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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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ST72325xx
1 DESCRIPTION
The ST72F325 Flash and ST72325 ROM devices
are members of the ST7 microcontroller family de-
signed for mid-range applications.

They are derivatives of the ST72321 and ST72324
devices, with enhanced characteristics and robust
Clock Security System. 

All devices are based on a common industry-
standard 8-bit core, featuring an enhanced instruc-
tion set and are available with Flash or ROM pro-
gram memory. The ST7 family architecture offers
both power and flexibility to software developers,
enabling the design of highly efficient and compact
application code. 

The on-chip peripherals include an A/D converter,
a PWM Autoreload timer, 2 general purpose tim-
ers, I2C bus, SPI interface and an SCI interface. 

For power economy, microcontroller can switch
dynamically into WAIT, SLOW, ACTIVE-HALT or

HALT mode when the application is in idle or
stand-by state. 

Typical applications are consumer, home, office
and industrial products.

 The devices feature an on-chip Debug Module
(DM) to support in-circuit debugging (ICD). For a
description of the DM registers, refer to the ST7
ICC Protocol Reference Manual.

Main Differences with ST72321:
– LQFP48 and LQFP32 packages

– Clock Security System

– Internal RC, Readout protection, LVD and PLL 
without limitations

– Negative current injection not allowed on I/O port 
PB0 (instead of PC6).

– External interrupts have Exit from Active Halt 
mode capability. 

Figure 1. Device Block Diagram
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ST72325xx
PIN DESCRIPTION (Cont’d)

For external pin connection guidelines, refer to See “ELECTRICAL CHARACTERISTICS” on page 142.

Legend / Abbreviations for Table 2 and Table 3:
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

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 50 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 2. LQFP64/48/44 and SDIP42 Device Pin Descriptions

= Pin not connected in ST72325S devices

Pin n°

Pin Name

T
yp

e

Level Port
Main

function
(after
reset)

Alternate function

L
Q

F
P

64
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Q
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P
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C

L
Q
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P
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S

L
Q
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P

44

S
D

IP
42

In
p
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t

O
u
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u

t Input Output

fl
o

at

w
p

u
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t
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a

O
D

P
P

1 2 - - - PE4 (HS) I/O CT HS X X X X Port E4

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

3 -4) - - - 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 3 3 2 39 PB0/PWM3 I/O CT X ei2 X X Port B0

PWM Output 3

Caution: Negative cur-
rent injection not al-
lowed on this pin

6 4 4 3 40 PB1/PWM2 I/O CT X ei2 X X Port B1 PWM Output 2

7 5 5 4 41 PB2/PWM1 I/O CT X ei2 X X Port B2 PWM Output 1

8 6 6 5 42 PB3/PWM0 I/O CT X ei2 X X Port B3 PWM Output 0

9 7 7 6 1 PB4 (HS)/ARTCLK I/O CT HS X ei3 X X Port B4
PWM-ART External 
Clock

10 8 - - - PB5 / ARTIC1 I/O CT X ei3 X X Port B5
PWM-ART Input Cap-
ture 1

11 -4) - - - PB6 / ARTIC2 I/O CT X ei3 X X Port B6
PWM-ART Input Cap-
ture 2

12 -4) - - - PB7 I/O CT X ei3 X X Port B7

13 9 9 7 2 PD0/AIN0 I/O CT X X X X X Port D0 ADC Analog Input 0

14 19 10 8 3 PD1/AIN1 I/O CT X X X X X Port D1 ADC Analog Input 1

15 11 11 9 4 PD2/AIN2 I/O CT X X X X X Port D2 ADC Analog Input 2

16 12 12 10 5 PD3/AIN3 I/O CT X X X X X Port D3 ADC Analog Input 3
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ST72325xx
42 32 32 30 23 PC7/SS/AIN15 I/O CT X X X X X Port C7
SPI Slave 
Select (ac-
tive low)

ADC Ana-
log
Input 15

43 -4) - - - PA0 I/O CT X ei0 X X Port A0

44 -4) - - - PA1 I/O CT X ei0 X X Port A1

45 33 - - - PA2 I/O CT X ei0 X X Port A2

46 34 34 31 24 PA3 (HS) I/O CT HS X ei0 X X Port A3

47 35 35 32 25 VDD_1
6) S Digital Main Supply Voltage

48 36 36 33 26 VSS_1
6) S Digital Ground Voltage

49 37 37 34 27 PA4 (HS) I/O CT HS X X X X Port A4 

50 38 38 35 28 PA5 (HS) I/O CT HS X X X X Port A5

51 39 39 36 29 PA6 (HS)/SDAI I/O CT HS X T Port A6  I2C Data 1)

52 40 40 37 30 PA7 (HS)/SCLI I/O CT HS X T Port A7  I2C Clock 1)

53 41 41 38 31 VPP/ ICCSEL I

Must be tied low. In flash program-
ming mode, this pin acts as the 
programming voltage input VPP. 
See Section 12.9.2 for more de-
tails. High voltage must not be ap-
plied to ROM devices

54 42 42 39 32 RESET I/O CT
Top priority non maskable inter-
rupt.

55 - - - - EVD External voltage detector

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

57 43 43 40 33 VSS_2
6) S Digital Ground Voltage

58 44 44 41 34 OSC23) I/O
Resonator oscillator inverter out-
put

59 45 45 42 35 OSC13) I
External clock input or Resonator 
oscillator inverter input

60 46 46 43 36 VDD_2
6) S Digital Main Supply Voltage

61 47 47 44 37 PE0/TDO I/O CT X X X X Port E0 SCI Transmit Data Out

62 48 48 1 38 PE1/RDI I/O CT X X X X Port E1 SCI Receive Data In

63 1 - - - PE2 I/O CT X X X4) X4) Port E2

64 -4) - - - PE3 I/O CT X X X X Port E3

Pin n°

Pin Name

T
yp
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Level Port
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ST72325xx
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 or the external EVD pin voltage level (VEVD).
The VIT- reference value for falling voltage is lower
than the VIT+ 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
This mode is selected by clearing the AVDS bit in
the SICSR register.

The AVD voltage threshold value is relative to the
selected LVD threshold configured by option byte
(see section 14.1 on page 181). 

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 18.

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 2 AVD inter-
rupts will be received: the first when the AVDIE 
bit is set, and the second when the threshold is 
reached.

– If the AVD interrupt is enabled after the VIT+(AVD) 
threshold is reached then only one AVD interrupt 
will occur.

Figure 18. Using the AVD to Monitor VDD (AVDS bit=0)
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ST72325xx
INTERRUPTS (Cont’d)

7.3 INTERRUPTS AND LOW POWER MODES

All interrupts allow the processor to exit the WAIT
low power mode. On the contrary, only external
and other specified interrupts allow the processor
to exit from the HALT modes (see column “Exit
from HALT” in “Interrupt Mapping” table). When
several pending interrupts are present while exit-
ing HALT mode, the first one serviced can only be
an interrupt with exit from HALT mode capability
and it is selected through the same decision proc-
ess shown in Figure 22.

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

7.4 CONCURRENT & NESTED MANAGEMENT

The following Figure 23 and Figure 24 show two
different interrupt management modes. The first is
called concurrent mode and does not allow an in-
terrupt to be interrupted, unlike the nested mode in
Figure 24. The interrupt hardware priority is given
in this order from the lowest to the highest: MAIN,
IT4, IT3, IT2, IT1, IT0, TLI. The software priority is
given for each interrupt.

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

Figure 23. Concurrent Interrupt Management 

Figure 24. Nested Interrupt Management 
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ST72325xx
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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ST72325xx
WATCHDOG TIMER (Cont’d)

10.1.5 Low Power Modes

10.1.6 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.

10.1.7 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.

10.1.8 Interrupts
None.

10.1.9 Register Description
CONTROL REGISTER (WDGCR)
Read/Write

Reset Value: 0111 1111 (7Fh)

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.

Bit 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).

Mode Description 
SLOW No effect on Watchdog. 
WAIT No effect on Watchdog. 

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 external interrupt is received, 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 0.1.7 below.

0 1 A reset is generated. 

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.

7 0

WDGA T6 T5 T4 T3 T2 T1 T0
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ST72325xx
ON-CHIP PERIPHERALS (Cont’d)

10.3.3 Register Description

CONTROL / STATUS REGISTER (ARTCSR)
Read/Write

Reset Value: 0000 0000 (00h) 

Bit 7 = EXCL External Clock
This bit is set and cleared by software. It selects the
input clock for the 7-bit prescaler.
0: CPU clock.
1: External clock.

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

Bit 3 = TCE Timer Counter Enable
This bit is set and cleared by software. It puts the
timer in the lowest power consumption mode.
0: Counter stopped (prescaler and counter frozen).
1: Counter running.

Bit 2 = FCRL Force Counter Re-Load
This bit is write-only and any attempt to read it will
yield a logical zero. When set, it causes the contents
of ARTARR register to be loaded into the counter,
and the content of the prescaler register to be
cleared in order to initialize the timer before starting
to count.

Bit 1 = OIE Overflow Interrupt Enable
This bit is set and cleared by software. It allows to
enable/disable the interrupt which is generated
when the OVF bit is set.
0: Overflow Interrupt disable.
1: Overflow Interrupt enable.

Bit 0 = OVF Overflow Flag
This bit is set by hardware and cleared by software
reading the ARTCSR register. It indicates the tran-
sition of the counter from FFh to the ARTARR val-
ue. 

0: New transition not yet reached
1: Transition reached

COUNTER ACCESS REGISTER (ARTCAR)
Read/Write

Reset Value: 0000 0000 (00h) 

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

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

AUTO-RELOAD REGISTER (ARTARR)
Read/Write

Reset Value: 0000 0000 (00h) 

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

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

This register has two PWM management func-
tions:

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

PWM Frequency vs Resolution: 

7 0

EXCL CC2 CC1 CC0 TCE FCRL OIE OVF

fCOUNTER With fINPUT=8 MHz CC2 CC1 CC0

fINPUT
fINPUT / 2
fINPUT / 4
fINPUT / 8

fINPUT / 16
fINPUT / 32
fINPUT / 64
fINPUT / 128

8 MHz
4 MHz
2 MHz
1 MHz

500 kHz
250 kHz
125 kHz
62.5 kHz

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

7 0

CA7 CA6 CA5 CA4 CA3 CA2 CA1 CA0

7 0

AR7 AR6 AR5 AR4 AR3 AR2 AR1 AR0

ARTARR 
value

Resolution
fPWM

Min Max

0 8-bit ~0.244 kHz 31.25 kHz
[ 0..127 ] > 7-bit ~0.244 kHz 62.5 kHz

[ 128..191 ] > 6-bit ~0.488 kHz 125 kHz
[ 192..223 ] > 5-bit ~0.977 kHz 250 kHz
[ 224..239 ] > 4-bit ~1.953 kHz 500 kHz
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ST72325xx
SERIAL PERIPHERAL INTERFACE (Cont’d)

10.5.3.2 Slave Select Management
As an alternative to using the SS pin to control the
Slave Select signal, the application can choose to
manage the Slave Select signal by software. This
is configured by the SSM bit in the SPICSR regis-
ter (see Figure 59)

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

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

In Slave Mode:
There are two cases depending on the data/clock
timing relationship (see Figure 58):

If CPHA=1 (data latched on 2nd clock edge): 
– SS internal must be held low during the entire

transmission. This implies that in single slave
applications the SS pin either can be tied to
VSS, or made free for standard I/O by manag-
ing the SS function by software (SSM= 1 and
SSI=0 in the in the SPICSR register)

If CPHA=0 (data latched on 1st clock edge): 
– SS internal must be held low during byte

transmission and pulled high between each
byte to allow the slave to write to the shift reg-
ister. If SS is not pulled high, a Write Collision
error will occur when the slave writes to the
shift register (see Section 10.5.5.3).

Figure 58. Generic SS Timing Diagram

Figure 59. Hardware/Software Slave Select Management

MOSI/MISO

Master SS

Slave SS
(if CPHA=0)

Slave SS
(if CPHA=1)

Byte 1 Byte 2 Byte 3

1

0

SS internal

SSM bit

SSI bit

SS external pin
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ST72325xx
SERIAL COMMUNICATIONS INTERFACE (Cont’d)

CONTROL REGISTER 2 (SCICR2)
Read/Write

Reset Value: 0000 0000 (00h)

Bit 7 = TIE Transmitter interrupt enable.
This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCI interrupt is generated whenever 

TDRE=1 in the SCISR register

Bit 6 = TCIE Transmission complete interrupt ena-
ble 
This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCI interrupt is generated whenever TC=1 in 

the SCISR register

Bit 5 = RIE Receiver interrupt enable. 
This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCI interrupt is generated whenever OR=1 

or RDRF=1 in the SCISR register

Bit 4 = ILIE Idle line interrupt enable. 
This bit is set and cleared by software.
0: Interrupt is inhibited
1: An SCI interrupt is generated whenever IDLE=1 

in the SCISR register.

Bit 3 = TE Transmitter enable. 
This bit enables the transmitter. It is set and
cleared by software. 
0: Transmitter is disabled
1: Transmitter is enabled

Notes: 
– During transmission, a “0” pulse on the TE bit 

(“0” followed by “1”) sends a preamble (idle line) 
after the current word.

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

CAUTION: The TDO pin is free for general pur-
pose I/O only when the TE and RE bits are both
cleared (or if TE is never set).

Bit 2 = RE Receiver enable.
This bit enables the receiver. It is set and cleared
by software. 
0: Receiver is disabled
1: Receiver is enabled and begins searching for a 

start bit

Bit 1 = RWU Receiver wake-up.
This bit determines if the SCI is in mute mode or
not. It is set and cleared by software and can be
cleared by hardware when a wake-up sequence is
recognized.
0: Receiver in Active mode
1: Receiver in Mute mode

Note: Before selecting Mute mode (setting the
RWU bit), the SCI must receive some data first,
otherwise it cannot function in Mute mode with
wake-up by idle line detection.

Bit 0 = SBK Send break.
This bit set is used to send break characters. It is
set and cleared by software.
0: No break character is transmitted
1: Break characters are transmitted

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

7 0

TIE TCIE RIE ILIE TE RE RWU SBK
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ST72325xx
SERIAL COMMUNICATIONS INTERFACE (Cont’d)

EXTENDED RECEIVE PRESCALER DIVISION
REGISTER (SCIERPR)
Read/Write

Reset Value: 0000 0000 (00h)

Allows setting of the Extended Prescaler rate divi-
sion factor for the receive circuit.

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

The extended Baud Rate Generator is activated
when a value different from 00h is stored in this
register. Therefore the clock frequency issued
from the 16 divider (see Figure 3.) is divided by the
binary factor set in the SCIERPR register (in the
range 1 to 255).

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

EXTENDED TRANSMIT PRESCALER DIVISION
REGISTER (SCIETPR)
Read/Write

Reset Value:0000 0000 (00h)

Allows setting of the External Prescaler rate divi-
sion factor for the transmit circuit.

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

The extended Baud Rate Generator is activated
when a value different from 00h is stored in this
register. Therefore the clock frequency issued
from the 16 divider (see Figure 3.) is divided by the
binary factor set in the SCIETPR register (in the
range 1 to 255).

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

Table 23. Baudrate Selection

7 0

ERPR
7

ERPR
6

ERPR
5

ERPR
4

ERPR
3

ERPR
2

ERPR
1

ERPR
0

7 0

ETPR
7

ETPR
6

ETPR
5

ETPR
4

ETPR
3

ETPR
2

ETPR
1

ETPR
0

Symbol Parameter
Conditions

Standard
Baud
Rate

Unit
fCPU

Accuracy vs 
Standard

Prescaler

fTx

fRx
Communication frequency 8 MHz

~0.16%

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

300
1200
2400
4800
9600

10400
19200
38400

~300.48
~1201.92
~2403.84
~4807.69
~9615.38

~10416.67
~19230.77
~38461.54

Hz

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

14400 ~14285.71
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ST72325xx
I2C BUS INTERFACE (Cont’d)

Master Transmitter
Following the address transmission and after SR1
register has been read, the master sends bytes
from the DR register to the SDA line via the inter-
nal shift register.

The master waits for a read of the SR1 register fol-
lowed by a write in the DR register, holding the
SCL line low (see Figure 69 Transfer sequencing
EV8).

When the acknowledge bit is received, the
interface sets:

– EVF and BTF bits with an interrupt if the ITE bit 
is set.

To close the communication: after writing the last
byte to the DR register, set the STOP bit to gener-
ate the Stop condition. The interface goes auto-
matically back to slave mode (M/SL bit cleared).

Error Cases
– BERR: Detection of a Stop or a Start condition 

during a byte transfer. In this case, the EVF and 
BERR bits are set by hardware with an interrupt 
if ITE is set.
Note that BERR will not be set if an error is de-
tected during the first or second pulse of each 9-
bit transaction:
Single Master Mode
If a Start or Stop is issued during the first or sec-
ond pulse of a 9-bit transaction, the BERR flag 
will not be set and transfer will continue however 
the BUSY flag will be reset. To work around this, 
slave devices should issue a NACK when they 
receive a misplaced Start or Stop. The reception 
of a NACK or BUSY by the master in the middle 

of communication gives the possibility to reiniti-
ate transmission.
Multimaster Mode
Normally the BERR bit would be set whenever 
unauthorized transmission takes place while 
transfer is already in progress. However, an is-
sue will arise if an external master generates an 
unauthorized Start or Stop while the I2C master 
is on the first or second pulse of a 9-bit transac-
tion. It is possible to work around this by polling 
the BUSY bit during I2C master mode transmis-
sion. The resetting of the BUSY bit can then be 
handled in a similar manner as the BERR flag 
being set.

– AF: Detection of a non-acknowledge bit. In this 
case, the EVF and AF bits are set by hardware 
with an interrupt if the ITE bit is set. To resume, 
set the Start or Stop bit.
The AF bit is cleared by reading the I2CSR2 reg-
ister. However, if read before the completion of 
the transmission, the AF flag will be set again, 
thus possibly generating a new interrupt. Soft-
ware must ensure either that the SCL line is back 
at 0 before reading the SR2 register, or be able 
to correctly handle a second interrupt during the 
9th pulse of a transmitted byte.

– ARLO: Detection of an arbitration lost condition.
In this case the ARLO bit is set by hardware (with 
an interrupt if the ITE bit is set and the interface 
goes automatically back to slave mode (the M/SL 
bit is cleared).

Note: In all these cases, the SCL line is not held
low; however, the SDA line can remain low due to
possible «0» bits transmitted last. It is then neces-
sary to release both lines by software.
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ST72325xx
CLOCK AND TIMING CHARACTERISTICS (Cont’d) 

Notes:
1. Resonator characteristics given by the ceramic resonator manufacturer.
2. SMD = [-R0: Plastic tape package (∅ =180mm), -B0: Bulk]

LEAD = [-A0: Flat pack package (Radial taping Ho= 18mm), -B0: Bulk]
For more information on these resonators, please consult www.murata.com 

Supplier
fOSC

(MHz)
Typical Ceramic Resonators2)

M
ur

at
a

2 CSTCC2M00G56Z-R0

4
SMD CSTCR4M00G53Z-R0

Lead CSTLS4M00G53Z-R0

8
SMD CSTCE8M00G52Z-R0

Lead CSTLS4M0052Z-R0

16
SMD CSTCE16M0V51Z-R0

Lead CSTLS16M0X51Z-R0
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ST72325xx
CLOCK CHARACTERISTICS (Cont’d)

12.5.4 RC Oscillators 

Figure 77. Typical fOSC(RCINT) vs TA Note: To reduce disturbance to the RC oscillator,
it is recommended to place decoupling capacitors
between VDD and VSS as shown in Figure 97

Symbol Parameter Conditions Min Typ Max Unit

fOSC (RCINT)
Internal RC oscillator frequency 

See Figure 77 
TA=25°C, VDD=5V 2 3.5 5.6 MHz

3

3.2

3.4

3.6

3.8

4

-45 0 25 70 130

TA(°C)

fO
S

C
(R

C
IN

T)
 (

M
H

z) Vdd = 5V
Vdd = 5.5V
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ST72325xx
12.11 COMMUNICATION INTERFACE CHARACTERISTICS

12.11.1 SPI - Serial Peripheral Interface
Subject to general operating conditions for VDD,
fCPU, and TA unless otherwise specified.

Refer to I/O port characteristics for more details on
the input/output alternate function characteristics
(SS, SCK, MOSI, MISO). 

Figure 90. SPI Slave Timing Diagram with CPHA=0 3) 

Notes:
1. Data based on design simulation and/or characterisation results, not tested in production.
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.
3. Measurement points are done at CMOS levels: 0.3xVDD and 0.7xVDD.
4. Depends on fCPU.  For example, if fCPU = 8 MHz, then tCPU = 1 / fCPU = 125 ns and tsu(SS) = 175 ns.

Symbol Parameter Conditions Min Max Unit

fSCK
1/tc(SCK)

SPI clock frequency

Master
fCPU=8MHz

fCPU/128
0.0625

fCPU/4
2

MHz
Slave
fCPU=8MHz

0
fCPU/2

4

tr(SCK)
tf(SCK)

SPI clock rise and fall time see I/O port pin description

tsu(SS) SS setup time4) Slave tCPU + 50

ns

th(SS) SS hold time Slave 120

tw(SCKH)
tw(SCKL)

SCK high and low time
Master
Slave

100
90

tsu(MI)
tsu(SI)

Data input setup time
Master
Slave

100
100

th(MI)
th(SI)

Data input hold time
Master
Slave

100
100

ta(SO) Data output access time Slave 0 120

tdis(SO) Data output disable time Slave 240

tv(SO) Data output valid time
Slave (after enable edge)

120

th(SO) Data output hold time 0

tv(MO) Data output valid time
Master (after enable edge)

120
tCPUth(MO) Data output hold time 0

SS INPUT

S
C

K
IN

P
U

T CPHA=0

MOSI INPUT

MISO OUTPUT

CPHA=0

tc(SCK)

tw(SCKH)
tw(SCKL) tr(SCK)

tf(SCK)

tv(SO)ta(SO)

tsu(SI) th(SI)

MSB OUT

MSB IN

BIT6 OUT

LSB IN

LSB OUTsee note 2

CPOL=0

CPOL=1

tsu(SS) th(SS)

tdis(SO)th(SO)

see
note 2

BIT1 IN
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ST72325xx
COMMUNICATION INTERFACE CHARACTERISTICS (Cont’d)
The following table gives the values to be written in
the I2CCCR register to obtain the required I2C
SCL line frequency.

Table 29. SCL Frequency Table

Legend:
RP = External pull-up resistance

fSCL = I2C speed

NA = Not achievable

Note:
– For speeds around 200 kHz, achieved speed can have ±5% tolerance

– For other speed ranges, achieved speed can have ±2% tolerance

The above variations depend on the accuracy of the external components used.

fSCL

(kHz)

I2CCCR Value
fCPU=4 MHz. fCPU=8 MHz.

VDD = 4.1 V VDD = 5 V VDD = 4.1 V VDD = 5 V
RP=3.3kΩ RP=4.7kΩ RP=3.3kΩ RP=4.7kΩ RP=3.3kΩ RP=4.7kΩ RP=3.3kΩ RP=4.7kΩ

400 NA NA NA NA 83h 83 83h 83h
300 NA NA NA NA 85h 85h 85h 85h
200 83h 83h 83h 83h 8Ah 89h 8Ah 8Ah
100 10h 10h 10h 10h 24h 23h 24h 23h
50 24h 24h 24h 24h 4Ch 4Ch 4Ch 4Ch
20 5Fh 5Fh 5Fh 5Fh FFh FFh FFh FFh
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ST72325xx
ADC CHARACTERISTICS (Cont’d)

12.12.1 Analog Power Supply and Reference
Pins
Depending on the MCU pin count, the package
may feature separate VAREF and VSSA analog
power supply pins. These pins supply power to the
A/D converter cell and function as the high and low
reference voltages for the conversion. 

Separation of the digital and analog power pins al-
low board designers to improve A/D performance.
Conversion accuracy can be impacted by voltage
drops and noise in the event of heavily loaded or
badly decoupled power supply lines (see Section
12.12.2 General PCB Design Guidelines).

12.12.2 General PCB Design Guidelines
To obtain best results, some general design and
layout rules should be followed when designing
the application PCB to shield the noise-sensitive,
analog physical interface from noise-generating
CMOS logic signals.

– Use separate digital and analog planes. The an-
alog ground plane should be connected to the 
digital ground plane via a single point on the 
PCB. 

– Filter power to the analog power planes. It is rec-
ommended to connect capacitors, with good high 
frequency characteristics, between the power 
and ground lines, placing 0.1µF and optionally, if 
needed 10pF capacitors as close as possible to 
the ST7 power supply pins and a 1 to 10µF ca-
pacitor close to the power source (see Figure 
97). 

– The analog and digital power supplies should be 
connected in a star network. Do not use a resis-
tor, as VAREF is used as a reference voltage by 
the A/D converter and any resistance would 
cause a voltage drop and a loss of accuracy.

– Properly place components and route the signal 
traces on the PCB to shield the analog inputs. 
Analog signals paths should run over the analog 
ground plane and be as short as possible. Isolate 
analog signals from digital signals that may 
switch while the analog inputs are being sampled 
by the A/D converter. Do not toggle digital out-
puts on the same I/O port as the A/D input being 
converted.

Figure 97. Power Supply Filtering 

VSS

VDD

VDD

ST72XXX

VAREF

VSSA

POWER
SUPPLY
SOURCE

ST7
DIGITAL NOISE
FILTERING

EXTERNAL
NOISE
FILTERING

1 to 10μF 0.1μF

0.1μF
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ST72325xx
PACKAGE MECHANICAL DATA (Cont’d)

Figure 103. 42-Pin Plastic Dual In-Line Package, Shrink 600-mil Width

Figure 104. 32-Pin Plastic Dual In-Line Package, Shrink 400-mil Width

Dim.
mm inches1)

Min Typ Max Min Typ Max

A 5.08 0.2000

A1 0.51 0.0201

A2 3.05 3.81 4.57 0.1201 0.1500 0.1799

b 0.38 0.46 0.56 0.0150 0.0181 0.0220

b2 0.89 1.02 1.14 0.0350 0.0402 0.0449

c 0.23 0.25 0.38 0.0091 0.0098 0.0150

D 36.58 36.83 37.08 1.4402 1.4500 1.4598

E 15.24 16.00 0.6000 0.6299

E1 12.70 13.72 14.48 0.5000 0.5402 0.5701

e 1.78 0.0701

eA 15.24 0.6000

eB 18.54 0.7299

eC 1.52 0.0598

L 2.54 3.30 3.56 0.1000 0.1299 0.1402

Number of Pins

N 42
Note 1.  Values in inches are converted from mm and 
rounded to 4 decimal digits.

E

E1

eA

eB

E

0.015

GAGE PLANE

eC
eB

D

ebb2

A2

A1 cL

A

Dim.
mm inches1)

Min Typ Max Min Typ Max

A 3.56 3.76 5.08 0.1402 0.1480 0.2000

A1 0.51 0.0201

A2 3.05 3.56 4.57 0.1201 0.1402 0.1799

b 0.36 0.46 0.58 0.0142 0.0181 0.0228

b1 0.76 1.02 1.40 0.0299 0.0402 0.0551

C 0.20 0.25 0.36 0.0079 0.0098 0.0142

D 27.43 28.45 1.0799 1.1201

E 9.91 10.41 11.05 0.3902 0.4098 0.4350

E1 7.62 8.89 9.40 0.3000 0.3500 0.3701

e 1.78 0.0701

eA 10.16 0.4000

eB 12.70 0.5000

eC 1.40 0.0551

L 2.54 3.05 3.81 0.1000 0.1201 0.1500

Number of Pins

N 32
Note 1.  Values in inches are converted from mm and 
rounded to 4 decimal digits.

D

b2 b e
  

A

A1

A2

L
E1

E eC

C eA 
eB
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ST72325xx
13.2 THERMAL CHARACTERISTICS  

Notes:
1. The maximum chip-junction temperature is based on technology characteristics.
2. The maximum power dissipation is obtained from the formula PD = (TJ -TA) / RthJA. 
The power dissipation of an application can be defined by the user with the formula: PD=PINT+PPORT where PINT is
the chip internal power (IDDxVDD) and PPORT is the port power dissipation depending on the ports used in the applica-
tion.

Symbol Ratings  Value Unit

RthJA

Package thermal resistance (junction to ambient)
LQFP64 10x10

LQFP48 7x7
LQFP44 10x10

SDIP42
LQFP32 7x7

SDIP32

50
80
52
55
70
50

°C/W

PD Power dissipation 1) 500 mW

TJmax Maximum junction temperature 2) 150 °C
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ST72325xx
14.4 ST7 APPLICATION NOTES  

Table 32. ST7 Application Notes

IDENTIFICATION DESCRIPTION
APPLICATION EXAMPLES
AN1658 SERIAL NUMBERING IMPLEMENTATION
AN1720 MANAGING THE READ-OUT PROTECTION IN FLASH MICROCONTROLLERS
AN1755 A HIGH RESOLUTION/PRECISION THERMOMETER USING ST7 AND NE555
AN1756 CHOOSING A DALI IMPLEMENTATION STRATEGY WITH ST7DALI

AN1812
A HIGH PRECISION, LOW COST, SINGLE SUPPLY ADC FOR POSITIVE AND NEGATIVE IN-
PUT VOLTAGES

EXAMPLE DRIVERS
AN 969 SCI COMMUNICATION BETWEEN ST7 AND PC
AN 970 SPI COMMUNICATION BETWEEN ST7 AND EEPROM
AN 971 I²C COMMUNICATION BETWEEN ST7 AND M24CXX EEPROM
AN 972 ST7 SOFTWARE SPI MASTER COMMUNICATION
AN 973 SCI SOFTWARE COMMUNICATION WITH A PC USING ST72251 16-BIT TIMER
AN 974 REAL TIME CLOCK WITH ST7 TIMER OUTPUT COMPARE
AN 976 DRIVING A BUZZER THROUGH ST7 TIMER PWM FUNCTION
AN 979 DRIVING AN ANALOG KEYBOARD WITH THE ST7 ADC
AN 980 ST7 KEYPAD DECODING TECHNIQUES, IMPLEMENTING WAKE-UP ON KEYSTROKE
AN1017 USING THE ST7 UNIVERSAL SERIAL BUS MICROCONTROLLER
AN1041 USING ST7 PWM SIGNAL TO GENERATE ANALOG OUTPUT (SINUSOÏD)
AN1042 ST7 ROUTINE FOR I²C SLAVE MODE MANAGEMENT
AN1044 MULTIPLE INTERRUPT SOURCES MANAGEMENT FOR ST7 MCUS
AN1045 ST7 S/W IMPLEMENTATION OF I²C BUS MASTER
AN1046 UART EMULATION SOFTWARE
AN1047 MANAGING RECEPTION ERRORS WITH THE ST7 SCI PERIPHERALS
AN1048 ST7 SOFTWARE LCD DRIVER
AN1078 PWM DUTY CYCLE SWITCH IMPLEMENTING TRUE 0% & 100% DUTY CYCLE
AN1082 DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERALS REGISTERS
AN1083 ST72141 BLDC MOTOR CONTROL SOFTWARE AND FLOWCHART EXAMPLE
AN1105 ST7 PCAN PERIPHERAL DRIVER
AN1129 PWM MANAGEMENT FOR BLDC MOTOR DRIVES USING THE ST72141

AN1130
AN INTRODUCTION TO SENSORLESS BRUSHLESS DC MOTOR DRIVE APPLICATIONS 
WITH THE ST72141

AN1148 USING THE ST7263 FOR DESIGNING A USB MOUSE
AN1149 HANDLING SUSPEND MODE ON A USB MOUSE
AN1180 USING THE ST7263 KIT TO IMPLEMENT A USB GAME PAD
AN1276 BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER
AN1321 USING THE ST72141 MOTOR CONTROL MCU IN SENSOR MODE
AN1325 USING THE ST7 USB LOW-SPEED FIRMWARE V4.X
AN1445 EMULATED 16-BIT SLAVE SPI
AN1475 DEVELOPING AN ST7265X MASS STORAGE APPLICATION
AN1504 STARTING A PWM SIGNAL DIRECTLY AT HIGH LEVEL USING THE ST7 16-BIT TIMER
AN1602 16-BIT TIMING OPERATIONS USING ST7262 OR ST7263B ST7 USB MCUS
AN1633 DEVICE FIRMWARE UPGRADE (DFU) IMPLEMENTATION IN ST7 NON-USB APPLICATIONS
AN1712 GENERATING A HIGH RESOLUTION SINEWAVE USING ST7 PWMART
AN1713 SMBUS SLAVE DRIVER FOR ST7 I2C PERIPHERALS
AN1753 SOFTWARE UART USING 12-BIT ART
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