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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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3 REGISTER AND MEMORY MAP
As shown in Figure 5, the MCU is capable of ad-
dressing 64 Kbytes of memories and I/O registers.

The available memory locations consist of 128 
bytes of register locations, up to 2 Kbytes of RAM 
and up to 60 Kbytes of user program memory. 

The RAM space includes up to 256 bytes for the 
stack from 0100h to 01FFh.The highest address 
bytes contain the user reset and interrupt vectors.

IMPORTANT: Memory locations marked as “Re-
served” must never be accessed. Accessing a re-
seved area can have unpredictable effects on the 
device.

Figure 5. Memory Map

Table 3. Hardware Register Map

0000h

RAM

Program Memory
(60K, 48K, 32K, 16K)

Interrupt & Reset Vectors

HW Registers

0080h
007Fh

0FFFh

(see Table 3)

1000h

FFDFh
FFE0h

FFFFh
(see Table 9)

0880h
Reserved

087Fh

Short Addressing
RAM (zero page)

256 bytes Stack

16-bit Addressing
RAM

0100h

01FFh

0080h

0200h

00FFh

1000h

32 Kbytes

60 Kbytes

FFDFh

8000h

or 087Fh

16 Kbytes

C000h

48 Kbytes
4000h

(2048/1024 bytes)

   047Fh

Address Block
Register 

Label
Register Name

Reset 
Status

Remarks

0000h
0001h
0002h

Port A
PADR 
PADDR 
PAOR

Port A Data Register 
Port A Data Direction Register 
Port A Option Register

00h1)

00h
00h

R/W2) 

R/W2) 

R/W2)

0003h
0004h
0005h

Port B
PBDR 
PBDDR 
PBOR

Port B Data Register 
Port B Data Direction Register 
Port B Option Register

00h1)

00h
00h

R/W2) 

R/W2) 

R/W2)

0006h
0007h
0008h

Port C
PCDR 
PCDDR 
PCOR

Port C Data Register 
Port C Data Direction Register 
Port C Option Register

00h1)

00h
00h

R/W2) 

R/W2) 

R/W2)

0009h
000Ah
000Bh

Port D
PDDR 
PDDDR 
PDOR

Port D Data Register 
Port D Data Direction Register 
Port D Option Register

00h1)

00h
00h

R/W2) 

R/W2) 

R/W2)

000Ch
000Dh
000Eh

Port E
PEDR 
PEDDR 
PEOR

Port E Data Register 
Port E Data Direction Register 
Port E Option Register

00h1)

00h
00h

R/W2) 

R/W2) 

R/W2)

bso
lete Product(

s) 
- O

bso
lete Product(

s)
11/265



ST72561

    
  O
0048h
0049h
004Ah
004Bh
004Ch
004Dh
004Eh
004Fh

LINSCI1

(LIN Master/
Slave)

SCI1ISR 
SCI1DR 
SCI1BRR 
SCI1CR1 
SCI1CR2 
SCI1CR3 
SCI1ERPR 
SCI1ETPR

SCI1 Status Register 
SCI1 Data Register 
SCI1 Baud Rate Register 
SCI1 Control Register 1 
SCI1 Control Register 2 
SCI1Control Register 3 
SCI1 Extended Receive Prescaler Register 
SCI1 Extended Transmit Prescaler Register

C0h
xxh
00h
xxh
00h
00h
00h
00h

Read Only  
R/W  
R/W  
R/W  
R/W  
R/W  
R/W 
R/W

0050h Reserved Area (1 byte)

0051h
0052h
0053h
0054h
0055h
0056h
0057h
0058h
0059h
005Ah
005Bh
005Ch
005Dh
005Eh
005Fh

16-BIT

TIMER

T16CR2 
T16CR1 
T16CSR 
T16IC1HR 
T16IC1LR 
T16OC1HR 
T16OC1LR 
T16CHR 
T16CLR 
T16ACHR 
T16ACLR 
T16IC2HR 
T16IC2LR 
T16OC2HR 
T16OC2LR

Timer Control Register 2 
Timer Control Register 1 
Timer Control/Status Register 
Timer Input Capture 1 High Register 
Timer Input Capture 1 Low Register 
Timer Output Compare 1 High Register 
Timer Output Compare 1 Low Register 
Timer Counter High Register 
Timer Counter Low Register 
Timer Alternate Counter High Register 
Timer Alternate Counter Low Register 
Timer Input Capture 2 High Register 
Timer Input Capture 2 Low Register 
Timer Output Compare 2 High Register 
Timer Output Compare 2 Low Register

00h
00h
00h
xxh
xxh
80h
00h
FFh
FCh
FFh
FCh
xxh
xxh
80h
00h

R/W  
R/W  
R/W  
Read Only  
Read Only  
R/W  
R/W  
Read Only  
Read Only  
Read Only  
Read Only  
Read Only  
Read Only  
R/W  
R/W 

0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h

LINSCI2

(LIN Master)

SCI2SR 
SCI2DR 
SCI2BRR 
SCI2CR1 
SCI2CR2 
SCI2CR3 
SCI2ERPR 
SCI2ETPR

SCI2 Status Register 
SCI2 Data Register 
SCI2 Baud Rate Register 
SCI2 Control Register 1 
SCI2 Control Register 2 
SCI2 Control Register 3 
SCI2 Extended Receive Prescaler Register 
SCI2 Extended Transmit Prescaler Register

C0h
xxh
00h
xxh
00h
00h
00h
00h

Read Only  
R/W  
R/W  
R/W  
R/W  
R/W  
R/W  
R/W

Address Block
Register 

Label
Register Name

Reset 
Status

Remarks
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POWER SAVING MODES (Cont’d)

8.3 WAIT MODE

WAIT mode places the MCU in a low power con-
sumption mode by stopping the CPU.
This power saving mode is selected by calling the 
‘WFI’ instruction.
All peripherals remain active. During WAIT mode, 
the I[1:0] bits of the CC register are forced to ‘10’, 
to enable all interrupts. All other registers and 
memory remain unchanged. The MCU remains in 
WAIT mode until an interrupt or RESET occurs, 
whereupon the Program Counter branches to the 
starting address of the interrupt or Reset service 
routine.
The MCU will remain in WAIT mode until a Reset 
or an Interrupt occurs, causing it to wake up.

Refer to Figure 24

Figure 24. WAIT Mode Flow-chart

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

WFI INSTRUCTION

RESET

INTERRUPT
Y

N

N

Y

CPU

OSCILLATOR 
PERIPHERALS

I[1:0] BITS 

ON
ON

10
OFF

FETCH RESET VECTOR
OR SERVICE INTERRUPT

CPU

OSCILLATOR 
PERIPHERALS

I[1:0] BITS 

ON
OFF

10
ON

CPU

OSCILLATOR 
PERIPHERALS

I[1:0] BITS

ON
ON

XX 1)
ON

256 OR 4096 CPU CLOCK
CYCLE DELAY
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WINDOW WATCHDOG (Cont’d)

The application program must write in the 
WDGCR register at regular intervals during normal 
operation to prevent an MCU reset. This operation 
must occur only when the counter value is lower 
than the window register value. The value to be 
stored in the WDGCR register must be between 
FFh and C0h (see Figure 2):

– Enabling the watchdog: 
When Software Watchdog is selected (by option 
byte), the watchdog is disabled after a reset. It is 
enabled by setting the WDGA bit in the WDGCR 
register, then it cannot be disabled again except 
by a reset. 
 
When Hardware Watchdog is selected (by option 
byte), the watchdog is always active and the 
WDGA bit is not used.

– Controlling the downcounter: 
This downcounter is free-running: It counts down 
even if the watchdog is disabled. When the 
watchdog is enabled, the T6 bit must be set to 
prevent generating an immediate reset.  
The T[5:0] bits contain the number of increments 
which represents the time delay before the 
watchdog produces a reset (see Figure 2. Ap-
proximate Timeout Duration). The timing varies 

between a minimum and a maximum value due 
to the unknown status of the prescaler when writ-
ing to the WDGCR register (see Figure 3). 
 
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 4 describes the window watch-
dog process.

Note: The T6 bit can be used to generate a soft-
ware reset (the WDGA bit is set and the T6 bit is 
cleared).

– Watchdog Reset on Halt option 
If the watchdog is activated and the watchdog re-
set on halt option is selected, then the HALT in-
struction will generate a Reset.

10.1.4 Using Halt Mode with the WDG
If Halt mode with Watchdog is enabled by option 
byte (no watchdog reset on HALT instruction), it is 
recommended before executing the HALT instruc-
tion to refresh the WDG counter, to avoid an unex-
pected WDG reset immediately after waking up 
the microcontroller.
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WINDOW WATCHDOG (Cont’d)

Figure 36. Exact Timeout Duration (tmin and tmax)
WHERE:
tmin0 = (LSB + 128) x 64 x tOSC2
tmax0 = 16384 x tOSC2
tOSC2 = 125ns if fOSC2 = 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

To calculate the minimum Watchdog Timeout (tmin):

IF THEN

ELSE

To calculate the maximum Watchdog Timeout (tmax):

IF THEN

ELSE

Note: In the above formulae, division results must be rounded down to the next integer value.

Example:
With 2ms timeout selected in MCCSR register

TB1 Bit

(MCCSR Reg.)

TB0 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 54

Value of T[5:0] Bits in 
WDGCR Register (Hex.)

Min. Watchdog 
Timeout (ms) 

tmin

Max. Watchdog 
Timeout (ms) 

tmax
00 1.496 2.048
3F 128 128.552

CNT MSB
4

-------------< tmin tmin0 16384 CNT tosc2××+=

tmin tmin0 16384 CNT 4CNT
MSB
-----------------–⎝ ⎠

⎛ ⎞× 192 LSB+( ) 64 4CNT
MSB
-----------------××+ tosc2×+=

CNT
MSB

4
-------------≤ tmax tmax0 16384 CNT tosc2××+=

tmax tmax0 16384 CNT 4CNT
MSB
-----------------–⎝ ⎠

⎛ ⎞× 192 LSB+( ) 64 4CNT
MSB
-----------------××+ tosc2×+=
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WINDOW WATCHDOG (Cont’d)

Figure 37. Window Watchdog Timing Diagram

10.1.6 Low Power Modes

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 the Option Byte 
description.

10.1.8 Using Halt Mode with the WDG 
(WDGHALT option)
The following recommendation applies if Halt 
mode is used when the watchdog is enabled.

– Before executing the HALT instruction, refresh 
the WDG counter, to avoid an unexpected WDG 
reset immediately after waking up the microcon-
troller.

T6 bit

Reset

WDGWR

T[5:0] CNT downcounter

time
Refresh WindowRefresh not allowed (step = 16384/fOSC2)

3Fh

Mode Description 
SLOW No effect on Watchdog: The downcounter continues to decrement at normal speed.
WAIT No effect on Watchdog: The downcounter continues to decrement.

HALT

OIE bit in 
MCCSR 
register

WDGHALT bit 
in Option 

Byte

0 0

No Watchdog reset is generated. The MCU enters Halt mode. The Watch-
dog counter is decremented once and then stops counting and is no longer 
able to generate a watchdog reset until the MCU receives an external inter-
rupt or a reset.

If an interrupt is received (refer to interrupt table mapping to see interrupts 
which can occur in halt mode), the Watchdog restarts counting after 256 or 
4096 CPU clocks. If a reset is generated, the Watchdog is disabled (reset 
state) unless Hardware Watchdog is selected by option byte. For applica-
tion recommendations see Section 0.1.8 below.

0 1 A reset is generated instead of entering halt mode. 

ACTIVE 
HALT

1 x

No reset is generated. The MCU enters Active Halt mode. The Watchdog 
counter is not decremented. It stop counting. When the MCU receives an 
oscillator interrupt or external interrupt, the Watchdog restarts counting im-
mediately. When the MCU receives a reset the Watchdog restarts counting 
after 256 or 4096 CPU clocks.
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WINDOW WATCHDOG (Cont’d)

10.1.9 Interrupts
None.

10.1.10 Register Description
CONTROL REGISTER (WDGCR)
Read / Write

Reset Value: 0111 1111 (7F h)

Bit 7 = WDGA Activation bit.

This bit is set by software and only cleared by 
hardware after a reset. When WDGA = 1, the 
watchdog can generate a reset.

0: Watchdog disabled

1: Watchdog enabled

Note: This bit is not used if the hardware watch-
dog option is enabled by option byte.

Bits 6:0 = T[6:0] 7-bit counter (MSB to LSB). 
These bits contain the value of the watchdog 
counter. It is decremented every 16384 fOSC2 cy-
cles (approx.). A reset is produced when it rolls 
over from 40h to 3Fh (T6 becomes cleared).

WINDOW REGISTER (WDGWR)
Read/Write

Reset Value: 0111 1111 (7Fh)

Bit 7 = Reserved

Bits 6:0 = W[6:0] 7-bit window value 
These bits contain the window value to be com-
pared to the downcounter.

Figure 38. Watchdog Timer Register Map and Reset Values

7 0

WDGA T6 T5 T4 T3 T2 T1 T0

7 0

- W6 W5 W4 W3 W2 W1 W0

Address

(Hex.)
Register 

Label
7 6 5 4 3 2 1 0

2F
WDGCR

Reset Value

WDGA

0

T6

1

T5

1

T4

1

T3

1

T2

1

T1

1

T0

1

30
WDGWR

Reset Value

-

0

W6

1

W5

1

W4

1

W3

1

W2

1

W1

1

W0

1
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MAIN CLOCK CONTROLLER WITH REAL TIME CLOCK (Cont’d)

10.2.4 Low Power Modes 

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

Note:
The MCC/RTC interrupt wakes up the MCU from 
ACTIVE HALT mode, not from HALT or AWUF 
HALT mode.
10.2.6 Register Description
MCC CONTROL/STATUS REGISTER (MCCSR)
Read / Write

Reset Value: 0000 0000 (00h)

Bit 7 = MCO Main clock out selection 
This bit enables the MCO alternate function on the 
corresponding I/O port. It is set and cleared by 
software.
0: MCO alternate function disabled (I/O pin free for 

general-purpose I/O)
1: MCO alternate function enabled (fOSC2 on I/O 

port)

Bits 6:5 = CP[1:0] CPU clock prescaler 
These bits select the CPU clock prescaler which is 
applied in the different slow modes. Their action is 
conditioned by the setting of the SMS bit. These 
two bits are set and cleared by software

Bit 4 = SMS Slow mode select 
This bit is set and cleared by software. 
0: Normal mode. fCPU = fOSC2 
1: Slow mode. fCPU is given by CP1, CP0 
See Section 8.2 "SLOW MODE" and Section 10.2 
"MAIN CLOCK CONTROLLER WITH REAL TIME 
CLOCK MCC/RTC" for more details. 

Bits 3:2 = TB[1:0] Time base control

These bits select the programmable divider time 
base. They are set and cleared by software.

A modification of the time base is taken into ac-
count at the end of the current period (previously 
set) to avoid an unwanted time shift. This allows to 
use this time base as a real time clock.

Bit 1 = OIE Oscillator interrupt enable 
This bit set and cleared by software. 
0: Oscillator interrupt disabled 
1: Oscillator interrupt enabled 
This interrupt can be used to exit from ACTIVE 
HALT mode. 
When this bit is set, calling the ST7 software HALT 
instruction enters the ACTIVE HALT power saving 
mode.

Mode Description 

WAIT
No effect on MCC/RTC peripheral. 
MCC/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. 
MCC/RTC interrupt cause the device to 
exit from ACTIVE HALT mode.

HALT

and

AWUF HALT

MCC/RTC counter and registers are fro-
zen. 
MCC/RTC operation resumes when the 
MCU is woken up by an interrupt with 
“exit from HALT” capability.

Interrupt Event
Event
Flag

Enable 
Control 

Bit

Exit 
from
Wait

Exit 
from 
Halt

Time base overflow 
event

OIF OIE Yes No1)

7 0

MCO CP1 CP0 SMS TB1 TB0 OIE OIF

fCPU in SLOW mode CP1 CP0

fOSC2 / 2 0 0

fOSC2 / 4 0 1

fOSC2/ 8 1 0

fOSC2 / 16 1 1

Counter 
Prescaler

Time Base
TB1 TB0

fOSC2 =4 MHz fOSC2=8 MHz

16000 4ms 2ms 0 0

32000 8ms 4ms 0 1

80000 20ms 10ms 1 0

200000 50ms 25ms 1 1

bso
lete Product(

s) 
- O

bso
lete Product(

s)
60/265



ST72561

    
  O
ON-CHIP PERIPHERALS (Cont’d)

INPUT CAPTURE 
CONTROL / STATUS REGISTER (ARTICCSR)
Read / Write

Reset Value: 0000 0000 (00h) 

Bit 7:6 = Reserved, always read as 0. 

Bit 5:4 = CS[2:1] Capture Sensitivity 
These bits are set and cleared by software. They 
determine the trigger event polarity on the corre-
sponding input capture channel. 
0: Falling edge triggers capture on channel x. 
1: Rising edge triggers capture on channel x. 

Bit 3:2 = CIE[2:1] Capture Interrupt Enable 
These bits are set and cleared by software. They 
enable or disable the Input capture channel inter-
rupts independently. 
0: Input capture channel x interrupt disabled. 
1: Input capture channel x interrupt enabled. 

Bit 1:0 = CF[2:1] Capture Flag 
These bits are set by hardware and cleared by 
software reading the corresponding ARTICRx reg-
ister. Each CFx bit indicates that an input capture x 
has occurred. 
0: No input capture on channel x. 
1: An input capture has occurred on channel x.

INPUT CAPTURE REGISTERS (ARTICRx)
Read only

Reset Value: 0000 0000 (00h) 

Bit 7:0 = IC[7:0] Input Capture Data

These read only bits are set and cleared by hard-
ware. An ARTICRx register contains the 8-bit 
auto-reload counter value transferred by the input 
capture channel x event.

7 0

0 0 CS2 CS1 CIE2 CIE1 CF2 CF1

7 0

IC7 IC6 IC5 IC4 IC3 IC2 IC1 IC0
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16-BIT TIMER (Cont’d)

10.4.7 Register Description
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 al-
ternate counter.

CONTROL REGISTER 1 (CR1)
Read/Write

Reset Value: 0000 0000 (00h)

Bit 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.

Bit 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.

Bit 5 = TOIE Timer Overflow Interrupt Enable.
0: Interrupt is inhibited.
1: A timer interrupt is enabled whenever the TOF 

bit of the SR register is set.

Bit 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 

OCMP2 pin, if the OC2E bit is set and even if 
there is no successful comparison. 

Bit 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 copied to the OCMP1 pin, if 

the OC1E bit is set and even if there is no suc-
cessful comparison. 

Bit 2 = OLVL2 Output Level 2. 
This bit is copied to the OCMP2 pin whenever a 
successful comparison occurs with the OC2R reg-
ister and OCxE is set in the CR2 register. This val-
ue is copied to the OCMP1 pin in One Pulse mode 
and Pulse Width Modulation mode.

Bit 1 = IEDG1 Input Edge 1. 
This bit determines which type of level transition 
on the ICAP1 pin will trigger the capture.
0: A falling edge triggers the capture.
1: A rising edge triggers the capture.

Bit 0 = OLVL1 Output Level 1. 
The OLVL1 bit is copied to the OCMP1 pin when-
ever a successful comparison occurs with the 
OC1R register and the OC1E bit is set in the CR2 
register.

7 0

ICIE OCIE TOIE FOLV2 FOLV1 OLVL2 IEDG1 OLVL1

bso
lete Product(

s) 
- O

bso
lete Product(

s)
86/265



ST72561

    
  O
16-BIT TIMER (Cont’d)

Table 19. 16-Bit Timer Register Map

Address

(Hex.)
Register 

Name
7 6 5 4 3 2 1 0

51 CR2 OC1E OC2E OPM PWM CC1 CC0 IEDG2 EXEDG

52 CR1 ICIE OCIE TOIE FOLV2 FOLV1 OLVL2 IEDG1 OLVL1

53 CSR ICF1 OCF1 TOF ICF2 OCF2 TIMD

54 IC1HR MSB LSB

55 IC1LR MSB LSB

56 OC1HR MSB LSB

57 OC1LR MSB LSB

58 CHR MSB LSB

59 CLR MSB LSB

5A ACHR MSB LSB

5B ACLR MSB LSB

5C IC2HR MSB LSB

5D IC2LR MSB LSB

5E OC2HR MSB LSB

5F OC2LR MSB LSB
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SERIAL PERIPHERAL INTERFACE (SPI) (cont’d)

Figure 70. Serial Peripheral Interface Block Diagram

SPIDR 

Read Buffer

8-bit Shift Register

Write

Read

Data/Address Bus

SPI 

SPIE SPE MSTR CPHA SPR0SPR1CPOL

SERIAL CLOCK
GENERATOR

MOSI

MISO

SS

SCK
 CONTROL

STATE

SPICR

SPICSR

Interrupt 
request
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SERIAL PERIPHERAL INTERFACE (cont’d)

10.6.5 Error Flags
10.6.5.1 Master Mode Fault (MODF)
Master mode fault occurs when the master de-
vice’s SS pin is pulled low. 

When a Master mode fault occurs:

– The MODF bit is set and an SPI interrupt re-
quest is generated if the SPIE bit is set.

– The SPE bit is reset. This blocks all output 
from the device and disables the SPI periph-
eral.

– The MSTR bit is reset, thus forcing the device 
into slave mode.

Clearing the MODF bit is done through a software 
sequence:

1. A read access to the SPICSR register while the 
MODF bit is set.

2. A write to the SPICR register.

Notes: To avoid any conflicts in an application 
with multiple slaves, the SS pin must be pulled 
high during the MODF bit clearing sequence. The 
SPE and MSTR bits may be restored to their orig-
inal state during or after this clearing sequence. 

Hardware does not allow the user to set the SPE 
and MSTR bits 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 
in a multimaster configuration the device can be in 
slave mode with the MODF bit set.

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

10.6.5.2 Overrun Condition (OVR)
An overrun condition occurs when the master de-
vice has sent a data byte and the slave device has 
not cleared the SPIF bit issued from the previously 
transmitted byte.

When an Overrun occurs:

– The OVR bit is set and an interrupt request is 
generated if the SPIE bit is set.

In this 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 bit is cleared by reading the SPICSR 
register.

10.6.5.3 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 will be unsuccessful.

Write collisions can occur both in master and slave 
mode. See also Section 10.6.3.2 "Slave Select 
Management".

Note: A "read collision" will never occur since the 
received data byte is placed in a buffer in which 
access is always synchronous with the CPU oper-
ation.

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).

Clearing the WCOL bit is done through a software 
sequence (see Figure 75).

Figure 75. Clearing the WCOL Bit (Write Collision Flag) Software Sequence
Clearing sequence after SPIF = 1 (end of a data byte transfer)

1st Step
Read SPICSR

Read SPIDR2nd Step SPIF = 0
WCOL = 0

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

1st Step

2nd Step WCOL = 0

Read SPICSR

Read SPIDR
Note: Writing to the SPIDR register in-
stead of reading it does not reset the 
WCOL bit.

RESULT

RESULT
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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.

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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LPR = TBR / (16.TCPU) = Rounding (SM / 128)

TCPU = CPU period
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont’d)

SCICR2 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

Bit 2 = LHIE LIN Header Interrupt Enable 
This bit is set and cleared by software. It is only us-
able in LIN Slave mode.
0: LIN Header Interrupt is inhibited.
1: An SCI interrupt is generated whenever  

LHDF = 1.

Bit 1 = LHDF LIN Header Detection Flag 
This bit is set by hardware when a LIN Header is 
detected and cleared by a software sequence (an 
access to the SCISR register followed by a read of 
the SCICR3 register). It is only usable in LIN Slave 
mode.
0: No LIN Header detected.
1: LIN Header detected. 

Notes: The header detection method depends on 
the LHDM bit:

– If LHDM = 0, a header is detected as a LIN 
Synch Break.

– If LHDM = 1, a header is detected as a LIN 
Identifier, meaning that a LIN Synch Break 
Field + a LIN Synch Field + a LIN Identifier 
Field have been consecutively received. 

Bit 0 = LSF LIN Synch Field State

This bit indicates that the LIN Synch Field is being 
analyzed. It is only used in LIN Slave mode. In 
Auto Synchronization Mode (LASE bit = 1), when 
the SCI is in the LIN Synch Field State it waits or 
counts the falling edges on the RDI line.

It is set by hardware as soon as a LIN Synch Break 
is detected and cleared by hardware when the LIN 
Synch Field analysis is finished (see Figure 11). 
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 under-

going analysis)

Figure 87. LSF Bit Set and Clear

LIN DIVIDER REGISTERS
LDIV is coded using the two registers LPR and LP-
FR. In LIN Slave mode, the LPR register is acces-
sible at the address of the SCIBRR register and 
the LPFR register is accessible at the address of 
the SCIETPR register.

LIN PRESCALER REGISTER (LPR)
Read/Write
Reset Value: 0000 0000 (00h)

LPR[7:0] LIN Prescaler (mantissa of LDIV)

These 8 bits define the value of the mantissa of the 
LIN Divider (LDIV):

Caution: LPR and LPFR registers have different 
meanings when reading or writing to them. Conse-
quently bit manipulation instructions (BRES or 
BSET) should never be used to modify the 
LPR[7:0] bits, or the LPFR[3:0] bits.

7 0

LPR7 LPR6 LPR5 LPR4 LPR3 LPR2 LPR1 LPR0

LPR[7:0] Rounded Mantissa (LDIV)

00h SCI clock disabled

01h 1

... ...

FEh 254

FFh 255

LIN Synch LIN Synch Identifier

parity bits

Field Field Break

11 dominant bits

LSF bit
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Master Only) (Cont’d)

10.8.4.4 Conventional Baud Rate Generation
The baud rates for the receiver and transmitter (Rx 
and Tx) are set independently and calculated as 
follows

:

with:

PR = 1, 3, 4 or 13 (see SCP[1:0] bits)

TR = 1, 2, 4, 8, 16, 32, 64, 128 

(see SCT[2:0] bits)

RR = 1, 2, 4, 8, 16, 32, 64, 128 

(see SCR[2:0] bits)

All these bits are in the SCIBRR register.

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

Note: The baud rate registers MUST NOT be 
changed while the transmitter or the receiver is en-
abled.

10.8.4.5 Extended Baud Rate Generation
The extended prescaler option gives a very fine 
tuning on the baud rate, using a 255 value prescal-
er, whereas the conventional Baud Rate Genera-
tor retains industry standard software compatibili-
ty.

The extended baud rate generator block diagram 
is described in the Figure 90.

The output clock rate sent to the transmitter or to 
the receiver is the output from the 16 divider divid-
ed by a factor ranging from 1 to 255 set in the SCI-
ERPR or the SCIETPR register.

Note: The extended prescaler is activated by set-
ting the SCIETPR or SCIERPR register to a value 

other than zero. The baud rates are calculated as 
follows:

with:

ETPR = 1, ..., 255 (see SCIETPR register)

ERPR = 1, ..., 255 (see SCIERPR register)

10.8.4.6 Receiver Muting and Wake-up Feature
In multiprocessor configurations it is often desira-
ble 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 cannot be set.

All the receive interrupts are inhibited.

A muted receiver may be awakened by one of the 
following two ways: 

– by Idle Line detection if the WAKE bit is reset,

– by Address Mark detection if the WAKE bit is set. 

Receiver wakes-up by Idle Line detection when 
the Receive line has recognized an Idle Frame. 
Then the RWU bit is reset by hardware but the 
IDLE bit is not set.

Receiver wakes-up by Address Mark detection 
when it received a “1” as the most significant bit of 
a word, thus indicating that the message is an ad-
dress. The reception of this particular word wakes 
up the receiver, resets the RWU bit and sets the 
RDRF bit, which allows the receiver to receive this 
word normally and to use it as an address word.

Tx = 
(16*PR)*TR

fCPU
Rx = 

(16*PR)*RR

fCPU

Tx = 
16*ETPR*(PR*TR)

fCPU Rx = 
16*ERPR*(PR*RR)

fCPU
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beCAN CONTROLLER (Cont’d)

10.9.4.2 Reception Handling 
For the reception of CAN messages, three 
mailboxes organized as a FIFO are provided. In 
order to save CPU load, simplify the software and 
guarantee data consistency, the FIFO is managed 
completely by hardware. The application accesses 
the messages stored in the FIFO through the FIFO 
output mailbox.

Valid Message

A received message is considered as valid when it 
has been received correctly according to the CAN 
protocol (no error until the last but one bit of the 
EOF field) and It passed through the identifier fil-
tering successfully, see Section 0.1.4.3 Identifier 
Filtering.

Figure 101. Receive FIFO states

EMPTY
Valid MessageFMP=0x00

FOVR=0

PENDING_1
FMP=0x01
FOVR=0

Received

PENDING_2
FMP=0x10
FOVR=0

PENDING_3
FMP=0x11
FOVR=0

Valid Message
Received

Release
OVERRUN
FMP=0x11
FOVR=1Mailbox

Release
Mailbox

Valid Message
Received

Valid Message
Received

Release
Mailbox

Release
Mailbox

Valid Message
Received

RFOM=1 

RFOM=1

RFOM=1
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beCAN CONTROLLER (Cont’d)

CAN MASTER STATUS REGISTER (CMSR)
Reset Value: 0000 0010 (02h) 

Note: To clear a bit of this register the software 
must write this bit with a one.

Bits 7:4 = Reserved. Forced to 0 by hardware.

Bit 5 = REC Receive 
- Read 
The CAN hardware is currently receiver. 

Bit 4 = TRAN Transmit 
- Read 
The CAN hardware is currently transmitter.  

Bit 3 = WKUI Wake-Up Interrupt 
- Read/Clear 
This bit is set by hardware to signal that a SOF bit 
has been detected while the CAN hardware was in 
sleep mode. Setting this bit generates a status 
change interrupt if the WKUIE bit in the CIER reg-
ister is set.

This bit is cleared by software. 

Bit 2 = ERRI Error Interrupt 
- Read/Clear 
This bit is set by hardware when a bit of the CESR 
has been set on error detection and the corre-
sponding interrupt in the CEIER is enabled. Set-
ting this bit generates a status change interrupt if 
the ERRIE bit in the CIER register is set.

This bit is cleared by software. 

Bit 1 = SLAK Sleep Acknowledge 
- Read 
This bit is set by hardware and indicates to the 
software that the CAN hardware is now in sleep 
mode. This bit acknowledges the sleep mode re-

quest from the software (set SLEEP bit in CMCR 
register).

This bit is cleared by hardware when the CAN 
hardware has left sleep mode. Sleep mode is left 
when the SLEEP bit in the CMCR register is 
cleared. Please refer to the AWUM bit of the 
CMCR register description for detailed information 
for clearing SLEEP bit. 

Bit 0 = INAK Initialization Acknowledge 
- Read 
This bit is set by hardware and indicates to the 
software that the CAN hardware is now in initiali-
zation mode. This bit acknowledges the initializa-
tion request from the software (set INRQ bit in 
CMCR register).

This bit is cleared by hardware when the CAN 
hardware has left the initialization mode and is 
now synchronized on the CAN bus. To be syn-
chronized the hardware has to monitor a se-
quence of 11 consecutive recessive bits on the 
CAN RX signal. 

CAN TRANSMIT STATUS REGISTER (CTSR) 
Read / Write ( 
Reset Value: 0000 0000 (00h)

Note: To clear a bit of this register the software 
must write this bit with a one.

Bits 7:6 = Reserved. Forced to 0 by hardware.

Bit 5 = TXOK1 Transmission OK for mailbox 1 
- Read 
This bit is set by hardware when the transmission 
request on mailbox 1 has been completed suc-
cessfully. Please refer to Figure 7. 

This bit is cleared by hardware when mailbox 1 is 
requested for transmission or when the software 
clears the RQCP1 bit.

7 0

0 0 REC TRAN WKUI ERRI SLAK INAK

7 0

0 0 TXOK1 TXOK0 0 0 RQCP1 RQCP0
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12 ELECTRICAL CHARACTERISTICS

12.1 PARAMETER CONDITIONS

Unless otherwise specified, all voltages are re-
ferred to VSS.

12.1.1 Minimum and Maximum Values
Unless otherwise specified the minimum and max-
imum values are guaranteed in the worst condi-
tions of ambient temperature, supply voltage and 
frequencies by tests in production on 100% of the 
devices with an ambient temperature at TA = 25°C 
and TA = TAmax (given by the selected tempera-
ture range).

Data based on characterization results, design 
simulation and/or technology characteristics are 
indicated in the table footnotes and are not tested 
in production. Based on characterization, the min-
imum and maximum values refer to sample tests 
and represent the mean value plus or minus three 
times the standard deviation (mean±3Σ).

12.1.2 Typical Values
Unless otherwise specified, typical data is based 
on TA = 25°C, VDD = 5V (for the 
4.5V ≤ VDD ≤ 5.5V voltage range). They are given 
only as design guidelines and are not tested.

Typical ADC accuracy values are determined by 
characterization of a batch of samples from a 
standard diffusion lot over the full temperature 
range, where 95% of the devices have an error 
less than or equal to the value indicated
(mean±2Σ).

12.1.3 Typical Curves
Unless otherwise specified, all typical curves are 
given only as design guidelines and are not tested.

12.1.4 Loading Capacitor
The loading conditions used for pin parameter 
measurement are shown in Figure 117.

Figure 117. Pin Loading Conditions

12.1.5 Pin Input Voltage
The input voltage measurement on a pin of the de-
vice is described in Figure 118.

Figure 118. Pin input voltage

CL
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12.5 CLOCK AND TIMING CHARACTERISTICS

Subject to general operating conditions for VDD, fOSC, and TA.

12.5.1 General Timings  

12.5.2 External Clock Source 

Figure 121. Typical Application with an External Clock Source

Notes:
1. Data based on typical application software.
2. Time measured between interrupt event and interrupt vector fetch. Δtc(INST) is the number of tCPU cycles needed to finish 
the current instruction execution.
3. Data based on design simulation and/or technology characteristics, not tested in production.

Symbol Parameter  Conditions Min Typ1) Max Unit

tc(INST) Instruction cycle time
2 3 12 tCPU

fCPU = 8 MHz 250 375 1500 ns

tv(IT)
Interrupt reaction time2) 

tv(IT) = Δtc(INST) + 10
10 22 tCPU

fCPU = 8 MHz 1.25 2.75 μs

Symbol Parameter Conditions Min Typ Max Unit

VOSC1H OSC1 input pin high level voltage

see Figure 121

0.7 x VDD VDD V
VOSC1L OSC1 input pin low level voltage VSS 0.3 x VDD

tw(OSC1H)
tw(OSC1L)

OSC1 high or low time3) 25
ns

tr(OSC1)
tf(OSC1)

OSC1 rise or fall time3) 5

IL OSCx Input leakage current VSS ≤ VIN ≤ VDD ±1 μA

OSC1

OSC2

fOSC
EXTERNAL

ST72XXX

CLOCK SOURCE

Not connected internally

VOSC1L

VOSC1H

tr(OSC1) tf(OSC1) tw(OSC1H) tw(OSC1L)

IL

90%

10%
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