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ST72361

5 CENTRAL PROCESSING UNIT

5.1 INTRODUCTION

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

5.2 MAIN FEATURES

m Enable executing 63 basic instructions

m Fast 8-bit by 8-bit multiply

m 17 main addressing modes
addressing mode)

Two 8-bit index registers

16-bit stack pointer

Low power HALT and WAIT modes

Priority maskable hardware interrupts
Non-maskable software/hardware interrupts

(with  indirect

Figure 8. CPU Registers

5.3 CPU REGISTERS

The six CPU registers shown in Figure 8 are not
present in the memory mapping and are accessed
by specific instructions.

Accumulator (A)

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

Index Registers (X and Y)

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

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

Program Counter (PC)

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

7 0

RESET VALUE = XXh
7 0

RESET VALUE = XXh
7 0

RESET VALUE = XXh

[15 PCH 8|7 PCL 0

RESET VALUE = RESET VECTOR @ FFFEh-FFFFh
7 0

111 |n|H|10[N|Z]|C|

RESETVALUE=1 1 1 X 1 X X X

15 8|7 0]

RESET VALUE = STACK HIGHER ADDRESS

ACCUMULATOR

X INDEX REGISTER

Y INDEX REGISTER

PROGRAM COUNTER

CONDITION CODE REGISTER

STACK POINTER

X = Undefined Value

(574
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6 SUPPLY, RESET AND CLOCK MANAGEMENT

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 re-
ducing the number of external components. An
overview is shown in Figure 11.

For more details, refer to dedicated parametric
section.
Main features
m Optional PLL for multiplying the frequency by 2
m Reset Sequence Manager (RSM)
m Multi-Oscillator Clock Management (MO)
— 4 Crystal/Ceramic resonator oscillators
m System Integrity Management (SI)
— Main supply Low voltage detection (LVD)

— Auxiliary Voltage detector (AVD) with interrupt
capability for monitoring the main supply

Figure 11. Clock, Reset and Supply Block Diagram

6.1 PHASE LOCKED LOOP

If the clock frequency input to the PLL is in the
range 2 to 4 MHz, the PLL can be used to multiply
the frequency by two to obtain an foggo of 4 to 8
MHz. The PLL is enabled by option byte. If the PLL
is disabled, then foscz = fOSC/Z.

Caution: The PLL is not recommended for appli-
cations where timing accuracy is required. See
“PLL Characteristics” on page 187.

Figure 10. PLL Block Diagram
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/8000 l 8-BIT TIMER

MAIN CLOCK
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(AVD) |
L - - _ —_ —_ 1
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6.3 RESET SEQUENCE MANAGER (RSM)

6.3.1 Introduction

The reset sequence manager includes three RE-
SET sources as shown in Figure 2:

m External RESET source pulse

m Internal LVD RESET (Low Voltage Detection)
m Internal WATCHDOG RESET

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

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

The basic RESET sequence consists of three
phases as shown in Figure 1:
m Active Phase depending on the RESET source
m 256 or 4096 CPU clock cycle delay (selected by
option byte)
m RESET vector fetch
The 256 or 4096 CPU clock cycle delay allows the
oscillator to stabilize and ensures that recovery
has taken place from the Reset state. The shorter
or longer clock cycle delay should be selected by
option byte to correspond to the stabilization time
of the external oscillator used in the application.
The RESET vector fetch phase duration is two
clock cycles.

Figure 13. Reset Block Diagram

Figure 12. RESET Sequence Phases

RESET

INTERNAL RESET
256 or 4096 CLOCK CYCLES

FETCH

Active Phase VECTOR

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

6.3.2 Asynchronous External RESET pin

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

A RESET signal originating from an external
source must have a duration of at least t, rgy)in in
order to be recognized (see Figure 3). This detec-
tion is asynchronous and therefore the MCU can
enter reset state even in HALT mode.

Vbp
Ron
RESET «— [ | Filter [’bc > INTERNAL
le PULSE /L WATCHDOG RESET
I GENERATOR % LVD RESET
7777
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INTERRUPTS (Contd)

Table 9. Interrupt Mapping

Source _ Register | Priorit Exit Address
N® Block Description Lgbel Ordery Hf;?_'.}ln Vector

RESET Reset N/A yes | FFFEh-FFFFh

TRAP Software interrupt no |FFFCh-FFFDh
0 TLI External top level interrupt EICR Highest | Yes FFFAh-FFFBh
1 MCC/RTC | Main clock controller time base interrupt MCCSR | Priority | yes | FFF8h-FFF9h
2 ei0/AWUFH | External interrupt ei0/ Auto wake-up from Halt AV%IIUCC%R FFF6h-FFF7h
3 ei1/AVD External interrupt ei1/Auxiliary Voltage Detector SEIIggé yesz) FFF4h-FFF5h
4 ei2 External interrupt ei2 EICR FFF2h-FFF3h
5 ei3 External interrupt ei3 EICR FFFOh-FFF1h
6 not used FFEEh-FFEFh
7 not used FFECh-FFEDAh
8 SPI SPI peripheral interrupts SPICSR yes |FFEAh-FFEBh
9 TIMERS 8-bit TIMER peripheral interrupts T8_TCR1 no FFE8h-FFESh
10 TIMER16 16-bit TIMER peripheral interrupts TCR1 no FFE6h-FFE7h
11 LINSCI2 LINSCI2 Peripheral interrupts SCI2CR1 no FFE4h-FFE5h
12 LINSCIH LINSCI1 Peripheral interrupts (LIN Master/ SCI1CR1 v no® | FFE2h-FFESh

Slave) Lowest
13 | PWM ART | 8-bit PWM ART interrupts PWMCR | Priority | yes |FFEOh-FFE1h
Notes:

1. Valid for HALT and ACTIVE HALT modes except for the MCC/RTC interrupt source which exits from ACTIVE HALT
mode only.
2. Except AVD interrupt
3. Itis possible to exit from Halt using the external interrupt which is mapped on the RDI pin.

4
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INTERRUPTS (Contd)

7.6 EXTERNAL INTERRUPTS

7.6.1 1/0O Port Interrupt Sensitivity

The external interrupt sensitivity is controlled by
the 1Sxx bits in the EICR register (Figure 21). This
control allows 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:

m Falling edge

m Falling and rising edge
m Falling edge and low level

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). This means that interrupts must
be disabled before changing sensitivity.

The pending interrupts are cleared by writing a dif-
ferent value in the 1Sx[1:0] of the EICR.

ei0 INTERRUPT SOURCE

|

AWUFH

Oscillator / AWUPR

To Timer Input Captur§1

PBO
———1p
PB1
PB2 ei1 INTERRUPT SOURCE
PB3

ei2 INTERRUPT SOURCE

PDO
—PD1__ ",

FDZ ei3 INTERRUPT SOURCE

PD6

m Rising edge
Figure 21. External Interrupt Control Bits
PORT A [7:0] INTERRUPTS EICR
PAOR.O l: 1S00 | 1S01
PADDRO I_> SENSITIVITY
PAO |:I: ™ CONTROL
| I
I I
PORT B [5:0] INTERRUPTS EICR
PBOR.O I: IS10 | I1S11
PBDDR.0 »| SENSITIVITY
PBO [} ™ CONTROL
| R
| |
I
PORT C [2:1] INTERRUPTS EICR
PCOR.7 1S20 | 1S21
PCDDR7 SENSITIVITY
PC1 O > CONTROL
| |
PORT D [7:6, 4, 1:0] INTERRUPTS EICR
PDOR.O IS30 | 1831
PDDDR. :D
0 |_> SENSITIVITY
PDO > CONTROL
| [
I | —

|
PD7 2’%
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ON-CHIP PERIPHERALS (Cont'd)
10.3.3 Register Description

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

7 0

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

Bit 7 = EXCL External Clock

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

0: CPU clock.

1: External clock.

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

0: New transition not yet reached
1: Transition reached

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

7 0

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

fCOUNTER With f|NPUT=8 MHz| CC2 | CC1 | CCO
f|NPUT 8 MHz 0 0 0
lePUT /2 4 MHz 0 0 1
f|NPUT /4 2 MHz 0 1 0
f|NPUT/8 1 MHz 0 1 1
fnpuT/ 16 500 kHz 1]1o0]|o
f|NPUT /32 250 kHz 1 0 1
lePUT / 64 125 kHz 1 1 0
f|NPUT/ 128 62.5 kHz 1 1 1

Bit 3 = TCE Timer Counter Enable

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

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

Bit 2 = FCRL Force Counter Re-Load

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

Bit 1 = OIE Overflow Interrupt Enable

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

0: Overflow Interrupt disable.

1: Overflow Interrupt enable.

Bit 0 = OVF Overflow Flag

This bit is set by hardware and cleared by software
reading the ARTCSR register. It indicates the tran-
sition of the counter from FFh to the ARTARR val-
ue.

(574

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

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

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

7 0

AR7 | AR6 | AR5 | AR4 | AR3 | AR2 | ARf1 ARO

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

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

This register has two PWM management func-
tions:

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

PWM Frequency vs Resolution:

ARTARR . fowm
I Resolution
value Min Max
0 8-bit ~0.244 kHz | 31.25 kHz
[0..127] > 7-bit ~0.244 kHz 62.5 kHz
[128..191] > 6-bit ~0.488kHz | 125 kHz
[192..223] > 5-bit ~0.977 kHz | 250 kHz
[224..239 ] > 4-bit ~1.953kHz | 500 kHz
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16-BIT TIMER (Cont'd)
Figure 49. Counter Timing Diagram, Internal Clock Divided by 2

crucoek | LU U U UUUHUUUT L
INTERNAL RESET —|

TIMER CLOCK _I_I |_| |_| ﬂ ﬂ I_I I_I I_I_

\ FrFDf FrFE( FFFFY 0000 0001 Y 0002 Y0003}

COUNTER REGISTER

TIMER OVERFLOW FLAG (TOF) |

Figure 50. Counter Timing Diagram, Internal Clock Divided by 4

crucock  JUUUUL  JUUUUUUUU]
]

INTERNAL RESET

TIMER CLOCK |_| J |_|
;a

0000 X 0001

COUNTER REGISTER FFFCX FFFD

TIMER OVERFLOW FLAG (TOF) ‘

Figure 51. Counter Timing Diagram, Internal Clock Divided By 8

CPU CLOCK / ,

INTERNAL RESET -I

TIMER CLOCK ﬂ /
COUNTER REGISTER FFFC X FFFD X 0000

TIMER OVERFLOW FLAG (TOF)

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

4

74/225




ST72361

8-BIT TIMER (Cont’d)
Figure 59. Timer Block Diagram

| ST7 INTERNAL BUS |
fepu |
| A MCU-PERIPHERAL INTERFACE |
A ﬂk ﬂk
8 8 8 8 8
v
1/2 OUTPUT || OUTPUT INPUT INPUT
Ly 1 Ly CCUNTER 1l comPARE | | COMPARE || CAPTURE || CAPTURE
8 REGISTER REGISTER | | REGISTER || REGISTER | | REGISTER
1 2 1 2
fosco—p{1/8000 ALTERNATE Y
COUNTER 4
Zﬁ REGISTER > 8 8
ie
CC[1:0]
| TIMER INTERNAL BUS |
8 8
vV V
OVERFLOW
OUTPUT COMPARE —p| EDGE DETECT ¢——1 ICAP1
DETECT CIRCUIT CIRCUIT1 ;
CIRCUIT pin
|
i 6 » EDGEDETECT |¢— 1 jcap2
CIRCUIT2 pin
»>
LATCH1 ——»L1 OCMP1
y A 4 l A > pin
ICF1[OCF1| TOF [ICF2l0CF2TIMD| O | O >
(PontraI/Status RegisteR p| LATCH2 —»L1 OCMP2
CSs .
| pin
T 1 |
TOIE[FOLV2|FOLV1|OLVL2[IEDG1[OLVL1 OC1E|OC2E| OPM |PWM | CC1 | CCO |IEDG2| O
(Control Register 1) CR1 (Control Register 2) CR2
(See note)
TIMER INTERRUPT Note: If IC, OC and TO interrupt requests have separate vectors
then the last OR is not present (See device Interrupt Vector Table)

4
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8-BIT TIMER (Cont’d)
Figure 63. Input Capture Block Diagram

ICAP1 ¢ ¢ (Control Register 1) CR1
pin
5 p| EDGE DETECT| |EDGE DETECT ICIE IEDGH
ICAP2| | CIRCUIT2 CIRCUITA —
pin (Status Register) SR
IC2R Register IC1R Register ICF1 ICF2 0 0 0
A A *
8-bit (Control Register 2) CR2
8-bit  FREE RUNNING CCi [ cco |IEDG2
COUNTER

Figure 64. Input Capture Timing Diagram

TIMER CLOCK
COUNTER REGISTER 01 X 02 X 03 X
ICAPi PIN
ICAPi FLAG |

ICAPi REGISTER

Note: The rising edge is the active edge.

95/225
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SERIAL PERIPHERAL INTERFACE (cont'd)
10.6.3.2 Slave Select Management

As an alternative to using the SS pin to control the
Slave Select signal, the application can choose to
manage the Slave Select signal by software. This
is configured by the SSM bit in the SPICSR regis-
ter (see Figure 73).

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

In Master mode:
— SS internal must be held high continuously

Figure 72. Generic SS Timing Diagram

In Slave Mode:

There are two cases depending on the data/clock
timing relationship (see Figure 72):

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

— SS internal must be held low during the entire
transmission. This implies that in single slave
ef)pllcatlons the SS pin either can be tied to
Vg, or made free for standard 1/0 by manag-
mg the SS function by software (SSM = 1 and
SSI =0 in the in the SPICSR register)

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

— SS internal must be held low during byte
transmission and pulled high between each
byte to allow the slave to write to the shift reg-
ister. If SS is not pulled high, a Write Collision
error will occur when the slave writes to the
shift register (see Section 10.6.5.3).

MOSI/MISO Byte 1 Byte 2 Byte 3 *
Master SS / I N
Slave SS
(if CPHA = 0) \ /N / o\ /
Slave SS
(if CPHA = 1) \ /
Figure 73. Hardware/Software Slave Select Management
SSM bit
SSI bit _
I SS internal >
SS external pin
K’I 111/225
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SERIAL PERIPHERAL INTERFACE (cont'd)
10.6.6 Low Power Modes

the SPI from HALT mode state to normal state. If
the SPI exits from Slave mode, it returns to normal

Mode e SP?esc"'ptm" state immediately.
o effect on SPI. . )
WAIT | SPlinterrupt events cause the device to exit cH:lei!II'Orgc:)c-irehgnISyPit‘ fﬁ: SVY:\l/(ee gglégtes%ivéf?egt%rrn
fsr(;znr:z’f\sl;:::?zfrozen nal SS pin or the SSI bit in the SPICSR register) is
In HALT mode. the SPI i-s inactive. SPI oper- low when tI'_Ie qu|ce_enters HALT mode. So, if
ation resumes when the device is woken up Slave selection is configured as external (see Sec-
by an interrupt with “exit from HALT mode” tion 10.6.3.2una[<e sure the master drives a low
- o level on the SS pin when the slave enters HALT
capability. The data received is subsequently mode
HALT | read from the SPIDR register when the soft- )
ware is running (interrupt vector fetching). If 10.6.7 Interrupts
several data are received before the wake-
up event, then an overrun error is generated. Event Enable | Exit Exit
This error can be detected after the fetch of Interrupt Event Flag Control | from from
the interrupt routine that woke up the Device. Bit Wait Halt
SPI End of SPIF Yes
10.6.6.1 Using the SPI to wake up the device | ransfer Event
from Halt mode Master Mode MODE SPIE Yes
In slave configuration, the SPI is able to wake u Fault Even} No
g ) p
the device from HALT mode through a SPIF inter- Overya NI OVR

rupt. The data received is subsequently read from
the SPIDR register when the software is running
(interrupt vector fetch). If multiple data transfers
have been performed before software clears the
SPIF bit, then the OVR bit is set by hardware.

Note: When waking up from HALT mode, if the
SPI remains in Slave mode, it is recommended to
perform an extra communications cycle to bring

116/225

Note: The SPI interrupt events are connected to
the same interrupt vector (see Interrupts chapter).
They generate an interrupt if the corresponding
Enable Control Bit is set and the interrupt mask in
the CC register is reset (RIM instruction).
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LINSCI™ SERIAL COMMUNICATION INTERFACE (cont'd)

10.7.4 General Description — A conventional type for commonly-used baud
The interface is externally connected to another rates
device by two pins: — An extended type with a prescaler offering a very
— TDO: Transmit Data Output. When the transmit- wide range of baud rates even with non-standard
ter is disabled, the output pin returns to its /0 oscillator frequencies
port configuration. When the transmitter is ena- — A LIN baud rate generator with automatic resyn-
bled and nothing is to be transmitted, the TDO chronization

pin is at high level.

— RDI: Receive Data Input is the serial data input.
Oversampling techniques are used for data re-
covery by discriminating between valid incoming
data and noise.

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

— An Idle Line prior to transmission or reception
— A start bit
— A data word (8 or 9 bits) least significant bit first

— A Stop bit indicating that the character is com-
plete

This interface uses three types of baud rate gener-
ator:

4
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont'd)

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

7 0

TIE | TCIE | RIE | ILE | TE RE |Rrwu' | sBK"

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

Bit 7 = TIE Transmitter interrupt enable

This bit is set and cleared by software.

0: Interrupt is inhibited

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

Bit 6 = TCIE Transmission complete interrupt ena-

ble

This bit is set and cleared by software.

0: Interrupt is inhibited

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

Bit 5 = RIE Receiver interrupt enable

This bit is set and cleared by software.

0: Interrupt is inhibited

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

Bit 4 = ILIE Idle line interrupt enable

This bit is set and cleared by software.

0: Interrupt is inhibited

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

Bit 3 = TE Transmitter enable

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

0: Transmitter is disabled

1: Transmitter is enabled

Notes:

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

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

Bit 2 = RE Receiver enable

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

0: Receiver is disabled in the SCISR register

132/225

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

Bit 1 = RWU Receiver wake-up

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

0: Receiver in active mode

1: Receiver in mute mode

Notes:

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

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

Bit 0 = SBK Send break

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

0: No break character is transmitted

1: Break characters are transmitted

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

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

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

7 0

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

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

The TDR register provides the parallel interface
between the internal bus and the output shift reg-
ister (see Figure 1).

The RDR register provides the parallel interface
between the input shift register and the internal
bus (see Figure 1).

4
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont’d)

If LHE bit is set due to this error during Fields other
than LIN Synch Field or if LASE bit is reset then
the current received Header is discarded and the
SCI searches for a new Break Field.

Note on LIN Header Time-out Limit

According to the LIN specification, the maximum
length of a LIN Header which does not cause a
timeout is equal to 1.4*(34+1)=49

TBIT_MASTER:
TeiT_MmasTER refers to the master baud rate.

When checking this timeout, the slave node is de-
synchronized for the reception of the LIN Break
and Synch fields. Consequently, a margin must be
allowed, taking into account the worst case: This
occurs when the LIN identifier lasts exactly 10
TgiT MASTER Periods. In this case, the LIN Break
and Synch fields last 49 - 10 = 39TgT MASTER P€-
riods. -

Assuming the slave measures these first 39 bits
with a desynchronized clock of 15.5%. This leads
to a maximum allowed Header Length of:

39 x (1/0.845) TgiT masTER *+ 10TRIT MASTER

=56.15 Tgit_sLAvE

A margin is provided so that the time-out occurs
when the header length is greater than 57
TeiIT sLave periods. If it is less than or equal to 57
TeiT sLAvE periods, then no timeout occurs.

Figure 83. LIN Synch Field Measurement

LIN Header Length

Even if no timeout occurs on the LIN Header, it is
possible to have access to the effective LIN head-
er Length (Tyeaper) through the LHL register.
This allows monitoring at software level the
TeraME max condition given by the LIN protocol.

This feature is only available when LHDM bit = 1
or when LASE bit = 1.

Mute Mode and Errors

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

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

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

- A'valid LIN Break Field (at least 11 dominant bits
followed by a recessive bit)

- A valid LIN Synch Field (without deviation error)

- A LIN ldentifier Field without framing error. Note
that a LIN parity error on the LIN Identifier Field
does not prevent wake-up from mute mode.

- No LIN Header Time-out should occur during
Header reception.

Tcpy = CPU period

Tgr = Baud Rate period Tgr=16.LPR.Tcpy

SM = Synch Measurement Register (15 bits)

Ter
I ! ;
LIN Synch Break ! st rt| I LIN Synch Field Next
a I Start
—| 1/ Exay it | Bito Y Bit1 | Bit2 Y Bit3 Bit4+Bit5 Bit6 Y_Bit74 SI°P | Bt
77 P i | | o
) | |
| Megsurement = 8.Tgg = SM.Tcpy | |
1

|

LPR(n) : LPR(n+1)

LPR =Tgg/ (16.Tgpy) =

Rounding (SM / 128)
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Master/Slave) (Cont'd)

Table 24. LINSCI1 Register Map and Reset Values

Addr.
(Hex. Register Name 7 6 5 4 3 2 1 0
)
48 SCI1SR TDRE TC RDRF IDLE | OR/LHE NF FE PE
Reset Value 1 1 0 0 0 0 0 0
49 SCIHDR DR7 DR6 DR5 DR4 DR3 DR2 DR1 DRO
Reset Value - - - - - - - -
SCIHBRR SCP1 SCPO SCT2 | SCTH SCTO SCR2 SCR1 SCRO
4A | LPR (LIN Slave Mode) LPR7 LPR6 LPR5 LPR4 LPR3 LPR2 LPR1 LPRO
Reset Value 0 0 0 0 0 0 0 0
4B SCI1CR1 R8 T8 SCID M WAKE PCE PS PIE
Reset Value X 0 0 0 0 0 0 0
4C SCI1CR2 TIE TCIE RIE ILIE TE RE RWU SBK
Reset Value 0 0 0 0 0 0 0 0
4D SCI1CR3 LDUM LINE LSLV LASE LHDM LHIE LHDF LSF
Reset Value 0 0 0 0 0 0 0 0
SCHERPR ERPR7 | ERPR6 | ERPR5 | ERPR4 | ERPR3 | ERPR2 | ERPR1 | ERPRO
4E LHLR (LIN Slave Mode) LHL7 LHL6 LHL5 LHL4 LHL3 LHL2 LHLA1 LHLO
Reset Value 0 0 0 0 0 0 0 0
SCHETPR ETPR7 | ETPR6 | ETPR5 | ETPR4 | ETPR3 | ETPR2 | ETPR1 | ETPRO
4F LPFR (LIN Slave Mode) 0 0 0 0 LPFR3 | LPFR2 | LPFR1 | LPFRO
Reset Value 0 0 0 0 0 0 0 0
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12.4.2 On-Chip Peripherals
TA = 25°C, fCPU = 8 MHz.

Symbol Parameter Conditions Typ Unit
Ipprimy | 16-bit Timer supply current) o

Ipp(Tims) | 8-bit Timer supply current

IbparT) | ART PWM supply current) =5 R
Ippsply | SPI supply current® Vpp = 5.0V u
Ioescly | SCI supply current® 400

Iopapc) | ADC supply current when converting®)

Notes:

1. Data based on a differential Ipp measurement between reset configuration (timer counter running at fop/4) and timer
counter stopped (only TIMD bit set). Data valid for one timer.

2. Data based on a differential Ipp measurement between reset configuration (timer stopped) and timer counter enabled
(only TCE bit set).

3. Data based on a differential Ipp measurement between reset configuration (SPI disabled) and a permanent SPI master
communication at maximum speed (data sent equal to 55h).This measurement includes the pad toggling consumption.

4. Data based on a differential Ipp measurement between SCI low power state (SCID = 1) and a permanent SCI data
transmit sequence. Data valid for one SCI.

5. Data based on a differential Inpp measurement between reset configuration and continuous A/D conversions.
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CONTROL PIN CHARACTERISTICS (Cont'd)
Figure 112. RESET Pin Protection When LVD Is Enabled'?

ST72XXX

1+ Recommended: :Optional ON

Vbp
R
! '(note 2.2) INTERNAL
EXTERNAL . RESET
RESET i Filter >

)

: Py 1

\ L

MO é PULSE WATCHDOG
: < GENERATOR

LVD RESET

Figure 113. RESET Pin Protection When LVD Is Disabled"

PULSE
HGENERATOR — WATCHDOG

E CIRCUIT _L . . T ]

Required

__________________________

......... Vbb ST72XXX
1 VDD |
: : ' Ron
USER ' ' 47k INTERNAL
EXTERNAL e \ ) RESET
RESET ° ® r Filter >

Note 1:
1.1 The reset network protects the device against parasitic resets.
1.2 The output of the external reset circuit must have an open-drain output to drive the ST7 reset pad. Otherwise the
device can be damaged when the ST7 generates an internal reset (LVD or watchdog).
1.3 Whatever the reset source is (internal or external), the user must ensure that the level on the RESET pin can go below
the V. max. level specified in Section 12.10.1. Otherwise the reset will not be taken into account internally.
1.4 Because the reset circuit is designed to allow the internal RESET to be output in the RESET pin, the user must ensure
that the current sunk on the RESET pin (by an external pull-up for example) is less than the absolute maximum value
specified for I|NJ(RESET) in Section 12.2.2 on page 179.
Note 2:
2.1 When the LVD is enabled, it is mandatory not to connect a pull-up resistor. A 10nF pull-down capacitor is recommend-
ed to filter noise on the reset line.
2.2. In case a capacitive power supply is used, it is recommended to connect a1 MW pull-down resistor to the RESET pin
to discharge any residual voltage induced by this capacitive power supply (this will add 5pA to the power consumption of
the MCU).
2.3. Tips when using the LVD:
— 1. Check that all recommendations related to reset circuit have been applied (see notes above)
— 2. Check that the power supply is properly decoupled (100nF + 10pF close to the MCU). Refer to AN1709. If this
cannot be done, it is recommended to put a 100nF + 1MW pull-down on the RESET pin.
— 3. The capacitors connected on the RESET pin and also the power supply are key to avoiding any start-up margin-
ality. In most cases, steps 1 and 2 above are sufficient for a robust solution. Otherwise: Replace 10nF pull-down on
the RESET pin with a 5uF to 20uF capacitor.
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14 DEVICE CONFIGURATION AND ORDERING INFORMATION

Each device is available for production in user pro-
grammable versions (FLASH) as well as in factory
coded versions (ROM/FASTROM).

ST72361 devices are ROM versions. ST72P361
devices are Factory Advanced Service Technique
ROM (FASTROM) versions: They are factory-pro-
grammed HDFlash devices.

ST72F361 FLASH devices are shipped to custom-
ers with a default content (FFh), while ROM facto-
ry 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-config-
ured.

14.1 FLASH OPTION BYTES

The option bytes allows the hardware configura-
tion of the microcontroller to be selected. They
have no address in the memory map and can be
accessed only in programming mode (for example
using a standard ST7 programming tool). The de-
fault content of the FLASH is fixed to FFh. To pro-
gram directly the FLASH devices using ICP,
FLASH devices are shipped to customers with a
reserved internal clock source enabled. In masked
ROM devices, the option bytes are fixed in hard-
ware by the ROM code (see option list).

OPTION BYTE 0

OPT7 = WDGHALT Watchdog reset on HALT
This option bit determines if a RESET is generated
when entering HALT mode while the Watchdog is

active.
0: No Reset generation when entering Halt mode
1: Reset generation when entering Halt mode

OPT6 = WDGSW Hardware or software watchdog
This option bit selects the watchdog type.

0: Hardware (watchdog always enabled)

1: Software (watchdog to be enabled by software)

OPT5 = Reserved, must be kept at default value.

OPT4 = LVD Voltage detection
This option bit enables the voltage detection block
(LVD).

Selected Low Voltage Detector vD
LVD Off 1
LVD On 0

OPT3 = PLL OFF PLL activation

This option bit activates the PLL which allows mul-
tiplication by two of the main input clock frequency.
The PLL is guaranteed only with an input frequen-
cy between 2 and 4 MHz.

0: PLL x2 enabled

1: PLL x2 disabled

Caution: The PLL can be enabled only if the “OSC
RANGE” (OPT11:10) bits are configured to “MP -
2~4 MHZz". Otherwise, the device functionality is
not guaranteed.

STATIC OPTION BYTE 0

~

STATIC OPTION BYTE 1
7

o

WDG PKG

AFI_MAP | OSCTYPE | OSCRANGE

LVD

HALT
SW
Reserved
PLLOFF

FMP_R

Reserved
RSTC

1 0 1

De-
fault(*)

g
g
—_
—_
—_
—_
—_

—_

o
-
-
-
-

(*): Option bit values programmed by ST
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16 IMPORTANT NOTES

16.1 ALL DEVICES

16.1.1 RESET Pin Protection with LVD Enabled

As mentioned in note 2 below Figure 112 on page
199, when the LVD is enabled, it is recommended
not to connect a pull-up resistor or capacitor. A
10nF pull-down capacitor is required to filter noise
on the reset line.

16.1.2 Clearing Active
Interrupt Routine

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

Concurrent interrupt context
The symptom does not occur when the interrupts
are handled normally, that is, when:

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

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

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

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

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

Example:
SIM
reset flag or interrupt mask
RIM

Nested interrupt context

The symptom does not occur when the interrupts
are handled normally, that is, when:

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

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

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

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

PUSH CC

Interrupts Outside
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SIM
reset flag or interrupt mask
POP CC

16.1.3 External Interrupt Missed

To avoid any risk of generating a parasitic inter-
rupt, the edge detector is automatically disabled
for one clock cycle during an access to either DDR
and OR. Any input signal edge during this period
will not be detected and will not generate an inter-
rupt.

This case can typically occur if the application re-
freshes the port configuration registers at intervals
during runtime.

Workaround

The workaround is based on software checking
the level on the interrupt pin before and after writ-
ing to the PxOR or PxDDR registers. If there is a
level change (depending on the sensitivity pro-
grammed for this pin) the interrupt routine is in-
voked 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 ensure 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 in-
terrupt 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 dis-
abled (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 (inter-
rupt mask bit reset) and by checking the status of
the semaphore. If it is '1' this means that the last
interrupt was missed and the interrupt routine is in-
voked with the call instruction.

To implement the workaround, the following soft-
ware sequence is to be followed for writing into the
PxOR/PxDDR registers. The example is for Port
PF1 with falling edge interrupt sensitivity. The
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IMPORTANT NOTES (Cont'd)

16.1.5 Header Time-out Does Not Prevent
Wake-up from Mute Mode

Normally, when LINSCI is configured in LIN slave
mode, if a header time-out occurs during a LIN
header reception (that is, header length > 57 bits),
the LIN Header Error bit (LHE) is set, an interrupt
occurs to inform the application but the LINSCI
should stay in mute mode, waiting for the next
header reception.

Problem Description

The LINSCI sampling period is Tbit/ 16. If a LIN
Header time-out occurs between the 9th and the
15th sample of the Identifier Field Stop Bit (refer to
Figure 130), the LINSCI wakes up from mute
mode. Nevertheless, LHE is set and LIN Header
Detection Flag (LHDF) is kept cleared.

In addition, if LHE is reset by software before this
15th sample (by accessing the SCISR register and

Figure 130. Header Reception Event Sequence

reading the SCIDR register in the LINSCI interrupt
routine), the LINSCI will generate another LINSCI
interrupt (due to the RDRF flag setting).

Impact on application

Software may execute the interrupt routine twice
after header reception.

Moreover, in reception mode, as the receiver is no
longer in mute mode, an interrupt will be generat-
ed on each data byte reception.

Workaround

The problem can be detected in the LINSCI inter-
rupt routine. In case of timeout error (LHE is set
and LHLR is loaded with 00h), the software can
check the RWU bit in the SCICR2 register. If RWU
is cleared, it can be set by software. Refer to Fig-
ure 131 on page 221. Workaround is shown in
bold characters.

' LINSynch ' LINSynch , Identifier
' Break . Field + | Field :
< : : >
. THEADER -

ID field STOP bit

Active mode is set

(RWU is cleared) RDREF flag is set
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