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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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WATCHDOG TIMER (Cont’d)
10.1.4 How to Program the Watchdog Timeout
Figure 33 shows the linear relationship between
the 6-bit value to be loaded in the Watchdog Coun-
ter (CNT) and the resulting timeout duration in mil-
liseconds. This can be used for a quick calculation
without taking the timing variations into account. If

more precision is needed, use the formulae in Fig-
ure 34. 
Caution: When writing to the WDGCR register, al-
ways write 1 in the T6 bit to avoid generating an
immediate reset. 

Figure 33. Approximate Timeout Duration
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10.3 PWM AUTO-RELOAD TIMER (ART)

10.3.1 Introduction
The Pulse Width Modulated Auto-Reload Timer
on-chip peripheral consists of an 8-bit auto reload
counter with compare/capture capabilities and of a
7-bit prescaler clock source.
These resources allow five possible operating
modes:
– Generation of up to 4 independent PWM signals
– Output compare and Time base interrupt

– Up to two input capture functions
– External event detector
– Up to two external interrupt sources
The three first modes can be used together with a
single counter frequency.
The timer can be used to wake up the MCU from
WAIT and HALT modes.

Figure 36. PWM Auto-Reload Timer Block Diagram 
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16-BIT TIMER (Cont’d)

Figure 46. Input Capture Block Diagram

Figure 47. Input Capture Timing Diagram 
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16-BIT TIMER (Cont’d)

Notes:  
1. After a processor write cycle to the OCiHR reg-

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

2. If the OCiE bit is not set, the OCMPi pin is a
general I/O port and the OLVLi bit will not
appear when a match is found but an interrupt
could be generated if the OCIE bit is set.

3. When the timer clock is fCPU/2, OCFi and
OCMPi are set while the counter value equals
the OCiR register value (see Figure 49 on page
78). This behaviour is the same in OPM or
PWM mode.
When the timer clock is fCPU/4, fCPU/8 or in
external clock mode, OCFi and OCMPi are set
while the counter value equals the OCiR regis-
ter value plus 1 (see Figure 50 on page 78). 

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

5. The value in the 16-bit OCiR register and the
OLVi bit should be changed after each suc-
cessful comparison in order to control an output
waveform or establish a new elapsed timeout.

Forced Compare Output capability

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

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

Figure 48. Output Compare Block Diagram 
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16-BIT TIMER (Cont’d)

CONTROL/STATUS REGISTER (CSR)
Read/Write (bits 7:3 read only)

Reset Value: xxxx x0xx (xxh)

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 low byte of the
IC1R (IC1LR) 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 low byte of the OC1R (OC1LR) reg-
ister.

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

to 0000h. To clear this bit, first read the SR reg-
ister, then read or write the low byte of the CR
(CLR) register.

Note: Reading or writing the ACLR 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 low byte of the IC2R
(IC2LR) 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 low byte of the OC2R (OC2LR) reg-
ister.

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
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SERIAL PERIPHERAL INTERFACE  (Cont’d)

10.5.5.4 Single Master Systems

A typical single master system may be configured,
using an MCU as the master and four MCUs as
slaves (see Figure 59). 

The master device selects the individual slave de-
vices by using four pins of a parallel port to control
the four SS pins of the slave devices. 

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

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

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

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

Figure 59. Single Master / Multiple Slave Configuration
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CONTROLLER AREA NETWORK (Cont’d)

Software Work-around - Devices with Hard-
ware Fix (ST72F521 rev “R”):
To implement a transmission abort under safe
conditions, the LOCK bit must not be reset during
the critical window (2 bit times). A new function
has been implemented in the MCU allowing the
application to synchronize the reset of the LOCK
bit (abort request) with the reset of the TXRQST bit
(internal signal) in the pCAN core. 

The synchronization is done using the WKPS bit in
the CANCSR register, the function of this bit has
been modified and no more Wake-up Pulse (dom-
inant bit) is sent on the CAN_TX signal when the
WKPS bit is set. This means the functionality de-
scribed in the datasheet is no longer applicable
(see Section 10.8.5.4).

To abort the transmission, first the application sets
the WKPS bit and polls it until it is set. The maxi-
mum time needed to set this bit is two CAN bit
times. Once the application has read the WKPS bit
as one, it can reset the LOCK bit to stop the cur-
rent transmission. 

The abort is completed when the LOCK bit is read
back as zero by the application. Once the abort
has been completed, the application must reset
the WKPS bit to be able to transmit again. Of
course the transmit buffer must be in LOCK state
as usual before any transmission attempt.

The “C” code sequence below shows the software
work-around using the WKPS bit.

CANCSR |= WKPS; // Set WKPS bit

while(!(CANCSR & WKPS) );// Wait until WKPS bit is set

while( CANBCSR & LOCK )// Wait until abort has been confirmed

{

CANBCSR &= ~LOCK;    

}

CANCSR &= ~WKPS;    // Allow transmission again

CANBCSR |= LOCK;        //Alloc buffer for next transmission
148/215
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COMMUNICATION INTERFACE CHARACTERISTICS (Cont’d)

Figure 107. SPI Slave Timing Diagram with CPHA=1 1)

Figure 108. SPI Master Timing Diagram 1)

Notes:
1. Measurement points are done at CMOS levels: 0.3xVDD and 0.7xVDD.
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 of the I/O port configuration.
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13.3 SOLDERING INFORMATION

In accordance with the RoHS European directive,
all STMicroelectronics packages will be converted
in 2005 to lead-free technology, named ECO-
PACKTM (for a detailed roadmap, please refer to
PCN CRP/04/744 "Lead-free Conversion Program
- Compliance with RoHS", issued November 18th,
2004).
� ECOPACKTM packages are qualified according

to the JEDEC STD-020B compliant soldering
profile.

� Detailed information on the STMicroelectronic
ECOPACKTM transition program is available on
www.st.com/stonline/leadfree/, with specific
technical Application notes covering the main
technical aspects related to lead-free
conversion (AN2033, AN2034, AN2035,
AN2036).

Backward and forward compatibility:

The main difference between Pb and Pb-free sol-
dering process is the temperature range. 

– ECOPACKTM TQFP packages are fully compat-
ible with Lead (Pb) containing soldering process 
(see application note AN2034)

– TQFP Pb-packages are compatible with Lead-
free soldering process, nevertheless it's the cus-
tomer's duty to verify that the Pb-packages max-
imum temperature (mentioned on the Inner box 
label) is compatible with their Lead-free soldering 
temperature.

Table 29. Soldering Compatibility (wave and reflow soldering process)

* Assemblers must verify that the Pb-package maximum temperature (mentioned on the Inner box label)
is compatible with their Lead-free soldering process. 

Package Plating material devices Pb solder paste Pb-free solder paste
TQFP NiPdAu (Nickel-palladium-Gold) Yes Yes *
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PIN DESCRIPTION (Cont’d)

For external pin connection guidelines, refer to See “ELECTRICAL CHARACTERISTICS” on page 165.

Legend / Abbreviations for Table 1:

Type: I = input, O = output, S = supply

Input level: A = Dedicated analog input

In/Output level: C = CMOS 0.3VDD/0.7VDD
CT= CMOS 0.3VDD/0.7VDD with input 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 = interrupt 1), ana = analog

–  Output: OD = open drain 2), PP = push-pull

Refer to “I/O PORTS” on page 47 for more details on the software configuration of the I/O ports.

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

Table 1. Device Pin Description 

Pin n°

Pin Name

T
yp

e

Level Port Main
function

(after
reset)

Alternate function
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Q
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Q

F
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64
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ut

pu
t Input Output
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at

w
pu in
t

an
a

O
D

P
P

1 1 PE4 (HS) I/O CT HS X X X X Port E4

2 2 PE5 (HS) I/O CT HS X X X X Port E5

3 3 PE6 (HS) I/O CT HS X X X X Port E6

4 4 PE7 (HS) I/O CT HS X X X X Port E7

5 5 PB0/PWM3 I/O CT X ei2 X X Port B0 PWM Output 3

6 6 PB1/PWM2 I/O CT X ei2 X X Port B1 PWM Output 2

7 7 PB2/PWM1 I/O CT X ei2 X X Port B2 PWM Output 1

8 8 PB3/PWM0 I/O CT X ei2 X X Port B3 PWM Output 0

9 - PG0 I/O TT X X X X Port G0 

10 - PG1 I/O TT X X X X Port G1 

11 - PG2 I/O TT X X X X Port G2 

12 - PG3 I/O TT X X X X Port G3 

13 9 PB4 (HS)/ARTCLK I/O CT HS X ei3 X X Port B4 PWM-ART External Clock

14 10 PB5/ARTIC1 I/O CT X ei3 X X Port B5 PWM-ART Input Capture 1

15 11 PB6/ARTIC2 I/O CT X ei3 X X Port B6 PWM-ART Input Capture 2

16 12 PB7 I/O CT X ei3 X X Port B7

17 13 PD0 /AIN0 I/O CT X X X X X Port D0 ADC Analog Input 0

18 14 PD1/AIN1 I/O CT X X X X X Port D1 ADC Analog Input 1

19 15 PD2/AIN2 I/O CT X X X X X Port D2 ADC Analog Input 2

20 16 PD3/AIN3 I/O CT X X X X X Port D3 ADC Analog Input 3

21 - PG6 I/O TT X X X X Port G6 

22 - PG7 I/O TT X X X X Port G7 

23 17 PD4/AIN4 I/O CT X X X X X Port D4 ADC Analog Input 4
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7.7 EXTERNAL INTERRUPT CONTROL REGISTER (EICR)

Read/Write

Reset Value: 0000 0000 (00h)

Bit 7:6 = IS1[1:0] ei2 and ei3 sensitivity
The interrupt sensitivity, defined using the IS1[1:0]
bits, is applied to the following external interrupts:
- ei2 (port B3..0)

- ei3 (port B7..4) 

These 2 bits can be written only when I1 and I0 of
the CC register are both set to 1 (level 3).

Bit 5 = IPB Interrupt polarity for port B
This bit is used to invert the sensitivity of the port B
[3:0] external interrupts. It can be set and cleared
by software only when I1 and I0 of the CC register
are both set to 1 (level 3).
0: No sensitivity inversion
1: Sensitivity inversion

Bit 4:3 = IS2[1:0] ei0 and ei1 sensitivity
The interrupt sensitivity, defined using the IS2[1:0]
bits, is applied to the following external interrupts:

- ei0 (port A3..0)

- ei1 (port F2..0)

These 2 bits can be written only when I1 and I0 of
the CC register are both set to 1 (level 3).

Bit 2 = IPA Interrupt polarity for port A
This bit is used to invert the sensitivity of the port A
[3:0] external interrupts. It can be set and cleared
by software only when I1 and I0 of the CC register
are both set to 1 (level 3).
0: No sensitivity inversion
1: Sensitivity inversion

Bit 1 = TLIS TLI sensitivity
This bit allows to toggle the TLI edge sensitivity. It
can be set and cleared by software only when
TLIE bit is cleared.
0: Falling edge
1: Rising edge

Bit 0 = TLIE TLI enable
This bit allows to enable or disable the TLI capabil-
ity on the dedicated pin. It is set and cleared by
software.
0: TLI disabled
1: TLI enabled
Note: a parasitic interrupt can be generated when
clearing the TLIE bit.

7 0

IS11 IS10 IPB IS21 IS20 IPA TLIS TLIE

IS11 IS10
External Interrupt Sensitivity

IPB bit =0 IPB bit =1

0 0
Falling edge &

low level
Rising edge
& high level

0 1 Rising edge only Falling edge only

1 0 Falling edge only Rising edge only

1 1 Rising and falling edge

IS11 IS10 External Interrupt Sensitivity

0 0 Falling edge & low level

0 1 Rising edge only

1 0 Falling edge only

1 1 Rising and falling edge

IS21 IS20
External Interrupt Sensitivity

IPA bit =0 IPA bit =1

0 0
Falling edge &

low level
Rising edge
& high level

0 1 Rising edge only Falling edge only

1 0 Falling edge only Rising edge only

1 1 Rising and falling edge

IS21 IS20 External Interrupt Sensitivity

0 0 Falling edge & low level

0 1 Rising edge only

1 0 Falling edge only

1 1 Rising and falling edge
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AN1106 TRANSLATING ASSEMBLY CODE FROM HC05 TO ST7

AN1179
PROGRAMMING ST7 FLASH MICROCONTROLLERS IN REMOTE ISP MODE (IN-SITU PRO-
GRAMMING)

AN1446 USING THE ST72521 EMULATOR TO DEBUG A ST72324 TARGET APPLICATION
AN1477 EMULATED DATA EEPROM WITH XFLASH MEMORY
AN1478 PORTING AN ST7 PANTA PROJECT TO CODEWARRIOR IDE
AN1527 DEVELOPING A USB SMARTCARD READER WITH ST7SCR
AN1575 ON-BOARD PROGRAMMING METHODS FOR XFLASH AND HDFLASH ST7 MCUS
AN1576 IN-APPLICATION PROGRAMMING (IAP) DRIVERS FOR ST7 HDFLASH OR XFLASH MCUS
AN1577 DEVICE FIRMWARE UPGRADE (DFU) IMPLEMENTATION FOR ST7 USB APPLICATIONS
AN1601 SOFTWARE IMPLEMENTATION FOR ST7DALI-EVAL
AN1603 USING THE ST7 USB DEVICE FIRMWARE UPGRADE DEVELOPMENT KIT (DFU-DK)
AN1635 ST7 CUSTOMER ROM CODE RELEASE INFORMATION
AN1754 DATA LOGGING PROGRAM FOR TESTING ST7 APPLICATIONS VIA ICC
AN1796 FIELD UPDATES FOR FLASH BASED ST7 APPLICATIONS USING A PC COMM PORT
AN1900 HARDWARE IMPLEMENTATION FOR ST7DALI-EVAL
AN1904 ST7MC THREE-PHASE AC INDUCTION MOTOR CONTROL SOFTWARE LIBRARY
AN1905 ST7MC THREE-PHASE BLDC MOTOR CONTROL SOFTWARE LIBRARY
SYSTEM OPTIMIZATION
AN1711 SOFTWARE TECHNIQUES FOR COMPENSATING ST7 ADC ERRORS
AN1827 IMPLEMENTATION OF SIGMA-DELTA ADC WITH ST7FLITE05/09
AN2009 PWM MANAGEMENT FOR 3-PHASE BLDC MOTOR DRIVES USING THE ST7FMC
AN2030 BACK EMF DETECTION DURING PWM ON TIME BY ST7MC

Table 33. ST7 Application Notes

IDENTIFICATION DESCRIPTION
210/215
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15 KNOWN LIMITATIONS

15.1 ALL FLASH AND ROM DEVICES

15.1.1 External RC option 
The External RC clock source option described in
previous datasheet revisions is no longer support-
ed and has been removed from this specification.
15.1.2 Safe Connection of OSC1/OSC2 Pins
The OSC1 and/or OSC2 pins must not be left un-
connected otherwise the ST7 main oscillator may
start and, in this configuration, could generate an
fOSC clock frequency in excess of the allowed
maximum (>16MHz.), putting the ST7 in an un-
safe/undefined state. Refer to section 6.2 on page
25.
15.1.3 Reset pin protection with LVD Enabled
As mentioned in note 2 below Figure 103 on page
186, 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.
15.1.4 Unexpected Reset Fetch
If an interrupt request occurs while a “POP CC” in-
struction is executed, the interrupt controller does
not recognise the source of the interrupt and, by
default, passes the RESET vector address to the
CPU.
Workaround
To solve this issue, a “POP CC” instruction must
always be preceded by a “SIM” instruction.
15.1.5 Clearing active interrupts outside
interrupt routine
When an active interrupt request occurs at the
same time as the related flag is being cleared, an
unwanted reset may occur.
Note: clearing the related interrupt mask will not
generate an unwanted reset
Concurrent interrupt context

The symptom does not occur when the interrupt
are handled normally, i.e.
when:
– The interrupt flag is cleared within its own inter-

rupt routine
– The interrupt flag is cleared within any interrupt 

routine
– The interrupt flag is cleared in any part of the 

code while this interrupt is disabled
If these conditions are not met, the symptom can
be avoided by implementing the following se
quence:
Perform SIM and RIM operation before and after
resetting an active interrupt request.
Example: 

SIM
reset interrupt flag
RIM

Nested interrupt context:
The symptom does not occur when the interrupt
are handled normally, i.e. 
when:
– The interrupt flag is cleared within its own inter-

rupt routine
– The interrupt flag is cleared within any interrupt 

routine with higher or identical priority level
– The interrupt flag is cleared in any part of the 

code while this interrupt is disabled
If these conditions are not met, the symptom can
be avoided by implementing the following se
quence:

PUSH CC
SIM
reset interrupt flag
POP CC
211/215
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KNOWN LIMITATIONS (Cont’d)

15.1.6 SCI Wrong Break duration
Description
A single break character is sent by setting and re-
setting the SBK bit in the SCICR2 register. In
some cases, the break character may have a long-
er duration than expected:
- 20 bits instead of 10 bits if M=0
- 22 bits instead of 11 bits if M=1.
In the same way, as long as the SBK bit is set,
break characters are sent to the TDO pin. This
may lead to generate one break more than expect-
ed.
Occurrence
The occurrence of the problem is random and pro-
portional to the baudrate. With a transmit frequen-
cy of 19200 baud (fCPU=8MHz and SCI-
BRR=0xC9), the wrong break duration occurrence
is around 1%.
Workaround
If this wrong duration is not compliant with the
communication protocol in the application, soft-
ware can request that an Idle line be generated
before the break character. In this case, the break
duration is always correct assuming the applica-
tion is not doing anything between the idle and the
break. This can be ensured by temporarily disa-
bling interrupts.
The exact sequence is:
- Disable interrupts
- Reset and Set TE (IDLE request)
- Set and Reset SBK (Break Request)
- Re-enable interrupts

15.1.7 16-bit Timer PWM Mode
In PWM mode, the first PWM pulse is missed after
writing the value FFFCh in the OC1R register
(OC1HR, OC1LR). It leads to either full or no PWM
during a period, depending on the OLVL1 and
OLVL2 settings.
15.1.8 CAN Cell Limitations

x=limitation present
1For details see section 10.8.5 on page 146
2Software workaround possible using modifie
WKPS bit.
3Functionality modified for Unexpected Message
Transmission workaround in Flash.
4Limitation present on ROM Rev W and Rev Z.
Not present in Flash and ROM Rev Y.
15.1.9 I2C Multimaster
In multimaster configurations, if the ST7 I2C re-
ceives a START condition from another I2C mas-
ter after the START bit is set in the I2CCR register
and before the START condition is generated by
the ST7 I2C, it may ignore the START condition
from the other I2C master. In this case, the ST7
master will receive a NACK from the other device.
On reception of the NACK, ST7 can send a re-start
and Slave address to re-initiate communication

Limitation1  Flash ROM
Omitted SOF bit x x
CPU write access 
(more than one cycle) 
corrupts CAN frame

x x

Unexpected Mes-
sage transmission

x2 

Bus Off State Not En-
tered

x4

WKPS Functionality x3
212/215


