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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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23 14 11
PB6 / AIN2 / 
T16_OCMP1

I/O CT X X RB X X Port B6
TIM16 Out-
put Com-
pare 1

ADC Analog 
Input 2

24 15 - VSS_2 S Digital Ground Voltage

25 16 - VDD_2 S Digital Main Supply Voltage

26 17 12
PB7 /AIN3 / 
T16_OCMP2

I/O CT X X RB X X Port B7
TIM16 Out-
put Com-
pare 2

ADC Analog 
Input 3

27 18 13
PC0 / AIN4 / 
T16_ICAP1

I/O CT X X RB X X Port C0
TIM16 Input 
Capture 1

ADC Analog 
Input 4

28 19 14 PC1 (HS) / T16_ICAP2 I/O CT HS X ei2 X X Port C1 TIM16 Input Capture 2

29 20 15
PC2 (HS) / 
T16_EXTCLK

I/O CT HS X ei2 X X Port C2 TIM16 External Clock input

30 21 - PE4 I/O TT X X X X Port E4

31 - - NC Not Connected

32 22 16 VPP I
Flash programming voltage. Must be 
tied low in user mode. 

33 23 17 PC3 / CANRX I/O CT X X X X Port C3 CAN Receive Data Input

34 24 18 PC4 / CANTX I/O CT X X2) Port C4 CAN Transmit Data Output

35 - - PE5 I/O TT X X X X Port E5

36 25 - PE6 / AIN5 I/O TT X X X X X Port E6 ADC Analog Input 5

37 26 19 PC5 /MISO I/O CT X X X X Port C5 SPI Master In/Slave Out

38 27 20 PC6 / MOSI I/O CT X X X X Port C6 SPI Master Out/Slave In

39 28 21 PC7 /SCK I/O CT X X X X Port C7 SPI Serial Clock

40 - - VSS_1 S Digital Ground Voltage

41 - - VDD_1 S Digital Main Supply Voltage

42 29 22 PD0 / SS/ AIN6 I/O CT X ei3 X X X Port D0
SPI Slave 
Select

ADC Analog 
Input 6

43 - - PE7 I/O TT X X X X Port E7

44 - - PF0 I/O TT X X X X Port F0

45 30 - PF1 / AIN7 I/O TT X X X X X Port F1 ADC Analog Input 7

46 31 - PF2 / AIN8 I/O TT X X X X X Port F2 ADC Analog Input 8

47 32 23 PD1 / SCI1_RDI I/O CT X ei3 X X Port D1
LINSCI1 Receive Data in-
put

48 33 24 PD2 / SCI1_TDO I/O CT X X X X Port D2
LINSCI1 Transmit Data 
output

49 - - PF3 / AIN9 I/O TT X X X X X Port F3 ADC Analog Input 9

50 - - PF4 I/O TT X X X X Port F4

51 - - TLI I CT X X Top level interrupt input pin

52 34 - PF5 I/O TT X X X X Port F5

53 35 25 PD3 (HS) / SCI2_SCK I/O CT HS X X X X Port D3
LINSCI2 Serial Clock Out-
put

Pin n°

Pin Name

T
yp

e

Level Port Main
function

(after
reset)

Alternate function

L
Q

F
P

64

L
Q

F
P

44

L
Q

F
P

32

In
p

u
t

O
u

tp
u

t Input Output

fl
o

at

w
p

u

in
t

an
a

O
D

P
P

bso
lete Product(

s) 
- O

bso
lete Product(

s)
9/265



ST72561

    
  O
CENTRAL PROCESSING UNIT (Cont’d)

Condition Code Register (CC) 
Read/Write

Reset Value: 111x1xxx

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

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

Arithmetic Management Bits

Bit 4 = H Half carry.

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

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

This bit is tested using the JRH or JRNH instruc-
tion. The H bit is useful in BCD arithmetic subrou-
tines.

Bit 2 = N Negative.

This bit is set and cleared by hardware. It is repre-
sentative of the result sign of the last arithmetic, 
logical or data manipulation. It’s a copy of the re-
sult 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 instruc-
tions.

Bit 1 = Z Zero. 

This bit is set and cleared by hardware. This bit in-
dicates that the result of the last arithmetic, logical 
or data manipulation is zero.
0: The result of the last operation is different from 

zero.
1: The result of the last operation is zero.

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

Bit 0 = C Carry/borrow.
This bit is set and cleared by hardware and soft-
ware. It indicates an overflow or an underflow has 
occurred during the last arithmetic operation.
0: No overflow or underflow has occurred.
1: An overflow or underflow has occurred.

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

Interrupt Management Bits

Bit 5,3 = I1, I0 Interrupt 

The combination of the I1 and I0 bits gives the cur-
rent interrupt software priority. 

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

See the interrupt management chapter for more 
details.

7 0

1 1 I1 H I0 N Z C

Interrupt Software Priority I1 I0
Level 0 (main) 1 0
Level 1 0 1
Level 2 0 0
Level 3 (= interrupt disable) 1 1
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INTERRUPTS (Cont’d)

7.3 INTERRUPTS AND LOW POWER MODES

All interrupts allow the processor to exit the WAIT 
low power mode. On the contrary, only external 
and other specified interrupts allow the processor 
to exit from the HALT modes (see column “Exit 
from HALT” in “Interrupt Mapping” table). When 
several pending interrupts are present while exit-
ing HALT mode, the first one serviced can only be 
an interrupt with exit from HALT mode capability 
and it is selected through the same decision proc-
ess shown in Figure 18.

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

7.4 CONCURRENT & NESTED MANAGEMENT

The following Figure 19 and Figure 20 show two 
different interrupt management modes. The first is 
called concurrent mode and does not allow an in-
terrupt to be interrupted, unlike the nested mode in 
Figure 20. The interrupt hardware priority is given 
in this order from the lowest to the highest: MAIN, 
IT4, IT3, IT2, IT1, IT0, TLI. The software priority is 
given for each interrupt.

Warning: A stack overflow may occur without no-
tifying the software of the failure.

Figure 19. Concurrent Interrupt Management 

Figure 20. Nested Interrupt Management 
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I/O PORTS (Cont’d)

Figure 32. I/O Port General Block Diagram

Table 12. I/O Port Mode Options

Legend: NI - not implemented 
Off - implemented not activated 
On - implemented and activated 

 

Note: The diode to VDD is not implemented in the 
true open drain pads. A local protection between 
the pad and VSS is implemented to protect the de-
vice against positive stress.

Configuration Mode Pull-Up P-Buffer
Diodes

to VDD to VSS

Input
Floating with/without Interrupt Off

Off
On

On
Pull-up with/without Interrupt On

Output
Push-pull

Off
On

Open Drain (logic level) Off
True Open Drain NI NI NI (see note)

DR

DDR

ORD
A

T
A

 B
U

S

PAD

VDD

ALTERNATE
ENABLE

ALTERNATE
OUTPUT

1

0

OR SEL

DDR SEL

DR SEL

PULL-UP
CONDITION

P-BUFFER
(see table below)

N-BUFFER

PULL-UP
(see table below)

1

0

ANALOG
INPUT

If implemented

ALTERNATE
INPUT

VDD

DIODES
(see table below)

EXTERNAL 

SOURCE (eix)
INTERRUPT

CMOS 
SCHMITT
TRIGGER

REGISTER
ACCESS
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I/O PORTS (Cont’d)

Table 14. Port Configuration

* Note: When the CANTX alternate function is selected, the I/O port operates in output push-pull mode.

Port Pin name
Input Output

OR = 0 OR = 1 OR = 0 OR = 1

Port A

PA0

floating

pull-up interrupt (ei0)

open drain push-pull

PA1 floating interrupt (ei0)

PA2 pull-up interrupt (ei0)

PA3 floating interrupt (ei0)

PA4 pull-up interrupt (ei0)

PA5 floating interrupt (ei0)

PA6 pull-up interrupt (ei0)

PA7 floating interrupt (ei0)

Port B

PB0

floating

pull-up interrupt (ei1)

open drain push-pull

PB1 floating interrupt (ei1)

PB2 pull-up interrupt (ei1)

PB3 floating interrupt (ei1)

PB4 pull-up interrupt (ei1)

PB5 floating interrupt (ei1)

Port C

PC0

floating

pull-up

open drain push-pull
PC1 pull-up interrupt (ei2)

PC2 floating interrupt (ei2)

PC3 pull-up

PC4 pull-up controlled by CANTX *

PC7:5 floating pull-up open drain push-pull

Port D

PD0

floating

pull-up interrupt (ei3)

open drain push-pull

PD1 floating interrupt (ei3)

PD3:2 pull-up 

PD4 floating interrupt (ei3)

PD5 pull-up 

PD6 pull-up interrupt (ei3)

PD7 floating interrupt (ei3)

Port E PE7:0 floating (TTL) pull-up (TTL) open drain push-pull

Port F PF7:0 floating (TTL) pull-up (TTL) open drain push-pull
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External Interrupt Capability
This mode allows the Input capture capabilities to 
be used as external interrupt sources. The inter-
rupts are generated on the edge of the ARTICx 
signal.

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

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

this case, the interrupt synchronization is done di-
rectly on the ARTICx pin edge (Figure 47).

Figure 47. ART External Interrupt in Halt Mode

ARTICx PIN

CFx FLAG

t

INTERRUPT
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16-BIT TIMER (Cont’d)

CONTROL REGISTER 2 (CR2)
Read/Write

Reset Value: 0000 0000 (00h)

Bit 7 = OC1E Output Compare 1 Pin Enable. 
This bit is used only to output the signal from the 
timer on the OCMP1 pin (OLV1 in Output Com-
pare mode, both OLV1 and OLV2 in PWM and 
one-pulse mode). Whatever the value of the OC1E 
bit, the Output Compare 1 function of the timer re-
mains active.
0: OCMP1 pin alternate function disabled (I/O pin 

free for general-purpose I/O).
1: OCMP1 pin alternate function enabled.

Bit 6 = OC2E Output Compare 2 Pin Enable. 
This bit is used only to output the signal from the 
timer on the OCMP2 pin (OLV2 in Output Com-
pare mode). Whatever the value of the OC2E bit, 
the Output Compare 2 function of the timer re-
mains active.
0: OCMP2 pin alternate function disabled (I/O pin 

free for general-purpose I/O).
1: OCMP2 pin alternate function enabled.

Bit 5 = OPM One Pulse Mode.
0: One Pulse mode is not active.
1: One Pulse mode is active, the ICAP1 pin can be 

used to trigger one pulse on the OCMP1 pin; the 
active transition is given by the IEDG1 bit. The 
length of the generated pulse depends on the 
contents of the OC1R register.

Bit 4 = PWM Pulse Width Modulation.
0: PWM mode is not active.
1: PWM mode is active, the OCMP1 pin outputs a 

programmable cyclic signal; the length of the 
pulse depends on the value of OC1R register; 
the period depends on the value of OC2R regis-
ter.

Bit 3, 2 = CC[1:0] Clock Control.

The timer clock mode depends on these bits:

Table 18. Clock Control Bits

Note: If the external clock pin is not available, pro-
gramming the external clock configuration stops 
the counter.

Bit 1 = IEDG2 Input Edge 2. 
This bit determines which type of level transition 
on the ICAP2 pin will trigger the capture.
0: A falling edge triggers the capture.
1: A rising edge triggers the capture. 

Bit 0 = EXEDG External Clock Edge. 
This bit determines which type of level transition 
on the external clock pin EXTCLK will trigger the 
counter register. 
0: A falling edge triggers the counter register.
1: A rising edge triggers the counter register.

7 0

OC1E OC2E OPM PWM CC1 CC0 IEDG2 EXEDG

Timer Clock CC1 CC0
fCPU / 4

0
0

fCPU / 2 1
fCPU / 8

1
0

External Clock (where available) 1
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16-BIT TIMER (Cont’d)

OUTPUT COMPARE 2 HIGH REGISTER 
(OC2HR)
Read/Write 
Reset Value: 1000 0000 (80h)

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

OUTPUT COMPARE 2 LOW REGISTER 
(OC2LR)
Read/Write 
Reset Value: 0000 0000 (00h)

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

COUNTER HIGH REGISTER (CHR)
Read Only 
Reset Value: 1111 1111 (FFh)

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

COUNTER LOW REGISTER (CLR)
Read Only 
Reset Value: 1111 1100 (FCh)

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

ALTERNATE COUNTER HIGH REGISTER 
(ACHR)
Read Only 
Reset Value: 1111 1111 (FFh)

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

ALTERNATE COUNTER LOW REGISTER 
(ACLR)
Read Only 
Reset Value: 1111 1100 (FCh)

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

INPUT CAPTURE 2 HIGH REGISTER (IC2HR) 
Read Only 
Reset Value: Undefined

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

INPUT CAPTURE 2 LOW REGISTER (IC2LR)
Read Only 
Reset Value: Undefined

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

7 0

MSB LSB

7 0

MSB LSB

7 0

MSB LSB

7 0

MSB LSB

7 0

MSB LSB

7 0

MSB LSB

7 0

MSB LSB

7 0

MSB LSB
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8-BIT TIMER (Cont’d)

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

The one pulse mode uses the Input Capture1 
function and the Output Compare1 function.

Procedure:
To use one pulse mode:

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

2. Select the following in the CR1 register:

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

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

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

3. Select the following in the CR2 register:

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

– Set the OPM bit.

– Select the timer clock CC[1:0] (see Table 19 
Clock Control Bits).

Then, on a valid event on the ICAP1 pin, the coun-
ter is initialized to FCh and OLVL2 bit is loaded on 
the OCMP1 pin, the ICF1 bit is set and the value 
FFFDh is loaded in the IC1R register.

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

Clearing the Input Capture interrupt request (that 
is, clearing the ICFi bit) is done in two steps:

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

2. An access (read or write) to the ICiLR register.

The OC1R register value required for a specific 
timing application can be calculated using the fol-
lowing formula:

Where: 
t = Pulse period (in seconds)

fCPU = PLL output x2 clock frequency in hertz 
(or fOSC/2 if PLL is not enabled)

PRESC = Timer prescaler factor (2, 4, 8 or 8000 
depending on the CC[1:0] bits, see Ta-
ble 19 Clock Control Bits)

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 68).

Notes:
1. The OCF1 bit cannot be set by hardware in one 

pulse mode but the OCF2 bit can generate an 
Output Compare interrupt.

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

3. If OLVL1=OLVL2 a continuous signal will be 
seen on the OCMP1 pin.

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

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

event occurs

Counter
= OC1R OCMP1 = OLVL1

When

When

on ICAP1

One pulse mode cycle

OCMP1 = OLVL2

Counter is reset
to FCh

ICF1 bit is set

ICR1 = Counter 

OCiR Value =
t * fCPU

PRESC

- 5
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8-BIT TIMER (Cont’d)

CONTROL/STATUS REGISTER (CSR)
Read Only (except bit 2 R/W)

Reset Value: 0000 0000 (00h)

Bit 7 = ICF1 Input Capture Flag 1.
0: No input capture (reset value).
1: An input capture has occurred on the ICAP1 pin 

or the counter has reached the OC2R value in 
PWM mode. To clear this bit, first read the SR 
register, then read or write the the IC1R register.

Bit 6 = OCF1 Output Compare Flag 1.
0: No match (reset value).
1: The content of the free running counter has 

matched the content of the OC1R register. To 
clear this bit, first read the SR register, then read 
or write the OC1R register.

Bit 5 = TOF Timer Overflow Flag.
0: No timer overflow (reset value).
1: The free running counter rolled over from FFh to 

00h. To clear this bit, first read the SR register, 
then read or write the CTR register.

Note: Reading or writing the ACTR register does 
not clear TOF.

Bit 4 = ICF2 Input Capture Flag 2.
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 IC2R register.

Bit 3 = OCF2 Output Compare Flag 2.
0: No match (reset value).
1: The content of the free running counter has 

matched the content of the OC2R register. To 
clear this bit, first read the SR register, then read 
or write the OC2R register.

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

Bits 1:0 = Reserved, must be kept cleared.

7 0

ICF1 OCF1 TOF ICF2 OCF2 TIMD 0 0

bso
lete Product(

s) 
- O

bso
lete Product(

s)
107/265



ST72561

    
  O
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.

TBIT_MASTER refers to the master baud rate.

When checking this timeout, the slave node is de-
synchronized for the reception of the LIN Break 
and Synch fields. Consequently, a margin must be 
allowed, taking into account the worst case: This 
occurs when the LIN identifier lasts exactly 10 
TBIT_MASTER periods. In this case, the LIN Break 
and Synch fields last 49 - 10 = 39TBIT_MASTER pe-
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) TBIT_MASTER + 10TBIT_MASTER 

= 56.15 TBIT_SLAVE

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

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 (THEADER) through the LHL register. 
This allows monitoring at software level the 
TFRAME_MAX condition given by the LIN protocol.

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

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

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

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

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

- A valid LIN Synch Field (without deviation error)

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

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

Figure 83. LIN Synch Field Measurement
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10.8 LINSCI SERIAL COMMUNICATION INTERFACE (LIN Master Only)

10.8.1 Introduction
The Serial Communications Interface (SCI) offers 
a flexible means of full-duplex data exchange with 
external equipment requiring an industry standard 
NRZ asynchronous serial data format. The SCI of-
fers a very wide range of baud rates using two 
baud rate generator systems. 

10.8.2 Main Features
■ Full duplex, asynchronous communications
■ NRZ standard format (Mark/Space)
■ Dual baud rate generator systems
■ 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
■ 4 error detection flags:

– Overrun error

– Noise error

– Frame error

– Parity error
■ 5 interrupt sources with flags: 

– Transmit data register empty

– Transmission complete

– Receive data register full

– Idle line received

– Overrun error detected
■ Transmitter clock output
■ Parity control:

– Transmits parity bit

– Checks parity of received data byte
■ Reduced power consumption mode
■ LIN Synch Break send capability

10.8.3 General Description
The interface is externally connected to another 
device by three pins (see Figure 88 on page 153). 
Any SCI bidirectional communication requires a 
minimum of two pins: Receive Data In (RDI) and 
Transmit Data Out (TDO):

– SCLK: Transmitter clock output. This pin outputs 
the transmitter data clock for synchronous trans-
mission (no clock pulses on start bit and stop bit, 
and a software option to send a clock pulse on 
the last data bit). This can be used to control pe-
ripherals that have shift registers (e.g. LCD driv-
ers). The clock phase and polarity are software 
programmable. 

– TDO: Transmit Data Output. When the transmit-
ter is disabled, the output pin returns to its I/O 
port configuration. When the transmitter is ena-
bled and nothing is to be transmitted, the TDO 
pin is at high level. 

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

Through these pins, serial data is transmitted and 
received as frames 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 frame is complete.

This interface uses two types of baud rate generator:

– A conventional type for commonly-used baud 
rates, 

– An extended type with a prescaler offering a very 
wide range of baud rates even with non-standard 
oscillator frequencies. 
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Master Only) (Cont’d)

10.8.7 SCI Synchronous Transmission
The SCI transmitter allows the user to control a 
one way synchronous serial transmission. The 
SCLK pin is the output of the SCI transmitter clock. 
No clock pulses are sent to the SCLK pin during 
start bit and stop bit. Depending on the state of the 
LBCL bit in the SCICR3 register, clock pulses are 
or are not be generated during the last valid data 
bit (address mark). The CPOL bit in the SCICR3 
register allows the user to select the clock polarity, 
and the CPHA bit in the SCICR3 register allows 
the user to select the phase of the external clock 
(see Figure 91, Figure 92 and Figure 93). 

During idle, preamble and send break, the external 
SCLK clock is not activated. 

These options allow the user to serially control pe-
ripherals which consist of shift registers, without 
losing any functions of the SCI transmitter which 
can still talk to other SCI receivers. These options 
do not affect the SCI receiver which is independ-
ent from the transmitter. 

Note: The SCLK pin works in conjunction with the 
TDO pin. When the SCI transmitter is disabled (TE 
and RE = 0), the SCLK and TDO pins go into high 
impedance state.

Note: The LBCL, CPOL and CPHA bits have to be 
selected before enabling the transmitter to ensure 
that the clock pulses function correctly. These bits 
should not be changed while the transmitter is en-
abled.

Figure 91. SCI Example of Synchronous and Asynchronous Transmission
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Master Only) (Cont’d)

EXTENDED RECEIVE PRESCALER DIVISION 
REGISTER (SCIERPR)
Read/Write

Reset Value: 0000 0000 (00 h)

Bits 7:0 = ERPR[7:0] 8-bit Extended Receive 
Prescaler Register.

The extended Baud Rate Generator is activated 
when a value other than 00h is stored in this regis-
ter. The clock frequency from the 16 divider (see 
Figure 90) is divided by the binary factor set in the 
SCIERPR register (in the range 1 to 255).

The extended baud rate generator is not active af-
ter a reset.

EXTENDED TRANSMIT PRESCALER DIVISION 
REGISTER (SCIETPR)
Read/Write

Reset Value:0000 0000 (00 h)

Bits 7:0 = ETPR[7:0] 8-bit Extended Transmit 
Prescaler Register.

The extended Baud Rate Generator is activated 
when a value other than 00h is stored in this regis-
ter. The clock frequency from the 16 divider (see 
Figure 90) is divided by the binary factor set in the 
SCIETPR register (in the range 1 to 255).

The extended baud rate generator is not active af-
ter a reset.

Table 27. Baud Rate Selection

7 0

ERPR
7

ERPR
6

ERPR
5

ERPR
4

ERPR
3

ERPR
2

ERPR
1

ERPR
0

7 0

ETPR
7

ETPR
6

ETPR
5

ETPR
4

ETPR
3

ETPR
2

ETPR
1

ETPR
0

Symbol Parameter
Conditions

Standard
Baud
Rate

Unit
fCPU

Accuracy vs. 
Standard

Prescaler

fTx

fRx

Communication 
frequency

8 MHz

~0.16%

Conventional Mode 
TR (or RR) = 128, PR = 13 
TR (or RR) = 32, PR = 13 
TR (or RR) = 16, PR =13 
TR (or RR) = 8, PR = 13 
TR (or RR) = 4, PR = 13 
TR (or RR) = 16, PR = 3 
TR (or RR) = 2, PR = 13 
TR (or RR) = 1, PR =13

300 
1200 
2400 
4800 
9600 

10400 
19200 
38400

~300.48 
~1201.92 
~2403.84 
~4807.69 
~9615.38 

~10416.67 
~19230.77 
~38461.54

Hz

~0.79%
Extended Mode 
ETPR (or ERPR) = 35, 
TR (or RR) = 1, PR = 1

14400 ~14285.71
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beCAN CONTROLLER (Cont’d)

CAN 2.0B Active Core
The beCAN module handles the transmission and 
the reception of CAN messages fully autonomous-
ly. Standard identifiers (11-bit) and extended iden-
tifiers (29-bit) are fully supported by hardware.

Control, Status and Configuration Registers
The application uses these registers to:

– Configure CAN parameters, e.g.baud rate

– Request transmissions

– Handle receptions

– Manage interrupts

– Get diagnostic information

Tx Mailboxes
Two transmit mailboxes are provided to the soft-
ware for setting up messages. The Transmission 
Scheduler decides which mailbox has to be trans-
mitted first.

Acceptance Filters
The beCAN provides six scalable/configurable 
identifier filter banks for selecting the incoming 
messages the software needs and discarding the 
others. 

Receive FIFO
The receive FIFO is used by the CAN controller to 
store the incoming messages. Three complete 
messages can be stored in the FIFO. The software 
always accesses the next available message at 
the same address. The FIFO is managed com-
pletely by hardware.

Figure 95. CAN Block Diagram
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beCAN CONTROLLER (Cont’d)

Bit 4 = TXOK0 Transmission OK for mailbox 0 
- Read 
This bit is set by hardware when the transmission 
request on mailbox 0 has been completed suc-
cessfully. Please refer to Figure 7. 

This bit is cleared by hardware when mailbox 0 is 
requested for transmission or when the software 
clears the RQCP0 bit.

Bits 3:2 = Reserved. Forced to 0 by hardware.

Bit 1 = RQCP1 Request Completed for Mailbox 1 
- Read/Clear 
This bit is set by hardware to signal that the last re-
quest for mailbox 1 has been completed. The re-
quest could be a transmit or an abort request.

This bit is cleared by software.

Bit 0 = RQCP0 Request Completed for Mailbox 0 
- Read/Clear 
This bit is set by hardware to signal that the last re-
quest for mailbox 0 has been completed. The re-
quest could be a transmit or an abort request.

This bit is cleared by software.

CAN TRANSMIT PRIORITY REGISTER (CTPR) 
All bits of this register are read only. 

Reset Value: 0000 1100 (0Ch)

Bit 7 = Reserved. Forced to 0 by hardware.

Bit 6 = LOW1 Lowest Priority Flag for Mailbox 1  
- Read 
This bit is set by hardware when more than one 

mailbox are pending for transmission and mailbox 
1 has the lowest priority.

Bit 5 = LOW0 Lowest Priority Flag for Mailbox 0 
- Read 
This bit is set by hardware when more than one 
mailbox are pending for transmission and mailbox 
0 has the lowest priority.

Note: These bits are set to zero when only one 
mailbox is pending.

Bit 4 = Reserved. Forced to 0 by hardware.

Bit 3 = TME1 Transmit Mailbox 1 Empty  
- Read 
This bit is set by hardware when no transmit re-
quest is pending for mailbox 1.

 
Bit 2 = TME0 Transmit Mailbox 0 Empty 
- Read 
This bit is set by hardware when no transmit re-
quest is pending for mailbox 0.

Bit 1:0 = CODE Mailbox Code 
- Read 
In case at least one transmit mailbox is free, the 
code value is equal to the number of the next 
transmit mailbox free.

In case all transmit mailboxes are pending, the 
code value is equal to the number of the transmit 
mailbox with the lowest priority.

7 0

0 LOW1 LOW0 0 TME1 TME0 0 CODE
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beCAN CONTROLLER (Cont’d)

CAN ERROR STATUS REGISTER (CESR)
Read / Write 
Reset Value: 0000 0000 (00h)

Bit 7 = Reserved. Forced to 0 by hardware.

Bits 6:4 = LEC[2:0] Last Error Code 
- Read/Set/Clear 
This field holds a code which indicates the type of 
the last error detected on the CAN bus. If a mes-
sage has been transferred (reception or transmis-
sion) without error, this field will be cleared to ‘0’. 
The code 7 is unused and may be written by the 
CPU to check for update

Table 30. LEC Error Types

Bit 3 = Reserved. Forced to 0 by hardware.

Bit 2 = BOFF Bus-Off Flag 
- Read 
This bit is set by hardware when it enters the bus-
off state. The bus-off state is entered on TECR 
overrun, TEC greater than 255, refer to section 
0.1.4.5 on page 14.

Bit 1 = EPVF Error Passive Flag 
- Read 
This bit is set by hardware when the Error Passive 
limit has been reached (Receive Error Counter or 
Transmit Error Counter greater than 127).  

Bit 1 = EWGF Error Warning Flag 
- Read 
This bit is set by hardware when the warning limit 
has been reached. Receive Error Counter or 
Transmit Error Counter greater than 96.

CAN ERROR INTERRUPT ENABLE REGISTER 
(CEIER)
All bits of this register are set and clear by soft-
ware. 
Read/Write 
Reset Value: 0000 0000 (00h)

Bit 7 = ERRIE Error Interrupt Enable
0: No interrupt will be generated when an error 

condition is pending in the CESR.
1: An interrupt will be generation when an error 

condition is pending in the CESR.

Bits 6:5 = Reserved. Forced to 0 by hardware.

Bit 4 = LECIE Last Error Code Interrupt Enable
0: ERRI bit will not be set when the error code in 

LEC[2:0] is set by hardware on error detection.
1: ERRI bit will be set when the error code in 

LEC[2:0] is set by hardware on error detection.

Bit 3 = Reserved. Forced to 0 by hardware.

Bit 2 = BOFIE Bus-Off Interrupt Enable

0: ERRI bit will not be set when BOFF is set. 
1: ERRI bit will be set when BOFF is set.

Bit 1 = EPVIE Error Passive Interrupt Enable

0: ERRI bit will not be set when EPVF is set. 
1: ERRI bit will be set when EPVF is set.

Bit 0 = EWGIE Error Warning Interrupt Enable

0: ERRI bit will not be set when EWGF is set. 
1: ERRI bit will be set when EWGF is set.

7 0

0 LEC2 LEC1 LEC0 0 BOFF EPVF EWGF

Code Error Type
0 No Error
1 Stuff Error
2 Form Error
3 Acknowledgment Error
4 Bit recessive Error
5 Bit dominant Error
6 CRC Error
7 Set by software

7 0

ERRIE 0 0 LECIE 0 BOFIE EPVIE EWGIE
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12.4 SUPPLY CURRENT CHARACTERISTICS

The following current consumption specified for 
the ST7 functional operating modes over tempera-
ture range does not take into account the clock 
source current consumption. To get the total de-

vice consumption, the two current values must be 
added (except for HALT mode for which the clock 
is stopped).

Notes:
1. Typical data are based on TA = 25°C, VDD = 5V (4.5V ≤ VDD ≤ 5.5V range).
2. Data based on characterization results, tested in production at VDD max., fCPU max. and TA max.
3. Measurements are done in the following conditions:
- Program executed from Flash, CPU running with Flash (for flash devices).
- All I/O pins in input mode with a static value at VDD or VSS (no load)
- All peripherals in reset state.
- Clock input (OSC1) driven by external square wave.
- In SLOW and SLOW WAIT mode, fCPU is based on fOSC divided by 32. 

To obtain the total current consumption of the device, add the clock source (Section 12.5.3) and the peripheral power 
consumption (Section 12.4.2).

4. All I/O pins in input mode with a static value at VDD or VSS (no load). Data based on characterization results, tested in 
production at VDD max., fCPU max. and TA max.
5. This consumption refers to the Halt period only and not the associated run period which is software dependent.

Symbol Parameter Conditions
Flash Devices  ROM Devices

Unit
Typ1) Max2) Typ1 Max2)

IDD

Supply current in RUN mode3)

fOSC = 2 MHz, fCPU = 1 MHz 
fOSC = 4 MHz, fCPU = 2 MHz 
fOSC = 8 MHz, fCPU = 4 MHz 
fOSC = 16 MHz, fCPU = 8 MHz

1.8
3.2
6

10

3
5
8

15

1.1
2.2
4.4
8.9

2
3.5
6
12

mA

Supply current in SLOW mode3)

fOSC = 2 MHz, fCPU = 62.5kHz 
fOSC = 4 MHz, fCPU = 125 kHz 
fOSC = 8 MHz, fCPU = 250 kHz 
fOSC = 16 MHz, fCPU = 500 kHz

0.5
0.6
0.85
1.25

2.7
3

3.6
4

0.1
0.2
0.4
0.8

0.2
0.4
0.8
1.5

Supply current in WAIT mode3)

fOSC = 2 MHz, fCPU = 1 MHz 
fOSC = 4 MHz, fCPU = 2 MHz 
fOSC = 8 MHz, fCPU = 4 MHz 
fOSC = 16 MHz, fCPU = 8 MHz

1
1.8
3.4
6.4

3
4
5
7

0.7
1.4
2.9
5.7

3
4
5
7

Supply current in SLOW WAIT 
mode2)

fOSC = 2 MHz, fCPU = 62.5 kHz 
fOSC = 4 MHz, fCPU = 125 kHz 
fOSC = 8 MHz, fCPU = 250 kHz 
fOSC = 16 MHz, fCPU = 500 kHz

0.4
0.5
0.6
0.8

1.2
1.3
1.8
2

0.07
0.14
0.28
0.56

0.12
0.25
0.5
1

Supply current in HALT mode4) VDD = 5.5V
-40°C ≤ TA ≤ +85°C

<1
10

<1
10

μA
-40°C ≤ TA ≤ +125°C 50 50

Supply current in ACTIVE HALT 
mode4)5) 0.5 1.2 0.18 0.25 mA

Supply current in AWUFH 
mode4)5) VDD = 5.5V

-40°C ≤ TA ≤ +85°C
25

30
25

30
μA

-40°C ≤ TA ≤ +125°C 70 70
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COMMUNICATION INTERFACE CHARACTERISTICS (Cont’d)

Figure 139. SPI Slave Timing Diagram with CPHA = 11)

Figure 140. SPI Master Timing Diagram1)

Notes:
1. Measurement points are done at CMOS levels: 0.3 x VDD and 0.7 x VDD.
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 I/O port configuration.
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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 134 on page 
240, 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 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.

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

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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