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ST72F521, ST72521B

PIN DESCRIPTION (Cont'd)
Figure 3. 64-Pin TQFP 14x14 and 10x10 Package Pinout
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(HS) 20mA high sink capability

eix associated external interrupt vector

4

9/215




ST72F521, ST72521B

8 POWER SAVING MODES

8.1 INTRODUCTION

To give a large measure of flexibility to the applica-
tion in terms of power consumption, four main
power saving modes are implemented in the ST7
(see Figure 23): SLOW, WAIT (SLOW WAIT), AC-
TIVE HALT and HALT.

After a RESET the normal operating mode is se-
lected by default (RUN mode). This mode drives
the device (CPU and embedded peripherals) by
means of a master clock which is based on the
main oscillator frequency divided or multiplied by 2
(fosca)-

From RUN mode, the different power saving
modes may be selected by setting the relevant
register bits or by calling the specific ST7 software
instruction whose action depends on the oscillator
status.

Figure 23. Power Saving Mode Transitions
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8.2 SLOW MODE

This mode has two targets:

— Toreduce power consumption by decreasing the
internal clock in the device,

— To adapt the internal clock frequency (fcpy) to
the available supply voltage.

SLOW mode is controlled by three bits in the
MCCSR register: the SMS bit which enables or
disables Slow mode and two CPx bits which select
the internal slow frequency (fcpy)-

In this mode, the master clock frequency (fosco)
can be divided by 2, 4, 8 or 16. The CPU and pe-
ripherals are clocked at this lower frequency
(fepu)-

Note : SLOW-WAIT mode is activated when enter-

ing the WAIT mode while the device is already in
SLOW mode.

Figure 24. SLOW Mode Clock Transitions
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I/O PORTS (Cont'd)
Figure 30. I/O Port General Block Diagram
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Table 9. /0 Port Mode Options
. . Diodes
Configuration Mode Pull-Up P-Buffer
to VDD to VSS
Floating with/without Interrupt Off
Input g - - P Off
Pull-up with/without Interrupt On on
Push-pull off On On
Output Open Drain (logic level) Off
True Open Drain NI NI NI (see note)

Legend: NI - notimplemented
Off - implemented not activated
On - implemented and activated
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Note: The diode to Vpp is not implemented in the
true open drain pads. A local protection between
the pad and Vgg is implemented to protect the de-
vice against positive stress.
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16-BIT TIMER (Cont'd)

16-bit read sequence: (from either the Counter
Register or the Alternate Counter Register).

Beginning of the sequence

Read ) LS Byte
At t0 MS Byte is buffered
_V_
r Other L
Linstructions,
Read Returns the buffered

Att0 + t [LS Byte LS Byte value at tO

Sequence completed

The user must read the MS Byte first, then the LS
Byte value is buffered automatically.

This buffered value remains unchanged until the
16-bit read sequence is completed, even if the
user reads the MS Byte several times.

After a complete reading sequence, if only the
CLR register or ACLR register are read, they re-
turn the LS Byte of the count value at the time of
the read.

Whatever the timer mode used (input capture, out-
put compare, one pulse mode or PWM mode) an
overflow occurs when the counter rolls over from
FFFFh to 0000h then:

— The TOF bit of the SR register is set.

— A timer interrupt is generated if;
— TOIE bit of the CR1 register is set and
— | bit of the CC register is cleared.

If one of these conditions is false, the interrupt re-
mains pending to be issued as soon as they are
both true.
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Clearing the overflow interrupt request is done in
two steps:

1. Reading the SR register while the TOF bit is set.
2. An access (read or write) to the CLR register.

Notes: The TOF bit is not cleared by accesses to
ACLR register. The advantage of accessing the
ACLR register rather than the CLR register is that
it allows simultaneous use of the overflow function
and reading the free running counter at random
times (for example, to measure elapsed time) with-
out the risk of clearing the TOF bit erroneously.

The timer is not affected by WAIT mode.

In HALT mode, the counter stops counting until the
mode is exited. Counting then resumes from the
previous count (MCU awakened by an interrupt) or
from the reset count (MCU awakened by a Reset).

10.4.3.2 External Clock

The external clock (where available) is selected if
CCO0=1 and CC1=1 in the CR2 register.

The status of the EXEDG bit in the CR2 register
determines the type of level transition on the exter-
nal clock pin EXTCLK that will trigger the free run-
ning counter.

The counter is synchronized with the falling edge
of the internal CPU clock.

A minimum of four falling edges of the CPU clock
must occur between two consecutive active edges
of the external clock; thus the external clock fre-
quency must be less than a quarter of the CPU
clock frequency.
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10.6 SERIAL COMMUNICATIONS INTERFACE (SCI)

10.6.1 Introduction

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

10.6.2 Main Features

m Full duplex, asynchronous communications
m NRZ standard format (Mark/Space)
m Dual baud rate generator systems
|

Independently programmable transmit and
receive baud rates up to 500K baud.

Programmable data word length (8 or 9 hits)

m Receive buffer full, Transmit buffer empty and
End of Transmission flags

m Two receiver wake-up modes:
— Address bit (MSB)
— Idle line
m Muting function for multiprocessor configurations

m Separate enable bits for Transmitter and
Receiver

m Four error detection flags:
— Overrun error
— Noise error
— Frame error
— Parity error
m Five interrupt sources with flags:
— Transmit data register empty
— Transmission complete
— Receive data register full
— Idle line received
— Overrun error detected
m Parity control:
— Transmits parity bit
— Checks parity of received data byte
m Reduced power consumption mode
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10.6.3 General Description

The interface is externally connected to another
device by two pins (see Figure 61):

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

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

Through these pins, serial data is transmitted and
received as frames comprising:

— An Idle Line prior to transmission or reception

— A start bit

— A data word (8 or 9 bits) least significant bit first
— A Stop bit indicating that the frame is complete.
Thisinterface usestwotypes of baud rate generator:

— A conventional type for commonly-used baud
rates,

— An extended type with a prescaler offering a very
wide range of baud rates even with non-standard
oscillator frequencies.
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I2C BUS INTERFACE (Cont'd)
10.7.5 Low Power Modes

Mode Description

No effect on I1°C interface.

WAIT 12c interrupts cause the device to exit from WAIT mode.
I°C registers are frozen.
HALT In HALT mode, the I2C interface is inactive and does not acknowledge data on the bus. The I2C interface

resumes operation when the MCU is woken up by an interrupt with “exit from HALT mode” capability.

10.7.6 Interrupts

Figure 67. Event Flags and Interrupt Generation

5TE ITE
ADSL
SB INTERRUPT

AF

STOPF

ARLO

BERR EVF
*
*

Event Enable Exit Exit
Interrupt Event Flag Con_trol from from
Bit Wait Halt
10-bit Address Sent Event (Master mode) ADD10 Yes No
End of Byte Transfer Event BTF Yes No
Address Matched Event (Slave mode) ADSEL Yes No
Start Bit Generation Event (Master mode) SB ITE Yes No
Acknowledge Failure Event AF Yes No
Stop Detection Event (Slave mode) STOPF Yes No
Arbitration Lost Event (Multimaster configuration) ARLO Yes No
Bus Error Event BERR Yes No

Note: The 1°C interrupt events are connected to
the same interrupt vector (see Interrupts chapter).
They generate an interrupt if the corresponding
Enable Control Bit is set and the I-bit in the CC reg-
ister is reset (RIM instruction).
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12C BUS INTERFACE (Contd)

Figure 66. Transfer Sequencing
7-bit Slave receiver:

S Address A Datal A Data2 A DataN A P

EV1 EV2 EV2 EV2 EV4

7-bit Slave transmitter:
S Address A Datal A Data2 A DataN NA P

EV1l EV3 EV3 EV3 EV3-1 EV4

7-bit Master receiver:
S Address A Datal A Data2 A DataN NA P

EV5 EV6 EV7 EV7 EV7

7-bit Master transmitter:
S Address A Datal A Data2 A DataN A P

EV5 EV6 EV8 EV8 EV8 EV8

10-bit Slave receiver:
S Header A Address A Datal A DataN A P

EV1 EV2 EV2 EV4

10-bit Slave transmitter:
S, Header A Datal A . DbataN A P

10-bit Master transmitter

10-bit Master receiver:

Legend: S=Start, Sr = Repeated Start, P=Stop, A=Acknowledge, NA=Non-acknowledge,
EVx=Event (with interrupt if ITE=1)

EV1: EVF=1, ADSL=1, cleared by reading SR1 register.
EV2: EVF=1, BTF=1, cleared by reading SR1 register followed by reading DR register.
EV3: EVF=1, BTF=1, cleared by reading SR1 register followed by writing DR register.

EV3-1: EVF=1, AF=1, BTF=1; AF is cleared by reading SR1 register. BTF is cleared by releasing the
lines (STOP=1, STOP=0) or by writing DR register (DR=FFh). Note: If lines are released by
STOP=1, STOP=0, the subsequent EV4 is not seen.

EV4: EVF=1, STOPF=1, cleared by reading SR2 register.

EV5: EVF=1, SB=1, cleared by reading SR1 register followed by writing DR register.

EV6: EVF=1, cleared by reading SR1 register followed by writing CR register (for example PE=1).
EV7: EVF=1, BTF=1, cleared by reading SR1 register followed by reading DR register.

EV8: EVF=1, BTF=1, cleared by reading SR1 register followed by writing DR register.

EV9: EVF=1, ADD10=1, cleared by reading SR1 register followed by writing DR register.
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CONTROLLER AREA NETWORK (Cont'd)
10.8.3.3 Modes of Operation

The CAN Core unit assumes one of the seven
states described below:

— STANDBY . Standby mode is entered either on a
chip reset or on resetting the RUN bit in the Con-
trol/Status Register (CSR). Any on-going trans-
mission or reception operation is not interrupted
and completes normally before the Bit Time Log-
ic and the clock prescaler are turned off for mini-
mum power consumption. This state is signalled
by the RUN bit being read-back as 0.

Once in standby, the only event monitored is the
reception of a dominant bit which causes a wake-
up interrupt if the SCIE bit of the Interrupt Control
Register (ICR) is set.

The STANDBY mode is left by setting the RUN

Figure 70. CAN Controller State Diagram

STANDBY
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bit. If the WKPS bit is set in the CSR register,
then the controller passes through WAKE-UP
otherwise it enters RESYNC directly.

It is important to note that the wake-up mecha-
nism is software-driven and therefore carries a
significant time overhead. All messages received
after the wake-up bit and before the controller is
set to run and has completed synchronization
are ignored.

Note: Standby mode is not entered on resetting
the RUN bit in the Control/Status register (CSR) if
the CANRX pin is shorted to GND.

— WAKE-UP. The CAN bus line is forced to domi-
nant for one bit time signalling the wake-up con-
dition to all other bus members.

AT
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10-BIT A/D CONVERTER (ADC) (Cont'd)
10.9.6 Register Description

CONTROL/STATUS REGISTER (ADCCSR)
Read/Write (Except bit 7 read only)
Reset Value: 0000 0000 (00h)

7 0

EOC [SPEED|ADON 0 CH3 | CH2 | CH1 | CHO

Bit 7 = EOC End of Conversion

This bit is set by hardware. It is cleared by hard-
ware when software reads the ADCDRH register
or writes to any bit of the ADCCSR register.

0: Conversion is not complete

1: Conversion complete

Bit 6 = SPEED ADC clock selection
This bit is set and cleared by software.
0: fapc = fcpul4

1:fapc = fepul2

Bit 5 = ADON A/D Converter on

This bit is set and cleared by software.
0: Disable ADC and stop conversion
1: Enable ADC and start conversion

Bit 4 = Reserved. Must be kept cleared.

4

Bit 3:0 = CH[3:0] Channel Selection
These bits are set and cleared by software. They
select the analog input to convert.

Channel Pin* CH3 |CH2 ([CH1 |[CHO
AINO 0 0 0 0
AIN1 0 0 0 1
AIN2 0 0 1 0
AIN3 0 0 1 1
AIN4 0 1 0 0
AIN5 0 1 0 1
AIN6 0 1 1 0
AIN7 0 1 1 1
AIN8 1 0 0 0
AIN9 1 0 0 1
AIN10 1 0 1 0
AIN11 1 0 1 1
AIN12 1 1 0 0
AIN13 1 1 0 1
AIN14 1 1 1 0
AIN15 1 1 1 1

*The number of channels is device dependent. Refer to
the device pinout description.

DATA REGISTER (ADCDRH)
Read Only
Reset Value: 0000 0000 (00h)

7 0

D9 D8 D7 D6 D5 D4 D3 D2

Bit 7:0 = D[9:2] MSB of Converted Analog Value

DATA REGISTER (ADCDRL)
Read Only
Reset Value: 0000 0000 (00h)

7 0

0 0 0 0 0 0 D1 DO

Bit 7:2 = Reserved. Forced by hardware to 0.

Bit 1:0 = D[1:0] LSB of Converted Analog Value
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ADC CHARACTERISTICS (Cont'd)

Figure 110. R oy Max. Vs f apc With C p=0pF Y Figure 111. Recommended C N & RN values. 2
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Figure 112. Typical A/ID Converter Application
Vbp
V1
RaiN | Ainx %XO'W 2k ((max) | 10.gjt AD

VAN AN\ 1 *—\N\\N\\\—  conversion
C V.
— —_ AN 0.6V IL __ Canc
+1pA 12pF

ST72XXX

1

Notes:

1. CparasiTic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the pad ca-
pacitance (3pF). A high Cparasitic Value will downgrade conversion accuracy. To remedy this, fapc should be reduced.

2. This graph shows that depending on the input signal variation (f5;n), Can €an be increased for stabilization time and
decreased to allow the use of a larger serial resistor (R

4
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ST72521 DEVICE CONFIGURATION AND ORDERING INFORMATION (Cont'd)

OPT2 = Reserved, must be kept at default value.

OPT1= PKGO Package selection bit 0
This option bit is used to select the package (see
table in PKG1 option bit description).

OPTO= FMP_R Flash memory read-out protection
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 option
is selected causes the whole user memory to be
erased first, and the device can be reprogrammed.
Refer to Section 4.3.1 and the ST7 Flash Pro-
gramming Reference Manual for more details.
Note: Readout protection is not supported if LVD
is enabled.

0: Read-out protection enabled

1: Read-out protection disabled

OPTION BYTE 1

OPT7= PKG1 Package selection bit 1
This option bit, with the PKGO bit, selects the pack-
age.

Note: On the chip, each I/O port has 8 pads. Pads
that are not bonded to external pins are in input
pull-up configuration after reset. The configuration
of these pads must be kept at reset state to avoid
added current consumption.

OPT6 = RSTC RESET clock cycle selection

This option bit selects the number of CPU cycles
applied during the RESET phase and when exiting
HALT mode. For resonator oscillators, it is advised
to select 4096 due to the long crystal stabilization
time.

0: Reset phase with 4096 CPU cycles

1: Reset phase with 256 CPU cycles
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OPT5:4 = OSCTYPE[1:0] Oscillator Type
These option bits select the ST7 main clock
source type.

OPT3:1 = OSCRANGE[2:0] Oscillator range
When the resonator oscillator type is selected,
these option bits select the resonator oscillator
current source corresponding to the frequency
range of the used resonator. Otherwise, these bits
are used to select the normal operating frequency
range.

OPTO = PLLOFF PLL activation

This option bit activates the PLL which allows mul-
tiplication by two of the main input clock frequency.
The PLL must not be used with the internal RC os-
cillator or with external clock source. The PLL is
guaranteed only with an input frequency between
2 and 4MHz.

0: PLL x2 enabled

1: PLL x2 disabled

CAUTION: the PLL can be enabled only if the

4
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ST72521 DEVICE CONFIGURATION AND ORDERING INFORMATION (Cont'd)

ST72521B MICROCONTROLLER OPTION LIST
(Last update: December 2004)

CUStOmer: e
Address: ..

Contact: ... ... .
Phone No: ... ...
Reference/ROM Code*: .......................

*The ROM code name is assigned by STMicroelectronics.
ROM code must be sent in .S19 format. .Hex extension cannot be processed.

Device Type/Memory Size/Package (check only one option):

ROM DEVICE: : 60K : 32K
TQFP80: | [1ST72521BM9 |
TQFP64 14x14: |  [] ST72521BR9 |  []1ST72521BR6
TQFP64 10x10: | [1ST72521BAR9 [ [1ST72521BAR6
DIE FORM: I 60K I 32K
80-pin: | |
64-pin: (. |l
Conditioning (check only one option):
Packaged Product Die Product (dice tested at 25°C only)
[] Tape & Reel []Tray []1Tape & Reel

I
| []Inked wafer
| []Sawn wafer on sticky foil

Standard I Automotive I Temp. Range
[1] | | [] 0°Cto+70°C
[1 | | []-10°C to +85°C
[1 | 1] | []-40°C to +85°C
| T[] | []-40°C to +105°C
| T[] | []-40°Cto +125°C
Special Marking: [1No [1Yyes" " (10 char. max)
Authorized characters are letters, digits, "', "', '/' and spaces only.

Clock Source Selection:

[ ] Resonator: []LP: Low power resonator (1 to 2 MHz)
[ 1 MP: Medium power resonator (2 to 4 MHz)
[1MS: Medium speed resonator (4 to 8 MHz)
[1HS: High speed resonator (8 to 16 MHz)
[]Internal RC:

[ ] External Clock

PLL [ ] Disabled [1Enabled

LVD Reset [] Disabled [ ] High threshold  [] Med. threshold [] Low threshold
Reset Delay []256 Cycles [ 14096 Cycles

Watchdog Selection: [ ] Software Activation [ ] Hardware Activation
Watchdog Reset on Halt: [ ] Reset [ ] No Reset

Readout Protection: [ ] Disabled [ ] Enabled

Date

Signature ..

Please download the latest version of this option list from:
http://www.st.com/mcu > downloads > ST7 microcontrollers > Option list

Version/ Temp. Range (do not check for die product). Please refer to datasheet for specific sales conditions:
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