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Table 3. Hardware Register Map

Address Block Rig:)s;er Register Name Reset Status Remarks
0000h PADR Port A Data Register FFh') R/W
0001h Port A PADDR Port A Data Direction Register 00h R/W
0002h PAOR Port A Option Register 40h R/W
0003h PBDR Port B Data Register FFh 1) R/W
0004h Port B PBDDR Port B Data Direction Register 00h R/W
0005h PBOR Port B Option Register 00h R/W?2)
88832 Reserved area (2 bytes)
0008h LTCSR2 Lite Timer Control/Status Register 2 OFh R/W
0009h LITE LTARR Lite Timer Auto-reload Register 00h R/W
000Ah TIMER 2 LTCNTR Lite Timer Counter Register 00h Read Only
000Bh LTCSR1 Lite Timer Control/Status Register 1 0x00 00x0Ob | R/W
000Ch LTICR Lite Timer Input Capture Register xxh Read Only
000Dh ATCSR Timer Control/Status Register 0x00 0000b | R/W
000Eh CNTR1H Counter Register 1 High 00h Read Only
000Fh CNTR1L Counter Register 1 Low 00h Read Only
0010h ATR1H Auto-Reload Register 1 High 00h R/W
0011h ATR1L Auto-Reload Register 1 Low 00h R/W
0012h PWMCR PWM Output Control Register 00h R/W
0013h PWMOCSR | PWM 0 Control/Status Register 00h R/W
0014h PWM1CSR | PWM 1 Control/Status Register 00h R/W
0015h PWM2CSR | PWM 2 Control/Status Register 00h R/W
0016h PWM3CSR | PWM 3 Control/Status Register 00h R/W
0017h AUTO- | DCROH PWM 0 Duty Cycle Register High 00h R/W
0018h RELOAD | PCROL PWM 0 Duty Cycle Register Low 00h R/W
0019h TIMER 3 | DCR1H PWM 1 Duty Cycle Register High 00h R/W
001Ah DCR1L PWM 1 Duty Cycle Register Low 00h R/W
001Bh DCR2H PWM 2 Duty Cycle Register High 00h R/W
001Ch DCR2L PWM 2 Duty Cycle Register Low 00h R/W
001Dh DCR3H PWM 3 Duty Cycle Register High 00h R/W
001Eh DCR3L PWM 3 Duty Cycle Register Low 00h R/W
001Fh ATICRH Input Capture Register High 00h Read Only
0020h ATICRL Input Capture Register Low 00h Read Only
0021h ATCSR2 Timer Control/Status Register 2 03h R/W
0022h BREAKCR | Break Control Register 00h R/W
0023h ATR2H Auto-Reload Register 2 High 00h R/W
0024h ATR2L Auto-Reload Register 2 Low 00h R/W
0025h DTGR Dead Time Generator Register 00h R/W

0(())(2)23':0 Reserved area (8 bytes)
002Eh WDG WDGCR Watchdog Control Register 7Fh R/W

0002Fh FLASH | FCSR Flash Control/Status Register 00h R/W
00030h | EEPROM | EECSR Data EEPROM Control/Status Register 00h R/W
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RESET SEQUENCE MANAGER (Cont’d)

The RESET pin is an asynchronous signal which
plays a major role in EMS performance. In a noisy
environment, it is recommended to follow the
guidelines mentioned in the electrical characteris-
tics section.

7.5.3 External Power-On RESET

If the LVD is disabled by option byte, to start up the
microcontroller correctly, the user must ensure by
means of an external reset circuit that the reset
signal is held low until Vpp is over the minimum
level specified for the selected fogc frequency.

A proper reset signal for a slow rising Vpp supply
can generally be provided by an external RC net-
work connected to the RESET pin.

Figure 16. RESET Sequences

7.5.4 Internal Low Voltage Detector (LVD)
RESET

Two different RESET sequences caused by the in-
ternal LVD circuitry can be distinguished:

m Power-On RESET

= Voltage Drop RESET

The device RESET pin acts as an output that is

pulled low when Vpp<V|t, (rising edge) or
Vpp<Vt. (falling edge) as shown in Figure 16.

The LVD filters spikes on Vpp larger than tyypp) to
avoid parasitic resets.
7.5.5 Internal Watchdog RESET

The RESET sequence generated by a internal
Watchdog counter overflow is shown in Figure 16.

Starting from the Watchdog counter underflow, the
device RESET pin acts as an output that is pulled
low during at least t,,rsTL)out-

ViT4(LVD)
ViT.(LvD)

EXTERNAL WATCHDOG
RESET RESET
RUN ACTIVE RUN ACTIVH RUN
PHASE PHASH
I 1 1 1 I
1 1 1 1 !
1 1 1 | |
[ 1 1 | 1
vt 1 ' t [
th(RSTL)inl : | , W(RSTL)out
1 1 U
1 1
EXTERNAL ! ' _
RESET '
SOURCE :
1
RESET PIN . o
WATCHDOG '
RESET >

WATCHDOG UNDERFLOW —+

1 INTERNAL RESET (256 or 4096 Tcpy)
VECTOR FETCH

4
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7.6 SYSTEM INTEGRITY MANAGEMENT (SI)

The System Integrity Management block contains
the Low voltage Detector (LVD) and Auxiliary Volt-
age Detector (AVD) functions. It is managed by
the SICSR register.

Note: A reset can also be triggered following the
detection of an illegal opcode or prebyte code. Re-
fer to section 12.2.1 on page 128 for further de-
tails.

7.6.1 Low Voltage Detector (LVD)

The Low Voltage Detector function (LVD) gener-
ates a static reset when the Vpp supply voltage is
below a V|1_vp) reference value. This means that
it secures the power-up as well as the power-down
keeping the ST7 in reset.

The V|1.(Lvp) reference value for a voltage drop is
lower than the V|1 yp) reference value for power-
on in order to avoid a parasitic reset when the
MCU starts running and sinks current on the sup-
ply (hysteresis).

The LVD Reset circuitry generates a reset when
Vpp is below:

= Vit4vpyWhen Vpp is rising
- VIT-(LVD) when VDD is falllng
The LVD function is illustrated in Figure 17.

The voltage threshold can be configured by option
byte to be low, medium or high.

Figure 17. Low Voltage Detector vs Reset

Provided the minimum Vpp value (guaranteed for
the oscillator frequency) is above Vir_yp), the
MCU can only be in two modes:

— under full software control
— in static safe reset

In these conditions, secure operation is always en-
sured for the application without the need for ex-
ternal reset hardware.

During a Low Voltage Detector Reset, the RESET
pin is held low, thus permitting the MCU to reset
other devices.

Notes:

The LVD allows the device to be used without any
external RESET circuitry.

Use of LVD with capacitive power supply: with this
type of power supply, if power cuts occur in the ap-
plication, it is recommended to pull Vpp down to
0V to ensure optimum restart conditions. Refer to
circuit example in Figure 99 on page 154 and note
4.

The LVD is an optional function which can be se-
lected by option byte.

It is recommended to make sure that the Vpp sup-
ply voltage rises monotonously when the device is
exiting from Reset, to ensure the application func-
tions properly.

4 VDD

ViT+(LVD)
ViT-(LVD)
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POWER SAVING MODES (Cont'd)

9.4 HALT MODE

The HALT mode is the lowest power consumption
mode of the MCU. It is entered by executing the
‘HALT instruction when ACTIVE-HALT is disabled
(see section 9.5 on page 42 for more details) and
when the AWUEN bit in the AWUCSR register is
cleared.

The MCU can exit HALT mode on reception of ei-
ther a specific interrupt (see Table 6, “Interrupt
Mapping,” on page 36) or a RESET. When exiting
HALT mode by means of a RESET or an interrupt,
the oscillator is immediately turned on and the 256
CPU cycle delay is used to stabilize the oscillator.
After the start up delay, the CPU resumes opera-
tion by servicing the interrupt or by fetching the re-
set vector which woke it up (see Figure 25).

When entering HALT mode, the | bit in the CC reg-
ister is forced to 0 to enable interrupts. Therefore,
if an interrupt is pending, the MCU wakes up im-
mediately.

In HALT mode, the main oscillator is turned off
causing all internal processing to be stopped, in-
cluding the operation of the on-chip peripherals.
All peripherals are not clocked except the ones
which get their clock supply from another clock
generator (such as an external or auxiliary oscilla-
tor).

The compatibility of Watchdog operation with
HALT mode is configured by the “WDGHALT” op-
tion bit of the option byte. The HALT instruction
when executed while the Watchdog system is en-
abled, can generate a Watchdog RESET (see sec-
tion 15.1 on page 161 for more details).

Figure 24. HALT Timing Overview

Figure 25. HALT Mode Flow-chart

256 or 4096 CPU
RUN | HALT | cycLE DELAY RUN
- - >
‘ RESET
— OR
HALT INTERRUPT
INSTRUCTION FETCH
[Active Halt disabled] VECTOR

HALT INSTRUCTION
(Active Halt disabled)
(AWUCSR.AWUEN=0)

ENABLE WATCHDOG

1
WATCHDOG OSCILLATOR  OFF
RESET PERIPHERALS 2 OFF
CPU OFF
I BIT 0

OSCILLATOR ON
PERIPHERALS OFF
CPU ON
11BIT X4

v

256 OR 4096 CPU CLOCK
CYCLE DELAY

v

OSCILLATOR ON
PERIPHERALS ON
CPU ON
I BIT X4

v
FETCH RESET VECTOR
OR SERVICE INTERRUPT

4

Notes:

1. WDGHALT is an option bit. See option byte sec-
tion for more details.

2. Peripheral clocked with an external clock source
can still be active.

3. Only some specific interrupts can exit the MCU
from HALT mode (such as external interrupt). Re-
fer to Table 6, “Interrupt Mapping,” on page 36 for
more details.

4. Before servicing an interrupt, the CC register is
pushed on the stack. The I bit of the CC register is
set during the interrupt routine and cleared when
the CC register is popped.
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POWER SAVING MODES (Cont'd)
Figure 30. AWUFH Mode Flow-chart

ALT INSTRUCTION
(Active-Halt disabled)
AWUCSR.AWUEN=1)

ENABLE

1

WATCHDOG
RESET

WATCHDOG

DISABLE

A 4

AWURCOSC ON
MAIN OSC OFF
PERIPHERALS 2 OFF
CPU OFF
I[1:0] BITS 10

AWU RC OSC  OFF

MAIN OSC ON

PERIPHERALS OFF

CPU ON

| 1[1:0] BITS XX 49
v

256 CPU CLOCK
CYCLE DELAY

v
AWU RC OSC  OFF
MAIN OSC ON
PERIPHERALS ON
CPU ON
[1:0] BITS XX 49
v

FETCH RESET VECTOR
OR SERVICE INTERRUPT

4

Notes:

1. WDGHALT is an option bit. See option byte sec-
tion for more details.

2. Peripheral clocked with an external clock source
can still be active.

3. Only an AWUFH interrupt and some specific in-
terrupts can exit the MCU from HALT mode (such
as external interrupt). Refer to Table 6, “Interrupt
Mapping,” on page 36 for more details.

4. Before servicing an interrupt, the CC register is
pushed on the stack. The I[1:0] bits of the CC reg-
ister are set to the current software priority level of
the interrupt routine and recovered when the CC
register is popped.
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I/0 PORTS (Cont’d)
Figure 31. I/O Port General Block Diagram

ALTERNATE 1
EgSIIESSTSEB . OUTPUT Vop P-BUFFER
\ From on-chip peripheral —_—T (see table below)
Y.
— s ALTERNATE PULL-UP
. . ENABLE
: BIT (see table below)
: ; PRI <D7 | :l ) ‘({ Vbp
K=Y DDR _ﬂ %
. . PULL-UP A
: |. CONDITION PAD
o
> 1
5 <; 1 OR =y implemented @_ﬂ:
W 1
®| , ORSEL ! - ——
I. < : N-BUFFER — DIODES
' ' (see table below)
,DDRSEL |
.‘ )/ , ANALOG
. ; \ oMOS INPUT
. , SCHMITT
‘\DDS/E'- M K j TRIGGER
\‘ 7 0
R ! ALTERNATE
- v INPUT
EXTERNAL To on-chip peripheral
INTERRUPT
REQUEST (eiy)
X SENSITIVITY BITS Note: Refer to the Port Configuration
SELECTION table for device specific information.

Table 9. I/0 Port Mode Options

Di
Configuration Mode Pull-Up P-Buffer lodes
to VDD to VSS
Input Floating with/without Interrupt Off 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 1)

Legend: NI - notimplemented

Off - implemented not activated

On - implemented and activated
Note 1: The diode to Vpp is not implemented in the
true open drain pads. A local protection between

48/173

the pad and V| is implemented to protect the de-
vice against positive stress.

Note 2: For further details on port configuration,
please refer to Table 11 and Table 12 on page 51.
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11.2 DUAL 12-BIT AUTORELOAD TIMER 3 (AT3)
11.2.1 Introduction

The 12-bit Autoreload Timer can be used for gen-
eral-purpose timing functions. It is based on one or
two free-running 12-bit upcounters with an input
capture register and four PWM output channels.
There are 6 external pins:

— Four PWM outputs
— ATIC/LTIC pin for the Input Capture function

— BREAK pin for forcing a break condition on the
PWM outputs

11.2.2 Main Features

m Single Timer or Dual Timer mode with two 12-bit
upcounters (CNTR1/CNTR2) and two 12-bit
autoreload registers (ATR1/ATR2)

m Maskable overflow interrupts

Figure 34. Single Timer Mode (ENCNTR2=0)

PWM mode

— Generation of four independent PWMx signals

— Dead time generation for Half bridge driving
mode with programmable dead time

— Frequency 2KHz-4MHz (@ 8 MHz fepy)
— Programmable duty-cycles

— Polarity control

— Programmable output modes

m Output Compare Mode
m Input Capture Mode

— 12-bit input capture register (ATICR)
— Triggered by rising and falling edges
— Maskable IC interrupt

— Long range input capture

m Break control
m Flexible Clock control

ATIC J]—{ Edge Detection Circuit}—b\ 12-bit Input Capture\

A

Output Compare CMmP
Interrupt

I PWMO Duty Cycle Generator }——

|

OE0:D

’ 12-Bit Autoreload Register 1 |

h

Clock ‘l . |_‘
Control 12-Bit Upcounter 1

fcpu

OVF1 Interrupt

1ms from Lite Timer >

Dead Time PWMO
W
{PWM1 Duty Cycle Generator |—— Generator &‘D_ g PWM1
=~
DTE bit g
| OE2 g
——I PWM2 Duty Cycle Generator | D g PWM2
OE3
——l PWMS3 Duty Cycle Generator } D | PWM3
BPEN bit
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LITE TIMER (Cont'd)
11.3.4 Low Power Modes

Mode Description
No effect on Lite timer
SLOW (this peripheral is driven directly
by fosc/32)
WAIT No effect on Lite timer
ACTIVE-HALT | No effect on Lite timer
HALT Lite timer stops counting

11.3.5 Interrupts

. Exit .
Interrupt | Event gnablel fEx't from fEx't
Event Flag ontrol| from Active | oM
Bit Wait Halt
Halt

Timebase 1
Event TB1F | TB1IE | Yes Yes No
Timebase 2| rpor | 1RoE | Yes | No | No

Event

IC Event ICF ICIE Yes No No

Note: The TBxF and ICF interrupt events are con-
nected to separate interrupt vectors (see Inter-
rupts chapter).

They generate an interrupt if the enable bit is set in
the LTCSR1 or LTCSR2 register and the interrupt
mask in the CC register is reset (RIM instruction).

4

11.3.6 Register Description
LITE TIMER CONTROL/STATUS REGISTER 2

(LTCSR2)

Read / Write

Reset Value: 0x00 0000 (x0h)
7 0
0 0 0 0 0 0 |TB2IE | TB2F

Bits 7:2 = Reserved, must be kept cleared.

Bit 1 = TB2IE Timebase 2 Interrupt enable.
This bit is set and cleared by software.

0: Timebase (TB2) interrupt disabled

1: Timebase (TB2) interrupt enabled

Bit 0 = TB2F Timebase 2 Interrupt Flag.

This bit is set by hardware and cleared by software
reading the LTCSR2 register. Writing to this bit
has no effect.

0: No Counter 2 overflow

1: A Counter 2 overflow has occurred

LITE TIMER AUTORELOAD REGISTER
(LTARR)

Read / Write

Reset Value: 0000 0000 (00h)

7 0

AR7 | AR7 | AR7 | AR7 | AR3 | AR2 | ARt1 ARO

Bits 7:0 = AR[7:0] Counter 2 Reload Value.
These bits register is read/write by software. The
LTARR value is automatically loaded into Counter
2 (LTCNTR) when an overflow occurs.

751173




ST7LITE3xF2

SERIAL PERIPHERAL INTERFACE (SPI) (cont'd)

Figure 48. Serial Peripheral Interface Block Diagram

< Data/Address Bus >

Interrupt
request
Read Buffer
MOSI [ '
7 SPICSR o0

8-bit Shift Register

SPIF (\WCOL OVR|MODH 0 | SOD |SSM | SSI

A A T A

SPI 0
STATE
CONTROL

l ) sPicR o

A A 4

SCK [1¢——o

— SPIE | SPE [|SPR2|MSTR|CPOL|CPHA| SPR1|SPRO0O
MASTER
CONTROL |« A 4 -
<
SERIAL CLOCK | €
GENERATOR ;

4
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SERIAL PERIPHERAL INTERFACE (cont’d)
11.4.3.1 Functional Description

A basic example of interconnections between a
single master and a single slave is illustrated in
Figure 49.

The MOSI pins are connected together and the
MISO pins are connected together. In this way
data is transferred serially between master and
slave (most significant bit first).

The communication is always initiated by the mas-
ter. When the master device transmits data to a
slave device via MOSI pin, the slave device re-
sponds by sending data to the master device via

Figure 49. Single Master/ Single Slave Application

the MISO pin. This implies full duplex communica-
tion with both data out and data in synchronized
with the same clock signal (which is provided by
the master device via the SCK pin).

To use a single data line, the MISO and MOSI pins
must be connected at each node (in this case only
simplex communication is possible).

Four possible data/clock timing relationships may
be chosen (see Figure 52 on page 83) but master
and slave must be programmed with the same tim-
ing mode.

MASTER SLAVE
MSBit ¢—— LSBit MSBit ¢——— LSBit
8-bit SHIFT REGISTER  |[4——{ 11o0 MISO -, 8-bit SHIFT REGISTER
T .
DMOSI Mos|[]
SPI
CLOCK ASCK e an
GENERATOR _ _
SS SS

k__;/ by software

\, Not used if SS is managed
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SERIAL PERIPHERAL INTERFACE (cont’d)
11.4.3.3 Master Mode Operation

In master mode, the serial clock is output on the
SCK pin. The clock frequency, polarity and phase
are configured by software (refer to the description
of the SPICSR register).

Note: The idle state of SCK must correspond to
the polarity selected in the SPICSR register (by
pulling up SCK if CPOL = 1 or pulling down SCK if
CPOL = 0).

How to operate the SPI in master mode

To operate the SPI in master mode, perform the
following steps in order:

1. Write to the SPICR register:
— Select the clock frequency by configuring the
SPR[2:0] bits. a i guring

— Select the clock polarity and clock phase by
configuring the CPOL and CPHA bits. Figure
52 shows the four possible configurations.
Note: The slave must have the same CPOL
and CPHA settings as the master.

2. Write to the SPICSR register:

— Either set the SSM bit and set the SSI bit or
clear the SSM bit and tie the SS pin high for
the complete byte transmit sequence.

3. Write to the SPICR register:

— Set the MSTR and SPE bits
Note: MSTR and SPE bits remain set only if
SSis high).
Important note: if the SPICSR register is not writ-
ten first, the SPICR register setting (MSTR bit)
may be not taken into account.

The transmit sequence begins when software
writes a byte in the SPIDR register.

11.4.3.4 Master Mode Transmit Sequence

When software writes to the SPIDR register, the
data byte is loaded into the 8-bit shift register and
then shifted out serially to the MOSI pin most sig-
nificant bit first.

When data transfer is complete:
— The SPIF bit is set by hardware.

— An interrupt request is generated if the SPIE
bit is set and the interrupt mask in the CCR
register is cleared.

Clearing the SPIF bit is performed by the following
software sequence:

1. An access to the SPICSR register while the
SPIF bit is set

2. A read to the SPIDR register

82/173

Note: While the SPIF bit is set, all writes to the
SPIDR register are inhibited until the SPICSR reg-
ister is read.

11.4.3.5 Slave Mode Operation

In slave mode, the serial clock is received on the
SCK pin from the master device.

To operate the SPI in slave mode:

1. Write to the SPICSR register to perform the fol-
lowing actions:

— Select the clock polarity and clock phase by
configuring the

POL "and CPHA bits (see
Figure 52).

Note: The slave must have the same CPOL
and CPHA settings as the master.

— Manage the SS pin as described in_Section
11.4.3.2 and Figure 50. If CPHA =1 SS must
be held low continuously. If CPHA =0 SS
must be held low during byte transmission and
pulled up between each byte to let the slave
write in the shift register.

2. Write to the SPICR register to clear the MSTR

bit and set the SPE bit to enable the SPI 1/O

functions.

11.4.3.6 Slave Mode Transmit Sequence

When software writes to the SPIDR register, the
data byte is loaded into the 8-bit shift register and
then shifted out serially to the MISO pin most sig-
nificant bit first.

The transmit sequence begins when the slave de-
vice receives the clock signal and the most signifi-
cant bit of the data on its MOSI pin.

When data transfer is complete:
— The SPIF bit is set by hardware.

— An interrupt request is generated if SPIE bit is
set and interrupt mask in the CCR register is
cleared.

Clearing the SPIF bit is performed by the following
software sequence:

1. An access to the SPICSR register while the
SPIF bit is set

2. A write or a read to the SPIDR register

Notes: While the SPIF bit is set, all writes to the
SPIDR register are inhibited until the SPICSR reg-
ister is read.

The SPIF bit can be cleared during a second
transmission; however, it must be cleared before
the second SPIF bit in order to prevent an Overrun
condition (see Section 11.4.5.2).
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont’d)

11.5.5.3 Receiver

The SCI can receive data words of either 8 or 9
bits. When the M bit is set, word length is 9 bits
and the MSB is stored in the R8 bit in the SCICR1
register.

Character reception

During a SCI reception, data shifts in least signifi-
cant bit first through the RDI pin. In this mode, the
SCIDR register consists or a buffer (RDR) be-
tween the internal bus and the received shift regis-
ter (see Figure 55).

Procedure
— Select the M bit to define the word length.

— Select the desired baud rate using the SCIBRR
and the SCIERPR registers.

— Set the RE bit, this enables the receiver which
begins searching for a start bit.

When a character is received:

— The RDRF bit is set. It indicates that the content
of the shift register is transferred to the RDR.

— An interrupt is generated if the RIE bit is set and
the I[1:0] bits are cleared in the CCR register.

— The error flags can be set if a frame error, noise
or an overrun error has been detected during re-
ception.

Clearing the RDRF bit is performed by the following
software sequence done by:

1. An access to the SCISR register
2. A read to the SCIDR register.

The RDRF bit must be cleared before the end of the
reception of the next character to avoid an overrun
error.

Idle Line

When an idle line is detected, there is the same
procedure as a data received character plus an in-
terrupt if the ILIE bit is set and the I[I1:0] bits are
cleared in the CCR register.

Overrun Error

An overrun error occurs when a character is re-
ceived when RDRF has not been reset. Data can
not be transferred from the shift register to the
TDR register as long as the RDRF bit is not
cleared.

When an overrun error occurs:

4

— The OR bit is set.
— The RDR content will not be lost.
— The shift register will be overwritten.

— An interrupt is generated if the RIE bit is set and
the I[I1:0] bits are cleared in the CCR register.

The OR bit is reset by an access to the SCISR reg-
ister followed by a SCIDR register read operation.

Noise Error

Oversampling techniques are used for data recov-
ery by discriminating between valid incoming data
and noise.

When noise is detected in a character:

— The NF bit is set at the rising edge of the RDRF
bit.

— Data is transferred from the Shift register to the
SCIDR register.

— No interrupt is generated. However this bit rises
at the same time as the RDRF bit which itself
generates an interrupt.

The NF bit is reset by a SCISR register read oper-
ation followed by a SCIDR register read operation.

Framing Error
A framing error is detected when:

— The stop bit is not recognized on reception at the
expected time, following either a desynchroniza-
tion or excessive noise.

— A break is received.
When the framing error is detected:
— the FE bit is set by hardware

— Data is transferred from the Shift register to the
SCIDR register.

— No interrupt is generated. However this bit rises
at the same time as the RDRF bit which itself
generates an interrupt.

The FE bit is reset by a SCISR register read oper-
ation followed by a SCIDR register read operation.

Break Character

— When a break character is received, the SCI
handles it as a framing error. To differentiate a
break character from a framing error, it is neces-
sary to read the SCIDR. If the received value is
00h, it is a break character. Otherwise it is a
framing error.
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont’d)

11.5.5.6 Receiver Muting and Wake-up Feature

In multiprocessor configurations it is often desira-
ble that only the intended message recipient
should actively receive the full message contents,
thus reducing redundant SCI service overhead for
all non-addressed receivers.

The non-addressed devices may be placed in
sleep mode by means of the muting function.

Setting the RWU bit by software puts the SCI in
sleep mode:

All the reception status bits can not be set.
All the receive interrupts are inhibited.

A muted receiver may be woken up in one of the
following ways:

— by Idle Line detection if the WAKE bit is reset,
— by Address Mark detection if the WAKE bit is set.
Idle Line Detection

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

This feature is useful in a multiprocessor system
when the first characters of the message deter-
mine the address and when each message ends
by an idle line: As soon as the line becomes idle,
every receivers is waken up and analyse the first
characters of the message which indicates the ad-
dressed receiver. The receivers which are not ad-
dressed set RWU bit to enter in mute mode. Con-
sequently, they will not treat the next characters
constituting the next part of the message. At the
end of the message, an idle line is sent by the
transmitter: this wakes up every receivers which
are ready to analyse the addressing characters of
the new message.

In such a system, the inter-characters space must
be smaller than the idle time.

Address Mark Detection

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

This feature is useful in a multiprocessor system
when the most significant bit of each character
(except for the break character) is reserved for Ad-
dress Detection. As soon as the receivers re-
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ceived an address character (most significant bit
=’1"), the receivers are waken up. The receivers
which are not addressed set RWU bit to enter in
mute mode. Consequently, they will not treat the
next characters constituting the next part of the
message.

11.5.5.7 Parity Control

Hardware byte Parity control (generation of parity
bit in transmission and parity checking in recep-
tion) can be enabled by setting the PCE bit in the
SCICRT1 register. Depending on the character for-
mat defined by the M bit, the possible SCI charac-
ter formats are as listed in Table 20.

Note: In case of wake-up by an address mark, the
MSB bit of the data is taken into account and not
the parity bit

Table 20. Character Formats

M bit | PCE bit Character format
0 0 | SB | 8 bit data | STB |
1 | SB | 7-bit data | PB | STB |
1 0 | SB | 9-bit data | STB |
1 | SB | 8-bit data | PB | STB |

Legend: SB = Start Bit, STB = Stop Bit,

PB = Parity Bit

Even parity: The parity bit is calculated to obtain
an even number of “1s” inside the character made
of the 7 or 8 LSB bits (depending on whether M is
equal to 0 or 1) and the parity bit.

Example: data = 00110101; 4 bits set => parity bit
will be 0 if even parity is selected (PS bit = 0).

Odd parity: The parity bit is calculated to obtain
an odd number of “1s” inside the character made
of the 7 or 8 LSB bits (depending on whether M is
equal to 0 or 1) and the parity bit.

Example: data = 00110101; 4 bits set => parity bit
will be 1 if odd parity is selected (PS bit = 1).

Transmission mode: If the PCE bit is set then the
MSB bit of the data written in the data register is
not transmitted but is changed by the parity bit.

Reception mode: If the PCE bit is set then the in-
terface checks if the received data byte has an
even number of “1s” if even parity is selected
(PS =0) or an odd number of “1s” if odd parity is
selected (PS = 1). If the parity check fails, the PE
flag is set in the SCISR register and an interrupt is
generated if PCIE is set in the SCICR1 register.
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont’d)

11.5.6 Low Power Modes 11.5.7 Interrupts
Mode Description Event Enable| Exit | Exit
No effect on SCI. Interrupt Event Flag Con_trol from from
WAIT SCl interrupts cause the device to exit from Bit | Wait | Halt
Wait m(?de. Transmit Data Register TOREl TIE
SCl registers are frozen. Empty
HALT In Halt mode, the SCI stops transmitting/re- Transmission Com- TC TCIE
ceiving until Halt mode is exited. plete
Received Data Ready RDRE

to be Read

Overrun Error or LIN OR/
Synch Error Detected | LHE

Idle Line Detected IDLE ILIE
Parity Error PE PIE
LIN Header Detection | LHDF| LHIE

RIE Yes No

The SCI interrupt events are connected to the
same interrupt vector (see Interrupts chapter).

These events generate an interrupt if the corre-
sponding Enable Control Bit is set and the inter-

rupt mask in the CC register is reset (RIM instruc-
tion).

4
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LINSCI™ SERIAL COMMUNICATION INTERFACE (SCI Mode) (cont’d)

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

7 0

R8 T8 SCID M |WAKE|pcg?| PS PIE

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).

4

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
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LINSCI™ SERIAL COMMUNICATION INTERFACE (LIN Mode) (cont’d)

11.5.10 LIN Mode Register Description
STATUS REGISTER (SCISR)

Read Only

Reset Value: 1100 0000 (COh)

7 0
TDRE| TC |RDRF| IDLE | LHE | NF | FE | PE

Bits 7:4 = Same function as in SCI mode; please
refer to Section 11.5.8 SCI Mode Register De-
scription.

Bit 3 = LHE LIN Header Error.

During LIN Header this bit signals three error

types:

— The LIN Synch Field is corrupted and the SCl is
blocked in LIN Synch State (LSF bit = 1).

— A timeout occurred during LIN Header reception

— An overrun error was detected on one of the
header field (see OR bit description in Section
11.5.8 SCI Mode Register Description).

An interrupt is generated if RIE = 1 in the SCICR2
register. If blocked in the LIN Synch State, the LSF
bit must first be reset (to exit LIN Synch Field state
and then to be able to clear LHE flag). Then it is
cleared by the following software sequence: An
access to the SCISR register followed by a read to
the SCIDR register.

0: No LIN Header error

1: LIN Header error detected

Note:

Apart from the LIN Header this bit signals an Over-
run Error as in SCI mode (see description in Sec-
tion 11.5.8 SCI Mode Register Description).

Bit 2 = NF Noise flag

In LIN Master mode (LINE bit = 1 and LSLV bit =
0), this bit has the same function as in SCI mode;
please refer to Section 11.5.8 SCI Mode Register
Description.

In LIN Slave mode (LINE bit =1 and LSLV bit = 1)
this bit has no meaning.

Bit 1 = FE Framing error.
In LIN slave mode, this bit is set only when a real

4

framing error is detected (if the stop bit is dominant
(0) and at least one of the other bits is recessive
(1). Itis not set when a break occurs, the LHDF bit
is used instead as a break flag (if the LHDM
bit = 0). It is cleared by a software sequence (an
access to the SCISR register followed by a read to
the SCIDR register).

0: No Framing error

1: Framing error detected

Bit 0 = PE Parity error.

This bit is set by hardware when a LIN parity error
occurs (if the PCE bit is set) in receiver mode. It is
cleared by a software sequence (a read to the sta-
tus register followed by an access to the SCIDR
data register). An interrupt is generated if PIE = 1
in the SCICR1 register.

0: No LIN parity error

1: LIN Parity error detected

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

7 0

R8 T8 SCID M [WAKE| PCE PS PIE

Bits 7:3 = Same function as in SCI mode; please
refer to Section 11.5.8 SCI Mode Register De-
scription.

Bit 2 = PCE Parity control enable.

This bit is set and cleared by software. It selects
the hardware parity control for LIN identifier parity
check.

0: Parity control disabled

1: Parity control enabled

When a parity error occurs, the PE bit in the
SCISR register is set.

Bit 1 = Reserved

Bit 0 = Same function as in SCI mode; please refer
to Section 11.5.8 SCI Mode Register Description.
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13.3.2 Operating Conditions with Low Voltage Detector (LVD)
Ta = -40 to 125°C, unless otherwise specified

Symbol Parameter Conditions Min Typ Max Unit
High Threshold, Tp=-40 to +85°C 3.60 4.15 4.60
Vv Reset release threshold High Threshold, Tp=-40 to +125°C| 3.60 4.15 4.65
ITHLVD)| (Vpp rise) Med. Threshold 3.05 | 3.45 3.90
Low Threshold 2.45 2.85 3.20 Y,
. High Threshold 3.40 3.95 4.35
Vir(LvD) R/esetfg‘f)”era“on threshold Med. Threshold 290 | 330 | 3.70
Db Low Threshold 240 | 270 3.00
Vhys LVD voltage threshold hysteresis | Vi, (Lvp)-ViT-(LVD) 200 mV
Vtpor | Vpp rise time rate ) 20 100000 | ps/V
ty(vDD) Filtered glitch delay on Vpp Not detected by the LVD 150 ns
Ippvp) | LVD/AVD current consumption 220 pA
Notes:

1. Not tested in production. The Vpp, rise time rate condition is needed to insure a correct device power-on and LVD reset.
When the Vpp slope is outside these values, the LVD may not ensure a proper reset of the MCU.

2. Use of LVD with capacitive power supply: with this type of power supply, if power cuts occur in the application, it is rec-
ommended to pull Vpp down to OV to ensure optimum restart conditions. Refer to circuit example in Figure 98 on

page 154.

13.3.3 Auxiliary Voltage Detector (AVD) Thresholds,
Tp =-40to 125°C, unless otherwise specified

Symbol Parameter Conditions Min Typ Max Unit
High Threshold, Tp=-40 to +85°C 3.90 4.45 4.85
v 1=>0 AVDF flag toggle threshold| High Threshold, Tp=-40 to +125°C | 3.90 445 | 4.90
IT+(AVD)| (Vpp rise) Med. Threshold 345 | 3.90 | 4.30
Low Threshold 2.90 3.30 | 3.65 v
High Threshold, Ta=-40 to +85°C 3.85 | 4.40 | 4.80
Vv 0=>1 AVDF flag toggle threshold| High Threshold, Tp=-40 to +125°C | 3.80 440 | 4.80
IT(AVD) | (Vpp fall) Med. Threshold 335 | 3.85 | 4.20
Low Threshold 2.75 3.15 3.50
AVD voltage threshold hystere-
Vhys sis 9 y ViT+(AVD)VIT-(AVD) 150 mV
Voltage drop between AVD flag
AVir. set and LVD reset activation Vop fal 0.45 v

13.3.4 Internal RC Oscillator and PLL
The ST7 internal clock can be supplied by an internal RC oscillator and PLL (selectable by option byte).

Symbol Parameter Conditions Min Typ Max Unit
Vbb(Roe) Internal RC Oscillator operating voltage Refer to operating range 2.7 5.5
. of Vpp with T, section
VppapLL) | X4 PLL operating voltage 13.3.1 on page 133 2.7 3.6 \Y
VppxepLL) | X8 PLL operating voltage 3.3 55
1S7] 139/173




ST7LITE3xF2

SUPPLY CURRENT CHARACTERISTICS (Cont'd)

Figure 79. Typical Ipp in WAIT vs. fcpy

Figure 81. Typical Ipp vs. Temperature
atUpy = 5V Ahd foea 16MHZ
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Figure 80. Typical Ipp in SLOW-WAIT vs. fopy

Figure 82. Typical Ipp vs. Temperature and V
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13.4.2 On-chip peripherals
Symbol Parameter Conditions Typ Unit
fopy=4MHz | Vpp=3.0V 150
I 12-bit Auto-Reload Timer supply current CPY Db
DD(AT) PPy fopu=8MHZ | Vpp=5.0V 1000
fopy=4MHz | Vpp=3.0V 50
Iopspyy | SPI supply current 2 cPU DD
fCPUISMHZ VDD=5.0V 200
| ADC supply current when converting % fapc=4MHz Vop=3.0V 250 HA
DD(ADC) pply g ADC™ Voo=5.0V 1100
Ipp(Linsciy | LINSCI supply current when transmitting 4 fcpy=8MHz | Vpp=5.0V 650

1. Data based on a differential Ipp measurement between reset configuration (timer stopped) and a timer running in PWM

mode at fep =8MHz.

2. Data based on a differential I|pp measurement between reset configuration and a permanent SPI master communica-

tion (data sent equal to 55h).

3. Data based on a differential Ipp measurement between reset configuration and continuous A/D conversions.

4. Data based on a differential Ipp measurement between LINSCI running at maximum speed configuration (500 kbaud,
continuous transmission of AA +RE enabled and LINSCI off. This measurement includes the pad toggling consump-

tion.
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13.11 10-BIT ADC CHARACTERISTICS

Subject to general operating condition for Vpp, fogc, and Tp unless otherwise specified.

Symbol Parameter Conditions Min Typ " Max Unit
fapc | ADC clock frequency 0.5 4 MHz
VaIN Conversion voltage range 2) Vssa Vbpa Vv
Rain External input resistor 109 kQ
Capc | Internal sample and hold capacitor 6 pF
tstag | Stabilization time after ADC enable 04 s

Conversion time (Sample+Hold) fopu=8MHz, fapc=4MHz 3.5 H
tapc - Sample capa.citorlloading time 4 1f
- Hold conversion time 10 ADC
Notes:

1. Unless otherwise specified, typical data are based on Ty=25°C and Vpp-Vgg=5V. They are given only as design guide-
lines and are not tested.
2. When Vppp and Vggp pins are not available on the pinout, the ADC refers to Vpp and Vgs.
3. Any added external serial resistor will downgrade the ADC accuracy (especially for resistance greater than10k). Data
based on characterization results, not tested in production.
4. The stabilization time of the AD converter is masked by the first t oap. The first conversion after the enable is then
always valid.

Figure 103. Typical Application with ADC

Vbp
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Rain '_LAINX 10-Bit AD
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15.3 DEVELOPMENT TOOLS

Development tools for the ST7 microcontrollers in-
clude a complete range of hardware systems and
software tools from STMicroelectronics and third-
party tool suppliers. The range of tools includes
solutions to help you evaluate microcontroller pe-
ripherals, develop and debug your application, and
program your microcontrollers.

15.3.1 Starter kits

ST offers complete, affordable starter kits. Starter
kits are complete, affordable hardware/software
tool packages that include features and samples
to help you quickly start developing your applica-
tion.

15.3.2 Development and Debugging Tools

Application development for ST7 is supported by
fully optimizing C Compilers and the ST7 Assem-
bler-Linker toolchain, which are all seamlessly in-
tegrated in the ST7 integrated development envi-
ronments in order to facilitate the debugging and
fine-tuning of your application. The Cosmic C
Compiler is available in a free version that outputs
up to 16 Kbytes of code.

The range of hardware tools includes full-featured
ST7-EMU3 series emulators, cost effective ST7-
DVP3 series emulators and the low-cost RLink
in-circuit debugger/programmer. These tools are
supported by the ST7 Toolset from STMicroelec-
tronics, which includes the STVD7 integrated de-
velopment environment (IDE) with high-level lan-

guage debugger, editor, project manager and inte-
grated programming interface.

15.3.3 Programming Tools

During the development cycle, the ST7-DVP3 and
ST7-EMUS3 series emulators and the RLink pro-
vide in-circuit programming capability for program-
ming the Flash microcontroller on your application
board.

ST also provides dedicated a low-cost dedicated
in-circuit programmer, the ST7-STICK, as well as
ST7 Socket Boards which provide all the sockets
required for programming any of the devices in a
specific ST7 sub-family on a platform that can be
used with any tool with in-circuit programming ca-
pability for ST7.

For production programming of ST7 devices, ST’s
third-party tool partners also provide a complete
range of gang and automated programming solu-
tions, which are ready to integrate into your pro-
duction environment.

15.3.4 Order Codes for Development and
Programming Tools

Table 26 below lists the ordering codes for the
ST7LITE3 development and programming tools.
For additional ordering codes for spare parts and
accessories, refer to the online product selector at
www.st.com.

15.3.5 Order codes for ST7LITE3 development tools

Table 26. Development tool order codes for the ST7LITE3 family

In-circuit Debugger, RLink Series") Emulator Programming Tool
Supported
Przzucts Starter Kit without | Starter Kit with DVP Series | EMU Series In-circuit Bs;rsc;)sc::ﬁti
Demo Board Demo Board Programmer EPBs
ggitgggg STX-RLINK2 STFLITE- ST7MDT10- | STZMDT10- | STX-RLINK ST7SB10-
ST7FLITE39 SK/RAIS?) DVP3% EMU3  |ST7-STICK®®) 123%)
Notes:

1. Available from ST or from Raisonance, www.raisonance.com

2. USB connection to PC

3. Add suffix /EU, /UK or /US for the power supply for your region
4. Includes connection kit for DIP16/SO16 only. See “How to order an EMU or DVP” in ST product and tool selection guide

for connection kit ordering information
5. Parallel port connection to PC

4
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