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8-bit low cost, low pin-count MCU for automotive,
with single voltage Flash memory, ADC, timers

Features

Memories

m 1 to 2 Kbytes single voltage Flash program
memory with readout protection, in-circuit and
in-application programming (ICP and IAP), 10k
write/erase cycles guaranteed, data retention
20 years

m 128 bytes RAM

m Up to 128 bytes data EEPROM, 300k
write/erase cycles guaranteed, data retention
20 years

Clock, reset and supply management
m Internal low voltage supervisor (LVD) for
reliable power-on/-off start-up procedures

m Clock sources: Internal trimmable 8 MHz RC
oscillator, internal low power, low frequency
RC oscillator or external clock

m 5 power saving modes: Halt, auto wa'e-up
from halt, active halt, wait and slo v

Interrupt management

m 11 interrupt vectors plus 1RAP and reset
m 5 external interr ipt lires (on 5 vectcrs!

I/O ports

m 5 mulitenctional bidirecticne! 1O lines
m 1 addtional outpitt line

\\ 5 alternate functicn lines

m 5 high sini- cuputs

2 timers

m One 8-bit lite timer with prescaler inc'uuing:
watchdog 1 real-time base and 1 input capture

m One 'Z-bit auto-reload tirier *ith output
cornpare tunction and ~\WM

A3 converter

m 10-bit resciu’ion for 0 to Vpp
m 5input cnunnels

Isuniction set

B 8-bit data manipulation

B 63 basic instructions with illegal opcode
detection

® 17 main addressing modes
m 8 x 8 unsigned multiply instruction

Development tools

m Full hardware/software development package
m Debug module

Table *. vevice summary
| 7 . .
NDyrice Flash program RAM/EEPROM Peripherals Operating CPU Operating
‘ memory voltage |frequency| temp.
ST7LUSS 1 Kbyte / o Lite timer with
128 bytes RAM/no EEPROM watchdog, -40°C to
ST7LUOS auto-reload 3@0 \f/ o 5.5\8/ Upto8 +85°C/
; ; CPU = o
2 Kbytes timer with 1 MHz RC | -40°C to
ST7LU09 128 byteéEFI%DPI‘ql\g;/IZS bytes PWM, MHz 195°C
10-bit ADC

1. DIP16 package available for development or tool prototyping purposes only. Not orderable in production quantities.
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ST7LUS5, ST7LU05, ST7LUO09

Description

1 Description

The ST7LUxx devices are members of the ST7 microcontroller family designed for mid-range automotive

applications running from 3 to 5.5V.

All ST7 devices are based on a common industry-standard 8-bit core, featuring an enhanced instruction
set and are available with Flash or preprogramed 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 lite timer and and an auto-reload timer. For power
economy, the microcontroller can switch dynamically into halt, auto wake-up from halt, active halt, wait, or

slow mode when the application is in idle or standby state.

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.

Typical applications include:

® All types of car body applications such as window lift, DC motor control. sui>roat
® Remote keyless entry (RKE)

® Safety microcontroller (sub-MCU)

Figure 1. General block diagram

| Inte -na’
C
AWU RC OSC 4 \ 10K
I —
— j R
8 MHz R OSC ’—
External —»[] —C\ W™
Clock B Lite timer
) \ { VD @ with watchdog
Vop—57 P %)
L R’ < >{ Port A ’—
v/ supply B
58P <
|_ .
AL\ < 12-bit auto- .
RESET <« Control g < reload timer <II>(ZAtﬁtg)
b4
8-bit core <
ALU <—> %
w o
£< > t1obitADc |
Up to 2 Kbytes 9:
FLASH L)
memor
Y ——>|Data EEPROM(")
(128 bytes)
RAM <:>
(128 bytes)
1. Optional on certain devices
IS74 11/124
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Package pinout and device pin description

Figure 2.  8-pin SO package pinout
Vop[|1® 8[]Vss
PA5 (HS)/AIN4/CLKIN[[2)ei4  ei0 (7[] PAO (HS)/AINO/ATPWM/ICCDATA
PA4 (HS)/AIN3/MCO[|3)ei3  eil (6] ] PA1 (HS)/AIN1/ICCCLK
PA3/RESET |4 ei2 (5[_] PA2 (HS)/LTIC/AIN2

(HS): High sink capability
eix: associated external interr.p. v ctor

Figure 3.  16-pin DIP package pinout(®

Reserved!) [[1®

Vpp []

N

RESET [|

il

cecl <[]

PAG (h3)AN4/CLKIN [ 5)ei4

PA4 (HS)/AIN3/MCO [ 6)ei3

PA3[] 7

| NC[]8

16

15

ei0 (14

ei1 (13

12

11

ei2(10

9

e

|

|1 Vss

[ ] PAO (HS)/AINO/ATPWM
[ ] PA1 (HS)/AINT

| ] NC

] ICCDATA
] PA2 (HS)/LTIC/AIN2

] NG

(HS): High sink capability
eix: associated external interrupt vector

1. Must be tied to ground

The differences between 16-pin and 8-pin packages are listed below:
1. The ICC signals (ICCCLK and ICCDATA) are mapped on dedicated pins.
2. The reset signal is mapped on a dedicated pin. It is not multiplexed with PA3.

3. PA3 pin is always configured as output. Any change on multiplexed 10 reset control
registers (MUXCR1 and MUXCR2) will have no effect on PA3 functionality. Refer to

Section 4.6: Register description.

a. For development or tool prototyping purposes only. Package not orderable in production quantities.
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ST7LUSS, ST7LUO05, ST7LU09 Package pinout and device pin description

Table2.  Device pin description(!)
Pin Level Port / Control Function
g =
25 (| Input® |Output®| Mmain
No. Name 2 3| ar= (after Alternate
S 58 2 g 2|2 | reset
=|6|2/ 5 = &0 |8
Vpp” S Main power supply
PAS/AIN4/CLKIN vo|cr|Hs| X | ei4 | X| X | X |Port A5 ﬁ’;i'tog input 4 or external clock
PA4/AIN3/MCO vo|cr|Hs| x| ei3 [ x| X | X |Port A4 Qﬂfp'ﬁf input 3 or main clock
PA3/RESET® o) X X | X |Port A3|Reset®
i e dmer i
PA2/AIN2/LTIC vo|cr|Hs| X | ei2 | X | X | X |Port A2 é\:p‘ft'sr%'”p“tzo' IREr input

Analog irnu: 1 or in-circuit
cor n.un cation clock
'Caution: During normal
PA1/AIN1/ICCCLK VO|Cr[HS| X | eit | X | X | X |Poit.at|cPeration this pin must be

i pulled-up, internally or externally
. (external pull-up of 10k
| mandatory in noisy
environment).

| Analog input 0 or auto-reload
/O|C+|HS| X | ei0 | X| X | X |PortA0|timer PWM or in-circuit
| communication data

PAO/AINO/ATPWM/ICCDATA

T N

Vgg!” S D | | Ground

N oo~ Nd >

The reset configuration of each pin is sl.ov n in bold which is valid as long as the device is in reset state.
Type: | =input, O = output, S = suy 0,

In/Output level: C+ = CM7,S 0.4 Vpp/0.7Vpp with input trigger

Output level: HS = K'ai1 sink (on N-buffer only)

Input: float = floating, wpu = weak pull-up, int = interrupt, ana = analog

Outpu* D = cpen drain, PP = push-pull

It is me ndatory to connect all available Vpp and Vpppa pins to the supply voltage and all Vgg and Vgga pins to ground.

Aiter a reset, the multiplexed PA3/RESET pin will act as RESET. To configure this pin as output (Port A3), write 55h to
WVIUXCRO and AAh to MUXCRA1. For further details, please refer to Section 6.4: Register description on page 42.

Ky_’ 13/124




Register and memory map

ST7LUSS5, ST7LUO05, ST7LU09

3

Register and memory map

As shown in Figure 6 and Figure 8, the MCU is capable of addressing 64 Kbytes of memories and 1/0

registers.

The available memory locations consist of 128 bytes of register locations, 128 bytes of RAM and 1 Kbyte
or 2 Kbytes of user program memory. The RAM space includes up to 64 bytes for the stack from 00COh

to OOFFh.

The highest address bytes contain the user reset and interrupt vectors.

The Flash memory contains two sectors (see Figure 6 and Figure 8) mapped in the upper part of the ST7
addressing space whereas the reset and interrupt vectors are located in Sector 0 (FEOOh-FFFFh for the
ST7LUSS5 and FAO1h-FFFFh for the ST7LU05/ST7LUQ9).

The size of Flash sector 0 and other device options are configurable by the option bytes.

Caution:  Memory locations marked as “Reserved” must never be accessed. Accossil 9 a reserved
area can have unpredictable effects on the device.
Figure 4. Memory map (ST7LUS5)
0000h
HW registers . R\Y
(see Table 3) ! 0080h L .
p— . 3nor( addressing
0080h ! | 1AM (zero page)
S 00Cch
RAM Co 64-byte stack
(128 bytes) ' . OOFFh
00FFh AN -
0100h o ' 1)
 DEEOh RCCRHO
' M
:DEE1h RCCRLO
Rac U ! (1)
decerved ! DEE2h RCCRH1
1 Kbyte Flash 'DEE3h("
Program Memory RCCRLH
FBE=r)! @ See also Section 6.1 on page 31
™
Foock + :FCOOh 0to 0.5 Kbytes
| " 'FDFFh sector 1
Flash memory . .FEOOh 0.5 to 1 Kbytes
(1 Kbyte) . 'FFFFh sector 0%
FEDFh :
FFEOh :
Interrupt and reset vectors :
(see Table 15) ;
FFFFh !

1. DEEOh, DEE1h, DEE2h and DEE3h addresses are located in a reserved area but are special bytes containing also the RC
calibration values which are read-accessible only in user mode. If all the EEPROM data or Flash space (including the RC
calibration values locations) has been erased (after the readout protection removal), then the RC calibration values can still
be obtained through these addresses.

2. Size configurable by option byte

14/124
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Register and memory map

Figure 5. Memory map (ST7LUO05 and ST7LU09)
0000h
HW registers o
0080h
007Fh (see Table 3) Short addressing
0080h . s0Ga RAM (zero page)
RAM ‘ '
L 4- k
(128 bytes) . . OFFh 64-byte stac
00FFh Lo
0100h -
Reserved j )
OFFFh DEEOh( ) RCCRHO
1000h 'DEE1h(®
Data EEPROM(") ! @ —oCAle N |
(128 bytes)  DEE2h RCCRI1
107Fh 2 Kbyte Flash 'DEE3h® LY.
1080h Program Memory L _ BL cRL1
Reserved )
F7FFh @ See also Ce~ton 6.1 on page 31
F800h + |F800h 0to 1.5 Kbytes ‘
. \FDFEh | ___ sector 1 N
Flash memory | [FAO1h 05102 Koytes |
(2 Kbytes) " FFFFh _ sector L~
FFDFh :
FFEOh !
Interrupt and reset vectors !
(see Table 15) !
FFFFh !

ST7LUO09 only; area reserved in ST7L.ILS

2. DEEOh, DEE1h, DEE2h and NEE3 : addresses are located in a reserved area but are special bytes containing also the RC
calibration values which a:re re: d-accessible only in user mode. If all the EEPROM data or Flash space (including the RC
calibration values lozauHn3) 1ias been erased (after the readout protection removal), then the RC calibration values can still
be obtained through ‘r.cse addresses.

3. Configurable b/ £ption byte
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Table 3. Hardware register map“)

Address Block Register label Register name Reset status | Remarks
0000h PADR Port A data register 00h(@) R/W
0001h Port A | PADDR Port A data direction register 08h R/W
0002h PAOR Port A option register 02h®  |RW

0003h-000Ah Reserved area (8 bytes)
000Bh Lite LTCSR Lite timer control/status register Oxh R/W
000Ch timer LTICR Lite timer input capture register 00h Read Only
000Dh ATCSR Timer control/status register 00h R/W
000Eh CNTRH Counter register high 00h Read Only
000Fh Auto- CNTRL Counter register low 00h Read Only
0010h reload |ATRH Auto-reload register high 00h RAN
0011h timer ATRL Auto-reload register low 00h W
0012h PWMCR PWM output control register 00h RN
0013h PWMOCSR PWM 0 control/status register 00h R/W
0014h to
0016h Reserved area (3 bytes)
Auto- . .
0017h reload DCROH PWM 0 duty cycle register hiat 00h R/W
0018h timer DCROL PWM 0 duty cycle register iow 00h R/W
0019h to 9)
A orea |
002Eh Reserven crca (22 bytes)
0002Fh Flash FCSR Flash cor.trol/status register 00h R/W
0030h to
0033h Reserved area (4 bytes)
0034h ADCCSFH —rA/D control status register 00h R/W
0035h ADC ACCORR A/D data register high xxh Read Only
0036h ADCDAEL A/D data register low 00h R/W
0037h ITC ZICR1 External interrupt control register 1 00h R/W
0038h MCC MCCSR Main clock control/status register 00h R/W
003%h Clock and | RCCR RC oscillator control register FFh R/W
00240 reset SICSR System integrity control/status register 0000 0x00b |R/W
2G3bn to
| 003Ch Reserved area (2 bytes)
003Dh ITC EICR2 External interrupt control register 2 00h R/W
003Eh RC INTRCPRR Internal RC prescaler selection register 03h R/W
prescaler
Clock .
003Fh CKCNTCSR | Clock controller control/status register 09h R/W
controller

0040h to
0046h Reserved area (7 bytes)
0047h MuxIO- | MUXCRO Mux 10-reset control register 0 00h R/W
0048h reset MUXCRH1 Mux IO-reset control register 1 00h R/W
0049h AWU AWUPR AWU prescaler register FFh R/W
004Ah AWUCSR awu Control/Status Register 00h R/W
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Register and memory map

Table 3.  Hardware register map(") (continued)

Address Block | Register label Register name Reset status | Remarks
004Bh DMCR DM control register 00h R/W
004Ch DMSR DM status register 00h R/W
004Dh DM@ DMBK1H DM breakpoint register 1 high 00h R/W
004Eh DMBK1L DM breakpoint register 1 low 00h R/W
004Fh DMBK2H DM breakpoint register 2 high 00h R/W
0050h DMBK2L DM breakpoint register 2 low 00h R/W

0051h to
007Fh Reserved area (47 bytes)

x = undefined, R/W = read/write

2. The contents of the I/O port DR registers are readable only in output configuration. In input configuration, the values ot the
I/0 pins are returned instead of the DR register contents.

3. The bits associated with unavailable pins must always keep their reset value.

For a description of the DM registers, see the ST7 ICC Protocol Reference Manual.
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4.1

4.2

4.3
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Flash program memory

Introduction

The ST7 single voltage extended Flash (XFlash) is a non-volatile memory that can be
electrically erased and programmed either on a byte-by-byte basis or up to 32 bytes in
parallel.

The XFlash devices can be programmed off-board (plugged in a programming tool) or on-
board using in-circuit programming or in-application programming.

The array matrix organization allows each sector to be erased and reprogrammed without
affecting other sectors.

Main features

® ICP (in-circuit programming)
® |AP (in-application programming)

® ICT (in-circuit testing) for downloading and executing «ser application test patterns in
RAM

® Sector 0 size configurable by option byte
® Readout and write protection

Programming modes

The ST7 can be prograr:nyed in three different ways:

® Insertion in a pinaremming tool - In this mode, Flash sectors 0 and 1 and option byte
row can be prcorammed or erased.

® In-cirrut programming - In this mode, Flash sectors 0 and 1 and option byte row can be
p-ocrammed or erased without removing the device from the application board.

® In-application programming - In this mode, sector 1 can be programmed or erased
without removing the device from the application board and while the application is
running.

In-circuit programming (ICP)

ICP uses a protocol called ICC (in-circuit communication) which allows an ST7 plugged on a
printed circuit board (PCB) to communicate with an external programming device connected
via cable. ICP is performed in three steps:

1. Switch the ST7 to ICC mode (in-circuit communications). This is done by driving a
specific signal sequence on the ICCCLK/DATA pins while the RESET pin is pulled low.
When the ST7 enters ICC mode, it fetches a specific reset vector which points to the
ST7 System Memory containing the ICC protocol routine. This routine enables the ST7
to receive bytes from the ICC interface.

2. Download ICP driver code in RAM from the ICCDATA pin

3. Execute ICP driver code in RAM to program the Flash memory

4
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4.3.2

4.4

Depending on the ICP driver code downloaded in RAM, Flash memory programming can be
fully customized (number of bytes to program, program locations, or selection of the serial
communication interface for downloading).

In-application programming (IAP)

This mode uses an IAP driver program previously programmed in Sector 0 by the user (in
ICP mode).

This mode is fully controlled by user software. This allows it to be adapted to the user
application (user-defined strategy for entering programming mode or choice of
communications protocol used to fetch the data to be stored, etc.).

IAP mode can be used to program any memory areas except Sector 0, which is write/erase
protected to allow recovery in case errors occur during the programming operation

ICC interface

ICP needs a minimum of 4 and up to 6 pins to be connected to the p:ogyramming tool. These
pins are:

® RESET: Device reset

® Vgg: Device power supply ground

® ICCCLK: ICC output serial clock pin®

® ICCDATA: ICC input serial data rin

® CLKIN: Main clock input for exte.nal source
® Voo Application baard power supply(®

b. If the ICCCLK or ICCDATA pins are only used as outputs in the application, no signal isolation is necessary. As
soon as the programming tool is plugged to the board, even if an ICC session is not in progress, the ICCCLK
and ICCDATA pins are not available for the application. If they are used as inputs by the application, isolation
such as a serial resistor has to be implemented in case another device forces the signal. Refer to the
programming tool documentation for recommended resistor values.

c. The use of Pin 7 of the ICC connector depends on the programming tool architecture. This pin must be
connected when using most ST programming tools (it is used to monitor the application power supply). Please
refer to the programming tool manual.
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Figure 6. Typical ICC interface

Programming tool

‘ ICC connector ‘
: ICC cable

ICC connector
(See Note 3) HE10 connector type

Optional

(See Note 4) EI Application board
(6] [4] [2]

Application
Reset source

See Note 2

3.3kQ £
(See Note 5)

Application
power supply

--|--| SeeNote1and Cﬂti_m__l; pplication
- + See Note 1 o

Vbp

RESET
ICCCLK

ST7

ICCDATA

1. Ifthe ICCCLK or ICCDATA pins are only used as outputs in the application, 1¢ signal isolation is necessary. As soon as the
programming tool is plugged to the board, even if an ICC sessinn is ~=t il progress, the ICCCLK and ICCDATA pins are
not available for the application. If they are used as inputs bv the ap »lication, isolation such as a serial resistor has to be
implemented in case another device forces the signal. Refc:r to "ho programming tool documentation for recommended
resistor values.

2. During the ICP session, the programming tool must cor..rol the RESET pin. This can lead to conflicts between the
programming tool and the application reset circi'it it ‘'t drives more than 5mA at high level (push pull output or pull-up
resistor<1K). A schottky diode can be used {2 i>z.cte the application reset circuit in this case. When using a classical RC
network with R>1K or a reset managemer.” IC witii open drain output and pull-up resistor>1K, no additional components
are needed. In all cases the user must i:nsu.e 122t no external reset is generated by the application during the ICC session.

3. The use of Pin 7 of the ICC connoctor JYepends on the programming tool architecture. This pin must be connected when
using most ST programming tocIs \'t .o used to monitor the application power supply). Please refer to the programming tool
manual.

4. Pin 9 has to be conrecti:d ‘o the CLKIN pin of the ST7 when ICC mode is selected with option bytes disabled (35-pulse ICC
entry mode). When ¢ :tion bytes are enabled (38-pulse ICC entry mode), the internal RC clock (internal RC or AWU RC) is
forced. If internai RC is selected in the option byte, the internal RC is provided. If AWU RC or external clock is selected, the
AWU RC os.ill o is provided.

5. A seria' rrsistor must be connected to ICC connector pin 6 in order to prevent contention on PA3/RESET pin. Contention
may ouc.'r it a tool forces a state on RESET pin while PA3 pin forces the opposite state in output mode. The resistor value
‘s definad to limit the current below 2mA at 5V. If PA3 is used as output push-pull, then the application must be switched off
w ailow the tool to take control of the RESET pin (PA3). To allow the programming tool to drive the RESET pin below V,,
special care must also be taken when a pull-up is placed on PA3 for application reasons.

Caution:  During normal operation, the ICCCLK pin must be pulled up, internally or externally
(external pull-up of 10k mandatory in noisy environment). This is to avoid entering ICC
mode unexpectedly during a reset. In the application, even if the pin is configured as output,
any reset will put it back in input pull-up.

4
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4.5

4.5.1

4.5.2

Memory protection

There are two different types of memory protection: readout protection and write/erase
protection, either of which can be applied individually.

Readout protection

Readout protection, when selected provides a protection against program memory content
extraction and against write access to Flash memory. Even if no protection can be
considered as totally unbreakable, the feature provides a very high level of protection for a
general purpose microcontroller. Program memory is protected.

In Flash devices, this protection is removed by reprogramming the option. In this case,
program memory is automatically erased, and the device can be reprogrammed.
Readout protection selection depends on the device type:

® In Flash devices it is enabled and removed through the FMP_R bit in tha ention byte.
® In ROM devices it is enabled by mask option specified in the Optiur. Lisl.

Flash write/erase protection

Write/erase protection, when set, makes it impossible i ~oth overwrite and erase program
memory. Its purpose is to provide advanced securiv to applications and prevent any change
being made to the memory content.

Warning: Once set, write/ei2<e protection can never be removed. A
write-proic~ted Flash device is no longer reprogrammable.

Write/erase protaction is enabled through the FMP_W bit in the option byte.

Related dccunientation

For detuls on Flash programming and ICC protocol, refer to the ST7 Flash Programming
Roference Manual and to the ST7 ICC Protocol Reference Manual.
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4.6

4.6.1

Note:

22/124

Register description

Flash control/status register (FCSR)

1st RASS Key: 0101 0110 (56h)
2nd RASS Key: 1010 1110 (AEh)

FCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
0 0 0 0 0 OPT LAT PGM
R/W R/W R/W R/W R/W R/W R/W W

This register is reserved for programming using ICP, IAP or other programming n.<tiiods. It
controls the XFlash programming and erasing operations.

When an EPB or another programming tool is used (in socket or ICP min02), the RASS keys
are sent automatically.

Table 4. Flash register map and reset values
XS
Address (Hex.) | Register label 7 6 5 | 4 3 2 1 0
FCSR J OPT | LAT | PGM
002Fh Reset value o I 0 i 0 0 0 0 0 0

4
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5

5.1

5.2

5.3

5.3.1

5.3.2

533

Central processing unit

Introduction

This CPU has a full 8-bit architecture and contains six internal registers allowing efficient 8-
bit data manipulation.

Main features

63 basic instructions

Fast 8-bit by 8-bit multiply

17 main addressing modes

Two 8-bit index registers

16-bit stack pointer

Low power modes

Maskable hardware interrupts
Non-maskable software interrupt

CPU registers

The six CPU registers shown in Figuie 1( are not present in the memory mapping and are
accessed by specific instructions.

Accumulator (A)

The Accumulato: iz an 3-bit general purpose register used to hold operands and the results
of the arithmetic aa logic calculations and to manipulate data.

Index (egisters (X and Y)

Ininuexed addressing modes, these 8-bit registers are used to create either effective
addresses or temporary storage areas for data manipulation (the cross-assembler
generates a precede instruction (PRE) to indicate that the following instruction refers to the
Y register).

The'Y register is not affected by the interrupt automatic procedures (not pushed to and
popped from the stack).
Program counter (PC)

The program counter is a 16-bit register containing the address of the next instruction to be
executed by the CPU. It is made of two 8-bit registers PCL (program counter low which is
the LSB) and PCH (program counter high which is the MSB).
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5.3.4

24/124

Figure 7. CPU registers

7 0
| | | | | | | | | Accumulator
Reset value = XXh
7 0
| | | | | | | | | X index register
Reset value = XXh

| | | | | | | | |Yindexregister
Reset value = XXh

15 PCH 8|7 PCL 0l
LTI DI LT ][] Program counter
Reset value = Reset vector @ FFFEh-FFFFh

7 0
|1 |1 |1 |H| I |N|Z|C| Condition code register
Resetvalue= 11 1 X1 X X X

[15 8l7 0l

LTI TTTT T stackpointer
Reset value = Stack higher address

X = Undefined value

Condition code register (CC)

CcC Reset value: 111x1xxx
7 6 ) 4 3 2 1 0
1 1 ! e H | N z c
- -_ B - R/W R/W R/W R/W R/W

The 8-hi* condition code register contains the interrupt mask and four flags representative of
the: vasuit of the instruction just executed. This register can also be handled by the PUSH

anu P OP instructions.

These bits can be individually tested and/or controlled by specific instructions.

Table 5. CC register description

Bit | Name Function

7:5 - Reserved, must remain set.

Half carry

4 H instructions.
0: No half carry has occurred.
1: A half carry has occurred.

arithmetic subroutines.

This bit is set by hardware when a carry occurs between bits 3 and 4 of the ALU
during an ADD or ADC instruction. It is reset by hardware during the same

This bit is tested using the JRH or JRNH instruction. The H bit is useful in BCD

4
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Central processing unit

Table 5. CC register description (continued)
Bit | Name Function
Interrupt mask
This bit is set by hardware when entering in interrupt or by software to disable all
interrupts except the TRAP software interrupt. This bit is cleared by software.
0: Interrupts are enabled.
1: Interrupts are disabled.
3 | This bit is controlled by the RIM, SIM and IRET instructions and is tested by the JRM
and JRNM instructions.
Note: Interrupts requested while | is set are latched and can be processed when | is
cleared. By default an interrupt routine is not interruptible because the | bit is set by
hardware at the start of the routine and reset by the IRET instruction at the end of the
routine. If the | bit is cleared by software in the interrupt routine, pending interrupts
are serviced regardless of the priority level of the current interrupt routine
Negative
This bit is set and cleared by hardware. It is representative of th= res i sign of the
last arithmetic, logical or data manipulation. It is a copy of th~ 7th bit of the result.
2 N 0: The result of the last operation is positive or null.
1: The result of the last operation is negative (that is_the rhost significant bit is a
logic 1).
This bit is accessed by the JRMI and JRPL iiistiticidons.
Zero
This bit is set and cleared by hardw=rc. This bit indicates that the result of the last
1 Z arithmetic, logical or data manisuiation is zero.
0: The result of the last ojerai'on is different from zero.
1: The result of the last operation is zero.
This bit is accessed by the JREQ and JRNE test instructions.
Carry/borrow
This bt s s2.and cleared by hardware and software. It indicates an overflow or an
unde-flc. v has occurred during the last arithmetic operation.
0 c 9. Nu overflow or underflow has occurred.
1: An overflow or underflow has occurred.
This bit is driven by the SCF and RCF instructions and tested by the JRC and JRNC

instructions. It is also affected by the “bit test and branch”, shift and rotate
instructions.
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5.3.5 Stack pointer (SP)

SP Reset value: 00 FFh
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 1 1 SPI[5:0]

RW RW RW RW RW RW RW RW RW RW R/W

The stack pointer is a 16-bit register which is always pointing to the next free location in the
stack. It is then decremented after data has been pushed onto the stack and incremented
before data is popped from the stack (see Figure 11).

Since the stack is 64 bytes deep, the 10 most significant bits are forced by hardware.
Following an MCU reset, or after a reset stack pointer (RSP) instruction, the stack pcintar
contains its reset value (the SP5 to SPO bits are set) which is the stack higher aduress.

The stack pointer least significant byte, called “S”, can be directly accessed vy a load (LD)
instruction.

Note: When the lower limit is exceeded, the stack pointer wraps arcur.d o the stack upper limit,
without indicating the stack overflow. The previously storeZ infcrmation is then overwritten
and therefore lost. The stack also wraps in case of an «wnue.flow.

The stack is used to save the return address durii.y a subroutine call and the CPU context
during an interrupt. The user may also directlv manipulate the stack by means of the PUSH
and POP instructions. In the case of a: inieriupt, the PCL is stored at the first location
pointed to by the SP. Then the other r2gisters are stored in the next locations as shown in

Figure 11.

® When an interrupt is "ezeived, the SP is decremented and the context is pushed on the
stack.

® On return from inerrupt, the SP is incremented and the context is popped from the
stack.

A subreitive 2all occupies two locations and an interrupt five locations in the stack area.

Fiyure 8. Stack manipulation example
X

| CALL Interrupt PUSH Y POPY IRET RET
Subroutine event or RSP
@ 00COh
SP
SP SP
—p Y —>
CC CC CC
A A A
X X X
PCH PCH PCH
SP > PCL PCL PCL sP >
PCH PCH PCH PCH PCH sp
@ 00FFh | PCL PCL PCL PCL PCL — »
Stack higher address = 00FFh
Stack lower address = 00COh

4
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6

6.1

Note:

1

Supply, reset and clock management

The device includes a range of utility features for securing the application in critical
situations (for example in case of a power brown-out), and reducing the number of external
components.

Main features

® Clock management
— 8 MHz internal RC oscillator (enabled by option byte)
—  External clock input (enabled by option byte)

® Reset Sequence Manager (RSM)

® System integrity management (SI) - Main supply low voltage detection (LVD® wiih 1 3set
generation (enabled by option byte)

Internal RC oscillator adjustment

The ST7 contains an internal RC oscillator with a specific acc.:racy for a given device,
temperature and voltage. It can be selected as the start vr: clock through the CKSEL[1:0]
option bits (see Section 14.1 on page 131). It must ke cclibrated to obtain the frequency
required in the application. This is done by softwa.s wiiting a 10-bit calibration value in the
RCCR (RC control register) and in the bits [6 5] 1» the SICSR (SI control status register).

Whenever the microcontroller is reset, the: RCCR returns to its default value (FFh), that is,
each time the device is reset, the calib/aiion value must be loaded in the RCCR. Predefined
calibration values are stored inn Flash memory for 3.3 and 5V Vpp supply voltages at Tamax
as shown in the following Ter/c €.

Table 6. RCCI_R calibration values
RCCR | Conditions ST7LUxx address
" RCCRMO T DEEOh® (CR[9:2] bits)
P.CCRLO DEE1h@ (CR[1:0] bits)
" "RCCRH1 DEE2h®) (CR[9:2] bits)
RCCRL1 VoD =33V, Tamax. fac = 8 MHz(" DEE3h@ (CR[1:0] bits)

1. xxRCCRO and RCCR1 calibrated within these conditions in order to reach RC accuracy as mentionned in
Table 65: General operating conditions on page 104

2. DEEOh, DEE1h, DEE2h and DEE3h are located in a reserved area but are special bytes containing also
the RC calibration values which are read-accessible only in user mode. If all the Flash space (including the
RC calibration value locations) has been erased (after the readout protection removal), then the RC
calibration values can still be obtained through these two addresses.

In ICC mode, the internal RC oscillator is forced as a clock source, regardless of the
selection in the option byte. Refer to Note 5 in Section 4.4 for further details.

See Chapter 12: Electrical characteristics on page 102 for more information on the
frequency and accuracy of the RC oscillator.

To improve clock stability and frequency accuracy, it is recommended to place a decoupling
capacitor, typically 100nF, between the Vpp and Vgg pins as close as possible to the ST7
device.
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Caution: If the voltage or temperature conditions change in the application, the frequency may need
to be recalibrated.

Refer to application note AN2326 for information on how to calibrate the RC frequency using
an external reference signal.

The ST7LUxx also contains an auto wake-up RC oscillator. This RC oscillator should be
enabled to enter auto wake-up from halt mode.

The auto wake-up RC oscillator can also be configured as the startup clock through the
CKSEL[1:0] option bits (see Section 14.1 on page 131).

This is recommended for applications where very low power consumption is required.
Switching from one startup clock to another can be done in run mode as follows (see
Figure 12):

Case 1: Switching from internal RC to AWU

Set the RC/AWU bit in the CKCNTCSR register to enable the AWL: ’C oscillator.
The RC_FLAG is cleared and the clock output is at 1.

Wait 3 AWU RC cycles until the AWU_FLAG is set.

The switch to the AWU clock is made at the positive e:ige of the AWU clock signal.
Once the switch is made, the internal RC is stonpad

S

Case 2: Switching from AWU RC to intert.2: RC

1. Reset the RC/AWU bit to enable the it.ternal RC oscillator.

2. Using a 4-bit counter, wait until 8 mternal RC cycles have elapsed. The counter is
running on internal RC clock.

3.  Wait until the AWU_F'.AC is cleared (1 AWU RC cycle) and the RC_FLAG is set (2 RC
cycles).

4. The switch it 1€ internal RC clock is made at the positive edge of the internal RC clock
signal.

5. Cnc:z1he switch is made, the AWU RC is stopped.
Note: 1 Whnzn the internal RC is not selected, it is stopped so as to save power consumption.

2 Whnen the internal RC is selected, the AWU RC is turned on by hardware when entering
Auto Wake-up from Halt mode.

3 When the external clock is selected, the AWU RC oscillator is always on.

Figure 9. Clock switching

Set RC/AWU R
Internal RC ™p50"AWU_FLAG until set | ~WU RC
AWU RC Reset RC/AWU > nt | RC
Poll RC_FLAG until set L erna

4
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6.2

6.2.1

6.2.2

Register description

Main clock control/status register (MCCSR)

MCCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved MCO SMS
- R/W R/W

Table 7. MCCSR register description

Bit | Name Function

7:2 - Reserved, must be kept cleared.

Main clock out enable
This bit is read/write by software and cleared by hardware aii<: 4 reset. This bit
1 | MCO | allows to enable the MCO output clock.
0: MCO clock disabled; 1/0O port free for general purp. Jse 1/0
1: MCO clock enabled

Slow mode select

This bit is read/write by software anc cle ared by hardware after a reset. This bit
0 | SMS | selects the input clock fogc € fsc/v 2.

0: Normal mode (fcpy = fosc &)

1: Slow mode (fCPU = foscC/lJZ)

RC control register (RCZR)

RCCR Reset value: 1111 1111 (FFh)
o 5 4 3 2 1 0

7
L B v CR[9:2]

R/W

Table 8. RCCR register description

Bit | Name Function

RC oscillator frequency adjustment bits

These bits, as well as CR[1:0] bits in the SICSR register must be written
immediately after reset to adjust the RC oscillator frequency and to obtain the
required accuracy. The application can store the correct value for each voltage
7:0 | CR[9:2] range in Flash memory and write it to this register at start-up.

00h = maximum available frequency
FFh = lowest available frequency
Note: To tune the oscillator, write a series of different values in the register until the
correct frequency is reached. The fastest method is to use a dichotomy starting with
80h.
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6.2.3 System integrity (Sl) control/status register (SICSR)

SICSR Reset value: 0000 0x00 (Oxh)
7 6 5 4 3 2 1 0
Reserved CRJ[1:0] Reserved LVDRF Reserved
- R/W - R/W -

Table 9. SICSR register description

Bit | Name Function

7 - Reserved, must be kept cleared.

RC oscillator frequency adjustment bits

. . These bits, as well as CR[9:2] bits in the RCCR register must be wriuen
6:5 [CR[1:0]| . . . ) .
immediately after reset to adjust the RC oscillator frequency and to chtain the
required accuracy. Refer to Section 6.1 on page 31.

4:3 - Reserved, must be kept cleared.

System integrity bits

2:0 | LVDRF
Refer to Section 7.4: System integrity manc.ae m2nt (S).
1:0 - Reserved, must be kept cleared.
6.2.4 Internal RC prescaler selection register INTRCPRR)
INTRCPRR Reset value: 0000 0011 (03h)
7 6 5 4 3 2 1 0
CK™2:0] Reserved
l-'\1,‘\1\/ =

Table 10.  INTRCPRR register description

i |
ll 31 | Name Function

Internal RC prescaler selection

These bits are set by software and cleared by hardware after a reset. These bits
select the prescaler of the internal RC oscillator as follows (see also Figure 13 on
page 37):

000: fOSC =8 MHz

001: fOSC =4 MHz

7:5 CK[ZO] 010: fOSC =2 MHz

011: fOSC =1MHz

100: fOSC =500 kHz

Notes:

1. If the internal RC is used with a supply operating range below 3.3V, a division
ratio of at least 2 must be enabled in the RC prescaler.

2. Configuration ‘000’ is not allowed at 3.3V operation.

4:0 - Reserved, must be kept cleared.

4
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6.2.5 Clock controller control/status register (CKCNTCSR)
CKCNTCSR Reset value: 0000 1001 (09h)
7 6 5 4 3 2 1 0
Reserved AWU_FLAG RC_FLAG Reserved RC/AWU
- R/W R/W - R/W
Table 11. CKCNTCSR register description
Bit Name Function
7:4 - Reserved, must be kept cleared.
AWU selection
This bit is set and cleared by hardware.
3 AWU_FLAG
- 0: No switch from AWU to RC requested
1: AWU clock activated and temporization completed
RC Selection
This bit is set and cleared by hardware.
2 RC_FLAG
- 0: No switch from RC to AWU requested
1: RC clock activated and temporization complzina
1 - Reserved, must be kept cleared.
RC/AWU selection
0 RC/AWU 0: RC enabled
1: AWU enabled (default value)
Table 12. Clock register map and ‘ese' values
NN\
Address| Register 4
(Hex) | label 7 ° 5 4 3 2 1 0
MCCSR )t MCO | SMS
0038h Reset value 0 0 0 0 0 0 0 0
0039h RCCI3 CR9 CR8 CR7 CR6 CR5 CR4 CR3 CR2
Feset value 1 1 1 1 1 1 1 1
. | SICSR CR1 CRO LVDRF
0%0AN
Reset value 0 0 0 0 0 X 0 0
—
INTRCPRR CK2 CK1 CKO
003Eh Reset value 0 0 0 0 0 0 1 1
003Fh CKCNTCSR AWU_FLAG | RC_FLAG RC/AWU
Reset value 0 0 0 0 1 0 0 1
IS74 31/124




Supply, reset and clock management

ST7LUSS5, ST7LUO05, ST7LU09

Figure 10. Clock management block diagram
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6.3

6.3.1

Note:

Czadtion:

Reset sequence manager (RSM)

Introduction

The reset sequence manager includes three reset sources as shown in Figure 15:
® External RESET source pulse

® Internal LVD reset (low voltage detection)

® Internal watchdog reset

A reset can also be triggered following the detection of an illegal opcode or prebyte code.
Refer to Figure 15.

These sources act on the RESET pin which is always kept low during the delay phase.

The reset service routine vector is fixed at addresses FFFEh-FFFFh in the ST7 imemory
map.

Figure 11. Reset block diagram

Ron
—‘ N
l » [Internal

RESET «—»[ | Filter |~ —1 4] >
|
'__ —
E

Pulse Watchdog reset

generator _ﬁ lllegal opcode reset(")
Q— LVD reset

1. See 290/ ¢rrode reset on page 99 for more details on illegal opcode reset conditions.

The ba.ic reset sequence consists of three phases as shown in Figure 16:

« Active phase depending on the reset source

> 64 CPU clock cycle delay

® Reset vector fetch

When the ST7 is unprogrammed or fully erased, the Flash is blank and the reset vector is

not programmed. For this reason, it is recommended to keep the RESET pin in low state
until programming mode is entered, in order to avoid unwanted behavior.

The 64 CPU clock cycle delay allows the oscillator to stabilize and ensures that recovery
has taken place from the reset state.

The reset vector fetch phase duration is 2 clock cycles.

Figure 12. Reset sequence phases

Reset
Acti h Internal reset Fetch
ctive phase 64 clock cycles vector
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6.3.2

6.3.3

6.3.4

6.3.5

34/124

Asynchronous external RESET pin

The RESET pin is both an input and an open-drain output with integrated Roy weak pull-up
resistor. This pull-up has no fixed value but varies in accordance with the input voltage. It
can be pulled low by external circuitry to reset the device. See Chapter 12: Electrical
characteristics for more details.

A reset signal originating from an external source must have a duration of at least trsTL)in
in order to be recognized (see Figure 17). This detection is asynchronous and therefore the
MCU can enter reset state even in halt mode.

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 Chapter 12:
Electrical characteristics.

External power-on reset

If the LVD is disabled by the option byte, to start up the microcontroller ~crrecily, the user
must ensure by means of an external reset circuit that the reset signal is "eid low until Vpp
is over the minimum level specified for the selected fg kn frearerc,.

A proper reset signal for a slow rising Vpp supply can general.’ be provided by an external
RC network connected to the RESET pin.

Internal low voltage detector (LVD) reset

Two different reset sequences caused vy \he internal LVD circuitry can be distinguished:
® Power-on reset
® Voltage drop reset

The device RESET pin «cis as an output that is pulled low when Vpp < V1, (rising edge) or
Vpp < V|1 (falling edgz2) a5 siiown in Figure 17.

The LVD filters spikes on Vpp larger than typp) to avoid parasitic resets.

Interi»z( watchdog reset

. ha reset sequence generated by an internal watchdog counter overflow is shown in
FFigure 17.

Starting from the watchdog counter underflow, the device RESET pin acts as an output that
is pulled low during at least t,yrsTL)0ut-

4




ST7LUSS5, ST7LUO05, ST7LU09 Supply, reset and clock management

Figure 13. Reset sequences
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6.4 Register description
6.4.1 Multiplexed I/O reset control register 1 (MUXCR1)

MUXCR1 Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0

MIR[15:8]

Read/write once only

6.4.2 Multiplexed I/O reset control register 0 (MUXCRO)

MUXCRO Reset value: 6,500 L,200 (00h)
7 6 5 4 3 2 1 0

MIR[7:0]

Read/write once only

Table 13. MUXCRXx register description

Bit Name Function

This 16-bit register is read/vn e by software but can be written only once between
two reset events. It is clearcd by hardware after a reset. When both MUXCRO and
MUXCRT1 regicters cre at 00h, the multiplexed PA3/RESET pin acts as RESET. To
configure this pin as output (Port A3), write 55h to MUXCRO and AAh to MUXCR1.
These re jicters are one-time writable only.
— Tc con’igure PA3 as general purpose output:
15:0 | MIR[15:0] | / fte.r power-on/reset, the application program has to configure the 1/O port by
| writing to these registers as described above. Once the pin is configured as an
I/O output, it cannot be changed back to a RESET pin by the application code.
— To configure PA3 as RESET:
An internally generated reset (such as POR, LVD, WDG, illegal opcode) will clear
the two registers and the pin will act again as a reset function. Otherwise, a
| power-down is required to put the pin back in reset configuration.

Table 14. Multiplexed I/O register map and reset values

Address (Hex.) | Register label 7 6 5 4 3 2 1 0
0047h MUXCRO MIR7 | MIR6 | MIR5 | MIR4 | MIR3 | MIR2 | MIR1 | MIRO
Reset value 0 0 0 0 0 0 0 0
0048h MUXCR?1 MIR15 | MIR14 | MIR13 | MIR12 | MIR11 | MIR10 | MIR9 | MIR8
Reset value 0 0 0 0 0 0 0 0

4
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7

Note:

Note:

7.1

Interrupts

The ST7 core may be interrupted by one of two different methods: Maskable hardware
interrupts as listed in Table 15: Interrupt mapping on page 46 and a non-maskable software
interrupt (TRAP). The interrupt processing flowchart is shown in Figure 18.

The maskable interrupts must be enabled by clearing the I bit in order to be serviced.
However, disabled interrupts may be latched and processed when they are enabled (see
Section 7.2: External interrupts).

After reset, all interrupts are disabled.

When an interrupt has to be serviced:

® Normal processing is suspended at the end of the current instruction executio.
® The PC, X, A and CC registers are saved onto the stack.

® Thel bit of the CC register is set to prevent additional interrupts.

o

The PC is then loaded with the interrupt vector of the interrupt to cer sice and the first
instruction of the interrupt service routine is fetched (refer to Tehl> 15: Interrupt
mapping for vector addresses).

The interrupt service routine should finish with the IRE 7 1.istruction which causes the
contents of the saved registers to be recovered from *he stack.

As a consequence of the IRET instruction, the | 2t js cleared and the main program
resumes.

Priority management

By default, a servicing interrurt cannot be interrupted because the | bit is set by hardware
entering in interrupt rontine

In the case wher. cevial interrupts are simultaneously pending, a hardware priority defines
which one wil! b s.erviced first (see Table 15: Interrupt mapping).

Interriints and low power mode

Alvin‘errupts allow the processor to leave the Wait low power mode. Only external and
specifically mentioned interrupts allow the processor to leave the Halt low power mode (refer
to the “Exit from HALT” column in Table 15: Interrupt mapping).

Non-maskable software interrupt

This interrupt is entered when the TRAP instruction is executed regardless of the state of
the | bit. It is serviced according to the flowchart in Figure 18.
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7.2 External interrupts
External interrupt vectors can be loaded into the PC register if the corresponding external
interrupt occurred and if the | bit is cleared. These interrupts allow the processor to leave the
halt low power mode.
The external interrupt polarity is selected through the miscellaneous register or interrupt
register (if available).
An external interrupt triggered on edge will be latched and the interrupt request
automatically cleared upon entering the interrupt service routine.
Caution:  The type of sensitivity defined in the miscellaneous or interrupt register (if available) applies
to the ei source.
7.3 Peripheral interrupts
Different peripheral interrupt flags in the status register are able to cavse <. interrupt when
they are active if both:
® Thel bit of the CC register is cleared.
® The corresponding enable bit is set in the control reqi<ter.
If any of these two conditions is false, the interrupt i !atcned and thus remains pending.
An interrupt request is cleared by doing one «r t.e following:
® Writing ‘0’ to the corresponding bii in *he status register
® Accessing the status register whii= the flag is set followed by a read or write of an
associated register.
Note: The clearing sequence reseus .h2 internal latch. A pending interrupt (that is, waiting for
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being enabled) will thi:rerore be lost if the clear sequence is executed.
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Figure 14. Interrupt processing flowchart
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Table 15. Interrupt mapping
Priorit Exit
No. | Source block Description Register label Y | from | Address vector
order
HALT
RESET Reset ) yes FFFEh-FFFFh
N/A
TRAP Software Interrupt no FFFCh-FFFDh
0 AWU Auto wake-up interrupt AWUCSR yes(V) | FFFAh-FFFBh
1 ei0 External interrupt O FFF8h-FFF9h
2 eil External interrupt 1 Highest | yes | FFF6h-FFF7h
priority
3 ei2 External interrupt 2 N/A FFF4h-EFF5h
4 Not used no FFF2t. 7=F3h
5 ei3 External interrupt 3 yes FFFOh-FFF1h
6@ ei4@ External interrupt 4 no' | FFEEh-FFEFh
7 Not used "0 FFECh-FFEDh
Auto-reload timer output compare PWMxCSR or )
8 | Auto-reload |interrupt ATCSR no | FFEAh-FFEBh
timer ==
9 Auto-reload timer overflow interrupt ATCSR yes® | FFE8h-FFE9h
10 Lite timer input capture interrupt ITCSA v no FFE6h-FFE7h
Lite timer N—\= Lowest
11 Lite timer RTC1 interrupt | LicsR priority | ves® | FFE4h-FFESh
12 Not used no FFE2h-FFE3h
13 Not used no FFEOh-FFE1h

1. This interrupt exits the MCU from “auto wak=-un from halt” mode only.

2. This interrupt exits the MCU fron. “v'ait’ aiid “active halt” modes only. Moreover, I1S4[1:0] = 01 is the only safe configuration

to avoid a spurious interrupt in '1a* axd AWUFH mode.

3. These interrupts exit the MC'U ) -om “active halt” mode only.
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Interrupts

7.3.1

Note: 1
2

7.3.2

External interrupt control register 1 (EICR1)

EICR1 Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved 1S2[1:0] IS1[1:0] 1S0[1:0]
- R/W R/W R/W
Table 16. EICR1 register description
Bit Name Function
7:6 - Reserved
i2 itivit
54 | Isg[ro) |SESEMSVY o . X
These bits define the interrupt sensitivity for ei2 according to Tatie /8.
i1 itivit
3:2 | IS1[1:0] eil sensi I\.II \ . . . .
These bits define the interrupt sensitivity for ei1 accor airy *o Table 18.
i0 itivit
1:0 | 1S0[1:0] ei0 sensi I\.II Y . . N . .
These bits define the interrupt sensitivity fci 2i0 according to Table 18.

These 8 bits can be written only when the | bit in ft.s CC register is set.

Changing the sensitivity of a particular exterral w2*arrupt clears this pending interrupt. This
can be used to clear unwanted pendinz it.'er “upts. Refer to section External interrupt
function on page 66.

External interrupt coriro: register 2 (EICR2)

EICR2 Reset value: 0000 0000 (00h)
6 5 4 3 2 1 0
Reserved 1S4[1:0] 1S3[1:0]
- R/W R/W
Table 17.  EICR2 register description
Bit Name Function
74 - Reserved
i4 itivit
32 | Isap:0p |7 SENSIVY _ N _ _
These bits define the interrupt sensitivity for ei1 according to Table 18.
10| 1s301:0] ei3 sensitiyity . . o . _
These bits define the interrupt sensitivity for ei0 according to Table 18.
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Note:

74

Note:

7.4.1
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1
2

These 8 bits can be written only when the | bit in the CC register is set.

Changing the sensitivity of a particular external interrupt clears this pending interrupt. This
can be used to clear unwanted pending interrupts. Refer to section External interrupt
function on page 66.

1S4[1:0] = 01 is the only safe configuration to avoid a spurious interrupt in Halt and AWUFH
modes.

Table 18. Interrupt sensitivity bits

1Sx1 ISx0 External interrupt sensitivity

0 0 Falling edge and low level

0 1 Rising edge only

1 0 Falling edge only

1 1 Rising and falling edge

System integrity management (SI)

The system integrity management block contains the low voltage detector (LVD) function. It
is managed by the SICSR register.

A reset can also be triggered following the defacticn of an illegal opcode or prebyte code.
Refer to lllegal opcode reset on page 99 i furtner details.

Low voltage detector (LVD)

The low voltage detector {ur:ctior (LVD) generates a static reset when the Vpp supply
voltage is below a V1., 4y 7aterence value. This means that it secures the power-up as well
as the power-down k=oring the ST7 in reset.

The Vi p) i1arsnce value for a voltage drop is lower than the V1, yp) reference value
for powsi-un in order to avoid a parasitic reset when the MCU starts running and sinks
currem un the supply (hysteresis).

vha VD Reset circuitry generates a reset when Vpp is below:

) V|T+(LVD) when VDD is rising

® Vir(p) Wwhen Vpp is falling

The LVD function is illustrated in Figure 19.

The high voltage threshold can be activated by option byte. See Section 14.1 on page 131.
Provided the minimum Vpp value (guaranteed for the oscillator frequency) is above V1. yp),
the MCU can only be in two modes:

® under full software control

® in static safe reset

In these conditions, secure operation is always ensured for the application without the need
for external reset hardware.

During a low voltage detector reset, the RESET pin is held low, thus permitting the MCU to
reset other devices.
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Note:

Caution:

Use of LVD with capacitive power supply: If power cuts occur in the application with this type
of power supply, it is recommended to pull Vpp down to OV to ensure optimum restart
conditions. Refer to circuit example in Figure 67 and Note 4 on page 124.

The LVD is an optional function which can be selected by option byte (see Section 14.1 on
page 131). It allows the device to be used without any external reset circuitry. If the LVD is
disabled, an external circuitry must be used to ensure a proper power-on reset.

It is recommended to make sure that the Vpp supply voltage rises monotonously when the
device is exiting from reset, to ensure the application functions properly.

If an LVD reset occurs after a watchdog reset has occurred, the LVD takes priority and
clears the watchdog flag.

Figure 15. Low voltage detector vs. reset

ViT4(LVD
ViT.(LvD)

S e s

Figure 16. Reset and supply manaaei ent block diagram

r
Watchdog
P Status flag
timer (WDG)
\ 4 System integrity management
| Reset sequence r—— - - — — - — — — — 1
RFSET -&p [}— manager |  sicsR |
(RSM) |‘O‘O|O|O’O‘LF\{FD‘O‘O‘ |
A | Z 5 |
| |
| |
Low voltage
Vss —» [IL‘: | detector l
Voo —> [ ' (VD) |
| |
Lo - _
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7.4.2 Sl register description

System integrity (Sl) control/status register (SICSR)

SICSR Reset value: 0000 0x00 (Oxh)
7 6 5 4 3 2 1 0
Reserved CR[1:0] Reserved LVDRF Reserved
- R/W - R/W -

Table 19. SICSR register description

Bit | Name Function

—-—— — —

7 - Reserved, must be kept cleared.

RC oscillator frequency adjustment bits

6:5 | CR[1:0] These bits, as well as CR[9:2] bits in the RCCR register mu.it L e written
’ ’ immediately after reset to adjust the RC oscillator fregu.ieacy and to obtain the
required accuracy. Refer to Section 6.1 on page C1.

4:3 - Reserved, must be kept cleared

LVD reset flag

This bit indicates that the last reset we s generated by the LVD block. It is set by
hardware (LVD reset) and clezred when read. See WDGRF flag description in
Section 10.1 for more dzwai's. When the LVD is disabled by option byte, the LVDRF
bit value is undefined.

2 | LVDRF | Note: If the selacted clock source is one of the two internal ones, and if Vpp
remains beloxv the selected LVD threshold during less than Ty, (33us typ.), the
LVDRF i'ay carnol be set even if the device is reset by the LVD.

If the sselected clock source is the external clock (CLKIN), the flag is never set if the
“ecel aueurs during halt mode. In Run mode the flag is set only if foy ky is greater
thar 10 MHz.

1:0 | {eserved, must be kept cleared

Ay lication notes

The LVDREF flag is not cleared when another reset type occurs (external or watchdog); the
LVDREF flag remains set to keep trace of the original failure. In this case, a watchdog reset
can be detected by software while an external reset can not.

Table 20. System integrity register map and reset values

Address | Register
(Hex.) label 7 6 S 4 3 2 1 0
SICSR CR1 CRO LVDRF
003Ah Reset value 0 0 0 0 0 X 0 0

4
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8

8.1

8.2

Power saving modes

Introduction

To give a large measure of flexibility to the application in terms of power consumption, five
main power saving modes are implemented in the ST7 (see Figure 21):

® Slow

® Wait (and slow wait)

® Active halt

® Auto wake-up from halt (AWUFH)
e Halt

After a reset the normal operating mode is selected by default (run mode). This made dr.ves
the device (CPU and embedded peripherals) by means of a master clock wh'ch i based on
the main oscillator frequency (fosc)-

From run mode, the different power saving modes may be selected by setting the relevant
register bits or by calling the specific ST7 software instructior. w'ioce action depends on the
oscillator status.

Figure 17. Power saving mode transitions

f righ

Qun
Slow

Wait

Slow wait

Active halt

Halt

Low power consumption

Slow mode

This mode has two targets:
® To reduce 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 the SMS bit in the MCCSR register which enables or disables
slow mode.
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Note:

8.3
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In this mode, the oscillator frequency is divided by 32. The CPU and peripherals are clocked
at this lower frequency.

Slow wait mode is activated when entering wait mode while the device is already in slow
mode.

Figure 18. Slow mode clock transition

fosc/32 fosc

< »d
L]

fosc _TUMLULILLILULN s T UL

fepu

SMS N

f

NORMAL RUN MOLE
REQI'ES]

Wait mode

Wait mode places the MCU in a low pawer consumption mode by stopping the CPU.
This power saving mode is sele<ted by calling the WFL instruction.

All peripherals remain a:ti «e. During wait mode, the | bit of the CC register is cleared, to
enable all interrupts. All ouier registers and memory remain unchanged. The MCU remains
in Wait mode unt! on interrupt or reset occurs, whereupon the program counter branches to
the starting audess of the interrupt or reset service routine.

The MiZL will remain in wait mode until a reset or an Interrupt occurs, causing it to wake up.

Qefer to Figure 24 on page 54.
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Power saving modes

8.4

Figure 19. Wait mode flowchart
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1. Before servicin 1 a nierrupt, the CC register is pushed on the stack. The | bit of the CC register is set
during the i"ite.rur routine and cleared when the CC register is popped.

Acidve halt and halt modes

Active halt and halt modes are the two lowest power consumption modes of the MCU. They
are both entered by executing the HALT instruction. The decision to enter either in active
halt or halt mode is given by the LTCSR/ATCSR register status as shown in the following

table:
Table 21. LTC/ATC low power mode selection
LTCSR TBIE bit | ATCSR OVFIE bit | ATCSRCK1 bit ATCSRCKO bit Meaning
0 X X 0
0 0 X x Active halt mode
disabled
0 1 1 1
1 X X X Active halt mode
X 1 0 1 enabled
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8.4.1 Active halt mode

Active halt mode is the lowest power consumption mode of the MCU with a real-time clock
available. It is entered by executing the HALT instruction when active halt mode is enabled.

The MCU can exit active halt mode on reception of a lite timer/auto-reload timer interrupt or
a reset.

® When exiting active halt mode by means of a reset, a 64 CPU cycle delay occurs. After
the start up delay, the CPU resumes operation by fetching the reset vector which woke
it up (see Figure 27).

® When exiting active halt mode by means of an interrupt, the CPU immediately resumes
operation by servicing the interrupt vector which woke it up (see Figure 27).

When entering active halt mode, the | bit in the CC register is cleared to enable interrupts.
Therefore, if an interrupt is pending, the MCU wakes up immediately.

In active halt mode, only the main oscillator and the selected timer counter (I'ie Vmar/auto-
reload timer) are running to keep a wake-up time base. All other peripherels aie not clocked
except those which get their clock supply from another clock generatar (such as external or
auxiliary oscillator).

Caution:  As soon as active halt is enabled, executing a HALT instructior. while the watchdog is active
does not generate a reset if the WDGHALT bit is reset. T.:is means that the device cannot
spend more than a defined delay in this power savin~ mcude.

Figure 20. Active halt timing overviewv

! .
| Active 64 CPU
Agn : yalt cycle delay(") Run
T TA T a >
| Reset
or
HALT .
instruction interrupt Fetch
vector

[active halt enabled]

A W

*. This delay occurs only if the MCU exits active halt mode by means of a reset.

4
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8.4.2

Figure 21. Active halt mode flowchart
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v

Fetch reset vector
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Peripherals cloci-ed w'tt, zn external clock source can still be active.
2. Only the lite fim.2r \Y1C and auto-reload timer interrupts can exit the MCU from active halt mode.

Before sarviting an interrupt, the CC register is pushed on the stack. The | bit of the CC register is set
during tae ‘nterrupt routine and cleared when the CC register is popped.

dctt mode

The halt mode is the lowest power consumption mode of the MCU. It is entered by executing
the HALT instruction when active halt mode is disabled.

The MCU can exit halt mode on reception of either a specific interrupt (see Table 15:
Interrupt mapping on page 46) or a reset. When exiting halt mode by means of a reset or an
interrupt, the main oscillator is immediately turned on and the 64 CPU cycle delay is used to
stabilize it. After the start up delay, the CPU resumes operation by servicing the interrupt or
by fetching the reset vector which woke it up (see Figure 30).

When entering halt mode, the | bit in the CC register is forced to 0 to enable interrupts.
Therefore, if an interrupt is pending, the MCU wakes immediately.

In halt mode, the main oscillator is turned off causing all internal processing to be stopped,
including 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 oscillator).
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The compatibility of watchdog operation with halt mode is configured by the “WDGHALT”
option bit of the option byte. The HALT instruction when executed while the watchdog

system is enabled, can generate a watchdog reset (see Section 14.1 on page 131 for more
details).

Figure 22. Halt timing overview

Run Halt 64 CdF;llJa;/:ycle Run
TTTA >
T Reset(!)
— or
HALT interrupt
instruction Fetch
[active halt disabled] vector

1. Areset pulse of at least 42us must be applied when exiting from halt mode.
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Figure 23. Halt mode flowchart
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1. WDGHALT is an option bit. See option bytes in Section 14.1.1: Flash configuration for more details.

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

Only some specific interrupts can exit the MCU from halt mode (such as external interrupt). Refer to
Table 15: Interrupt mapping on page 46 for more details.

4. Before servicing an interrupt, the CC register is pushed on the stack. The | bit of the CC register is set

during the interrupt routine and cleared when the CC register is popped.

5. The CPU clock must be switched to 1MHz (RC/8) or AWU RC before entering halt mode.
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8.5
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Halt mode recommendations

® Make sure that an external event is available to wake up the microcontroller from Halt
mode.

® When using an external interrupt to wake up the microcontroller, re-initialize the
corresponding I/O as “input pull-up with interrupt” before executing the HALT
instruction. The main reason for this is that the 1/0 may be wrongly configured due to
external interference or by an unforeseen logical condition.

® Forthe same reason, re-initialize the level sensitiveness of each external interrupt as a
precautionary measure.

® The opcode for the HALT instruction is 0x8E. To avoid an unexpected HALT instruction
due to a program counter failure, it is advised to clear all occurrences of the data value
0x8E from memory. For example, avoid defining a constant in ROM with the vaiuz
Ox8E.

® Asthe HALT instruction clears the | bit in the CC register to allow interrvpts, 122 user
may choose to clear all pending interrupt bits before executing the HALT iistruction.
This avoids entering other peripheral interrupt routines after exec.itii g the external
interrupt routine corresponding to the wake-up event (reset ar oxitarnal interrupt).

Auto wake-up from halt mode

Auto Wake-up from Halt (AWUFH) mode is simiiar (0 halt mode with the addition of a
specific internal RC oscillator for wake-up (a.tn wake-up from halt oscillator) which replaces
the main clock which was active befo e entuiing halt mode. Compared to Active Halt mode,
AWUFH has lower power consumption {ine main clock is not kept running), but there is no
accurate real-time clock availai'e.

It is entered by executin: the HALT instruction when the AWUEN bit in the AWUCSR
register has been set.

Figure 24. AWUrH mode block diagram
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As soon as halt mode is entered, and if the AWUEN bit has been set in the AWUCSR
register, the AWU RC oscillator provides a clock signal (fawu_rc)- Its frequency is divided by
a fixed divider and a programmable prescaler controlled by the AWUPR register. The output
of this prescaler provides the delay time. When the delay has elapsed, the following actions
are performed:

® The AWUF flag is set by hardware,
® an interrupt wakes up the MCU from halt mode,

® The main oscillator is immediately turned on and the 64 CPU cycle delay is used to
stabilize it.

After this start-up delay, the CPU resumes operation by servicing the AWUFH interrupt. The
AWU flag and its associated interrupt are cleared by software reading the AWUCSR
register.

To compensate for any frequency dispersion of the AWU RC oscillator, it can be ~aiio aied
by measuring the clock frequency faywy rc and then calculating the right prescaler value.
Measurement mode is enabled by setting the AWUM bit in the AWUCSR regisier in run
mode. This connects fayy rc to the input capture of the 8-bit lite timay allowing the
fawu_Rc to be measured using the main oscillator clock as a refereice. timebase.

Similarities with halt mode

The following AWUFH mode behavior is the same as ncrridl halt mode:

® The MCU can exit AWUFH mode by means o' ey interrupt with exit from halt capability
or a reset (see Section 8.4: Active halt end i:alt modes).

® When entering AWUFH mode, the 1 bt in the CC register is forced to 0 to enable
interrupts. Therefore, if an interrupt is pending, the MCU wakes up immediately.

® In AWUFH mode, the main~ oscillator is turned off causing all internal processing to be
stopped, including th: czare tion of the on-chip peripherals. None of the peripherals are
clocked except thzsa vrhich get their clock supply from another clock generator (such
as an external cr avxiliary oscillator like the AWU oscillator).

® The comnetikilny of watchdog operation with AWUFH mode is configured by the
WDGHA L) option bit in the option byte. Depending on this setting, the HALT instruction
wen executed while the watchdog system is enabled, can generate a watchdog reset.

tiaure 25. AWUF halt timing diagram
[

< tawy >
Run mode Halt mode 64 tcpy Run mode
foru [T - R A
fawu_rc L
Clear
by software

AWUFH interrupt . |
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Figure 26. AWUFH mode flowchart
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WDGHALT is an option bit. See option bytes in Section 14.1.1: Flash configuration for more details.
2. Peripheral clocked with an external clock source can still be active.

Only an AWUFH interrupt and some specific interrupts can exit the MCU from halt mode (such as external
interrupt). Refer to Table 15: Interrupt mapping on page 46 for more details.

4. Before servicing an interrupt, the CC register is pushed on the stack. The I[1:0] bits of the CC register are
set to the current software priority level of the interrupt routine and recovered when the CC register is

popped.

4
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8.5.1

Register description

AWUFH control/status register (AWUCSR)

AWUCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved AWUF AWUM AWUEN
- R/W R/W R/W
Table 22. AWUCSR register description
Bit | Name Function
7:3 - Reserved
Auto wake-up flag
This bit is set by hardware when the AWU module generates en interrupt and
5> | AWUF cleared by software on reading AWUCSR. Writing to thic bi- aoes not change its
value.
0: No AWU interrupt occurred
1: AWU interrupt occurred
Auto wake-up measurement
This bit enables the AWU RC oscillcter and connects its output to the input capture
of the 8-bit lite timer. This al'ows *e timer to be used to measure the AWU RC
1 | AWUM | oscillator dispersion ard then compensate this dispersion by providing the right
value in the AWUPRE register.
0: Measureme.* disabled
1: Measurzrient v:nabled
Auto weke-un irom halt enabled
This hienables the auto wake-up from halt feature: Once halt mode is entered, the
A VUFH wakes up the microcontroller after a time delay dependent on the AWU
0 | AwiEN prescaler value. It is set and cleared by software.
va 0: AWUFH (auto wake-up from halt) mode disabled
1: AWUFH (auto wake-up from halt) mode enabled
Note: Whatever the clock source, this bit should be set to enable the AWUFH mode
once the HALT instruction has been executed.
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AWUFH prescaler register (AWUPR)

AWUPR Reset value: 1111 1111 (FFh)
7 6 5 4 3 2 1 0

AWUPR(7:0]

R/W

Table 23. AWUPR register description

Bit Name Function

Auto wake-up prescaler

These 8 bits define the AWUPR division factor (as explained below).

This prescaler register can be programmed to modify the time that the MCU stoyes in halt
mode before waking up automatically.

Note: If 00h is written to AWUPR, depending on the product, an inte-ruot 's generated
immediately after a HALT instruction, or the AWUPR remains ur.chan,ed.

7:0 | AWUPR[7:0]

Table 24. AWUPR division factors

AWUPRJ[7:0] Divisic*1 factor
00h -orbidden
01h 1
FEh ' 254
FFh 255

In AWU mode, the period that the 11CU stays in halt mode (tayy in Figure 32 on page 61) is defined by:

|
t = 64x AWUPRX ——— +1t

/

WU fawURe | RCSTRT

This prescaler regisi2r can be programmed to modify the time that the MCU stays in halt mode before
waking up at*oietically.

Note: .f00h is written to AWUPR, depending on the product, an interrupt is generated immediately
after a HALT instruction, or the AWUPR remains unchanged.

Table 25. AWU register map and reset values

Address (Hex.)|Register label 7 6 5 4 3 2 1 0
004Ah AWUCSR AWUF | AWUM | AWUEN
Reset value 0 0 0 0 0 0 0 0
AWUPR AWUPR7 |[AWUPR6|AWUPR5 |[AWUPR4 | AWUPR3|AWUPR2|AWUPR1|AWUPRO
0049h
Reset value 1 1 1 1 1 1 1 1

4
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9

9.1

9.2

9.2.1

Note:

I/0O ports

Introduction
The 1/0O port offers different functional modes:
o transfer of data through digital inputs and outputs

and for specific pins:
® external interrupt generation
@ alternate signal input/output for the on-chip peripherals.

An 1/O port contains up to six pins. Each pin (except PA3/RESET) can be programmed
independently as digital input (with or without interrupt generation) or digital output

Functional description

Each port has two main registers:
o Data register (DR)
o Data direction register (DDR)

and one optional register:
® Option register (OR)

Each 1/O pin may be programmed using t1e corresponding register bits in the DDR and OR
registers, with bit X corresponding to pii X of the port. The same correspondence is used for
the DR register.

The following descriptio!* takes into account the OR register (for specific ports which do not
provide this register refer o Section 9.6: 1/O port implementation). The generic I/O block
diagram is show:. i Figure 35.

Input m.odes
Tt e input configuration is selected by clearing the corresponding DDR register bit.
In this case, reading the DR register returns the digital value applied to the external I/O pin.

Different input modes can be selected by software through the OR register.

Writing the DR register modifies the latch value but does not affect the pin status.
PA3 cannot be configured as input.

External interrupt function

When an 1/O is configured as Input with Interrupt, an event on this I/O can generate an
external interrupt request to the CPU.

Each pin can independently generate an interrupt request. The interrupt sensitivity is
independently programmable using the sensitivity bits in the EICR register.

External interrupts are hardware interrupts. Fetching the corresponding interrupt vector
automatically clears the request latch. Changing the sensitivity of a particular external
interrupt clears this pending interrupt. This can be used to clear unwanted pending
interrupts.
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Spurious interrupts
When enabling/disabling an external interrupt by setting/resetting the related OR register bit,
a spurious interrupt is generated if the pin level is low and its edge sensitivity includes
falling/rising edge. This is due to the edge detector input which is switched to ‘1’ when the
external interrupt is disabled by the OR register.
To avoid this unwanted interrupt, a “safe” edge sensitivity (rising edge for enabling and
falling edge for disabling) has to be selected before changing the OR register bit and
configuring the appropriate sensitivity again.
Caution: In case a pin level change occurs during these operations (asynchronous signal
input), as interrupts are generated according to the current sensitivity, it is advised to disable
all interrupts before and to re-enable them after the complete previous sequence in order to
avoid an external interrupt occurring on the unwanted edge.
This corresponds to the following steps:
1. To enable an external interrupt:
a) set the interrupt mask with the SIM instruction (in cases where 2 pin level change
could occur)
b) select rising edge
c) enable the external interrupt through the OR reyister
d) select the desired sensitivity if different fioir rising edge
e) reset the interrupt mask with the RIM insiruction (in cases where a pin level
change could occur)
2. To disable an external interrupt:
a) set the interrupt mask with the SIM instruction SIM (in cases where a pin level
change could occt'i)
b) select falling ecg>
c) disable the external interrupt through the OR register
d) selertricing edge
9.2.2 Outpuvi modes
1rhe output configuration is selected by setting the corresponding DDR register bit. In this
~ase, writing the DR register applies this digital value to the I/O pin through the latch. Then
reading the DR register returns the previously stored value.
Two different output modes can be selected by software through the OR register: Output
push-pull and open-drain.
Table 26.  1/O output mode selection
DR Push-pull Open-drain
0 Vss Vss
1 Vbop Floating
Note: When switching from input to output mode, the DR register has to be written first to drive the
correct level on the pin as soon as the port is configured as an output.
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9.2.3

Note:

Alternate functions

When an on-chip peripheral is configured to use a pin, the alternate function is automatically
selected. This alternate function takes priority over the standard 1/0 programming under the
following conditions:

® When the signal is coming from an on-chip peripheral, the I/O pin is automatically
configured in output mode (push-pull or open drain according to the peripheral).
® When the signal is going to an on-chip peripheral, the I/O pin must be configured in

floating input mode. In this case, the pin state is also digitally readable by addressing
the DR register.

Input pull-up configuration can cause unexpected value at the input of the alternate
peripheral input.

When an on-chip peripheral use a pin as input and output, this pin has to be conficured in
input floating mode.

Figure 27. 1/O port general block diagram
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Table 27.  1/O port mode options(!)

Diodes
Configuration mode Pull-up P-buffer
to VDD to Vss
Floating with/without interrupt Off
Input Off
Pull-up with/without interrupt On
On On
Push-pull On
Output Off
Open drain (logic level) Off

1. Off = implemented not activated
On = implemented and activated

Table 28. 1/0 port configurations

Hardware configuration

v DR REGISTER - CTELS
DD _‘_ /___/\ [N
= PULL-UP —
RPU :; % DR I W
=z CONDITION REGISTES T | parasus
Pad R
—> >0 —ce——
3 \—b ALTERNATE INPUT
£ FROM
OTHER
= PINS EXTERNAL INTERRUP'
Lg% | SOURCE (eiy)
INTERRUPT POLARITY
| CONDITION SELECTION
L p ANALOG INPUT
DR REGISTER ACCESS
. . Vop P——
) |
>
5 | " Fj Fj
5 DR R/W
° Pad REGISTER DATA BUS
‘o ! <+— L2
3 |
[
2 — *
0] ALTERNATE ALTERNATE

— ENABLE OUTPUT

DR REGISTER ACCESS

D Vpp P———
=]
% Rpu )"7
o DR RW
- Pad REGISTER DATA BUS
- D ¢ 1
o
T
; .
z ALTERNATE ALTERNATE
— — ENABLE OUTPUT

When the 1/O port is in input configuration and the associated alternate function is enabled as an output,
reading the DR register will read the alternate function output status.

2. When the I/O port is in output configuration and the associated alternate function is enabled as an input,

the alternate function reads the pin status given by the DR register content.
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Caution:

9.3

9.4

9.5

The alternate function must not be activated as long as the pin is configured as input with
interrupt, in order to avoid generating spurious interrupts.

Analog alternate function

When the pin is used as an ADC input, the I/O must be configured as floating input. The
analog multiplexer (controlled by the ADC registers) switches the analog voltage present on
the selected pin to the common analog rail which is connected to the ADC input.

It is recommended not to change the voltage level or loading on any port pin while
conversion is in progress. Furthermore it is recommended not to have fast toggling pins
located close to a selected analog pin.

Warning: The analog input voltage level must be within the limits

stated in the absolute maximum ratings.

Unused I/O pins

Unused I/0O pins must be connected to fixed voltaqe !eels. Refer to Section 12.8.

Low power modes

Table 29. Effect of ow power r.odes on I/O ports
Mode Description
Wait No effet or /U ports. External interrupts cause the device to exit from wait mode.
Halt No eiiect on I/O ports. External interrupts cause the device to exit from halt mode.
\rrarrupts

he external interrupt event generates an interrupt if the corresponding configuration is
selected with DDR and OR registers and the interrupt mask in the CC register is not active
(RIM instruction).

Table 30. 1/O port interrupt control/wake-up capability
Interrupt event Event fla Enable Exit from Exit from
errup 9 | control bit wait halt
External interrupt on selected ) DDRx, ORX Yes Yes
external event
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9.6
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I/0 port implementation

The hardware implementation on each I/O port depends on the settings in the DDR and OR
registers and specific feature of the I/O port such as ADC Input or true open drain.

Switching these 1/O ports from one state to another should be done in a sequence that
prevents unwanted side effects. Recommended safe transitions are illustrated in Figure 36.
Other transitions are potentially risky and should be avoided, since they are likely to present
unwanted side-effects such as spurious interrupt generation.

Figure 28. Interrupt I/O port state transitions

@D = ()« (o) +—> (D

Input Input Output Output
floating/pull-up  floating open-drain  push-pull

interrupt  (reset state)
@: DDR, OR

The 1/O port register configurations are summarized in the fe'iov'iing wable:

Table 31.  Port configuration

Input (DDR=0) Output (DDR=1)
Port Pin name HOA™.
OR=0 OR=1 OR=0 OR=1
PAOQ:2 . . .
- Floating Pull-up interrupt Open drain Push-pull
Port A PA4:5
PA3 - - Open drain Push-pull

Note: After reset, to configure PA3 as a general purpose output, the application has to
program the MU-‘CR and MUXCR1 registers. See Section 6.4 on page 42.

Table 2z. 'O port register map and reset values

Arddress (Hex.) | Register label 7 6 5 4 3 2 1 0
i. — —

PADR MSB LSB

l 0000 Reset value 0 0 0 0 0 0 0 0
PADDR MSB LSB

ooRth Reset value 0 0 0 0 1 0 0 0
PAOR MSB LSB

0002h Reset value 0 0 0 0 0 0 1 0
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10

10.1

10.1.1

10.1.2

On-chip peripherals

Lite timer

Introduction

The lite timer can be used for general-purpose timing functions. It is based on a free-running
13-bit upcounter with two software-selectable timebase periods, an 8-bit input capture
register and watchdog function.

Main features

Real-time clock

13-bit upcounter
1 ms or 2 ms timebase period (@ 8 MHz fogc)
Maskable timebase interrupt

Input capture

8-bit input capture register (LTICR)
Maskable interrupt with wake-up from helt ‘n>de capability

Watchdog

Enabled by hardware or softwa.s (=oriigurable by option byte)
Optional reset on HALT inst-uct on (configurable by option byte)
Automatically resets the riavice unless disable bit is refreshed
Software reset (‘orced watchdog reset)

Watchdog rece® status flag
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Figure 29. Lite timer block diagram
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10.1.3 Functional dvs<)iption

The value of the 13-hit <0 1n.er cannot be read or written by software. After an MCU reset, it starts
incrementing from C z.¢ a frequency of fogc. A counter overflow event occurs when the counter rolls over
from 1F39h to fiGh. It fogc = 8 MHz, then the time period between two counter overflow events is 1ms.
This period can e doubled by setting the TB bit in the LTCSR register.

When tha timer overflows, the TBF bit is set by hardware and an interrupt request is generated if the
TR.Z s set. The TBF bit is cleared by software reading the LTCSR register.

Watchdog

The watchdog is enabled using the WDGE bit. The normal watchdog timeout is 2ms (@ fogc = 8 MHz),
after which it then generates a reset.

To prevent this watchdog reset from occurring, software must set the WDGD bit. The WDGD bit is
cleared by hardware after typg. This means that software must write to the WDGD bit at regular intervals
to prevent a watchdog reset from occurring. Refer to Figure 38.

If the watchdog is not enabled immediately after reset, the first watchdog timeout will be shorter than
2ms, because this period is counted starting from reset. Moreover, if a 2ms period has already elapsed
after the last MCU reset, the watchdog reset will take place as soon as the WDGE bit is set. For these
reasons, it is recommended to enable the watchdog immediately after reset or else to set the WDGD bit
before the WGDE bit so a watchdog reset will not occur for at least 2ms.
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Note:

Caution:

Software can use the timebase feature to set the WDGD bit at 1 or 2 ms intervals.

A watchdog reset can be forced at any time by setting the WDGRF bit. To generate a forced
watchdog reset, first watchdog has to be activated by setting the WDGE bit and then the
WDGREF bit has to be set.

The WDGRF bit also acts as a flag, indicating that the watchdog was the source of the reset.
It is automatically cleared after it has been read.

When the WDGRF bit is set, software must clear it, otherwise the next time the watchdog is
enabled (by hardware or software), the microcontroller will be immediately reset.

Hardware watchdog option

If hardware watchdog is selected by option byte, the watchdog is always active and the
WDGE bit in the LTCSR is not used.

Refer to the option byte description in Chapter 14: Device configuration and or~ering
information.

Using halt mode with the watchdog (option)

If the watchdog reset on halt option is not selected by option kyte, tt.c halt mode can be
used when the watchdog is enabled.

In this case, the HALT instruction stops the oscillator. W1en the oscillator is stopped, the lite
timer stops counting and is no longer able to geneia:= 2 watchdog reset until the
microcontroller receives an external interrupt 2r a r2set.

Al

If an external interrupt is received, the VW'D .3 1 2starts counting after 64 CPU clocks. If a reset
is generated, the watchdog is disable (re.set state).

If halt mode with watchdog is enabled by option byte (no watchdog reset on HALT
instruction), it is recommenc<Z kefore executing the HALT instruction to refresh the WDG
counter, to avoid an uroxnected WDG reset immediately after waking up the microcontroller.

Figure 30. Witchog timing diagram
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10.1.4

10.1.5

Note:
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Input capture

The 8-bit input capture register is used to latch the free-running upcounter after a rising or
falling edge is detected on the LTIC pin. When an input capture occurs, the ICF bit is set and
the LTICR register contains the MSB of the free-running upcounter. An interrupt is
generated if the ICIE bit is set. The ICF bit is cleared by reading the LTICR register.

The LTICR is a read only register and always contains the data from the last input capture.
Input capture is inhibited if the ICF bit is set.

Low power modes

Table 33. Effect of low power modes on lite timer

Mode Description
Wait
No effect on lite timer
Active halt
Halt Lite timer stops counting
Interrupts
Table 34. Lite timer interrupt control/wake-up <apability
.. | Exitfrom | Exit from Exit from
[N} ~ .-
Interrupt event Event flag | Ena*'e zo.tiol bit wait halt active halt
Timebase event TBF TBIE Yes
Yes No
IC event 'C- ICIE No

The TBF and ICF inferrupi events are connected to separate interrupt vectors (see
Chapter 7: Interrouts . They generate an interrupt if the enable bit is set in the LTCSR
register and in> irterrupt mask in the CC register is reset (RIM instruction).

Figure 41. Input capture timing diagram
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10.1.6 Register description

Lite timer control/status register (LTCSR)

LTCSR Reset value: 0000 0x00 (0xh)
7 6 5 4 3 2 1 0
ICIE ICF B TBIE TBF WDGRF WDGE WDGD
R/W R/W R/W RW RW R/W R/W R/W

Table 35. LTCSR register description

Bit | Name Function

—-—— — —

Interrupt enable

7 ICIE This bit is set and cleared by software.
0: Input capture (IC) interrupt disabled
1: Input capture (IC) interrupt enabled

Input capture flag

This bit is set by hardware and cleared by sof:vare by reading the LTICR register.
Writing to this bit does not change the bit valce

6 ICF 0: No input capture

1: An input capture has occurred

Note: After an MCU reset, scfware» must initialize the ICF bit by reading the LTICR
register.

Timebase period selection

5 B This bit is set ar.1 cleared by software.

0: Timebase pericd = toge * 8000 (1ms @ 8 MHz)
1: Tircbasa period = toge * 16000 (2ms @ 8 MHz)

Timobe se interrupt enable

4 TBIE | T..is bit is set and cleared by software.
) 0: Timebase (TB) interrupt disabled
1: Timebase (TB) interrupt enabled

Timebase interrupt flag

| This bit is set by hardware and cleared by software reading the LTCSR register.
3 TBF Writing to this bit has no effect.

0: No counter overflow

1: A counter overflow has occurred

Force reset/reset status flag

This bit is used in two ways: It is set by software to force a watchdog reset. It is set
by hardware when a watchdog reset occurs and cleared by hardware or by

2 |WDGRF | software. It is cleared by hardware only when an LVD reset occurs. It can be
cleared by software after a read access to the LTCSR register.

0: No watchdog reset occurred.

1: Force a watchdog reset (write), or, a watchdog reset occurred (read).
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Table 35. LTCSR register description (continued)

Bit | Name Function

Watchdog enable
This bit is set and cleared by software.

1 | WDGE
0: Watchdog disabled
1: Watchdog enabled
Watchdog reset delay
o | wpaD This bit is set by software. It is cleared by hardware at the end of each typg period.

0: Watchdog reset not delayed
1: Watchdog reset delayed

Lite timer input capture register (LTICR)

LTICR Reset value: £T0d L2200 (00h)
7 6 5 4 3 2 1 0

ICR[7:0]

RO

Table 36. LTICR register description

Bit | Name Fi.nction

Input capture value
These bits are read by o~f.ware and cleared by hardware after a reset. If the ICF
bit in the LTCCR is uleared, the value of the 8-bit upcounter will be captured when
a rising or feiiing 2dge occurs on the LTIC pin.

7:0 | ICR[7:0]

Table 37. Lite timer regisier map and reset values

Address Fegister
(Hex) |  label 7|6 S 4 3 2 1 0
o LTCSR ICIE | ICF TB TBIE | TBF | WDGRF | WDGE | WDGD
! Reset value 0 0 0 0 0 X 0 0
A W
| e LTICR ICR7 | ICR6 | ICR5 | ICR4 | ICR3 ICR2 ICR1 ICRO
Reset value 0 0 0 0 0 0 0 0

4
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10.2 12-bit autoreload timer

10.2.1 Introduction

The 12-bit autoreload timer can be used for general-purpose timing functions. It is based on
a free-running 12-bit upcounter with a PWM output channel.

10.2.2 Main features

® 12-bit upcounter with 12-bit autoreload register (ATR)
® Maskable overflow interrupt
® PWM signal generator
® Frequency range 2 kHz to 4 MHz (@ 8 MHz fgpy)
—  Programmable duty-cycle
—  Polarity control
— Maskable compare interrupt
® Output compare function

Figure 32. Block diagram

AW\ OVF interrupt
7 ATCSR | o request
i
|
0 0 0 CK1 | K% | OVF |OVFIE [CMPIE
]
CMP interrupt
request
T— CMPFO au
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foru  — — | CNTR {}V/\Update on OVF event
‘ 12-bit autoreload value ‘
ATR
; ¢ OEQ bit
|
CROH DCROL )
|~ OEO0bit CMPFO bit C PO bit
‘ Preload ‘ ‘ Preload ﬁ * S v S
= [<}
© =
I—I 8 fPWM X g
Compare|« @ Polarity— S [ ] PwMo
s on OVF event g 2
— p}
IF OE0=1 = 3
| 12-bit duty cycle value (shadow)

10.2.3 Functional description
PWM mode

This mode allows a pulse width modulated signals to be generated on the PWMO output pin
with minimum core processing overhead. The PWMO output signal can be enabled or
disabled using the OEO bit in the PWMCR register. When this bit is set the PWM 1/O pin is
configured as output push-pull alternate function.

Note: CMPFO is available in PWM mode (see PWMOCSR register description on page 85).
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Note:

Note:

Caution:
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PWM frequency and duty cycle

The PWM signal frequency (fpyy) is controlled by the counter period and the ATR register
value.

fewm = fcounTer/(4096 - ATR)

Following the above formula, if fopy is 8 MHz, the maximum value of fpyy is 4 MHz (ATR
register value = 4094), and the minimum value is 2 kHz (ATR register value = 0).

The maximum value of ATR is 4094 because it must be lower than the DCR value which
must be 4095 in this case.

At reset, the counter starts counting from 0.

Software must write the duty cycle value in the DCROH and DCROL preload registers. The
DCROH register must be written first. See caution below.

When an upcounter overflow occurs (OVF event), the ATR value is loaded in the upcounter,
the preloaded Duty cycle value is transferred to the Duty Cycle register ana tre PWMO
signal is set to a high level. When the upcounter matches the DCRXx val 1e tr.c PWMO signals
is set to a low level. To obtain a signal on the PWMO pin, the contcits o the DCRO register
must be greater than the contents of the ATR register.

The polarity bit can be used to invert the output signal.
The maximum available resolution for the PWMO a:i« cycle is:
Resolution = 1/{4396 - ATR)

To get the maximum resolution (1/4016), ‘.= ATR register must be 0. With this maximum
resolution and assuming that DCR = AT/4, a 0% or 100% duty cycle can be obtained by
changing the polarity.

As soon as the DCROH is writter., the compare function is disabled and will start only when
the DCROL value is writte.r. it the DCROH write occurs just before the compare event, the
signal on the PW\: ov:tput may not be set to a low level. In this case, the DCRXx register
should be upaa.ac, just after an OVF event. If the DCR and ATR values are close, then the
DCRXx rsicter should be updated just before an OVF event, in order not to miss a compare
event a~d to have the right signal applied on the PWM output.

Flgure 33. PWM function
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Duty cycle . .
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Auto-reload
register
(ATR) 1

000

With OEO =1
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Note:

Caution:

10.2.4

Figure 34. PWM signal example
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Output compare mode

To use this function, the OE bit must be 0, otherwise the compare is done with the shadow
register instead of the DCRx register. Software must then write a 12-bit value in the DCROH
and DCROL registers. This value will be loaded immediately (without waiting for en OY/F
event).

The DCROH must be written first, the output compare function starts cin,’ when the DCROL
value is written.

When the 12-bit upcounter (CNTR) reaches the value stored .~ the DCROH and DCROL
registers, the CMPFO bit in the PWMOCSR register is set 2.1d an interrupt request is
generated if the CMPIE bit is set.

The output compare function is only available fcr L’'CRXx values other than 0 (reset value).

At each OVF event, the DCRx value is »rii'er ini a shadow register, even if the DCROL value
has not yet been written (in this case, 'he :shadow register will contain the new DCROH value
and the old DCROL value), then:

- If OE = 1 (PWM mode): the compare is done between the timer counter and the shadow
register (and not DCRXx)

- if OE = 0 (OCMP mcue). trio compare is done between the timer counter and DCRx. There
is no PWM signe!.

The compar: L=tween DCRx or the shadow register and the timer counter is locked until
DCRC'- is v.riuen.

L™ power modes

Table 38. = Effect of low power modes onthe auto-reload timer

Mode Description
Slow The input frequency is divided by 32
Wait No effect on the auto-reload timer
Active halt Auto-reload timer halted except if CKO = 1, CK1 = 0 and OVFIE =1
Halt Auto-reload timer halted
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10.2.5

10.2.6

72/124

Interrupts
Table 39. Auto-reload timer interrupt control/wake-up capability
Interrupt event() Event fla Enable control | Exit from Exit from Exit from
P 9 bit wait halt active halt
Overflow event OVF OVFIE Yes®
Yes No
CMP event CMPFx CMPIE No

1. The interrupt events are connected to separate interrupt vectors (see Chapter 7: Interrupts).
They generate an interrupt if the enable bit is set in the ATCSR register and the interrupt mask in the CC

register is reset (RIM instruction).
2. Onlyif CKO =1 and CK1=0.

Register description

Timer control status register (ATCSR)

ATCSR Sosetvalue: 0000 0000 (00h)
7 6 5 4 3 4 1 0
Reserved CK[1:0] \ : OVF OVFIE CMPIE
- RAN N R/W R/W R/W

Table 40.  ATCSR register description

Bit | Name Function

75 - Reserved, nusi De kept cleared.

Counrter cloik selection

43| c10; | o0: Off
01: fLT|MER (1ms timebase @ 8 MHz)

10: fCPU

! 11: Reserved

These bits are set and cleared by software and cleared by hardware after a reset.
7 ney select the clock frequency of the counter.

Overflow flag

2 OVF 0: No counter overflow occurred
1: Counter overflow occurred

This bit is set by hardware and cleared by software by reading the ATCSR
register. It indicates the transition of the counter from FFFh to ATR value.

Caution: When set, the OVF bit stays high for 1 foounTER CYClE (up to 1ms
depending on the clock selection) after it has been cleared by software.
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Table 40.

ATCSR register description

Bit Name

Function

OVFIE

Overflow interrupt enable
This bit is read/write by software and cleared by hardware after a reset.
0: OVF interrupt disabled
1: OVF interrupt enabled

CMPIE

Compare interrupt enable

This bit is read/write by software and cleared by hardware after a reset. It is used
to mask the interrupt generation when CMPF bit is set.

0: CMPF interrupt disabled
1: CMPF interrupt enabled

Counter register high (CNTRH)

CNTRH Reset valve: (250 0000 (00h)
15 14 13 12 11 10 9 8
W,
Reserved CNTR11 CaTR1Q CNTR9 CNTR8
- RO RO RO RO
Counter register low (CNTRL)

CNTRL Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
CNTR7 CNTR6 CNTR5 CNTR4 CNTR3 CNTR2 CNTR1 CNTRO
RO RO KO RO RO RO RO RO

Table 41. CNTHh high and low counter descriptions

|
Bits ' Nome Function
i_‘.ii".? - Reserved, must be kept cleared.
| Counter value
This 12-bit register is read by software and cleared by hardware after a reset.
The counter is incremented continuously as soon as a counter clock is
selected. To obtain the 12-bit value, software should read the counter value in
11:0 |CNTR[11:0] two consecutive read operations. The CNTRH register can be incremented

between the two reads, and in order to be accurate when fTIMER = fCPU, the
software should take this into account when CNTRL and CNTRH are read. If
CNTRL is close to its highest value, CNTRH could be incremented before it is
read. When a counter overflow occurs, the counter restarts from the value

specified in the ATR register.
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Auto reload register high (ATRH)

ATRH Reset value: 0000 0000 (00h)
15 14 13 12 11 10 9 8
Reserved ATR11 ATR10 ATR9 ATR8
- R/W R/W R/W R/W
Auto reload register low (ATRL)
ATRL Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 C
ATR7 ATR6 ATR5 ATR4 ATR3 ATR2 ATR1 ’_ vAr_RO_
R/W R/W R/W R/W R/W R/W P/VT = R/W
Table 42. ATR high and low register descriptions ~H\
Bits Name Functien
15:12 - Reserved, must be kept cleared. \~
Autoreload register \"
11:0 | ATR[11:0] This is a 12-bit registt_e.‘ witich s written by software. The ATR register vaIL_Je is
automatically load :d it tc e upcounter when an overflow occurs. The register
value is used to se. thc PWM frequency.

PWMO duty cycle registzi high (DCROH)

DCROH Reset value: 0000 0000 (00h)
15 14 13 12 11 10 9 8
\ Reserved DCR11 DCR10 DCR9 DCR8
c R/W R/W R/W R/W
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PWMO duty cycle register low (DCROL)

DCRoOL Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
DCR7 DCR6 DCR5 DCR4 DCR3 DCR2 DCR1 DCRO
R/W RW R/W R/W R/W RW R/W R/W

Table 43. DCRO high and low register descriptions

Bits Name Function

15:12 - Reserved, must be kept cleared

PWMx duty cycle value

This 12-bit value is written by software. The high register must ce wiitten first.
11:0 |DCR[11:0] In PWM mode (OEO = 1 in the PWMCR register) the DCR[11.9] Lits define the
duty cycle of the PWMO output signal (see Figure 41). 'n cuiput compare
mode, (OEO = 0 in the PWMCR register) they defire th. value to be compared
with the 12-bit upcounter value.

PWMO control/status register (PWMOCSR)

PWMOCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved— - OPO CMPFO
- R/W R/W

Table 44. PWMOCGR 1egister description

I
Bit Name \ Function
7:2 | - Reserved, must be kept cleared.
PWMO output polarity

i This bit is read/write by software and cleared by hardware after a reset. This bit
1 OPO selects the polarity of the PWMO signal.

0: The PWMO signal is not inverted.

1: The PWMO signal is inverted.

PWMO compare flag

This bit is set by hardware and cleared by software by reading the PWMOCSR
0 |CMPFO| register. It indicates that the upcounter value matches the DCRO register value.
0: Upcounter value does not match DCR value

1: Upcounter value matches DCR value
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PWM output control register (PWMCR)

PWMCR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved OEO
- R/W

Table 45. PWNMCR register description

Bit Name Function
7:1 - Reserved, must be kept cleared.
PWMO output enable
0 OEO This bit is set and cleared by software.
0: PWMO output alternate function disabled (I/O pin free for gen=2a! purpose I/O)
1: PWMO output enabled
Table 46. Register map and reset values
|
Address | Register |
(hex.) label 7 6 5 4 | 3 2 1 0
oD ATCSR | CKi1 CKO OVF | OVFIE | CMPIE
Reset value 0 0 L C 0 0 0 0 0
OE CNTRH CN11 | CN10 CN9 CN8
Reset value 0 0 0 0 0 0 0 0
OF CNTRL CN7 CN6 CN5 CN4 CN3 CN2 CNA1 CNO
Reset value 0 0 0 0 0 0 0 0
10 ATRH | ATR11 | ATR10 | ATR9 | ATR8
Reset &'uss 0 0 0 0 0 0 0 0
11 ATR_ ATR7 | ATR6 | ATR5 | ATR4 | ATR3 | ATR2 | ATR1 ATRO
Reset value 0 0 0 0 0 0 0 0
. 12 PWMCR OEO
lL Reset value 0 0 0 0 0 0 0 0
13 PWMOCSR OP | CMPFO
Reset value 0 0 0 0 0 0 0 0
17 DCROH DCR11 | DCR10 | DCR9 | DCR8
Reset value 0 0 0 0 0 0 0 0
18 DCROL DCR7 | DCR6é | DCR5 | DCR4 | DCR3 | DCR2 | DCR1 | DCRO
Reset value 0 0 0 0 0 0 0 0

4
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10.3

10.3.1

10.3.2

10.3.3

10-bit A/D converter (ADC)

Introduction

The on-chip analog to digital converter (ADC) peripheral is a 10-bit, successive
approximation converter with internal sample and hold circuitry. This peripheral has up to 5
multiplexed analog input channels (refer to device pin out description) that allow the
peripheral to convert the analog voltage levels from up to 5 different sources.

The result of the conversion is stored in a 10-bit data register. The A/D converter is
controlled through a control/status register.

Main features

10-bit conversion

Up to 5 channels with multiplexed input
Linear successive approximation

Data register (DR) which contains the results
Conversion complete status flag

On/off bit (to reduce consumption)

The block diagram is shown in Figure 43.

Functional description

Analog power supply

Vppa and Vggp are the hijk ana low level reference voltage pins. In some devices (refer to
device pin out descriptic.) they are internally connected to the Vpp and Vgg pins.

Conversion accurecy niay therefore be impacted by voltage drops and noise in the event of
heavily loaded or »adly decoupled power supply lines.
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Figure 35. ADC block diagram
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The conversion is monotcric, meaning that the result never decreases if the analog input
does not and neve: ir sreases if the analog input does not.

If the input voltoye (VaN) is greater than Vppa (high-level voltage reference) then the
conve.sicn result is FFh in the ADCDRH register and 03h in the ADCDRL register (without
overflow indication).

't the input voltage (Van) is lower than Vgga (low-level voltage reference) then the
conversion result in the ADCDRH and ADCDRL registers is 00 00h.

The A/D converter is linear and the digital result of the conversion is stored in the ADCDRH
and ADCDRL registers. The accuracy of the conversion is described in the Chapter 12:
Electrical characteristics.

Ran is the maximum recommended impedance for an analog input signal. If the impedance
is too high, this will result in a loss of accuracy due to leakage and sampling not being
completed in the allocated time.
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A/D conversion phases

The A/D conversion is based on two conversion phases:

® Sample capacitor loading [duration: tgayvpLE]
During this phase, the V,\ input voltage to be measured is loaded into the Cppc
sample capacitor.

® A/D conversion [duration: tyo p]
During this phase, the A/D conversion is computed (8 successive approximations
cycles) and the Cppc sample capacitor is disconnected from the analog input pin to get
the optimum analog to digital conversion accuracy.

The total conversion time: tcony = tsampLE + tHoLD
While the ADC is on, these two phases are continuously repeated.

At the end of each conversion, the sample capacitor is kept loaded with the prev.ous
measurement load. The advantage of this behavior is that it minimizes the ciient
consumption on the analog pin in case of single input channel measuremer.t.

A/D conversion

The analog input ports must be configured as input, no pull-up, no interrupt. Refer to the “I/O
ports” chapter. Using these pins as analog inputs does not effect the ability of the port to be
read as a logic input.
In the ADCCSR register:

Select the CH[2:0] bits to assign th2 ¢'nt lug channel to convert.

ADC conversion mode

In the ADCCSR register:
Set the ADON bit 10 ar.able the A/D converter and to start the conversion. From this
time on, the ADC gerforms a continuous conversion of the selected channel.
When a convevsion is complete:
- Tre EOC bit is set by hardware.
—  The result is in the ADCDR registers.

A read to the ADCDRH or a write to any bit of the ADCCSR register resets the EOC bit.

To read the 10 bits, perform the following steps:

1. Poll EOC bit

2. Read ADCDRL

3. Read ADCDRH. This clears EOC automatically.

To read only 8 bits, perform the following steps:
1. Poll EOC bit
2. Read ADCDRH. This clears EOC automatically.

Changing the conversion channel

The application can change channels during conversion. When software modifies the
CH[2:0] bits in the ADCCSR register, the current conversion is stopped, the EOC bit is
cleared, and the A/D converter starts converting the newly selected channel.
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10.3.4 Low power modes

Note: The A/D converter may be disabled by resetting the ADON bit. This feature allows reduced
power consumption when no conversion is needed and between single shot conversions.

Table 47.  Effect of low power modes on ADC

Mode Description

Wait No effect on A/D converter

A/D converter disabled
Halt | After wake-up from halt mode, the A/D converter requires a stabilization time tgrag (see
Electrical characteristics) before accurate conversions can be performed.

10.3.5 Interrupts

None.

10.3.6 Register description
Control/status register (ADCCSR)

ADCCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
EOC SPEED ADON _:{:served CH[2:0]
RO R/W RV - R/W

Table 48. ADCCSRB tuvgisier description

Bit | Name Function

| End of conversion

This bit is set by hardware. It is cleared by hardware when software reads the
7 £OC ADCDRH register or writes to any bit of the ADCCSR register.

0: Conversion is not complete

| 1: Conversion complete

ADC clock selection

6 |SPEED | This bitis set and cleared by software. It is used together with the SLOW bit to
configure the ADC clock speed. Refer to the table in the SLOW bit description.

A/D converter on
This bit is set and cleared by software.

5 | ADON
0: A/D converter is switched off
1: A/D converter is switched on
4:3 - Reserved, must be kept cleared

4
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Table 48. ADCCSR register description (continued)

Bit | Name Function

Channel selection
These bits are set and cleared by software. They select the analog input to convert
as follows:
000: Channel pin = AINO
001: Channel pin = AIN1
010: Channel pin = AIN2
011: Channel pin = AIN3
100: Channel pin = AIN4
Note: A write to the ADCCSR register (with ADON set) aborts the current
conversion, resets the EOC bit and starts a new conversion.

2:0 | CH[2:0]

Data register high (ADCDRH)

ADCDRH Reset volue: 2000 0000 (00h)
7 6 5 4 3 2 1 0

D[9:2]

RO

Table 49. ADCDRH register description

Bit | Name Function

7:0 | D[9:2] | MSB of analog converted vaiuc

Data register low (ADCIVRL,

ADCDRL Reset value: 0000 0000 (00h)
7 | 5 4 3 2 1 0
) ) Nt Reserved SLOW Reserved D[1:0]
>, - R/W - R/W

Table 50. = ADCDRL register description

Bit | Name Function

7:4 - Reserved, forced by hardware to 0

Slow mode

3 | SLOW | This bit is set and cleared by software. It is used together with the SPEED bit in the
ADCCSR register to configure the ADC clock speed as shown in Table 52.

2 - Reserved, forced by hardware to 0

1:0 | D[1:0] | LSB of analog converted value
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Table 51. ADC clock speed configuration
fapc ADCDRL SLOW bit ADCCSR SPEED bit
fopu/2 0 0
fepu 0 1
pru/4 1 X
Table 52. ADC register map and reset values
Address Register
(Hex.) label 7 6 5 4 3 2 1 0
0034h ADCCSR EOC |SPEED | ADON CH2 CH1 CHO
Reset value 0 0 0 0 0 0 | 0
0035h ADCDRH D9 D8 D7 D6 D5 D4 L3 ‘ D2
Reset value 0 0 0 0 0 0 + C 0
ADCDRL SLOW D1 DO
0036h Reset value 0 0 0 0 0 D 0 0
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11.1

Instruction set

ST7 addressing modes

The ST7 core features 17 different addressing modes which can be classified in seven main

groups.

Table 53. Addressing mode groups

Group Example
Inherent nop
Immediate Id A,#3$55
Direct d A$55 \ < |
Indexed Id A, ($55,X) v |
Indirect ld A,($55],X) O
Relative jrne loop \
Bit operation bset byte #-

The ST7 instruction set is designed to minimize the i=uraber of bytes required per
instruction: To do so, most of the addressing m9oe:; inay be divided in two submodes called

long and short:

® Long addressing mode is more jowe nul because it can use the full 64 Kbyte address
space, however it uses more bytes and more CPU cycles.

® Short addressing mode is Ioss powerful because it can generally only access page
zero (0000h - 00FFh -arge), but the instruction size is more compact, and faster. All
memory to memory iisuuctions use short addressing modes only (CLR, CPL, NEG,
BSET, BRE:, BJI, BTJF, INC, DEC, RLC, RRC, SLL, SRL, SRA, SWAP)

The ST7 asc<enbier optimizes the use of long and short addressing modes.
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Table 54. ST7 addressing mode overview
Mode Syntax Destination/Source ;0‘;':;: Pzii:;e" Length (bytes)
Inherent nop +0
Immediate Id A,#$55 +1
Short Direct Id A,$10 00..FF +1
Long Direct Id A,$1000 0000..FFFF +2
No Offset |Direct [Indexed |id A,(X) 00..FF . ? Em: é :ZSEZB
Short Direct |Indexed (Id A,($10,X) 00..1FE +1
Long Direct |Indexed |Id A,($1000,X) |0000..FFFF +2
Short Indirect Id A,[$10] 00..FF 00.FF |oyte = |2 |
Long Indirect Id A[$10.w]  |0000..FFFF 00.FF  |word -2
Short Indirect |Indexed |Id A,([$10],X) 00..1FE 00..FF byte )\ +2
Long Indirect |Indexed |Id A,([$10.w],X) |0000..FFFF 00..FF 1;o_rd +2
Relative  |Direct ire loop PC-128/PC+127(") o | +1
Relative  |Indirect ime [$10] PC-128/PC+127M") Lo FF  |oyte  |+2
Bit Direct bset$10,47  |00..FF \ 1
Bit Indirect bset[$10],47  |00.FF 00.FF  |byte  |+2
Bit Direct |Relative |btjt $10,#7,skio 00..FF— +2
Bit Indirect |Relative |btjt [$1 0]197_,“’.5") |00..FF 00..FF byte +3

1. At the time the instruction is executed, ‘ne L -ngam counter (PC) points to the instruction following JRxx.
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1111 Inherent

All inherent instructions consist of a single byte. The opcode fully specifies all the required
information for the CPU to process the operation.

Table 55. Inherent instructions

Instruction Function
NOP No operation
TRAP S/W Interrupt
WFI Wait for interrupt (low power mode)
HALT Halt oscillator (lowest power mode)
RET Subroutine return
IRET Interrupt subroutine return
SIM Set interrupt mask \\L
RIM Reset interrupt mask 0 )t
SCF Set carry flag \
RCF Reset carry flag <
RSP Reset stack poiriic .o
LD Load o il
CLR Clet r_ )
PUSH/POP Fush/Pop to/from the stack
INC/DEC Increment/decrement
TNZ \ Test negative or zero
CPL, NEG \\* 1 or 2 complement
MUL VD Byte multiplication
SLL, SHL, SRA, RLC, RRC Shift and rotate operations
iLE\,_:AP Swap nibbles
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Immediate

Immediate instructions have 2 bytes: The first byte contains the opcode. The second byte
contains the operand value.

Table 56. Immediate instructions

Instruction Function
LD Load
CP Compare
BCP Bit compare
AND, OR, XOR Logical operations
ADC, ADD, SUB, SBC Arithmetic operations

Direct

In direct instructions, the operands are referenced by their memcery aodress.
The direct addressing mode consists of two submodes:

Direct (short)

The address is a byte, thus requires only 1 bvtz aft2r the opcode, but only allows 00 - FF
addressing space.

Direct (long)

The address is a word, thus allo ving 64 Kbyte addressing space, but requires 2 bytes after
the opcode.

Direct indexzJ (rio offset, short, long)

In this rioce, the operand is referenced by its memory address, which is defined by the
unsigncd aadition of an index register (X or Y) with an offset.

v ha rirect indexed addressing mode consists of three submodes:
Direct indexed (no offset)

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

Direct indexed (short)

The offset is a byte, thus requires only 1 byte after the opcode and allows 00 - 1FE
addressing space.

Direct indexed (long)

The offset is a word, thus allowing 64 Kbyte addressing space and requires 2 bytes after the
opcode.
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11.1.5

11.1.6

Indirect (short, long)

The required data byte to do the operation is found by its memory address, located in
memory (pointer).

The pointer address follows the opcode. The indirect addressing mode consists of two
submodes:

Indirect (short)

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

Indirect (long)

The pointer address is a byte, the pointer size is a word, thus allowing 64 Kbyte addrassing
space, and requires 1 byte after the opcode.

Indirect indexed (short, long)

This is a combination of indirect and short indexed addressiry racdes. The operand is
referenced by its memory address, which is defined by the uncigned addition of an index
register value (X or Y) with a pointer value located in nm 21~ory. The pointer address follows
the opcode.

The indirect indexed addressing mode consisis of \wo submodes:

Indirect indexed (short)

The pointer address is a byte, the pointer size is a byte, thus allowing 00 - 1FE addressing
space, and requires 1 byte @ier the opcode.

Indirect indexed (long)

The pointer adcre.s is a byte, the pointer size is a word, thus allowing 64 Kbyte addressing
space, and raquires 1 byte after the opcode.

Talie 5/7°. Instructions supporting direct, indexed, indirect and indirect indexed
addressing modes

|
Type Instruction Function

LD Load
CP Compare
Long and short instructions | AND, OR, XOR Logical operations
ADC, ADD, SUB, SBC | Arithmetic addition/subtraction operations
BCP Bit compare
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Table 57. Instructions supporting direct, indexed, indirect and indirect indexed
addressing modes (continued)

Type Instruction Function
CLR Clear
INC, DEC Increment/decrement
TNZ Test negative or zero
CPL, NEG 1 or 2 complement
Short instructions only BSET, BRES Bit operations
BTJT, BTJF Bit test and jump operations
gll;{lb SRL, SRA, RLC, Shift and rotate operations
SWAP Swap nibbles NN\
CALL, JP Call or jump subroutinc_— M

Relative mode (direct, indirect)

This addressing mode is used to modify the PC registe. \alue by adding an 8-bit signed
offset to it.

Table 58. Available relative direct/ini’iact .nstructions

Instruction ! Function

JRxx Conditional jump

CALLR Call relative

The relative add-essing inode consists of two submodes:

Relative (direci)

The oficet follows the opcode.

Reiative (indirect)

The offset is defined in memory, of which the address follows the opcode.

Instruction groups

The ST7 family devices use an instruction set consisting of 63 instructions. The instructions
may be subdivided into 13 main groups as illustrated in the following Table 60.

Table 59. Instruction groups

Group Instructions
Load and transfer LD CLR
Stack operation PUSH | POP RSP
Increment/decrement INC DEC
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Note:

Table 59. Instruction groups (continued)

Group Instructions
Compare and tests CP TNZ BCP
Logical operations AND |OR XOR |CPL |[NEG
Bit operation BSET |BRES
Conditional bit test and branch BTJT |BTJF
Arithmetic operations ADC |ADD |SUB |SBC |MUL
Shift and rotates SLL SRL [SRA |RLC |RRC |SWAP |[SLA
Unconditional jump or call JRA |JRT JRF |JP CALL |CALLR |NOP |RET
Conditional branch JRxx |
Interruption management TRAP | WFI HALT |IRET ~ 4 ]
Condition code flag modification | SIM RIM SCF |RCF A\ |

Using a prebyte
The instructions are described with 1 to 4 bytes.

In order to extend the number of available opcodes foi an 6-bit CPU (256 opcodes), three
different prebyte opcodes are defined. These pretiac inodify the meaning of the instruction
they precede.

The whole instruction becomes:
PC-2  End of previous instructiuii
PC-1 Prebyte
PC Opcode
PC+1  Additicnal wvord (0 to 2) according to the number of bytes required to compute
the fective address

These rrehiy.ec enable instruction in Y as well as indirect addressing modes to be
implen cnted. They precede the opcode of the instruction in X or the instruction using direct
acar2ssing mode. The prebytes are:
PDY 90 Replace an X based instruction using immediate, direct, indexed, or inherent
addressing mode by a Y one.
PIX 92 Replace an instruction using direct, direct bit or direct relative addressing
mode to an instruction using the corresponding indirect addressing mode.
It also changes an instruction using X indexed addressing mode to an
instruction using indirect X indexed addressing mode.

PIY 91 Replace an instruction using X indirect indexed addressing mode by a Y one.

lllegal opcode reset

In order to provide enhanced robustness to the device against unexpected behavior, a
system of illegal opcode detection is implemented. If a code to be executed does not
correspond to any opcode or prebyte value, a reset is generated. This, combined with the
Watchdog, allows the detection and recovery from an unexpected fault or interference.

A valid prebyte associated with a valid opcode forming an unauthorized combination does
not generate a reset.
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Table 60. Instruction set overview

Mnemo Description Function/Example Dst Src H|I|N|Z
ADC Add with carry A=A+M+C A M N|Z
ADD Addition A=A+M A M H N|Z|C
AND Logical And A=A.M A M N|Z
BCP Bit compare A, memory |tst (A . M) A M N|Z
BRES |Bit reset bres byte, #3 M

BSET |Bit set bset byte, #3 M

BTJF Jump if bit is false (0) btjf byte, #3, Jmp1 M C
BTJT |Jump if bit is true (1) btjt byte, #3, Jmp1 M | C
CALL |Call subroutine |
CALLR | Call subroutine relative I

CLR |Clear reg, M U\ 0|1

CP Arithmetic compare tst(Reg - M) reg L2 \ N|[Z|C
CPL One complement A =FFH-A rec, M N|Z|1
DEC Decrement decY ( lI_e_g_l\/l N|Z
HALT |Halt 0

IRET Interrupt routine return | Pop C /',_F‘C HiI|N|Z|C
INC Increment inc )\_ ) reg, M

JP Absolute jump ip [TBL.w]

JRA Jump relative alwa_/_s_

JRT Jump relativ= g

JRF  |Neverjunn irf -

JRIH | jum,.Tir_ext. interrupt = 1

JRIL. |Jump if ext. interrupt = 0
UFit [JumpifH = 1 H=12?
FJF{NH JumpifH=0 H=07?

JRM Jumpif I =1 =17

JRNM  [Jumpif =0 =07

JRMI Jump if N = 1 (minus) N
JRPL  |Jump if N =0 (plus) N
JREQ |Jumpif Z=1 (equal) Z=17
z
C

JRNE |JumpifZ=0 (notequal) |Z=07

JRC Jumpif C =1 =1?

JRNC |JumpifC=0 C=07?

JRULT |JumpifC =1 Unsigned <
JRUGE |JumpifC=0 Jmp if unsigned >=
JRUGT |Jumpif (C+Z=0) Unsigned >

4
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Table 60. Instruction set overview (continued)

Mnemo Description Function/Example Dst Src HII|N|Z|C
JRULE |Jumpif (C+Z=1) Unsigned <=

LD Load dst <= src reg, M | M, reg N |Z
MUL Multiply XA=X*A AXY [ XY A 0 0
NEG Negate (2's compl) neg $10 reg, M N|zZz|C
NOP No operation

OR OR operation A=A+M A M N|Z
POP Pop from the stack pop reg reg M

pop CC CC M H|{I [N | Z|C

PUSH | Push onto the stack push Y M gg :

RCF Reset carry flag C=0 l:_ 3 0
RET Subroutine return )

RIM | Enable interrupts I=0 = 0

RLC | Rotate left true C C <=Dst<=C g M N c
RRC Rotate right true C C=>Dst=>C \ _'l :;g, M C
RSP Reset stack pointer S = Max alln\_'c;'_

SBC Subtract with carry A=/ -N -_C_ A M N|Z|C
SCF Set carry flag C-=1 o 1
SIM Disable Interrupts =1 1

SLA  |Shiftleft arithmcts | C <= Dst<=0 reg, M Nlz]c
SLL  |Shiftlefi'caic C <=Dst<=0 reg, M N|[z|cC
SRL | ShitnJui logic 0=>Dst=>C reg, M olzl|c
SRA —{éhﬁ right arithmetic | Dst7 => Dst => C reg, M N[z|c
'S 15 |Subtraction A=A-M A M N[z|c
| SWAP | SWAP nibbles Dst[7..4] <=> Dst[3..0] | reg, M N|Z
TNZ Test for neg & zero tnz Ibl N|Z
TRAP | S/W trap S/W interrupt 1

WFI Wait for interrupt 0

XOR Exclusive OR A=AXORM A M N|Z
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Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referred to Vgg.

Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Ty = 25 °C and Ty = Tymax (given by
the selected temperature range).

Data based on characterization results, design simulation and/or technology cha acie istics
are indicated in the table footnotes and are not tested in production. Based c¢ii
characterization, the minimum and maximum values refer to sample tests ar.a represent the
mean value plus or minus three times the standard deviation (mean + 3%\

Typical values

Unless otherwise specified, typical data is based on T .= 25°C, Vpp = 5V (for the

4.5V < Vpp < 5.5V voltage range) and Vpp = 3.3V {fur the 3V < Vpp < 3.6V voltage range).
They are given only as design guidelines and ar = r ot tested.

Typical curves

Unless otherwise specified, aii tvpical curves are given only as design guidelines and are
not tested.

Loading capacitor

The loading zonuitions used for pin parameter measurement are shown in Figure 44.

Figure 36. Pin loading conditions

7[] ST7 pin

4




ST7LUS5, ST7LU05, ST7LU09 Electrical characteristics

12.1.5 Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 45.

Figure 37. Pin input voltage

I:] ST7 pin

12.2 Absolute maximum ratings

Stresses above those listed as “absolute maximum ratings” may cause permanent damage
to the device. This is a stress rating only and functional operai'on of the device under these

conditions is not implied. Exposure to maximum rating <cr.ditions for extended periods may
affect device reliability.

Table 61. Voltage characteristics

Symbol Ratin js Maximum value Unit
Vpp - Vgs | Supply voltage 7.0 v
Vin Input voltags cri an / pin (V) Vgg-0.3 to Vpp+0.3
Electrostatic aischarge voltage .
VESDHBM) (Human vody model) see Section 12.7.2 on page 114
o tlsctrostatic discharge voltage .
VESEama | (Machine model) see Section 12.7.2 on page 114

1. Cirectiy connecting the I/O pins to Vpp or Vgg could damage the device if an unexpected change of the I/O
configuration occurs (for example, due to a corrupted program counter). To guarantee safe operation, this
connection has to be done through a pull-up or pull-down resistor (typical: 10kQ for I/Os). Unused /O pins
must be tied in the same way to Vpp or Vgg according to their reset configuration.

2. Inypiny must never be exceeded. This is implicitly insured if Vi maximum is respected. If Vi maximum

cannot be respected, the injection current must be limited externally to the Ijyypn) Value. A positive
injection is induced by V| > Vpp while a negative injection is induced by V|y < Vgs.
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Table 62. Current characteristics

Symbol Ratings Maximum value | Unit
lvoD Total current into Vpp power lines (source)(") 75
lvss Total current out of Vgg ground lines (sink)(") 150
Output current sunk by any standard 1/O and control pin 20
lio Output current sunk by any high sink I/O pin 40

Output current source by any I/Os and control pin -25 mA
I|NJ(P|N)(2)(3) Injected current on RESET pin £5
Injected current on any other pin(4) +5

Zhngeing® | Total injected current (sum of all 1/O and control pins)) +20 _!

All power (Vpp) and ground (Vgg) lines must always be connected to the external supply.

2. Inypiny) must never be exceeded. This is implicitly insured if Vi maximum is respeciaa If /y maximum
cannot be respected, the injection current must be limited externally to the I;yypin) ' alve. i positive
injection is induced by Vy>Vpp while a negative injection is induced by V| < V5.

3. Negative injection disturbs the analog performance of the device. In part.cu ar, it miduces leakage currents
throughout the device including the analog inputs. To avoid undesirable « fiects on the analog functions,
care must be taken:

- Analog input pins must have a negative injection less than 0.8 £ {assuming that the impedance of the
analog voltage is lower than the specified limits)

- Pure digital pins must have a negative injection less than ‘.cm/.. In addition, it is recommended to inject
the current as far as possible from the analog input pins.

4. When several inputs are submitted to a current iniccuun the maximum Zljy,piny is the absolute sum of the
positive and negative injected currents (inst=..*a1 eo Is values). These resuijts are based on
characterisation with Zljnypy) maximum c arren’ inijection on four I/O port pins of the device.

Table 63. Thermal characterisiics

Symbol Ratings Value Unit
Tstg Storage iemperature range -65 to +150 °C
T, Maximum junction temperature (see Chapter 13: Package characteristics)

12.3 Orerating conditions

Table 64. = General operating conditions

Symbol Parameter Conditions Min Max Unit

fOSC =16 MHz max,

Voo | Supply voltage Tp = -40°C to Tp max

3.0 5.5 \"

External clock frequency on

fCLK|N CLKIN pln VDD > 3V 0 16 MHz
A Suffix version +85
Ta Ambient temperature range -40 °C
C Suffix version +125

4
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Figure 38. fc iy maximum operating frequency versus Vpp supply voltage

Functionality

guaranteed
foLkin [MHz] in this area
(unless otherwise
stated in the
tables of
parametric data)

Functionality
not guaranteed e - ___
in this area

2.0 27 30 3335 40 45 50 55

Table 65. Operating conditions with low voltage detector (LVD)(1)
A\

Symbol Parameter Conditions Min | Typ | Max | Unit
Vit+wp) |Reset release threshold (Vpp rise) High threshold | 35(/_7 /| 4.00 | 450 v
Virwo) |Reset generation threshold (Vpp fall) 3.30 | 3.80 |4.40@
Viys | LVD voltage threshold hysteresis Vica(vor ‘o) 150 mv
Vtpor | Vpp rise time rate(®®) \"*" 20 . ps/V
IDD(,_VD)(Z) LVD current consumption " i Vpp =5V 220 pA

Ta = -40 to 125°C unless otherwise specifie 1.
Not tested in production

Not tested in production. Thi \ -, ris 2 time rate condition is needed to ensure a correct device power-on
and LVD reset release. W. el thS Vpp slope is outside these values, the LVD may not release properly the
reset of the MCU.

4. Use of LVD with capac tive power supply: With this type of power supply, if power cuts occur in the
application, it is rec 21imended to pull Vpp down to OV to ensure optimum restart conditions. Refer to circuit
example in Fig'nc 67 on page 124.
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12.3.1 Internal RC oscillator

The ST7 internal clock can be supplied by an internal RC oscillator (selectable by option byte).

Note: To improve clock stability and frequency accuracy, it is recommended to place a decoupling
capacitor, typically 100nF, between the Vpp and Vsg pins as close as possible to the ST7
device.

Table 66. Internal RC oscillator calibrated at 5.0V

Symbol Parameter Conditions Min | Typ | Max | Unit
; Internal RC oscillator RCCR = FF (reset value), Tp = 25°C, Vpp = 5V 4.5 MHz
RC
frequency RCCR = RCCROM, T, = 25°C, Vpp = 5V 8
RC resolution Vpp = 5V -2 +Z
ACCp |Accuracy of internal RC Ta =-40°C to +125°C, Vpp =5V -7 | -7 %
oscillator with X\
RCCR = RCCRo™" Tp = -40°C to +125°C, Vpp = 4.5 t0 5.5V -8 ) +9
RC oscillator current — pEo _ ) @3)
IDD(RC) Consumption TA =25 C, VDD =5V 900 HA
tsuRe) | RC oscillator setup time | Ta = 25°C, Vpp =5V 40 us

1. See Internal RC oscillator adjustment on page 31

2. Data based on characterization results; not tested in production

3. Guaranteed by Design

Table 67. Internal RC oscillator calibrated at 5.5V

Symbol Parameter Conditions Min | Typ | Max | Unit
. Internal RC oscillator RCCR .- FF (reset value), Ty = 25°C, Vpp = 3.3V 4.4 MHz
RC \ >
frequency | CCR = RCCR1M, T, = 25°C, Vpp = 3.3V 8
RC resolution Vpp = 3.3V -2 +2
ACCpg |Accuracy ol nternal RC |Tp=-40°Cto +125°C, Vpp = 3.3V -7 +7 %
oscillaio: with
RG] - RCCR1M Tp = -40°C to +125°C, Vpp = 3.0 to 3.6V -8 +9
3¢ aapi
1} oscillator current _ oro _ (3)
Ipm@ae consumption Tp=25°C, Vpp=3.3V 900 HA
| *sumo) | RC oscillator setup time | Tp = 25°C, Vpp = 3.3V 40 us
1. See Internal RC oscillator adjustment on page 31
2. Data based on characterization results; not tested in production
3. Guaranteed by design
1S7]
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Internal RC oscillator frequency vs. temperature (RCCR = RCCRO) at

Figure 39.
Vpp = 5.0V
8.25
e /
S 8
N::
g/k/":/‘
—&—5.0V
—4—55V
7.75
-60 -40 -20 0 20 40 60 80 100 120 140
TA(C)
Figure 40. Internal RC oscillator frequency vs. temperature (F.C: R = RCCR1) at

VDD = 3.3V

8.25

fRc (MHz)

7.75

—A&—3.0V
|‘ —m—33V[
—e—36V
7.5
-60 -40 -20 0 20 40 60 80 100 120 140

Ta(T)
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12.4 Supply current characteristics

The following current consumption specified for the ST7 functional operating modes over
temperature range does not take into account the clock source current consumption. To get
the total device consumption, the two current values must be added (except for halt mode
for which the clock is stopped).

Table 68. Supply current consumption

Symbol Parameter Conditions(" Typ | Max | Unit
Supply current in run mode(®) fcpy =8 MHz 5.0 9.0
Supply current in wait mode(®) fcpu =8 MHz 1.5 4.0 mA
Supply current in slow mode(®) fopu/32 = 250 kHz 650 | 1100 |

Ibp Supply current in slow wait mode(®) fopu/32 = 250 kHz 500 9; 7

Supply current in AWUFH mode®)() |40 —'_120(_8)_ A
Supply current in active halt mode T I_OE) 250
Supply current in halt mode(® | os 3

1. T, =-40to +125 °C unless otherwise specified

2. CPU running with memory access, all I/O pins in input moc'e 'vit:, & static value at Vpp or Vgg (no load), all
peripherals in reset state; clock input (CLKIN) driven by evte .2l square wave, LVD disableci

3. AllI/O pins in input mode with a static value at Vpp r Vo 5 (no load), all peripherals in reset state; clock
input (CLKIN) driven by external square wave, . /L diszbled.

4. Slow mode selected with fcp, based on fg ;¢ di fiuad by 32. All I/O pins in input mode with a static value at
Vpp or V ? (no load), all peripherals in rese* state; clock input (CLKIN) driven by external square wave,
LVD disabled.

5. Slow wait mode selected with f ;p1, Lased on fogc divided by 32. All I/O pins in input mode with a static
value at Vpp or Vgg (no Icac), ail r er pherals in reset state; clock input (CLKIN) driven by external square
wave, LVD disabled.

6. Alll/O pins in input meAc with a static value at Vpp or Vgg (no load). Data tested in production at Vpp max.
and fCPU max.

7. This consuinpt. o refers to the halt period only and not the associated run period which is software
depeacai t.

8. Data ~ased on characterization, not tested in production

J. Al'l/O pins in output mode with a static value at Vgg (no load), LVD disabled. Data based on
characterization results, tested in production at Vpp max and fgpy max.

4
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Figure 41. Typical Ipp in run mode vs. fcpy
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Figure 42. Typical Ipp in slow mode vs. fcpy
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FFigure 43. Typical Ipp in wait mode vs. fcpy
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Figure 44. Typical Ipp in slow wait mode vs. fcpy
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Figure 45. Typical Ipp vs. temperature at Vpp=5V and f ., = 2 MHz
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Table 69.  On-chip peripherals
Symbol Parameter Conditions Typ(1) Unit
lpp(at) | 12-bit auto-reload timer supply current® fcpu=8MHz | Vpp=5.0V 30 A
H
Ipbapc) | ADC supply current when converting(3) fapc=4MHz |Vpp=5.0V 750

1. Not tested in production, guaranteed by characterization

2. Data based on a differential Ipp measurement between reset configuration (timer stopped) and the timer
running in PWM mode at fcpy = 8 MHz

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

conversions with amplifier off

100/124
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12.5 Clock and timing characteristics

Subject to general operating conditions for Vpp, fogc, and Ta.

Table 70. General timings

Symbol Parameter(!) Conditions Min | Typ® | Max | Unit
2 3 12 | topy
teansT) | Instruction cycle time
250 375 1500 ns
fCPU =8 MHz
‘ Interrupt reaction time® 10 22 tcpu
VI Ttyam = AtegnsT) + 10 1.25 2.75 us

Data based on characterization, not tested in production

2. Data based on typical application software

3. Time measured between interrupt event and interrupt vector fetch. Aty ngT) is the number ¢t teny, cycles
needed to finish the current instruction execution.

Table 71.  Auto wake-up RC oscillator

Symbol Parameter Conditions ! Min Typ Max | Unit
Vbb(rcawu) | Supply voltage range T 3.0 5.0 5.5 \
Tarcawuy) | Operating temperature range \\< -40 25 125 °C
» Wit o prescaler 20 | 80 | 140
Ipprcawu) | Current consumption(!) :A‘_",t_J RC switched of 0 HA
fosc(reawu) | Output frequency(!) o 20 33 60 | kHz

1. Data guaranteed by Design

12.6 Memory chicr2cteristics

Table 72. RAM and hardware registers(!)

3, mbol Parameter Conditions Min Typ Max | Unit

Viem Data retention mode(® Halt mode (or reset) 1.6 \

1. T, =-40°C to 125°C, unless otherwise specified.

2. Minimum Vpp supply voltage without losing data stored in RAM (in halt mode or under reset) or in
hardware registers (only in Halt mode). Guaranteed by construction, not tested in production.

Table 73. Flash program memory

Symbol Parameter Conditions(" Min | Typ | Max | Unit
Voo Operatlng voltage for Flash 3.0 55 v
write/erase
Progr(azr)nmlng time for 1~32 T = -40 to +125°C 5 10 ms
t bytes
prog
Programming time for 1 Kbyte | T, =+25°C 0.16 | 0.32 S
trer | Data retention® Ty = +55°C*) 20 years
Nrw | Write/erase cycles Ta =+25°C 10k®) cycles
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Table 73. Flash program memory (continued)

Symbol Parameter Conditions(" Min | Typ | Max | Unit
Read/write/erase modes
fopy = 8 MHz, Vpp = 5.5V 2.6 | mA
(6)
lop | Supply current No read/no write mode 100 A
y
Power down mode/halt 0 0.1
1. Tp =-40°C to 85°C, unless otherwise specified.
2. Up to 32 bytes can be programmed at a time.
3. Data based on reliability test results and monitored in production.
4. The data retention time increases when the T decreases.
5. Design target value pending full product characterization.
6. Guaranteed by design. Not tested in production.
Table 74. EEPROM memory (ST7FLUOQ9 only)
Symbol Parameter Conditions(!) ma | Typ | Max | Unit
. Refer to operating range of
Vpp | Operating voltage for EEPROM |\, * i T " section 2.5 | 3.0 55 | V
write/erase
on page 104
Programming time for 1~32
torog bytes 5 10 ms
tre7® | Data retention(® 1,2 455°C 20 years
Ngw | Write/erase cycles | 1p=+25°C 300k cycles

1. Tp=-40°C to 125°C, unless of'ierwi e specified.
2. Data based on reliability tcst -esuits and monitored in production.

3. The data retentinn tin.e ‘nrreases when the T, decreases.

12.7 EMC (2iectromagnetic compatibilty) characteristics

Suscaptibility tests are performed on a sample basis during product characterization.

12,71 Functional EMS (electromagnetic susceptibility)

Based on a simple running application on the product (toggling two LEDs through 1/O ports),
the product is stressed by two electromagnetic events until a failure occurs (indicated by the
LEDs).

® ESD: Electrostatic discharge (positive and negative) is applied on all pins of the device
until a functional disturbance occurs. This test conforms with the IEC 1000-4-2
standard.

e FTB: A burst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100pF capacitor until a functional disturbance occurs. This test conforms with
the IEC 1000-4-4 standard.

A device reset allows normal operations to be resumed. The test results given in Table 77
are based on the EMS levels and classes defined in application note AN1709.

4
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Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore, it is recommended that the user applies EMC software optimization and
prequalification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
o Corrupted program counter

® Unexpected reset

o Critical data corruption (control registers...)

Prequalification trials

Most of the common failures (unexpected reset and program counter cc.ni iption) can be
reproduced by manually forcing a low state on the RESET pin or the nociiiator pins for 1
second.

To complete these trials, ESD stress can be applied direct! on the device, over the range of
specification values. When unexpected behavior is detc c.2c, the software can be hardened
to prevent unrecoverable errors occurring (see apt'ication note AN1015).

Table 75. EMS test results

Level/

Symbol Parameter Conditions
class

VDD = 5V, TA = +25°C, fOSC =8 MHZ,
S08 package, 3B
conforms to IEC 1000-4-2

Voltage limits to L'e applizd on any 1/O

V . . . .
FESD | pin to induce « 1.nctional disturbance

Fast {rar sicnt voltage burst limits to be | Vpp =5V, Ty = +25°C, fogc = 8 MHz,
Verre | afoliva through 100pF on Vpp and Vpp | SO8 package, 4A
Lins to induce a functional disturbance | conforms to IEC 1000-4-4
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12.7.2

12.7.3
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Electromagnetic interference (EMI)

Based on a simple application running on the product (toggling two LEDs through the 1/0
ports), the product is monitored in terms of emission. This emission test is in line with the
norm SAE J 1752/3 which specifies the board and the loading of each pin.

Table 76. EMI emissions("

Max vs.
Symbol | Parameter Conditions Monitored [fosc/fepul | ynit
frequency band
-/8 MHz
0.1 MHz to 30 MHz 21
Vpp =5V, T = +25°C, 30 MHz to 130 MHz 23 |cBpv
Semi | Peak level | SO8 package, =
conforming to SAE J 1752/3 | 130 MHz to 1 GHz 1¢
SAE EMI Level S -

1. Data based on characterization results, not tested in production.

Absolute maximum ratings (electrical sensitivity)

Based on three different tests (ESD and LU) using suecific measurement methods, the
product is stressed in order to determine its perfuin.anice in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive ther a negative pulse separated by 1 second) are
applied to the pins of each sainnle according to each pin combination. The sample size
depends on the number of <::z9l /7 pins in the device (3 parts*(n+1) supply pin). This test
conforms to the AEC-C11(-002/-003/-011 standard. For more details, refer to the
application note AN 131,

Table 77.  Ansolute maximum ratings

Svmbul Ratings Conditions Class va“:ljgn Unit
X
Vv Electrostatic discharge voltage | Ty = +25 °C Ho 4000
ESD(HBM) | (Human body model) conforming to AEC-Q100-002

Electrostatic discharge voltage | Ty = +25 °C

VESD(MM) (Machine model) conforming to AEC-Q100-003 M3 400 v

Electrostatic discharge voltage | Tp = +25 °C

Vesp(com) (Charged device model) conforming to AEC-Q100-011 C3A 750

1. Data based on characterization results, not tested in production.
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Static latch-up (LU)

Two complementary static tests are required on six parts to assess the latch-up

performance:
® A supply overvoltage is applied to each power supply pin.

® A current injection is applied to each input, output and configurable I/O pin.

These tests are compliant with the EIA/JESD78 IC latch-up standard.

Electrical sensitivities

Table 78. Latch-up results
Symbol Parameter Conditions Class
. i Tp=+125°C e
LU Static latch-up class conforming to JESD78 £ Alevel A
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I/O port pin characteristics

Subject to general operating conditions for Vpp, fogc, and T unless otherwise specified.

Table 79. General characteristics
Symbol Parameter Conditions Min Typ Max | Unit
ViL Input low level voltage 0.3Vpp
-40°C to 125°C \
ViH Input high level voltage 0.7Vpp
Schmitt trigger voltage
Vhys hysteresis!") 400 mv
likg Input leakage current Vss< ViN< Vpp +1
Static current consumption UA
Is induced by each floating Floating input mode 400 ‘
input pin(@) |
Weak pull-up equivalent Vpp =5V 70 120 | 200
Reu resistoe(?’)(“)p a Vin=Vss o ka2
Vpp = 3.3V 200
Cio I/0O pin capacitance 5 pF
Output high to low level fall
tf(IO)out time( CL= 50 pF 25 _
Output low to high level rise | P&tween 15% and 90%
triojout | fime(? 25
External interrupt pulse -/
Wmin | time(® 1 tcpu

Data based on characteri: ition <sulis, not tested in production

2. Configuration not recoromended, all unused pins must be kept at a fixed voltage: using the output mode of
the I/O for exami.le or n external pull-up or pull-down resistor (see Figure 58). Static peak current value
taken at a fixed V|; vaiue, based on design simulation and technology characteristics, not tested in
production. ‘1 h's **ulue depends on Vpp and temperature values.

3. The Rp Lull-up equivalent resistor is based on a resistive transistor (corresponding lp current
chare cteristics described in Figure 56).

. Ty not applicable on PA3 because it is multiplexed on RESET pin

om

an external interrupt source.

Figure 46. Two typical applications with unused I/O pin

To generate an external interrupt, a minimum pulse width has to be applied on an I/O port pin configured as

ST7XXX

Unused /O port

Unused /0 port

ST7XXX

Caution: During normal operation the ICCCLK pin must be pulled up, internally or externally (external pull-up of 10k mandatory
in noisy environment). This is to avoid entering ICC mode unexpectedly during a reset.

Note: I/O can be left unconnected if it is configured as output (0 or 1) by the software. This has the advantage of greater EMC
robustness and lower cost.
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Figure 47. Typical lpy vs. Vpp with V|y = Vgg
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Table 80. Output driving current(!)
Conditions . .
Symbol Parameter LN Max Unit
—r —
Output low level voltage for PA3/RESET lio=+5mA 1200
standard 1/O pin (see Figure 58) Lo~ 2mA 400
@ i W S
VoL Output low level voltage for a high sink I/O I )= +20mA 1300
pin when 4 pins are sunk at same time mv
(see Figure 60) lio=+8mA 750
Output high level voltage for ar. I/C pin llo=-5mA | Vpp- 1500
Vou®® | when 4 pins are sourced at sar= tme
(see Figure 63) lio=-2mA | Vpp - 800

1. Subject to general operating cc.w'ios for Vpp, fepy, and Tp unless otherwise specified.

2. The ljg current sunk must « wey's respect the absolute maximum rating specified in Table 63: Current
characteristics and tho cura of |jg (I/0 ports and control pins) must not exceed lygs.

3. The l,g current 3oL rced must always respect the absolute maximum rating specified in Table 63: Current
characteris’ics 227 the sum of |5 (/O ports and control pins) must not exceed lypp. True open drain I/O
pins =& notiave Vop.

4. Not i sted in production, based on characterization results.

riguce 48. Typical Vo at Vpp = 3.3V (standard pins)
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Figure 49. Typical Vo at Vpp = 5V (standard pins)
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Figure 50. Typical Vo at Vpp = 3.3V (HS pins)
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tiqure 51. Typical Vg at Vpp = 5V (HS pins)
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Figure 52. Typical Vpp - Vo at Vpp = 3.3V (HS pins)
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Figure 53. Typical Vpp - Vou at Vpp = 5V (HS pins)
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riguce 54. Typical Vo vs. Vpp (standard 1/0s)
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Figure 55. Typical Vo vs. Vpp (HS pins)
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Figure 56. Typical Vpp - Vou VS. Vpp (HS pins)
180 600 73 \
160
< 140 | 5001
& £
5 120 4 I
g N
g g
= 100 3
® = ~
s ® a0l \.\ -
£ o e
z E
S \
z 60 { S 00 —
o a ——-45°C
> 40 ——-45°C o
s —8—25°C
—=—25°C 100
90°C
20 90°C —
0 —————— 0 : : : : : : :
24 3 34 4 44 5 54 6 24 3 34 4 44 5 54 6
VDD V] VDD [V]
110/124 /4




ST7LUS5, ST7LU05, ST7LU09

Electrical characteristics

12.9

Control pin characteristics

Tp = -40°C to 125°C, unless otherwise specified.

Table 81. Asynchronous RESET pin
Symbol Parameter Conditions Min Typ Max Unit
ViL Input low level voltage Vgg - 0.3 0.3Vpp
ViH Input high level voltage 0.7Vpp Vpp + 0.3 Vv
v Schmitt trigger voltage >
hys | hysteresis(!)
VoL |Output low level voltage®  |Vpp=5V [l;g=+2mA 400 | mV
Vpp =5V 10 50 70
Ron Pull-up equivalent resistor® |V = Vss N kQ
Vpp = 3.3V 90"
tw(RSTL)out Sj:;ﬁ;ar:ed reset pulse Internal reset sources | 9
External reset pulse hold
th(RSTL)IN | time (@) P 20
tyrsTL)in | Filtered glitch duration \ (¢ 200 ns

1. Data based on characterization results, not tested in nrc duc tion

2. The l,g current sunk must always respect the aw 01 1te :naximum rating specified in Table 63: Current

characteristics and the sum of |, (I/O ports, an.' tor.rol pins) must not exceed |y gs.

3. The Ry pull-up equivalent resistor is baseu <1 a resistive transistor. Specified for voltages on RESET pin
between V) max and Vpp.

4. To guarantee the reset of the: d zvice, a minimum pulse has to be applied to the RESET pin. All short pulses
applied on RESET pin wit" & duration below thrsTy)in €N be ignored.
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Figure 57. RESET pin protection when LVD is enabled(1)(2)/3)4)
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- The reset network protects the device against parasitic resets.

- The output of the external reset circuit must have an open-drain output to drive the ST7 reset pad.
Otherwise the device can be damaged when the ST7 generates an internal reset (LVD or watchrlor;).

- Whatever the reset source is (internal or external), the user must ensure that the level on the R=SeT pii
can go below the V| max. level specified in Table 85 on page 123. Otherwise the reset will nat he taken
into account internally. .
- Because the reset circuit is designed to allow the internal reset to be output in the RE3E pin, the user
must ensure that the current sunk on the RESET pin is less than the absolute maxirr un vaiue specified for
IlNJ(RESET) in Table 63 on page 104.

When the LVD is enabled, it is recommended not to connect a pull-up resisiar ar capacitor. A 10nF pull-
down capacitor is required to filter noise on the reset line.

In case a capacitive power supply is used, it is recommended to ccrect a 1MQ pull-down resistor to the
RESET pin to discharge any residual voltage induced by the c2nesivc effect of the power supply (this will
add 5pA to the power consumption of the MCU).

Tips when using the LVD:

A. Check that all recommendations related to ICCCL K 21.d reset circuit have been applied (see caution in
Table 2 on page 15 and notes above)

B. Check that the power supply is properly deccu,'2d (100nF + 10pF close to the MCU). Refer to AN1709
and AN2017. If this cannot be done, it is recomriended to put a 100nF + 1MQ pull-down on the RESET pin.
C. The capacitors connected on the RESET pin and also the power supply are key to avoid any start-up
marginality. In most cases, steps .* ana B above are sufficient for a robust solution. Otherwise: replace
10nF pull-down on the RESFET 5in with a 5uF to 20uF capacitor.

Figure 58. RESET rin pretection when LVD is disabled(")
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The reset network protects the device against parasitic resets.

The output of the external reset circuit must have an open-drain output to drive the ST7 reset pad.
Otherwise the device can be damaged when the ST7 generates an internal reset (LVD or watchdog).
Whatever the reset source is (internal or external), the user must ensure that the level on the RESET pin
can go below the V| max. level specified in Table 85 on page 123. Otherwise the reset will not be taken
into account internally.
Because the reset circuit is designed to allow the internal reset to be output in the RESET pin, the user
must ensure that the current sunk on the RESET pin is less than the absolute maximum value specified for
I|NJ(RESET) in Table 63 on page 104.

2. Please refer to lllegal opcode reset on page 99 for more details on illegal opcode reset conditions.
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12.10 10-bit ADC characteristics

Table 82. 10-bit ADC characteristics(!)

Symbol Parameter Conditions Min | Typ® | Max | Unit
fapc |ADC clock frequency 4 MHz
Vain  [Conversion voltage range® Vssa Vppa \

Vpp = 5V, fapc = 4 MHz 8k*)
Ran  |[External input resistor © Q
Vpp = 3.3V, fapc = 4 MHz 7k®)
Capc |Internal sample and hold capacitor 3 pF
tstag  |Stabilization time after ADC enable 0® |
—— s
Conversion time (sample+hold) 3.5 |
fch =8 MHZ, fADC =4 MHz N
tapc |Sample capacitor loading time 4
Hold conversion time AV

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

2. Unless otherwise specified, typical data are based on Ty = 25°C and Vpp - Vgg = 5V. The * are given only as design
guidelines and are not tested.

When Vppp and Vggp pins are not available on the pinout, the ADC refers ‘0 'Vry &nid Vgg.

Any added external serial resistor will downgrade the ADC accuracy (e<oediz'ly for resistance greater than 10k<). Data
based on characterization results, not tested in production.

5. The stabilization time of the A/D converter is masked by the Tiict . o, p. The first conversion after the enable is then always
valid.

Figure 59. Typical application with ADC
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AIN r]A'NX _ 10-bit A/D
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\\'.kuN‘ NN { conversion
V
— 0.6V lig I Cabc
ST7LUxx
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Table 83. ADC accuracy with Vpp = 4.5V to 5.5V

Symbol(” Parameter Conditions Typ | Max | Unit
|E+l Total unadjusted error 2.1 5.0
[Eol Offset error 02 | 25
IEg| Gain error fopy = 8 MHz, fapc = 4 MHz(") 03 | 1.5 | LSB
[Epl Differential linearity error 1.9 3.5
IEL| Integral linearity error 1.9 4.5

1. Data based on characterization results over the whole temperature range

Table 84. ADC accuracy with Vpp = 3.0V to 3.6V

Symbol() Parameter Conditions Typ | Max | Unit
[E+l Total unadjusted error 2.0 | ::0
IEol Offset error o] 15
IEgl Gain error fopy = 4 MHz, fopc = 2 MHz(") 04 | 14 | LsB
IEp! Differential linearity error 1.8 2.5
1= Integral linearity error 1.7 2.5

1. Data based on characterization results over the whole temperature range

Figure 60. ADC accuracy characteristics

A Digital result ADCDR (1) Example of an actual transfer curve
L0 T B R ; (2) The ideal transfer curve
- ' . . .
1022 — VD : (3) End point correlation line
. Er = Total unadjusted error: maximum deviation
1021 — ' between the actual and the ideal transfer curves.
: Eq = Offset error: deviation between the first actual
1 ! transition and the first ideal one.
7 ' Eg = Gain error: deviation between the last ideal
X transition and the last actual one.
6 ' Ep = Differential linearity error: maximum deviation
5 , between actual steps and the ideal one.
4 : E, = Integral linearity error: maximum deviation
' between any actual transition and the end point
a . correlation line.
1 |
| || // N Y I | »
0 | I I | [ I // I | | [ <
i 2 3 4 5 6 7 1021 1022 1023 1024 Vin (LSBipgaL)
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13

13.1

13.2

Package characteristics

ECOPACK®

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a lead-free second level interconnect. The category of
second Level Interconnect is marked on the package and on the inner box label, in
compliance with JEDEC Standard JESD97. The maximum ratings related to soldering
conditions are also marked on the inner box label.

ECOPACK is an ST trademark. ECOPACK® specifications are available at www.st.com.

Package mechanical data

Figure 61. 8-pin plastic small outline package, 150-mil width A\
i6fa
hx 45’
E |H
|
A2[A \
H ! N\
R TR | AROR RN R
1 >l—f -
L
[
Table 85. 8-pin placti~ >mall outline package, 150-mil width, mechanical data
mm inches(")
Dim ——
Min Typ Max Min Typ Max
A 1.350 1.750 0.0531 0.0689
l Al 0.100 0.250 0.0039 0.0098
I>
A2 1.100 1.650 0.0433 0.0650
B 0.330 0.510 0.0130 0.0201
C 0.190 0.250 0.0075 0.0098
D 4.800 5.000 0.1890 0.1969
E 3.800 4.000 0.1496 0.1575
e 1.270 0.0500
H 5.800 6.200 0.2283 0.2441
0.250 0.500 0.0098 0.0197
o 0° 8°
L 0.400 1.270 0.0157 0.0500
1. Values in inches are converted from mm and rounded to 4 decimal digits
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Figure 62. 16-pin plastic dual in-line package, 300-mil width
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Table 86. 8-pin plastic small outline package, 150-mil wiith, mechanical data

mm inches(1)(2
Dim. -—
Min Typ Max Min Typ Max
A 330 0.2098
A1 0.380 N/ 0.0150
A2 2.920 £.300 4.950 0.1150 0.1299 0.1949
b 0.360 0.460 0.560 0.0142 0.0181 0.0220
b2 40| 1520 1.780 0.0449 0.0598 0.0701
b3 2760 0.990 1.140 0.0299 0.0390 0.0449
¢ | o200 0.250 0.360 0.0079 0.0098 0.0142
kCp 18.670 19.180 19.690 0.7350 0.7551 0.7752
D1 0.130 0.0051
2.540 0.1000
E 7.620 7.870 8.260 0.3000 0.3098 0.3252
E1 6.100 6.350 7.110 0.2402 0.2500 0.2799
L 2.920 3.300 3.810 0.1150 0.1299 0.1500
eB 10.920 0.4299

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

2. This package is for development purposes only and is not available in production
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13.3 Thermal characteristics

Table 87. Thermal characteristics

Symbol Ratings Package Value Unit
Riha Package thermal resistance (junction to ambient) 130 °C/W
T jmax Maximum junction temperature(") S0O8 150 °C
Pbmax Power dissipation(® 180 mwW

1. The maximum chip-junction temperature is based on technology characteristics.

2. The maximum power dissipation is obtained from the formula Pp = (T;-Ta) / Rinya-
The power dissipation of an application can be defined by the user with the formula: Pp = Pyt + PporT Where Pyt is the
chip internal power (Ipp X Vpp) and PpoRgr is the port power dissipation depending on the ports useé)in the applicaticn

13.4 Soldering compatibility

ECOPACK® SO packages are fully compatible with lead (Pb) containing soldering Lrocess (see
application note AN2034).

Table 88.  Soldering compatibility (wave and reflow soldering piczess)

Package Plating material Pu ceider paste Pb-free solder paste

SO NiPdAu (nickel-palladium-gold) Yes Yes
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14 Device configuration and ordering information

This device is available for production in user programmable versions (Flash). ST7FLUxx XFlash devices
are shipped to customers with a default program memory content (FFh).

14.1 Flash devices

14.1.1 Flash configuration

Table 89. Flash option bytes

Option byte 0 Option byte 1

7 6 5 4 3 2 1 0 7 6 5 4 3 Q 1 0

.~y | FMP | FMP _ ey | WDG WDG
Reserved SECO0[1:0] Rl w CKSEL[1:0] | Reserved | '.VD[1:0] SW |HALT
Default| 1 1 11 ololololol|lo | + ] o] 1 1 1 1
value

The two option bytes are used to select the hardware configuraio.n of the microcontroller.

The option bytes can be accessed only in programmino mouz2 (for example, using a standard ST7
programming tool).

Option byte 0

Table 90. Option byte 0 bit desc_:'?p_*icn

Bit Name Function

OPT7:4 - Mecered, must always be 1

Sector 0 size definition
These option bits indicate the size of sector 0 as follows:
OPT3:2 SECP1:0] 00: 0.5 Kbyte
01: 1 Kbyte
1- : 2 Kbytes

Readout protection
Readout protection, when selected provides a protection against program memory
content extraction and against write access to Flash memory. Erasing the option bytes
when the FMP_R option is selected will cause the whole memory to be erased first,
and the device can be reprogrammed. Refer to Section 4.5 and the ST7 Flash
Programming Reference Manual for more details.
0: Readout protection off
1: Readout protection on

OPT1 FMP_R

Flash write protection
This option indicates if the Flash program memory is write protected.
0: Write protection off
1: Write protection on
Warning: When this option is selected, the program memory (and the option bit
itself) can never be erased or programmed again

OPTO FMP_W
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Option byte 1

Table 91.

Option byte 1 bit description

Bit

Name

Function

OPT7:6

CKSEL[1:0]

Start-up clock selection
These option bits are used to select the startup frequency. By default, the internal RC
is selected.
00: Internal RC as startup clock
01: AWU RC as a startup clock
10: Reserved
11: External clock on pin PA5

OPT5

Reserved, must always be 1

OPT4

Reserved, must always be 0

OPT3:2

LVD[1:0]

Low voltage detection selection

These option bits enable the LVD block with a selected thresho'a ac fullows:
10: Highest voltage threshold
11: LVD off

OPT1

WDG SW

Hardware or software watchdog
This option bit selects the watchdog type.
0: Hardware (watchdog always enabled)
1: Software (watchdog to be enabled Iy : oitware)

OPTO

WDG HALT

Watchdog reset on halt
This option bit determines if a 1eset is generated when entering Halt mode while the
Watchdog is active.
0: No Reset generation when entering halt mode
1: Reset generation vihen entering halt mode
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14.1.2

Flash ordering information

The following Table 98 serves as a guide for ordering.

Table 92. Flash user programmable device types
Order code Program memory | RAM/EEPROM ADC Temp. range |Package| Packaging
ST7FLUS5MAE Tube
-40°C to +85°C
ST7FLUS5MATRE Tape and reel
1 Kbyte Flash
ST7FLUS5MCE Tube
-40°C to +125°C
ST7FLUS5MCTRE O Tape and reel
10-bit 8
ST7FLUOSMAE 128 bytes RAM/ Tubo
no EEPROM -40°C to +85°C | |
ST7FLUOSMATRE Tape ard (eel
ST7FLUO5SMCE L Tube
ST7FLUOSMCTRE -40°C to +125°C Tape and reel
ST7FLITEUOICD 2 Kbytes Flash - oiP16) Tube
ST7FLUO9MAE a0ed g5°C Tube
-4("°C 10 +85°
ST7FLUO9MATRE 128 bytes RAM/ Tape and reel
ST7FLUOOMOE 128 bytes 10-bit |- — SO8 0
7 09 ube
EEPROM -40°C to +125°C
ST7FLUOSMCTRE [ Tape and reel

1. For development or tool prototyping purposes only. Not ora ~rak.ie in production quantities. Please contact Marketing
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14.2

14.2.3

14.2.4

Development tools

Development tools for the ST7 microcontrollers include 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 peripherals, develop
and debug your application, and program your microcontrollers.

14.2.1 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 application.

14.2.2 Development and debugging tools

Application development for ST7 is supported by fully optimizing C compilers ann the ST7
assembler-linker toolchain, which are all seamlessly integrated in the 377 ‘nicgrated
development environments in order to facilitate the debugging and fine-tuing of your
application. The Cosmic C Compiler is available in a free version ‘hat outputs up to

16 Kbytes of code.

The range of hardware tools includes full-featured ST7 €%il’3 series emulators, cost
effective ST7-DVP3 series emulators and the low-ccst riLink in-circuit
debugger/programmer. These tools are support:a b, the ST7 toolset from
STMicroelectronics, which includes the STYC7 ‘niegrated development environment (IDE)
with high-level language debugger, ecito: roject manager and integrated programming
interface.

Programming tools

During the development cycle, the ST7-DVP3 and ST7-EMUS3 series emulators and the
RLink provide in ~ircLit programming capability for programming the Flash microcontroller
on your appl’ccti~n board.

ST als» wrovides 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
cevices in a specific ST7 sub-family on a platform that can be used with any tool with in-
ircuit programming capability for ST7.

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

Order codes for development and programming tools

Table 100 on page 137 lists the ordering codes for the ST7LUxx development and
programming tools. For additional ordering codes for spare parts and accessories, refer to
the online product selector at www.st.com.
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Table 93. Development and programming tool order codes for the ST7LUxx family
In-circuit debugger, .
RLink series() Emulator Programming tool
Supported
products Starter kit | Starter kit In-circuit ST socket
withoutdemo | with demo | EMU series roarammer boards and
board board prog EPBs
g;i'iﬁgg STX-RLINK® STFLITE(é) ST7MDT10- STX-RLII\(Ié<)(4) ST7SE();)O-
ST7FLU09 SK/RAIS EMU3 ST7-STICK SuUo
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. Parallel port connection to PC

ST7 application notes

All relevant ST7 application notes can be found on www.st.cor..
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15 Revision history

Table 94. Document revision history

Date

Revision

Changes

25-Jul-2007

1

Initial release

15-Jan-2008

Removed temperature from data retention duration in Memories on page 1
Updated Table 1: Device summary on page 1 for memory and packages

Added note to Section 2: Package pinout and device pin description on page 14
Added MCO to pin 3 in Figure 3 pinout and Table 2 pin descriptions

Added Figure 4: 16-pin DIP package pinout on page 14

Replaced 25°C with Tamax in Section 6.1 on page 31

Modified conditions and added Note 1 to Table 6 on page 31

Added MCO bit to Section 6.2.1 and to the MCCSR of Table 12 on page 3¢
Modified Figure 13: Clock management block diagram on page 37

Corrected SICSR reset values for bits 6:5 in Figure 20 and in 7a. i 20 on page 50
Added AWUCSR reset values for bits 2:0 in Table 26 on pege C%

Corrected name of bit 2 in Lite timer control/status regisior (L1 CSR) on page 77
Modified description of CNTR bits in Table 42 on pag : 83

Corrected CS[2:0] to read CH[2:0] in A/D conve rs.on on page 89

Modified content of ADC conversion mode ¢1 paye 89

Added Changing the conversion chanra, o page 89

Modified description of EOC bit in TaL'e 19: ADCCSR register description on page 90
Added ‘direct’ to instruction hezaings in Section 11.1.4 on page 96

Added Note 2to Table 67 on paje 105

Added Note 2, changed Ty from 0°C to -40°C (for ACCR¢ at Vpp = 5V and 3.3V), and
modified min and max values (for ACCRg) in Table 68 and Table 69 on page 106
Replaced “JF:S022-A114A/A115A standard” with “AEC-Q100-002/-003/-011
standard” i.« “lecirostatic discharge (ESD) on page 114

Added the AZC-Q100 standards and ‘class’ column in Table 80 on page 115
Unicted LU and deleted DLU content in Static and dynamic latch-up (LU) on
nage 116

l_pdated LU and removed DLU content in Table 82: Latch-up results on page 116
Modified ‘l,g” symbol and modified min and max values of Rpy (Vpp = 5V) in Table 83
on page 117

Modified min value for Roy (Vpp = 5V) in Table 85 on page 123

Replaced ‘I, +1uA’ with ‘lyg’ in Figure 69 on page 125

Inches rounded to four decimal places in Figure 72 on page 128

Added Figure 73: 16-pin plastic dual in-line package, 300-mil width on page 129
Removed ECOPACK content from Section 13.4 and added updated ECOPACK
content to Section 13.1 on page 128

Removed FASTROM versions from Section 14 on page 131

Added DIP16 package to Table 98 on page 133 and modified Note 1

Replaced www.st.com/mcu with www.st.com in Section 14.3.4 on page 136
Removed ‘DVP series’ in Table 100 on page 137

Removed Section 15: Known limitations on page 123

26-Feb-2008

Document status promoted from ‘preliminary data’ to ‘datasheet’
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