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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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2 PIN DESCRIPTION 

Figure 2. LQFP 64-Pin Package Pinout
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PIN DESCRIPTION (Cont’d)

Figure 4. LQFP 32-Pin Package Pinout

For external pin connection guidelines, refer to “ELECTRICAL CHARACTERISTICS” on page 219.
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PIN DESCRIPTION (Cont’d)

For external pin connection guidelines, refer to “ELECTRICAL CHARACTERISTICS” on page 219.

Legend / Abbreviations for Table 2:
Type: I = input, O = output, S = supply

In/Output level: CT= CMOS 0.3VDD/0.7VDD with Schmitt trigger

TT= TTL 0.8V / 2V with Schmitt trigger

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

Port and control configuration:

–  Input: float = floating, wpu = weak pull-up, int = interrupt1), ana = analog, RB = robust

–  Output: OD = open drain, PP = push-pull

Refer to “I/O PORTS” on page 46 for more details on the software configuration of the I/O ports.

The RESET configuration of each pin is shown in bold which is valid as long as the device is in reset state.

Table 2. Device Pin Description

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

1 1 1 OSC13) I
External clock input or Resonator os-
cillator inverter input 

2 2 2 OSC23) I/O Resonator oscillator inverter output

3 - - PA0 / ARTIC1 I/O CT X ei0 X X Port A0 ART Input Capture 1

4 3 3 PA1 / PWM0 I/O CT X ei0 X X Port A1 ART PWM Output 0

5 4 4 PA2 (HS) / PWM1 I/O CT HS X ei0 X X Port A2 ART PWM Output 1

6 5 - PA3 / PWM2 I/O CT X ei0 X X Port A3 ART PWM Output 2

7 6 - PA4 / PWM3 I/O CT X ei0 X X Port A4 ART PWM Output 3

8 - - VSS_3 S Digital Ground Voltage

9 - - VDD_3 S Digital Main Supply Voltage

10 7 5 PA5 (HS) / ARTCLK I/O CT HS X ei0 X X Port A5 ART External Clock

11 8 - PA6 (HS) / ARTIC2 I/O CT HS X ei0 X X Port A6 ART Input Capture 2

12 - - PA7 / T8_OCMP2 I/O CT X ei0 X X Port A7 TIM8 Output Compare 2

13 - - PB0 /T8_ICAP2 I/O CT X ei1 X X Port B0 TIM8 Input Capture 2

14 9 6 PB1 /T8_OCMP1 I/O CT X ei1 X X Port B1 TIM8 Output Compare 1

15 10 7 PB2 / T8_ICAP1 I/O CT X ei1 X X Port B2 TIM8 Input Capture 1

16 11 8 PB3 / MCO I/O CT X ei1 X X Port B3 Main clock out (fOSC2)

17 - - PE0 / AIN12 I/O TT X X RB X X Port E0 ADC Analog Input 12

18 - - PE1 / AIN13 I/O TT X X RB X X Port E1 ADC Analog Input 13

19 12 9 PB4 / AIN0 / ICCCLK I/O CT X ei1 RB X X Port B4
ICC Clock 
input

ADC Analog 
Input 0

20 - - PE2 / AIN14 I/O TT X X RB X X Port E2 ADC Analog Input 14

21 - - PE3 / AIN15 I/O TT X X RB X X Port E3 ADC Analog Input 15

22 13 10 PB5 / AIN1 / ICCDATA I/O CT X ei1 RB X X Port B5
ICC Data in-
put

ADC Analog 
Input 1
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000Fh
0010h
0011h

Port F
PFDR 
PFDDR 
PFOR

Port F Data Register 
Port F Data Direction Register 
Port F Option Register

00h1)

00h
00h

R/W2) 

R/W2) 

R/W2)

0012h
to

0020h
Reserved Area (15 bytes)

0021h
0022h
0023h

SPI
SPIDR 
SPICR 
SPICSR

SPI Data I/O Register 
SPI Control Register 
SPI Control/Status Register

xxh
0xh
00h

R/W 
R/W 
R/W

0024h FLASH FCSR Flash Control/Status Register 00h R/W

0025h
0026h
0027h
0028h
0029h
002Ah

ITC 

ISPR0 
ISPR1 
ISPR2 
ISPR3 
EICR0 
EICR1

Interrupt Software Priority Register 0 
Interrupt Software Priority Register 1 
Interrupt Software Priority Register 2 
Interrupt Software Priority Register 3 
External Interrupt Control Register 0 
External Interrupt Control Register 1

FFh
FFh
FFh
FFh
00h
00h

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

002Bh
002Ch

AWU
AWUCSR 
AWUPR

Auto Wake up f. Halt Control/Status Register 
Auto Wake Up From Halt Prescaler

00h
FFh

R/W 
R/W

002Dh
002Eh

CKCTRL
SICSR 
MCCSR

System Integrity Control / Status Register 
Main Clock Control / Status Register

0xh
00h

R/W 
R/W

002Fh
0030h

WWDG
WDGCR 
WDGWR

Watchdog Control Register 
Watchdog Window Register

7Fh
7Fh

R/W 
R/W

0031h
0032h
0033h
0034h
0035h
0036h
0037h
0038h
0039h
003Ah
003Bh

PWM

ART

PWMDCR3 
PWMDCR2 
PWMDCR1 
PWMDCR0 
PWMCR 
ARTCSR 
ARTCAR 
ARTARR 
ARTICCSR 
ARTICR1 
ARTICR2

Pulse Width Modulator Duty Cycle Register 3 
PWM Duty Cycle Register 2 
PWM Duty Cycle Register 1 
PWM Duty Cycle Register 0 
PWM Control register 
Auto-Reload Timer Control/Status Register 
Auto-Reload Timer Counter Access Register 
Auto-Reload Timer Auto-Reload Register 
ART Input Capture Control/Status Register 
ART Input Capture Register 1 
ART Input Capture register 2

00h
00h
00h
00h
00h
00h
00h
00h
00h
00h
00h

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

003Ch
003Dh
003Eh
003Fh
0040h
0041h
0042h
0043h
0044h

8-BIT

TIMER

T8CR2 
T8CR1 
T8CSR 
T8IC1R 
T8OC1R 
T8CTR 
T8ACTR 
T8IC2R 
T8OC2R

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

00h
00h
00h
xxh
00h
FCh
FCh
xxh
00h

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

0045h
0046h
0047h

ADC
ADCCSR 
ADCDRH 
ADCDRL

Control/Status Register 
Data High Register 
Data Low Register

00h
00h
00h

R/W 
Read Only 
Read Only

Address Block
Register 

Label
Register Name

Reset 
Status

Remarks
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SYSTEM INTEGRITY MANAGEMENT (Cont’d)

6.4.2 Auxiliary Voltage Detector (AVD)
The Voltage Detector function (AVD) is based on 
an analog comparison between a VIT-(AVD) and 
VIT+(AVD) reference value and the VDD main sup-
ply. The VIT-(AVD) reference value for falling volt-
age is lower than the VIT+(AVD) reference value for 
rising voltage in order to avoid parasitic detection 
(hysteresis).

The output of the AVD comparator is directly read-
able by the application software through a real 
time status bit (AVDF) in the SICSR register. This 
bit is read only.
Caution: The AVD function is active only if the 
LVD is enabled through the option byte.
6.4.2.1 Monitoring the VDD Main Supply
If the AVD interrupt is enabled, an interrupt is gen-
erated when the voltage crosses the VIT+(AVD) or 
VIT-(AVD) threshold (AVDF bit toggles). 

In the case of a drop in voltage, the AVD interrupt 
acts as an early warning, allowing software to shut 

down safely before the LVD resets the microcon-
troller. See Figure 16.

The interrupt on the rising edge is used to inform 
the application that the VDD warning state is over.

If the voltage rise time trv is less than 256 or 4096 
CPU cycles (depending on the reset delay select-
ed by option byte), no AVD interrupt will be gener-
ated when VIT+(AVD) is reached.

If trv is greater than 256 or 4096 cycles then:

– If the AVD interrupt is enabled before the 
VIT+(AVD) threshold is reached, then two AVD in-
terrupts will be received: The first when the 
AVDIE bit is set and the second when the thresh-
old is reached.

– If the AVD interrupt is enabled after the VIT+(AVD) 
threshold is reached, then only one AVD inter-
rupt occurs.

Figure 16. Using the AVD to Monitor VDD 

VDD

VIT+(AVD)

VIT-(AVD)

AVDF bit 0 0RESET VALUE

IF AVDIE bit = 1

Vhyst

AVD INTERRUPT
REQUEST

INTERRUPT PROCESS INTERRUPT PROCESS

VIT+(LVD)

VIT-(LVD)

LVD RESET

Early Warning Interrupt
(Power has dropped, MCU not 
not yet in reset)

11

trv VOLTAGE RISE TIME
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INTERRUPTS (Cont’d)

Table 8. Dedicated Interrupt Instruction Set

Note: During the execution of an interrupt routine, the HALT, POPCC, RIM, SIM and WFI instructions change the current 
software priority up to the next IRET instruction or one of the previously mentioned instructions.

Instruction New Description Function/Example I1 H I0 N Z C

HALT Entering Halt mode 1 0

IRET Interrupt routine return Pop CC, A, X, PC I1 H I0 N Z C

JRM Jump if I1:0 = 11 (level 3) I1:0 = 11 ?

JRNM Jump if I1:0 <> 11 I1:0 <> 11 ?

POP CC Pop CC from the Stack Mem => CC I1 H I0 N Z C

RIM Enable interrupt (level 0 set) Load 10 in I1:0 of CC 1 0

SIM Disable interrupt (level 3 set) Load 11 in I1:0 of CC 1 1

TRAP Software trap Software NMI 1 1

WFI Wait for interrupt 1 0
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I/O PORTS (Cont’d)

Table 15. I/O Port Register Map and Reset Values

Address
(Hex.)

Register
Label

7 6 5 4 3 2 1 0

Reset Value
of all IO port registers

0 0 0 0 0 0 0 0

0000h PADR
MSB LSB0001h PADDR

0002h PAOR
0003h PBDR

MSB LSB0004h PBDDR
0005h PBOR
0006h PCDR

MSB LSB0007h PCDDR
0008h PCOR
0009h PDDR

MSB LSB000Ah PDDDR
000Bh PDOR
000Ch PEDR

MSB LSB000Dh PEDDR
000Eh PEOR
000Fh PFDR

MSB LSB0010h PFDDR
0011h PFOR
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PWM AUTO-RELOAD TIMER (Cont’d)

Figure 46. input Capture Timing Diagram, fCOUNTER = fCPU / 4

04hCOUNTER

t

fCOUNTER

xxh

03h
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ARTICx PIN

CFx FLAG

ICRx REGISTER

INTERRUPT

fCPU

ICAP SAMPLED 

05h

04hCOUNTER

t

fCOUNTER

xxh

03h

05h

ARTICx PIN

CFx FLAG

ICRx REGISTER

INTERRUPT

fCPU
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05h
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16-BIT TIMER (Cont’d)

10.4.3.6 Pulse Width Modulation Mode
Pulse Width Modulation (PWM) mode enables the 
generation of a signal with a frequency and pulse 
length determined by the value of the OC1R and 
OC2R registers.

Pulse Width Modulation mode uses the complete 
Output Compare 1 function plus the OC2R regis-
ter, and so this functionality can not be used when 
PWM mode is activated. 

In PWM mode, double buffering is implemented on 
the output compare registers. Any new values writ-
ten in the OC1R and OC2R registers are taken 
into account only at the end of the PWM period 
(OC2) to avoid spikes on the PWM output pin 
(OCMP1).

Procedure
To use Pulse Width Modulation mode:

1. Load the OC2R register with the value corre-
sponding to the period of the signal using the 
formula in the opposite column.

2. Load the OC1R register with the value corre-
sponding to the period of the pulse if 
(OLVL1 = 0 and OLVL2 = 1) using the formula 
in the opposite column.

3. Select the following in the CR1 register:

– Using the OLVL1 bit, select the level to be ap-
plied to the OCMP1 pin after a successful 
comparison with the OC1R register.

– Using the OLVL2 bit, select the level to be ap-
plied to the OCMP1 pin after a successful 
comparison with the OC2R register.

4. Select the following in the CR2 register:

– Set OC1E bit: the OCMP1 pin is then dedicat-
ed to the output compare 1 function.

– Set the PWM bit.

– Select the timer clock (CC[1:0]) (see Table 17 
Clock Control Bits).

If OLVL1 = 1 and OLVL2 = 0 the length of the pos-
itive pulse is the difference between the OC2R and 
OC1R registers.

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

The OCiR register value required for a specific tim-
ing application can be calculated using the follow-
ing formula:

Where: 
t = Signal or pulse period (in seconds)

fCPU = CPU clock frequency (in hertz)

PRESC = Timer prescaler factor (2, 4 or 8 depend-
ing on CC[1:0] bits, see Table 17 Clock 
Control Bits)

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

Where:

t = Signal or pulse period (in seconds)

fEXT = External timer clock frequency (in hertz)

The Output Compare 2 event causes the counter 
to be initialized to FFFCh (See Figure 58)

Notes: 
1. After a write instruction to the OCiHR register, 

the output compare function is inhibited until the 
OCiLR register is also written. 

2. The OCF1 and OCF2 bits cannot be set by 
hardware in PWM mode therefore the Output 
Compare interrupt is inhibited. 

3. The ICF1 bit is set by hardware when the coun-
ter reaches the OC2R value and can produce a 
timer interrupt if the ICIE bit is set and the I bit is 
cleared. 

4. In PWM mode the ICAP1 pin can not be used 
to perform input capture because it is discon-
nected to the timer. 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 period and 
ICF1 can also generates interrupt if ICIE is set.

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

Counter

OCMP1 = OLVL2
Counter
= OC2R

OCMP1 = OLVL1

When

When

= OC1R

Pulse Width Modulation cycle

Counter is reset
to FFFCh

ICF1 bit is set

OCiR Value =
t * fCPU

PRESC

- 5

 OCiR = t * fEXT -5
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10.5 8-BIT TIMER (TIM8)

10.5.1 Introduction
The timer consists of a 8-bit free-running counter 
driven by a programmable prescaler.

It may be used for a variety of purposes, including 
pulse length measurement of up to two input sig-
nals (input capture) or generation of up to two out-
put waveforms (output compare and PWM).

Pulse lengths and waveform periods can be mod-
ulated from a few microseconds to several milli-
seconds using the timer prescaler and the clock 
prescaler. 

10.5.2 Main Features
■ Programmable prescaler: fCPU divided by 2, 4 , 8 

or fOSC2 divided by 8000.
■ Overflow status flag and maskable interrupt
■ Output compare functions with

– 2 dedicated 8-bit registers

– 2 dedicated programmable signals

– 2 dedicated status flags

– 1 dedicated maskable interrupt
■ Input capture functions with

– 2 dedicated 8-bit registers

– 2 dedicated active edge selection signals

– 2 dedicated status flags

– 1 dedicated maskable interrupt
■ Pulse width modulation mode (PWM)
■ One pulse mode 
■ Reduced Power Mode
■ 4 alternate functions on I/O ports (ICAP1, ICAP2, 

OCMP1, OCMP2)*

The Block Diagram is shown in Figure 59.

*Note: Some timer pins may not be available (not 
bonded) in some ST7 devices. Refer to the device 
pin out description. 

When reading an input signal on a non-bonded 
pin, the value will always be ‘1’.

10.5.3 Functional Description
10.5.3.1 Counter
The main block of the Programmable Timer is a 8-
bit free running upcounter and its associated 8-bit 
registers. 

These two read-only 8-bit registers contain the 
same value but with the difference that reading the 
ACTR register does not clear the TOF bit (Timer 
overflow flag), located in the Status register, (SR).

Writing in the CTR register or ACTR register re-
sets the free running counter to the FCh value. 
Both counters have a reset value of FCh (this is 
the only value which is reloaded in the 8-bit timer). 
The reset value of both counters is also FCh in 
One Pulse mode and PWM mode.

The timer clock depends on the clock control bits 
of the CR2 register, as shown in Table 19 Clock 
Control Bits. The value in the counter register re-
peats every 512, 1024, 2048 or 20480000 fCPU
clock cycles depending on the CC[1:0] bits. 
The timer frequency can be fCPU/2, fCPU/4, fCPU/8 
or fOSC2 /8000.

For example, if fOSC2/8000 is selected, and 
fOSC2 = 8 MHz, the timer frequency will be 1 ms. 
Refer to Table 19 on page 105.
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8-BIT TIMER (Cont’d)

Figure 68. One Pulse Mode Timing Example

Figure 69. Pulse Width Modulation Mode Timing Example

COUNTER FC FD FE D0 D1 D2

D3

FC FD

OLVL2 OLVL2OLVL1

ICAP1

OCMP1
compare1

Note: IEDG1 = 1, OC1R = D0h, OLVL1 = 0, OLVL2 = 1

F8

F8 D3IC1R

COUNTER E2 E2 FC

OLVL2 OLVL2OLVL1OCMP1

compare2 compare1 compare2

Note: OC1R = D0h, OC2R = E2, OLVL1 = 0, OLVL2 = 1

FC FD FE D0 D1 D2
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ON-CHIP PERIPHERALS (cont’d)

10.6 SERIAL PERIPHERAL INTERFACE (SPI)

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

10.6.2 Main Features 
■ Full duplex synchronous transfers (on three 

lines)
■ Simplex synchronous transfers (on two lines)
■ Master or slave operation 
■ 6 master mode frequencies (fCPU/4 max.)
■ fCPU/2 max. slave mode frequency (see note)
■ SS Management by software or hardware
■ Programmable clock polarity and phase
■ End of transfer interrupt flag
■ Write collision, Master Mode Fault and Overrun 

flags 

Note: In slave mode, continuous transmission is 
not possible at maximum frequency due to the 
software overhead for clearing status flags and to 
initiate the next transmission sequence.

10.6.3 General Description
Figure 70 on page 110 shows the serial peripheral 
interface (SPI) block diagram. There are three reg-
isters:

– SPI Control Register (SPICR) 

– SPI Control/Status Register (SPICSR) 

– SPI Data Register (SPIDR)

The SPI is connected to external devices through 
four pins:

– MISO: Master In / Slave Out data 

– MOSI: Master Out / Slave In data

– SCK: Serial Clock out by SPI masters and in-
put by SPI slaves

– SS: Slave select: 
This input signal acts as a ‘chip select’ to let 
the SPI master communicate with slaves indi-
vidually and to avoid contention on the data 
lines. Slave SS inputs can be driven by stand-
ard I/O ports on the master Device.
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont’d)

CONTROL REGISTER 1 (SCICR1) 
Read/Write 
Reset Value: x000 0000 (x0h)

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

Bit 7 = R8 Receive data bit 8 
This bit is used to store the 9th bit of the received 
word when M = 1.

Bit 6 = T8 Transmit data bit 8 
This bit is used to store the 9th bit of the transmit-
ted word when M = 1.

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

Bit 4 = M Word length 
This bit determines the word length. It is set or 
cleared by software. 
0: 1 Start bit, 8 Data bits, 1 Stop bit  
1: 1 Start bit, 9 Data bits, 1 Stop bit

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

Bit 3 = WAKE Wake-Up method 
This bit determines the SCI Wake-Up method, it is 
set or cleared by software. 
0: Idle Line 
1: Address Mark

Note: If the LINE bit is set, the WAKE bit is deacti-
vated and replaced by the LHDM bit.

Bit 2 = PCE Parity control enable 
This bit is set and cleared by software. It selects 
the hardware parity control (generation and detec-
tion for byte parity, detection only for LIN parity).
0: Parity control disabled
1: Parity control enabled

Bit 1 = PS Parity selection 
This bit selects the odd or even parity when the 
parity generation/detection is enabled (PCE bit 
set). It is set and cleared by software. The parity 
will be selected after the current byte.
0: Even parity
1: Odd parity

Bit 0 = PIE Parity interrupt enable 
This bit enables the interrupt capability of the hard-
ware parity control when a parity error is detected 
(PE bit set). The parity error involved can be a byte 
parity error (if bit PCE is set and bit LPE is reset) or 
a LIN parity error (if bit PCE is set and bit LPE is 
set).
0: Parity error interrupt disabled
1: Parity error interrupt enabled

7 0

R8 T8 SCID M WAKE PCE1) PS PIE
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont’d)

Figure 84. LDIV Read / Write Operations When LDUM = 0

Figure 85. LDIV Read / Write Operations When LDUM = 1
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Master Only) (Cont’d)

CONTROL REGISTER 1 (SCICR1)
Read/Write

Reset Value: x000 0000 (x0h)

Bit 7 = R8 Receive data bit 8. 
This bit is used to store the 9th bit of the received 
word when M = 1.

Bit 6 = T8 Transmit data bit 8. 
This bit is used to store the 9th bit of the transmit-
ted word when M = 1.

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

Bit 4 = M Word length. 
This bit determines the word length. It is set or 
cleared by software. 
0: 1 Start bit, 8 Data bits, 1 Stop bit  
1: 1 Start bit, 9 Data bits, 1 Stop bit

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

Bit 3 = WAKE Wake-Up method. 
This bit determines the SCI Wake-Up method, it is 
set or cleared by software. 
0: Idle Line 
1: Address Mark

Bit 2 = PCE Parity control enable. 
This bit selects the hardware parity control (gener-
ation and detection). When the parity control is en-
abled, the computed parity is inserted at the MSB 
position (9th bit if M = 1; 8th bit if M = 0) and parity 
is checked on the received data. This bit is set and 
cleared by software. Once it is set, PCE is active 
after the current byte (in reception and in transmis-
sion).
0: Parity control disabled
1: Parity control enabled

Bit 1 = PS Parity selection. 
This bit selects the odd or even parity when the 
parity generation/detection is enabled (PCE bit 
set). It is set and cleared by software. The parity is 
selected after the current byte.
0: Even parity
1: Odd parity

Bit 0 = PIE Parity interrupt enable. 
This bit enables the interrupt capability of the hard-
ware parity control when a parity error is detected 
(PE bit set). It is set and cleared by software.
0: Parity error interrupt disabled
1: Parity error interrupt enabled

7 0

R8 T8 SCID M WAKE PCE PS PIE
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beCAN CONTROLLER (Cont’d)

FIFO Management
Starting from the empty state, the first valid mes-
sage received is stored in the FIFO which be-
comes pending_1. The hardware signals the 
event setting the FMP[1:0] bits in the CRFR regis-
ter to the value 01b. The message is available in 
the FIFO output mailbox. The software reads out 
the mailbox content and releases it by setting the 
RFOM bit in the CRFR register. The FIFO be-
comes empty again. If a new valid message has 
been received in the meantime, the FIFO stays in 
pending_1 state and the new message is availa-
ble in the output mailbox. 

If the application does not release the mailbox, the 
next valid message will be stored in the FIFO 
which enters pending_2 state (FMP[1:0] = 10b). 
The storage process is repeated for the next valid 
message putting the FIFO into pending_3 state 
(FMP[1:0] = 11b). At this point, the software must 
release the output mailbox by setting the RFOM 
bit, so that a mailbox is free to store the next valid 
message. Otherwise the next valid message re-
ceived will cause a loss of message.

Refer also to Section 0.1.4.4 Message Storage.
Overrun
Once the FIFO is in pending_3 state (that is, the 
three mailboxes are full) the next valid message 
reception will lead to an overrun and a message 
will be lost. The hardware signals the overrun con-
dition by setting the FOVR bit in the CRFR regis-
ter. Which message is lost depends on the config-
uration of the FIFO:

– If the FIFO lock function is disabled (RFLM bit in 
the CMCR register cleared) the last message 
stored in the FIFO will be overwritten by the new 
incoming message. In this case the latest mes-
sages will be always available to the application.

– If the FIFO lock function is enabled (RFLM bit in 
the CMCR register set) the most recent message 
will be discarded and the software will have the 
three oldest messages in the FIFO available.

Reception Related Interrupts
On the storage of the first message in the FIFO - 
FMP[1:0] bits change from 00b to 01b - an inter-
rupt is generated if the FMPIE bit in the CIER reg-
ister is set.

When the FIFO becomes full (that is, a third mes-
sage is stored) the FULL bit in the CRFR register 
is set and an interrupt is generated if the FFIE bit in 
the CIER register is set.

On overrun condition, the FOVR bit is set and an 
interrupt is generated if the FOVIE bit in the CIER 
register is set.

10.9.4.3 Identifier Filtering
In the CAN protocol the identifier of a message is 
not associated with the address of a node but re-
lated to the content of the message. Consequently 
a transmitter broadcasts its message to all receiv-
ers. On message reception a receiver node de-
cides - depending on the identifier value - whether 
the software needs the message or not. If the mes-
sage is needed, it is copied into the RAM. If not, 
the message must be discarded without interven-
tion by the software.

To fulfil this requirement, the beCAN Controller 
provides six configurable and scalable filter banks 
(0-5) in order to receive only the messages the 
software needs. This hardware filtering saves 
CPU resources which would be otherwise needed 
to perform filtering by software. Each filter bank 
consists of eight 8-bit registers, CFxR[0:7]. 

Scalable Width
To optimize and adapt the filters to the application 
needs, each filter bank can be scaled independ-
ently. Depending on the filter scale a filter bank 
provides:

– One 32-bit filter for the STDID[10:0], IDE, EX-
TID[17:0] and RTR bits.

– Two 16-bit filters for the STDID[10:0], RTR and 
IDE bits.

– Four 8-bit filters for the STDID[10:3] bits. The 
other bits are considered as “don’t care”.

– One 16-bit filter and two 8-bit filters for filtering 
the same set of bits as the 16 and 8-bit filters de-
scribed above. 

Refer to Figure 9. Filter Bank Scale Configuration - 
Register Organisation.

Furthermore, the filters can be configured in mask 
mode or in identifier list mode. 

Mask mode 
In mask mode the identifier registers are associat-
ed with mask registers specifying which bits of the 
identifier are handled as “must match” or as “don’t 
care”. 

Identifier List mode
In identifier list mode, the mask registers are 
used as identifier registers. Thus instead of defin-
ing an identifier and a mask, two identifiers are 
specified, doubling the number of single identifi-
ers. All bits of the incoming identifier must match 
the bits specified in the filter registers.
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INSTRUCTION SET OVERVIEW (Cont’d)

11.1.1 Inherent
All Inherent instructions consist of a single byte. 
The opcode fully specifies all the required informa-
tion for the CPU to process the operation. 

11.1.2 Immediate
Immediate instructions have 2 bytes, the first byte 
contains the opcode, the second byte contains the 
operand value. 

11.1.3 Direct
In Direct instructions, the operands are referenced 
by their memory address.

The direct addressing mode consists of two sub-
modes:

Direct (short)
The address is a byte, thus requires only one byte 
after the opcode, but only allows 00 - FF address-
ing space.

Direct (long)
The address is a word, thus allowing 64 Kbyte ad-
dressing space, but requires 2 bytes after the op-
code.

11.1.4 Indexed (No Offset, Short, Long)
In this mode, the operand is referenced by its 
memory address, which is defined by the unsigned 
addition of an index register (X or Y) with an offset.

The indirect addressing mode consists of three 
submodes:

Indexed (No Offset)
There is no offset, (no extra byte after the opcode), 
and allows 00 - FF addressing space.

Indexed (Short)
The offset is a byte, thus requires only one byte af-
ter the opcode and allows 00 - 1FE addressing 
space.

Indexed (long)
The offset is a word, thus allowing 64 Kbyte ad-
dressing space and requires 2 bytes after the op-
code.

11.1.5 Indirect (Short, Long)
The required data byte to do the operation is found 
by its memory address, located in memory (point-
er).

The pointer address follows the opcode. The indi-
rect addressing mode consists of two submodes:

Indirect (short)
The pointer address is a byte, the pointer size is a 
byte, thus allowing 00 - FF addressing space, and 
requires 1 byte after the opcode.

 Indirect (long)
The pointer address is a byte, the pointer size is a 
word, thus allowing 64 Kbyte addressing space, 
and requires 1 byte after the opcode.

Inherent Instruction Function

NOP No operation

TRAP S/W Interrupt

WFI
Wait For Interrupt (Low Pow-
er Mode)

HALT
Halt Oscillator (Lowest Power 
Mode)

RET Sub-routine Return

IRET Interrupt Sub-routine Return

SIM Set Interrupt Mask (level 3)

RIM Reset Interrupt Mask (level 0)

SCF Set Carry Flag

RCF Reset Carry Flag

RSP Reset Stack Pointer

LD Load

CLR Clear

PUSH/POP Push/Pop to/from the stack

INC/DEC Increment/Decrement

TNZ Test Negative or Zero

CPL, NEG 1 or 2 Complement

MUL Byte Multiplication

SLL, SRL, SRA, RLC, 
RRC

Shift and Rotate Operations

SWAP Swap Nibbles

Immediate Instruction Function

LD Load

CP Compare

BCP Bit Compare

AND, OR, XOR Logical Operations

ADC, ADD, SUB, SBC Arithmetic Operations
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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
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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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FLASH OPTION BYTES (Cont’d)

OPT2:1 = PKG[1:0] Package selection 
These option bits select the device package. 

Note: Pads that are not bonded to external pins 
are in input pull-up configuration when the pack-
age selection option bits have been properly pro-
grammed. The configuration of these pads must 
be kept in reset state to avoid added current con-
sumption.

OPT0 = FMP_R Flash memory read-out protec-
tion 
Read-out protection, when selected provides a 
protection against program memory content ex-
traction and against write access to Flash memo-
ry. Erasing the option bytes when the FMP_R op-
tion is selected causes the whole user memory to 
be erased first, and the device can be repro-
grammed. Refer to Section 4.3.1 and the ST7 
Flash Programming Reference Manual for more 
details. 
0: Read-out protection enabled 
1: Read-out protection disabled 

OPTION BYTE 1
OPT7:6 = AFI_MAP[1:0] AFI Mapping 
These option bits allow the mapping of some of the 
Alternate Functions to be changed. 

OPT5:4 = OSCTYPE[1:0] Oscillator Type 
These option bits select the ST7 main clock 
source type. 

OPT3:2 = OSCRANGE[1:0] Oscillator range 
If the resonator oscillator type is selected, these 
option bits select the resonator oscillator. This se-
lection corresponds to the frequency range of the 
resonator used. If external source is selected with 
the OSCTYPE option, then the OSCRANGE op-
tion must be selected with the corresponding 
range.

OPT1 = Reserved

OPT0 = RSTC RESET clock cycle selection 
This option bit selects the number of CPU cycles 
inserted during the RESET phase and when exit-
ing HALT mode. For resonator oscillators, it is ad-
vised to select 4096 due to the long crystal stabili-
zation time. 
0: Reset phase with 4096 CPU cycles 
1: Reset phase with 256 CPU cycles 

Selected Package
PKG

1 0

LQFP 64 1 x

LQFP 44 0 1

LQFP 32 0 0

AFI Mapping 1 AFI_MAP(1)

T16_OCMP1 on PD3 
T16_OCMP2 on PD5 
T16_ICAP1 on PD4 
LINSCI2_SCK not available 
LINSCI2_TDO not available 
LINSCI2_RDI not available

0

T16_OCMP1 on PB6 
T16_OCMP2 on PB7 
T16_ICAP1 on PC0 
LINSCI2_SCK on PD3 
LINSCI2_TDO on PD5 
LINSCI2_RDI on PD4

1

AFI Mapping 0 AFI_MAP(0)

T16_ICAP2 is mapped on PD1 0

T16_ICAP2 is mapped on PC1 1

Clock Source
OSCTYPE

1 0

Resonator Oscillator 0 0

Reserved 0 1

Reserved internal clock source 
(used only in ICC mode)

1 0

External Source 1 1

Typ. Freq. Range
OSCRANGE

1 0

LP 1~2 MHz 0 0

MP 2~4 MHz 0 1

MS 4~8 MHz 1 0

HS 8~16 MHz 1 1
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