mA, the typical leakage induced inside the die is 1.6pA and ti.e «:ffzct on the ADC accuracy is a loss of 4 LSB
for each 10KQ increase of the external analog source impedance. This eff~¢* .~ the ADC accuracy has been observed
under worst-case conditions for injection:
- negative injection
- injection to an input with analog capability, adjacent to the enavleu analog input
-at 5V Vpp supply, and worst case temperature.

Data based on characterization results with T, = 25°C.
3. Data based on characterization results over the whiale temperature range, monitored in production.
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13.1

13.2
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Package characteristics

ECOPACK®

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a Lead-free second level interconnect. The category of
second Level Interconnect is marked on the package and on the inner box label, in
compliance with JEDEC Standard JESD97. The maximum ratings related to soldering
conditions are also marked on the inner box label.

ECOPACK is an ST trademark. ECOPACK specifications are available at: www.st.com.

LQFP packages

The following pages contain the package drawings and mechanical data as wcil as the
thermal characteristics and soldering information for the 44- and 32-nia L P packages.
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13.2.1

LQFP44 package

Figure 163. 44-pin low profile quad flat package outline
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Table 222. 44-pin low profile quad flat packege nicchanical data

mm inches®
Dimension s
Minimum Typical T Maximum Minimum Typical Maximum

A 1.60 0.063
Al 0.05 X J:— ) 0.15 0.002 0.006
A2 1.33 1.40 1.45 0.053 0.055 0.057
b L (_3_0 0.37 0.45 0.012 0.015 0.018
4 0.09 0.20 0.004 0.000 0.008

\ D 12.00 0.472

b1 10.00 0.394
E 12.00 0.472
El 10.00 0.394
e 0.80 0.031
0 0° 3.5° 7° 0° 3.5° 7°
L 0.45 0.60 0.75 0.018 0.024 0.030
L1 1.00 0.039

Number of pins

N 44

1. Values in inches are converted from mm and rounded to 3 decimal digits.
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13.2.2 LQFP32 package

Figure 164. 32-pin low profile quad flat packag outline
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Table 223. 32-pin low profile quad flat packege nicchanical data

mm inches®
Dimension s
Minimum Typical T Maximum Minimum Typical Maximum

A 1.60 0.063
Al 0.05 X J:— ) 0.15 0.002 0.006
A2 1.35 1.40 1.45 0.053 0.055 0.057
b A 7 (TS_O 0.37 0.45 0.012 0.015 0.018
4 0.09 0.20 0.004 0.008

\ D 9.00 0.354

Ir \~ D1 7.00 0.276
E 9.00 0.354
E1l 7.00 0.276
e 0.80 0.031
0 0° 3.5° 7° 0° 3.5° 7°
L 0.45 0.60 0.75 0.018 0.024 0.030
L1 1.00 0.039

Number of pins

N 32

1. Values in inches are converted from mm and rounded to 3 decimal digits.

J

354/371




ST7MC1K2-Auto, ST7/TMC1K6-Auto, ST7TMC2S4-Auto, ST7TMC2S6-Auto Package characteristics

13.2.3

13.2.4

Thermal characteristics

Table 224. Thermal characteristics

Symbol Ratings Value Unit
Package thermal resistance (junction to ambient):
Rihia — LQFP44 10x10 68 °CIW
— LQFP32 7x7 80
T jmax Maximum junction temperature(%) 150 °C
Ppmax | Power dissipation® 500 mw

The maximum chip-junction temperature is based on technology characteristics.

The maximum power dissipation is obtained from the formula Pp = (T3 - Tp)/Rinja. The power dissipation »f
an application can be defined by the user with the formula: Pp = Pyt + PporT Where Py is the chir
internal power (Ipp X Vpp) and Pport is the port power dissipation depending on the ports use i I the
application.

Soldering information

In accordance with the RoHS European directive, all STMicrcelzcl-onics packages have
been converted to lead-free technology, named ECOPAC®.

ECOPACK® packages are qualified accordina to the s EDEC STD-020C compliant
soldering profile.

Detailed information on the STMicroelectrcnics ECOPACK® transition program is
available on www.st.com/stonline/icad'fre:e/, with specific technical application notes
covering the main technical aspets .elated to lead-free conversion (AN2033, AN2034,
AN2035, AN2036).

Forward compatibility

ECOPACK® LQFP pa-kayes are fully compatible with Lead (Pb) containing soldering
process (see apr'ication note AN2034)

Table 225. Zoldering compatibility (wave and reflow soldering process)

‘ Package Plating material devices Pb solder paste | Pb-free solder paste
X &
| LQFP 32 NiPdAu (Nickel-Palladium-Gold)
Yes Yes®
‘ LQFP 44 Sn (pure Tin)

1.

Assemblers must verify that the Pb-package maximum temperature (mentioned on the Inner box label) is
compatible with their Lead-free soldering process.
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14 ST7MCxxx-Auto device configuration and ordering
information

Each device is available for production in ROM versions and in user programmable versions (Flash) as
well as in factory coded versions (FASTROM). ST7TMC1K2-Auto and ST7MC2S4-Auto are ROM devices.
ST7PMC1K2-Auto, ST7TPMC2S4-Auto, ST7TPMC1K6-Auto, and ST7PMC2S6-Auto devices are factory
advanced service technique ROM (FASTROM) versions: They are programmed Flash devices.

ST7FMC1K2-Auto, STTFMC1K6-Auto, STTFMC2S4-Auto, and ST7FMC2S6-Auto Flash devices are
shipped to customers with a default content (FFh), while ROM/FASTROM factory coded parts contain the
code supplied by the customer. This implies that Flash devices have to be configured by the customer
using the option bytes while the ROM devices are factory-configured.

14.1 Flash option bytes

Table 226. Flash option bytes

Static option byte 0 Sta.’c option byte 1
7 6 5 4 3 2 1 0 7 (3 ‘ & 4 3 2 1 0
WDG d VD S) D:I ’KG MCO
= % th [DIV2| & —— Reserved
g SW O 1 0 14 o 2 1 0 1 0
s E T T T N T T N T S N T A A O T K RN NE T N1
value [

The option bytes allow the hardwar< ¢ figuration of the microcontroller to be selected. They have no
address in the memory map and van be accessed only in programming mode (for example using a
standard ST7 programmina .oc"). The default content of the Flash is fixed to FFh. This means that all the
options have ‘1’ as their a=fe.ult value.

Table 227. Opiion vyte 0

Bit Name Function

Watchdog and Halt mode
This option bit determines if a reset is generated when entering Halt mode while the
OPT7 WDG HALT Watchdog is active.
0: No reset generation when entering Halt mode
1: Reset generation when entering Halt mode

Hardware or software watchdog
This option bit selects the watchdog type.

0: Hardware (watchdog always enabled)
1: Software (watchdog to be enabled by software)

OPT6 WDG SW

Clock source selection.

OPT5 CKSEL 0: PLL clock selected®
1: Oscillator clock selected

J
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Table 227. Option byte 0 (continued)
Bit Name Function
\oltage detection
These option bits enable the voltage detection block (LVD, and AVD):
OPT4:3 VD[L:0] 00: Selected low voltage detector = LVD and AVD on
01: Selected low voltage detector = LVD on and AVD off
10: Selected low voltage detector = LVD and AVD off
11: Selected low voltage detector = LVD and AVD off
Reset clock cycle selection
This option bit selects the number of CPU cycles applied during the reset phase and
when exiting Halt mode. For resonator oscillators, it is advised to select 4096 due to the
OPT2 RSTC long crystal stabil?zation time.
0: Reset phase with 4096 CPU cycles
1: Reset phase with 256 CPU cycles
Note: When the PLL clock is selected (CKSEL = 0), the reset clock cvcle seiection is
forced to 4096 CPU cycles.
Divider by 2
OPT1 DIV2 1: DIV2 divider disabled with OSC1 (or OSCIN) = 8 NH~
0: DIV2 divider enabled (in order to have 8 MHz rcauired for the PLL with OSC1 (or
OSCIN) = 16 MHz))
Flash memory read-out protection
Readout protection, when selected nrovides a protection against program memory
content extraction and agairs: write access to Flash memory. This protection is based
on a read/write protection ¢f the memory in test modes and ICP mode. Erasing the
OPTO FMP R option bytes when the FMP_R option is selected causes the whole user memory to be
- erased first and the Jevice can be reprogrammed. Refer to the ST7 Flash
Programming Refei 2r ce Manual and Section 4.3.1: Read-out protection on page 34
for more dztells.
0: Pead-nut protection enabled
1: Read out protection disabled

1. Evenif PLL clock is zei2ci=4, a clock signal must always be present (refer to Figure 9: Clock, reset and supply
block diagram on paye «:3).

Table 228. OLtiun byte 1
— N

Bit Name Function
Package selection
! These option bits are used to select the device package:
OPT75 PKG[2:0] 000: Selected package = LQFP32
001: Selected package = LQFP44
011: Reserved
1xx: Reserved
OPT4:2 - Reserved
Motor control output options
MCO port under reset:
OPT1:0 MCO 00: Motor control output = HiZ
01: Motor control output = Low
10: Motor control output = High
11: Motor control output = HiZ
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14.2
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Device ordering information and transfer of customer code

The FASTROM or ROM contents are to be sent on diskette, or by electronic means, with the
hexadecimal file in .S19 format generated by the development tool. All unused bytes must
be set to FFh.

The selected options are communicated to STMicroelectronics using the correctly
completed option list appended.

Refer to application note AN1635 for information on the counter listing returned by ST after
code has been transferred.

The STMicroelectronics sales organization provides detailed information on contractual
points.

Table 229. Supported part numbers

Part number Program memory (bytes) RAM (bytes) | Temp. range | rackage
ST7FMC1K2TC 8K Flash 384
LQFP32
ST7FMC1K6TC 32K Flash 1024
ST7FMC2S4TC 16K Flash 768
e LQFP44
ST7FMC2S6TC 32K Flash 1024
ST7TMC1K2TC/xxx® 8K ROM 384 LQFP32
~\_ -40°C +125°C
ST7TMC2S4TC/xxx® 16K RON! 768 LQFP44
ST7PMC1K2TC/xxx(®) 8K FACTROM 384
LQFP32
ST7PMC1K6TC/xxx(®) 22K FASTROM 1024
ST7PMC2S4TC/xxx(®) 16X FASTROM 768
- LQFP44
ST7PMC2S6TC/xxx) | 32K FASTROM 1024

1. /xxx stands for he RUM or FASTROM code assigned by STMicrolectronics.
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ST7MCxxx-Auto device

(Last update: June 2006)

CUSIOMET oot

ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto, and ST7MC2S6-Auto microcontroller option list

Address:

Contact:

Phone No:  ...oooiiiiiiieie,

Reference/ROM or FASTROM code: ........cccoovirveiinennns

The ROM or FASTROM/ROM code name is assigned by STMicroelectronics.
ROM or FASTROM/ROM code must be sent in .S19 format. .Hex extension cannot be processed.

Device Type/Memory Size/Package (check only one option):

ROM 8K 16K 32K

LQFP32: [1ST7MC1K2

LQFP44: [1ST7MC2S4

FASTROM 8K 16K 32K

LQFP32: [1ST7PMC1K2 [1ST7PMC K6
LQFP44: [1ST7PMC2S4 [1ST7I'MC256

Conditioning for LQFP package (check only one option):

Temperature range:

Special marking:

[]1 Tape and Reel [1Tray

[1A (-40°C to +85°C)
[1C (-40°C to +125°C)

[1No T1VYES s

Authorized characters are letters, digits, ".", -, /' a. >~ spaces only.

MCO (motor control output
state under reset)

DIV2

CKSEL

Watchdog selecticn
Halt when watchdz * ¢n
Readout protecticn
LVD reset

AV inin ipt

(if L\' enauled)

Reset delay

Supply operating range iN the @PPIICALION: ........oo.ii ittt s ettt e bt e e b enbee s

LIS PO PPRPTTI

Date .

[1Fiz []Low

[T Disak!zd [ ] Enabled

1 ] Dsuit'ator clock []1PLL clock

[} Software activation [ ] Hardware activation
[]1Reset [1No reset

[]1 Disabled [1Enabled

[] Disabled [] Enabled

[ ] Disabled [1Enabled

[]1256 cycles [ 14096 cycles

" (10 char. max)

[1high
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14.3

14.3.1

14.3.2

14.3.3

360/371

Development tools

Development tools for the ST7 microcontrollers include a complete range of hardware
systems and software tools from STMicroelectronics and third-party tool suppliers. The
range of tools includes solutions to help you evaluate microcontroller peripherals, develop
and debug your application, and program your microcontrollers.

Starter kits

ST offers complete, affordable starter kits and full-featured that allow you to evaluate
microcontroller features and quickly start developing ST7 applications. Starter kits are
complete hardware/software tool packages that include features and samples to help you
quickly start developing your application.

Development and debugging tools

Application development for ST7 is supported by fully optimizing C con.c'le’s and the ST7
assembler-linker toolchain, which are all seamlessly integrated in the S 77 integrated
development environments in order to facilitate the debugging 2n1 1\ne-tuning of your
application. The Cosmic C Compiler is available in a free versicn that outputs up to 16K of
code.

The range of hardware tools includes full-featured S (7-EMU2B series emulators and the
low-cost RLink in-circuit debugger/programmer. Tiese tools are supported by the ST7
toolset from STMicroelectronics, which inc!ides ine STVD7 integrated development
environment (IDE) with high-level lanfuae r.ebugger, editor, project manager and
integrated programming interface.

Programming tools

During the development cycle, the ST7-EMU3 series emulators and the RLink provide in-
circuit programming capability for programming the Flash microcontroller on your application
board.

ST alsh wrovides a low-cost dedicated in-circuit programmer, the ST7-STICK, as well as
ST7 socket boards which provide all the sockets required for programming any of the
Gevices in a specific ST7 sub-family on a platform that can be used with any tool with in-
circuit programming capability for ST7.

For production programming of ST7 devices, ST’s third-party tool partners also provide a
complete range of gang and automated programming solutions, which are ready to integrate
into your production environment.
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Known limitations

14.3.4

14.3.5

15

15.1

15.2

Development tool order codes for the ST7TMCxxx-Auto family

Table 230. Development tool order codes for the ST7MCxxx-Auto family

MCU

Starter kit

Emulator

Programming tool

ST7MC1K2-Auto
ST7MC1K6-Auto

ST7MC2S4-Auto
ST7MC2S6-Auto

ST7MC1K2-Auto,
ST7MC1K6-Auto,
ST7MC2S4-Auto,
ST7MC2S6-Auto,
-KIT/BLDC

ST7MDT50-EMU3

ST7-STICKD@)
STX-RLINK®

1. Add suffix /EU, /UK or /US for the power supply for your region

2. Parallel port connection to PC

3. RLink with ST7 tool set

Package/socket footprint proposal

Table 231. Suggested list of socket types

Package/probe Socket Reference Emulator Adapter
LQFP32 7x7 IRONWOOD  SF-QFE32SA-L-01 !IRONWOOD  SK-UGA06/32A-01
LQFP44 10x10 YAMAICHI IC149-044-*52->5 rAMAICHI ICP-044-5

Known limitations

Flash/FASTROM ~¢cvices only

Two temperatur= versions are available with different limitations (see Table 232).

Table 222, Temperature version limitaions for Flash and FASTROM devices

Part number Limitation
|
I ST7FMC1K6TCE
Limitation corresponding to temperature version C
ST7FMC2S6TCE
ST7FMC1K2TCE
Limitation corresponding to temperature version A
ST7FMC2S4TCE

Clearing active interrupts outside interrupt routine

When an active interrupt request occurs at the same time as the related flag or interrupt
mask is being cleared, the CC register may be corrupted.
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15.3.1
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Concurrent interrupt context

The symptom does not occur when the interrupts are handled normally, that is, when:

® The interrupt request is cleared (flag reset or interrupt mask) within its own interrupt
routine

® The interrupt request is cleared (flag reset or interrupt mask) within any interrupt
routine

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

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

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

Example:
SIM
Reset flag or interrupt mask
RIM

Nested interrupt context

The symptom does not occur when the interrupts ar 2 iadled normally, that is, when:

® The interrupt request is cleared (flag reset r inwerrupt mask) within its own interrupt
routine.

® The interrupt request is cleared flag reset or interrupt mask) within any interrupt
routine with higher or identical priuiity level.

® The interrupt request is cleared (flag reset or interrupt mask) in any part of the code
while this interrupt i< disabled.
If these conditions are nut met, the symptom can be avoided by implementing the following
sequence:
Push CC
SV
Reset flag or interrupt mask
Pop CC

TIMD set simultaneously with OC interrupt

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

Impact on the application

If the output compare interrupt is enabled, then the output compare flag cannot be cleared
in the timer interrupt routine. Consequently the interrupt service routine is called repeatedly
and the application gets stuck which causes the watchdog reset if enabled by the
application.
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15.3.2

154

154.1

Workaround

Disable the timer interrupt before disabling the timer. While enabling, first enable the timer,
then enable the timer interrupts.

Perform the following to disable the timer

® TACR1 =0x00h; // Disable the compare interrupt.

® TACSR | = 0x40; // Disable the timer.

Perform the following to enable the timer again
® TACSR & = ~0x40; // Enable the timer.
® TACR1 = 0x40; // Enable the compare interrupt.

LINSCI limitations

LINSCI wrong break duration
SCl mode

A single break character is sent by setting and resetting the SBK bit in the SCICR2 register.
In some cases, the break character may have a lenger G'ration than expected:

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

In the same way, as long as the SBK hit is, set, break characters are sent to the TDO pin.
This may lead to generate one bre~k more than expected.

Occurrence

The occurrence of the prchlem is random and proportional to the baudrate. With a transmit
frequency of 1929 baud (fcpy = 8 MHz and SCIBRR = 0xC9), the wrong break duration
occurrence is a/9u.nd 1%.

Workeround

If 'n!5 wrong duration is not compliant with the communication protocol in the application,
sohware can request that an Idle line be generated before the break character. In this case,
the break duration is always correct assuming the application is not doing anything between
the idle and the break. This can be ensured by temporarily disabling interrupts.

The exact sequence is:

® Disable interrupts

® Reset and set TE (IDLE request)

® Setand reset SBK (break request)

® Re-enable interrupts

LIN mode

If the LINE bit in the SCICR3 is set and the M bit in the SCICR1 register is reset, the LINSCI
is in LIN master mode. A single break character is sent by setting and resetting the SBK bit
in the SCICR2 register. In some cases, the break character may have a longer duration than
expected:

® 24 bits instead of 13 bits
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Occurrence

The occurrence of the problem is random and proportional to the baudrate. With a transmit
frequency of 19200 baud (fcpy = 8 MHz and SCIBRR = 0xC9), the wrong break duration
occurrence is around 1%.

Analysis

The LIN protocol specifies a minimum of 13 bits for the break duration, but there is no
maximum value. Nevertheless, the maximum length of the header is specified as

(14 + 10 + 10 + 1) x 1.4 = 49 bits. This is composed of:

® The synch break field (14 bits).

® The synch field (10 bits).

o the identifier field (10 bits).

Every LIN frame starts with a break character. Adding an idle character increas=s thie 'ength
of each header by 10 bits. When the problem occurs, the header length is inwiecsed by 11
bits and becomes ((14 + 11) + 10 + 10 + 1) = 45 bhits.

To conclude, the problem is not always critical for LIN communication i1 the software keeps
the time between the sync field and the ID smaller than 4 bits, t1 a: is, 208us at 19200 baud.

Workaround

The workaround is the same as for SCI mode but ccrsiaering the low probability of
occurrence (1%), it may be preferable to keep tt e i 2ak generation sequence as it is.

15.4.2 Header time-out does not preven: wake-up from mute mode

Normally, when LINSCI is corfigurcd in LIN slave mode, if a header time-out occurs during a
LIN header reception (tha' is, header length > 57 bits), the LIN Header Error bit (LHE) is set,
an interrupt occurs to inZrm e application but the LINSCI should stay in mute mode,
waiting for the next head=: reception.

Problem descripiion

The LIN=C! sampling period is Thit/16. If a LIN Header time-out occurs between the 9th and
the 15t sample of the Identifier Field Stop Bit (refer to Figure 165), the LINSCI wakes up
“cri mute mode. Nevertheless, LHE is set and LIN header detection flag (LHDF) is kept
clcared.

In addition, if LHE is reset by software before this 15th sample (by accessing the SCISR
register and reading the SCIDR register in the LINSCI interrupt routine), the LINSCI
generates another LINSCI interrupt (due to the RDRF flag setting).

J
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Figure 165. Header reception event sequence

o AR T

! ' ' Al
. LINsynch ! LINsynch ! Identifier .
' break + field + field :
E‘ " Theader g

ID field STOP bit

Active mode is set
(RWU is cleared) RDF® flag is <et

Impact on application
Software may execute the interrupt routine twice after header iccopiion.

Moreover, in reception mode, as the receiver is no longer in mute mode, an interrupt is
generated on each data byte reception.

Workaround

The problem can be detected in the LINSZi intesrupt routine. In case of timeout error (LHE
is set and LHLR is loaded with 00h), ‘ne vc¢%ware can check the RWU bit in the SCICR2
register. If RWU is cleared, it can be sct by software. Refer to Figure 166. Workaround is
shown in bold characters.

Figure 166. LINSCI irterro ot routine

@interrupt vo.c L.NsCI_IT ( void ) /* LINSCI interrupt routine */

/* clecr flags */
CC2Sk_buffer SCISR;
SCILR buffer SCIDR;

if ( SCISR buffer & LHE )/* header error ? */

| {
if (!LHLR)/* header time-out? */
if ( ! (SCICR2 & RWU) )/* active mode ? */
_asm("sim");/* disable interrupts */
SCISR;
SCIDR;/* Clear RDRF flag */
SCICR2 |= RWU;/* set mute mode */
SCISR;
SCIDR;/* Clear RDRF flag */
SCICR2 |= RWU;/* set mute mode */
_asm("rim");/* enable interrupts */
}
1
1

Example using cosmic compiler syntax
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15.5

15.6

15.7

15.8

366/371

Missing detection of BLDC ‘Z event’

For a BLDC drive, the deadtime generator is enabled through the MDTG register (PCN =0
and DTE = 1). If the duty cycle of the PWM signal generated to drive the motor is lower than
the programmed deadtime, the Z event sampling is missing.

Workaround

The complementary PWM must be disabled by resetting the DTE bit in the MDTG register
(see Deadtime generator register (MDTG) on page 280).

As the current in the motor is very low in this case, the MOSFET body diode can be used.

Reset value of unavailable pins

On rev. A silicon versions, some ports (ports A, C and E) have fewer than eight mins. The
bits associated to the unavailable pins must always be kept at reset state.

Maximum values of AVD thresholds

On rev. A silicon versions, the maximum values of AVL il resholds are not tested in
production.

External interrupt missec

To avoid any risk if generating a pe.asitic interrupt, the edge detector is automatically
disabled for one clock cyc'e during an access to either DDR and OR. Any input signal edge
during this period is not ‘ietecied and an interrupt is not generated.

This case can typical'yv sccur if the application refreshes the port configuration registers at
intervals during ruume.

Workeio nd

Th& workaround is based on software checking the level on the interrupt pin before and after
vning to the PXOR or PXDDR registers. If there is a level change (depending on the
sensitivity programmed for this pin) the interrupt routine is invoked using the call instruction
with three extra push instructions before executing the interrupt routine (this is to make the
call compatible with the IRET instruction at the end of the interrupt service routine).

But detection of the level change does not make sure that edge occurs during the critical 1
cycle duration and the interrupt has been missed. This may lead to occurrence of same
interrupt twice (one hardware and another with software call).

To avoid this, a semaphore is set to '1' before checking the level change. The semaphore is
changed to level '0' inside the interrupt routine. When a level change is detected, the
semaphore status is checked and if it is '1' this means that the last interrupt has been
missed. In this case, the interrupt routine is invoked with the call instruction.

There is another possible case, that is, if writing to PXOR or PXDDR is done with global
interrupts disabled (interrupt mask bit set). In this case, the semaphore is changed to '1'
when the level change is detected. Detecting a missed interrupt is done after the global
interrupts are enabled (interrupt mask bit reset) and by checking the status of the
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semaphore. If it is '1' this means that the last interrupt was missed and the interrupt routine
is invoked with the call instruction.

To implement the workaround, the following software sequence is to be followed for writing
into the PxOR/PxDDR registers. The example is for Port PF1 with falling edge interrupt
sensitivity. The software sequence is given for both cases (global interrupt
disabled/enabled).

Case 1: Writing to PxOR or PxDDR with global interrupts enabled:

1D A, #01

ID sema,A; set the semaphore to '1'

LD A,PFDR

AND A, #02

LD X,A; store the level before writing to PxOR/PxDDR
1D A, #3590

LD PFDDR,A; Write to PFDDR

LD A, #S$ff

LD PFOR,A ; Write to PFOR

LD A,PFDR

AND A, #02

ID Y,A; store the level after writing to P::OR/>PxDDR
LD A,X; check for falling edge

cp A, #02

jrne OUT

TNZ Y

jrne OUT

LD A,sema; check the semaphorsc status if edge is detected
CP A,#01

jrne OUT

call call routine; c2ll the interrupt routine
OUT:LD A, #00

LD sema,A

.call rou-iae; entry to call routine

Push A

Puzh X

ruzh CC

.extl rt; entry to interrupt routine

LD A, #00

LD sema,A

IRET

Case 2: Writing to PxOR or PxDDR with global interrupts disabled:

SIM; set the interrupt mask

LD A, PFDR

AND A, #%$02

LD X,A; store the level before writing to PxOR/PxDDR
LD A,#$90

LD PFDDR,A; Write into PFDDR

LD A, #S$ff

LD PFOR,A ; Write to PFOR

LD A, PFDR

AND A, #%$02

LD Y,A; store the level after writing to PxOR/PxDDR
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LD A,X; check for falling edge

cp A, #3502

jrne OUT

TNZ Y

jrne OUT

1D A, #3501

LD sema,A; set the semaphore to 'l' if edge is detected
RIM ; reset the interrupt mask

LD A,sema; check the semaphore status
CP A,#501

jrne OUT

call call routine; call the interrupt routine
RIM

OUT:RIM

JP while loop

.call routine; entry to call routine
Push A

Push X

Push CC

.extl rt; entry to interrupt routine
LD A, #3500

LD sema,A

IRET

J
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Revision history

Table 233. Document revision history

Date

Revision

Changes

12-Jul-2007

Rev 1

Initial release

Principal differences between initial release of ST7TMCxxx-Auto
datasheet and ST7MCx, revision 11 dated 8 December 2006:
Changed document title on page 1

Changed root part numbers to ST7MC1K2-Auto, ST7MC1K6-Auto and
ST7MC2S4-Auto, ST7TMC2S6-Auto throughout document

Removed all references to the SDIP32, LQFP80, and LQFP64
packages thoughout document

Updated all references to LQFP44 and LQFP32 packa¢ies

Updated memory and RAM throughout documen. tc be specific to the
ST7MC1K2-Auto, ST7TMC1K6-Auto and ST7TMC?S.'-Auto, ST7TMC2S6-
Auto devices.

Updated temperatures ranges through . ducument to include only
versions A and C

Removed all references relafing to ‘standard and industrial’ from
document

Features on page 1: Chanyed number of 1/0 ports from 60 to 34 and
updated informat’or cr I/O ports and analog peripherals

Table 1: Device summary on page 19: Updated

Added fontnote to Table 2: Device pin description on page 23 indicating
that 1. is mandatory to connect all available Vpp and Vppp pins to the
supt ly voltage and all Vgg and Vggp pins to ground.

Cutput compare on page 111: Changed text of note 3 and removed
compare register i latch signal from Figure 49: Output compare timing
diagram, frjver = fcpu/4 on page 114

Section 13.2.4: Soldering information on page 355: Replaced
ECOPACK™ with ECOPACK®

Table 226 on page 356: Modified option byte 2

Table 229 on page 358: Modified table for automotive versions only

Added Section 15.3: TIMD set simultaneously with OC interrupt on
page 362 on the limitations of the 16-bit timer

Minor content differences between initial release of ST7MCxxx-Auto
datasheet and ST7MCX, revision 11 dated 8 December 2006:

Table 20: EICR register description on page 68: Updated ports to
include only those found on the LQFP32 and LQFP44 packages

SCI control register 1 (SCICR1) on page 171: Changed description of
bit 1 to reserved

Examples of LDIV coding on page 177: Modified example 3

Control register B (MCRB) on page 268 and Parity register (MPAR) on
page 285: Added footnote pertaining to pre-load bits

Table 209: General characteristics on page 329: Removed reference to
PD7

Table 220: 10-bit ADC characteristics on page 347: Amended
explanation of the parameter ljq
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Table 233. Document revision history

Date

Revision

Changes

12-Jul-2007

Rev 1

Minor content differences between initial release of ST7MCxxx-Auto
datasheet and ST7MCx, revision 11 dated 8 December 2006 (cont'd):
Added footnote to Table 222 and Table 223 on page 354

Section 13.2.4: Soldering information on page 355: Updated for Lead-
free soldering technology

Table 225: Soldering compatibility (wave and reflow soldering process)
on page 355: Added pure Tin for LQFP44 package

Updated ST7MC1K2-Auto, ST7TMC1K6-Auto, ST7TMC2S4-Auto, and
ST7MC2S6-Auto microcontroller option list on page 359

Updated Section 15.1: Flash/FASTROM devices only on page 251
Removed section ‘Injected current on PD7 on page 371’

Removed figure ‘Revision marking on box label and devicc n:arking on
page 374’

Editing and formatting differences between initia’ iclease of ST7MCxxx-
Auto datasheet and ST7MCXx, revision 11 dateu & December 2006:
Small text changes throughout docun-znt

Removed several tables that related to vit functioning and added
information to the following reg:te« tables: Table 5, Table 9, Table 13,
Table 14, Table 17, Table 20 Tabie 38, Table 40, Table 51, Table 56,
Table 65, Table 71, Tab'e 225, Table 136, Table 137, Table 138,

Table 142, Table 14« Tauie 160, Table 166, Table 173, Table 227,
Table 228.

Section 14..: Flush option bytes on page 356: Converted description of
option by*es 1 and 2 into tables

Sczcticn 15: Known limitations on page 361: Changed title
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