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ST7L15
ST7L19

8-bit MCU for automotive with single voltage Flash/ROM memory,
data EEPROM, ADC, 5 timers, SPI

Features

m Memories

— 4 Kbytes program memory: Single voltage
extended Flash (XFlash) or ROM with
readout protection capability. In-application
programming and in-circuit programming
(IAP and ICP) for XFlash devices

— 256 bytes RAM

— 128 bytes data EEPROM (XFlash and
ROM devices) with readout protection,
300 K write/erase cycles guaranteed

— XFlash and EEPROM data retention

20 years at 55°C
m Clock, reset and supply management

— Enhanced reset system

— Enhanced low voltage supervisor (LVD) for
main supply

— Clock sources: Internal 1% RC osciiictor,
crystal/ceramic resonator or exterrna! ciack

— Optional x4 or x8 PLL for 4 or ¢ MHz
internal clock (x4 PLL only a ‘a’lable for
Flash devices)

— 5 power saving mades. alt, active ialt,
auto wakeup ircn. hait, wait and slow

m /O ports

— Up te 17 multifunctiona’ kiaire cidonal I/O
linas

- 7 Ligh sink outnuts

W

S020
300mil

(]

5 timers

— Configurable watchdog time-

— Two 8-bit lite timers witi. Lrescaler, 1 real-
time base and 1 inwut capture

— Two 12-bit a'it0 'e'oau timers with £ PWM
outputs, 1 inp.it capture, 1 puls=2 ana 4
output corinare functions

Commurricadon interface

— SPI synchronous s2rial interface

Interrupt managorient
— 12 interrup: vectors plus TRAP and reset
— 15 exiz1nai interrupt lines (on 4 vectors)

A/l eoaverter
7 input channels
- 10-bit precision
Instruction set
— 8-bit data manipulation

63 basic instructions with illegal opcode
detection

17 main addressing modes
8 x 8 unsigned multiply instructions

Development tools

— Full hardware/software development
package

— DM (debug module)

Takie . Device summary
| Features ST7L15 ST7L19
| Program memory - bytes 4 K
RAM (stack) - bytes 256 (128)
Data EEPROM - bytes - | 128
Peripherals Lite timer with watchdog, autoreload timer, SPI, 10-bit ADC
Operating supply 3Vio55V
CPU frequency Up to 8 MHz (w/ext OSC up to 16 MHz and int 1 MHz RC 1%, PLLx8/4 MHz)
Operating temperature Up to -40 to +85°C/-40 to +125°C
Packages S020 300mil
September 2007 Rev 4 1/193
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Description ST7L15, ST7L19

1 Description

The ST7L1x is a member of the ST7 microcontroller family suitable for automotive
applications. All ST7 devices are based on a common industry-standard 8-bit core, featuring
an enhanced instruction set.

The ST7L1 features Flash memory with byte-by-byte in-circuit programming (ICP) and in-
application programming (IAP) capability.

Under software control, the ST7L1 device can be placed in wait, slow or halt mode, reducing
power consumption when the application is in idle or standby state.

The enhanced instruction set and addressing modes of the ST7 offer both power and
flexibility to software developers, enabling the design of highly efficient and compact
application code. In addition to standard 8-bit data management, all ST7 micrcccntrole s
feature true bit manipulation, 8x8 unsigned multiplication and indirect addressing n.odes.

1.1 Parametric data

For easy reference, all parametric data is located in Sect’'v.» 15. Electrical characteristics.

1.2 Debug module

The ST7L1 features an on-chip debui mc auate (DM) to support in-circuit debugging (ICD).
For a description of the DM registers, reier to the ST7 ICC protocol reference manual.

J
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Description

Figure 1. General block diagram

Int.
1% RC| — -
1MHz|[ PLL x8 12'b|'t g
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or PLL x4'" ! timer 4
> £
> 8-bit
<:> lite timer 2
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PB6:0
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_ g
RESET Control ]
5
8-bit core <:> <
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<:> Watchdog
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Pin description

Figure 2. 20-pin SO package pinout
VssTl 1@ 20[10SC1/CLKIN/PCOY
Vop . 2 19[—10SC2/PC1¥
RESET | 3 18[=IPAO (HS)/LTIC®)
SS/AINO/PBO ] 4 c0 17[JPA1 (HS)/ATIC
SCK/AIN1/PB1 ] 5 |ei3 16[—PA2 (HS)/ATPWMO
MISO/AIN2/PB2 ] 6 15[1PA3 (HS)/ATPWM1
MOSI/AIN3/PB3 ] 7 14[IPA4 (HS)/ATPWM2
CLKIN/AIN4/PB4 ] 8 ei2 oit 13[JPA5 (HS)/ATPWM3/ICCDATA
AIN5/PB5 [ 9 12[1PA6/MCO/ICCCLK/BREAK
AIN6/PB6 ] 10 11[JPA7 (HS)
1. eix: Associated external interrupt vector
2. (HS): 20mA high sink capability
3. This pin cannot be configured as external interrupt in RCL! Cevices
4. OSC1 and OSC2 are not multiplexed in ROM device:s 21,2 port C is not present
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Pin description

Table 2.  Device pin description(")(?
Pin Level Port/control .
no. Main
. 9 function .
o
Pin name > o 5 Input Output| (after Alternate function
S020 a2l &— reset)
S8l s|3 |8 oala
©Olg| 5 E| &0
1 Vgss Ground
2 Vop Main power supply
3 BESET o | c; X X Top.prlorlty non maskable interrupt
(active low)
ADC analog input 0 or SPI
4 |PBO/AINO/SS | cr |x X | X | x |Porto | Slave select (activ: low)
Caution: No negative current
injection a'lcweA on this pin
ei3 \ N
5  |PB1/AIN1/SCK | cr | x X | X | x |Portpt |APC anacyinput 1 or SPI
| S¢ nal ciock
6 PB2/AIN2/MISO | cr | x X | X | x |portg2 |1:DCanaloginput2 or SPI
master in/slave out data
7 |PB3/AIN3/MOS | cr | x X | X | x 'vortps |ADC analoginput3 or SPI
e master out/slave in data
=\ :
@3) | PB4/AIN4/CLKIN/ ) ADC analog input 4 or external
89 | CoMPIN. WO| Cr |X| ez |X|X|X|PortB4 dlock ot
9@ | PB5/AIN5 /0| Cr m X [PortB5 |ADC analog input 5
10®) | PB6/AING | cr | ¥ X | X |PortB6 |ADC analog input 6
110 |pa7 | c; Ths| x | eit X | Port A7
' Main clock output or in-circuit
communication clockor external
BREAK
Caution: During normal
operation this pin must be
pulled- up, internally or
| PA\& /MCO/ICCCLK/ . externally (external pull-up of
12 I X 1 X | X |Port A
BREAK O Cr © ortAS oK 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
puts it back in input pull-up
PA5/ICCDATA/ In-circuit communication data
18 ATPWM3 VO |CrHS | X e X | X |POrtAS | autoreload timer PWM3
14 PA4/ATPWM2 I/O|Cy |HS| X X | X |Port A4 | Autoreload timer PWM2
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Table2.  Device pin description(1(2)
Pin Level Port/control .
no. Main
. 9 function .
o
Pin name > " = Input Output| (after Alternate function
S020 ol & reset)
c|l 3 © g_ - S Al a
Clg|s|El§lo|a
15 PA3/ATPWMH1 I/O|Cy |HS| X X | X |Port A3 | Autoreload timer PWM1
16 PA2/ATPWMO I/O|Cy|HS| X X | X |Port A2 | Autoreload timer PWMO
ei0
17 PA1/ATIC I/O|Ct|HS| X X | X |Port A1 Autoreload timer input capture
180 | PAO/LTIC /0| Ct|HS| X X | X |Port AO |Lite timer input capture
i in m~t
194 |osca/pct /o X X | Port c16) Resonator oscillator in zi*e
output
. Nerap
20 |OSC1/CLKINPCO | 1/0 X X | Port co(®) | Fesonato: csartaior inverter
input or ¢xte rnal clock input

1. Legend/abbreviations for Table 2:
Type: | = input, O = output, S = supply
Input level: C+ = CMOS 0.3 Vpp/0.7 Vpp with input trigger
Output level: HS = 20mA high sink (on N-buffer only)

Port and control configuration inputs: float = floating, wpu = weak pull-up, int = ite rrupt, ana = analog ports

Port and control configuration outputs: OD = open drain, PP = push-pull
The reset configuration of each pin (shown in bold) is valid as long a< th > d :vice is in reset state

o DN

page 70)
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This pin cannot be configured as external interrupt in ROM devic2s
OSC1 and OSC2 are not multiplexed in ROM devices and »ort (> is not present
PCOR not implemented but p-transistor always active ir output mode (refer to Figure 29: I/O port general block diagram on
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3 Register and memory map

As shown in Figure 3, the MCU can address 64 Kbytes of memories and I/O registers.

The available memory locations consist of 128 bytes of register locations, 256 bytes of RAM, 128 bytes of
data EEPROM and up to 4 Kbytes of Flash program memory. The RAM space includes up to 128 bytes
for the stack from 180h to 1FFh.

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

The Flash memory contains two sectors (see Figure 3) mapped in the upper part of the ST7 addressing
space so the reset and interrupt vectors are located in Sector 0 (FOOOh-FFFFh).

The size of Flash sector 0 and other device options are configurable by option byte (refer to Sectior 15.2:
Option bytes on page 179).

Note: Memory locations marked as ‘Reserved’ must never be accessed. Accessin( a rescrved
area can have unpredictable effects on the device.

Figure 3. Memory map

0000h
HW registers
(see Table 3) T -
007Fh ! 0080h
0080h RAM . : Short addrzs.inn
(128 bytes) : ! RAM (7em Loge)
00FFh .+ QOFFh |
0100h Pe - 0100h
' ' Reserved
Reserved , '\ 017Fh
017Fh : : 2180h "~ " DEEOh
o180n ' ' 128 bytes stack ' RCCRHO
RAM 't 01%Fh : DEE1h
01FFh (128 bytes) . ! DEE2h RCCRLO
0200h ' ; RCCRH1
. - - . DEE3h
Reserved RCCRL1
OFFFh Z )\
1000h i See Section 7.1: Internal RC
Nata LEPROM oscillator adjustment on page 37 and
128 bytes)
107Fh ' _
1080~ |
|
Reserved
| 4K Flash
EFFFh program memory
F00Oh o g
Flash memory X ' FOOOh ; 3 Kbytes
(4K) ' ' EBEFh : (sector 1)
FFDFh -7, FCooh . (1 Kbytz)
FFEOh ' ! ' sector
Interrupt and reset vectors X .+ FFFFh .-
(see Table 15) : "o
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 four addresses.
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Table 3. Hardware register map“)
Address Block Register Register name Reset Remarks
label status
0000h PADR Port A data register FFh@ |Rw
0001h Port A | PADDR Port A data direction register 00h R/W
0002h PAOR Port A option register 40h R/W
0003h PBDR Port B data register FFh® |R/W
0004h PortB | PBDDR Port B data direction register 00h R/W
0005h PBOR Port B option register 00h R/W®)
0006h Port C PCDR Port C data register Oxh R/W
0007h PCDDR Port C data direction register 00h R/W
0008h LTCSR2 Lite timer control/status register 2 00h RV
0009h Lite timer LTARR Lite timer autoreload register 00h R/w
000AhN > LTCNTR Lite timer counter register oor Roadonly
000Bh LTCSR1 Lite timer control/status register 1 0.02 6 Wop | R/W
000Ch LTICR Lite timer input capture register XaAN Read only
000Dh ATCSR Timer control/status register —roxoo 0000b | R'W
000Eh CNTR1H Counter register 1 high 00h Read only
000Fh CNTR1L Counter register 1 low 00h Read only
0010h ATRH Autoreload register it 00h R/W
0011h ATRL Autoreload registe: 1w, 00h R/W
0012h PWMCR PWM outpu? cuntrol register 00h R/wW
0013h PWMOCSR | PWM G control/status register 00h R/wW
0014h PWM1CSR | PW M 1 cantrol/status register 00h R/W
0015h PWM2CSR | PW.A Z control/status register 00h R/W
0016h PWM3CCR | ?WM 3 control/status register 00h R/W
0017h DCF0 1 PWM 0 duty cycle register high 00h R/W
0018h DCRIL PWM 0 duty cycle register low 00h R/wW
0019h | Autoreload | OCHih PWM 1 duty cycle register high 00h R/W
001Ah timer 4 | DCRI1L PWM 1 duty cycle register low 00h R/W
001Bh DCR2H PWM 2 duty cycle register high 00h R/W
001Ch DCR2L PWM 2 duty cycle register low 00h R/W
001Lh DCR3H PWM 3 duty cycle register high 00h R/W
CC1EN DCR3L PWM 3 duty cycle register low 00h R/W
i LYFh ATICRH Input capture register high 00h Read only
[ 0020h ATICRL Input capture register low 00h Read only
0021h ATCSR2 Timer control/status register 2 03h R/W
0022h BREAKCR | Break control register 00h R/W
0023h ATR2H Autoreload register 2 high 00h R/W
0024h ATR2L Autoreload register 2 low 00h R/W
0025h DTGR Dead time generation register 00h R/W
0026h BREAKEN | Break enable register 03h R/W
Oggzgr:o Reserved area (7 bytes)
002Eh WDG WDGCR Watchdog control register 7Fh R/W
0002Fh FLASH |FCSR Flash control/status register 00h R/W
00030h | EEPROM | EECSR Data EEPROM control/status register 00h R/W
0031h SPIDR SPI data I/O register xxh R/W
0032h SPI SPICR SPI control register Oxh R/W
0033h SPICSR SPI control status register 00h R/W
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Register and memory map

Table 3.  Hardware register map(")
Address Block Register Register name Reset Remarks
label status
0034h ADCCSR A/D control status register 00h R/W
0035h ADC ADCDRH A/D data register high xxh Read only
0036h ADCDRL Data low register Oxh R/W
0037h ITC EICR External interrupt control register 00h R/W
0038h MCC MCCSR Main clock control/status register 00h R/W
003%h | Clockand |RCCR po osaiaior control register FFh  |RW
003Ah | reset |SICSR ys gty 0110 OxxOb | R/W
register
003Bh | TEECOCK pLiTsT | PLL test register ooh  'R/w
select

003Ch ITC EISR External interrupt selection register 9CH R/W

003Dhto
0048h Reserved area (12 bytes)
0049h AWU AWUPR AWU prescaler register FFh R/W
004Ah AWUCSR | AWU control/status regis:=r 00h R/W
004Bh DMCR DM control registe - 00h R/W
004Ch DMSR DM status regicte: 00h R/W
004Dh DMBK1H DM breakp2int register 1 high 00h R/W
004Eh DM®  |DMBKIL  |DN brea point register 1 low 00h R/W
004Fh DMBK2H DM rzakpoint register 2 high 00h R/W
0050h DMBK2L UM breakpoint register 2 low 00h R/W
0051h DMCRz DM control register 2 00h R/W

0052h to
007Fh Reserved area (46 bytes)

1. Legend: x = uncefied, R/W = read/write

the \=!ues of the I/O pins are returned instead of the DR register contents

T.1e bits associated with unavailable pins must always keep their reset value

For a description of the debug module registers, see ST7 ICC protocol reference manual

The contents of the 1/0O port DR registers are readable only in output configuration. In input configuration,
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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 (ICP) or in-application programming (IAP).

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

Main features

® In-circuit programming (ICP)

® In-application programming (IAP)

® In-circuit testing (ICT) 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 ir. @ programming tool. In this mode, Flash sectors 0 and 1, option byte
row ariu 62ta EEPROM (if present) can be programmed or erased.

— In-circurt programming. In this mode, Flash sectors 0 and 1, option byte row and
deta EEPROM (if present) can be programmed or erased without removing the
device from the application board.

— In-application programming. In this mode, sector 1 and data EEPROM (if present)
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 a cable. ICP is performed in three steps:

—  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.

—  Download ICP driver code in RAM from the ICCDATA pin
—  Execute ICP driver code in RAM to program the Flash memory

J
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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).

4.3.2 In-application programming (IAP)

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

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

4.4 ICC interface

ICP needs a minimum of four and up to six pins to be connected o tha srogramming tool.
These pins are:

—  RESET: Device reset

—  Vgg: Device power supply ground
— ICCCLK: ICC output serial clock pin
— ICCDATA: ICC input serial data pin

— OSC1: Main clock input for 2xter.al source (not required on devices without
OSC1/0SC2 pins)

—  Vpp: Application beard power supply (optional, see note 3, Figure 4: Typical ICC
interface on pag= z4,
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Figure 4. Typical ICC interface

Programming tool
| ICC connector |
¢ ICC cable

ICC connector Application board
(See note 3) HE10 connector type

Optional

E (see note 4) @
0] [ 8] [6] [4] [2]

Application reset source

Cry - - - - -| See note 1 and c_atthj Avypiication I/O

Application
power supply

RESET
ICCCLK

ST7

ICCDATA

1. Ifthe ICCCLK or ICCDATA pins are only used as outputs in the applizaticn. .10 signal isolation is necessary. As soon as the
programming tool is plugged to the board, even if an ICC sessivr i 1ot in progress, the ICCCLK and ICCDATA pins are
not available for the application. If they are used as inputs by u e apolication, isolation such as a serial resistor must be
implemented in case another device forces the signal. Ref »r to the Programming Tool documentation for recommended
resistor values.

2. During the ICP session, the programming tool mus* control the RESET pin. This can lead to conflicts between the
programming tool and the application reset circuic if i* drives more than 5 mA at high level (push-pull output or pull-up
resistor < 1K). A schottky diode can be used to isc.at 2 the application reset circuit in this case. When using a classical RC
network with R > 1K or a reset managem=i.t IC with open drain output and pull-up resistor > 1K, no additional components
are needed. In all cases the user must ¢nstire that no external reset is generated by the application during the ICC session.

3. The use of pin 7 of the ICC conric ~tor aepends on the programming tool architecture. This pin must be connected when
using most ST programming t2c's (it is used to monitor the application power supply). Please refer to the programming tool
manual.

4. Pin 9 must be connested te the OSC1 pin of the ST7 when the clock is not available in the application or if the selected
clock option is not pro srammed in the option byte. On ST7 devices with multi-oscillator capability, OSC2 must be grounded
in this case.

5. In 38-pulse .C ™ mode, the internal RC oscillator is forced as a clock source, regardless of the selection in the option byte.
For ST,_: davices which do not support the internal RC oscillator, the ‘option byte disabled’ mode must be used (35-pulse
ICC mcae entry, clock provided by the tool).
Ceaution:  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 puts it back in input pull-up.

J
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4.5

4.5.1

4.5.2

4.6

Memory protection

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

Readout protection

Readout protection, when selected, protects 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. Both program and data EE memory are protected.

In Flash devices, this protection is removed by reprogramming the option. In this case, both
program and data EE memory are 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 ‘'n the option byte.
® In ROM devices it is enabled by the mask option specified in thie Jciion list.

Flash write/erase protection

Write/erase protection, when set, makes it impossible 0 both overwrite and erase program
memory. It does not apply to EE data. Its purpos e s to provide advanced security to
applications and prevent any change being n.ace to the memory content.

Warning: Once set, rrite/erase protection can never be removed. A
write-pr>*2cied Flash device is no longer reprogrammable.

Write/erase pro-ectiun is enabled through the FMP_W bit in the option byte.

Rzlated documentation

l-or details on Flash programming and ICC protocol, refer to the ST7 Flash programming
reference manual and to the ST7 ICC protocol reference manual.
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4.7 Register description
Flash control/status register (FCSR)

Reset value: 0000 0000 (00h)
1st RASS key: 0101 0110 (56)

FCSR
2nd RASS key: 10101110 (AEh)
7 6 5 4 3 2 1 0
Reserved | Reserved | Reserved | Reserved | Reserved OPT LAT PGM

- - R/W R/W R/W

This register is reserved for programming using ICP, IAP or other programming metiiod's. It
controls the XFlash programming and erasing operations.

When an EPB or another programming tool is used (in socket or ICP mad=), tn2 RASS keys
are sent automatically.

Note:

J
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5 Data EEPROM

5.1 Introduction

The electrically erasable programmable read only memory can be used as a non volatile back-up for
storing data. Using the EEPROM requires a basic access protocol described in this chapter.

2 Main features

Up to 32 bytes programmed in the same cycle

EEPROM mono-voltage (charge pump)

Chained erase and programming cycles

Internal control of the global programming cycle duration
WAIT mode management

Readout protection

e 6 6 6 0606 O

Figure 5. EEPROM block diagram

High voltage pump

[

EECSR 0 0 0 0 0 0 |E2LAT ‘EZP;‘
) | 4
»
Addre s 4 Row . EEPROM .
dacide ‘ decoder . memory matrix
N (1 row = 32 x 8 bits)
L_
|
2 > Data 32 x 8 bits
multiplexer data latches

4 + ‘ ‘

< Address bus > < Data bus >
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5.3

Note:
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Memory access

The data EEPROM memory read/write access modes are controlled by the E2LAT bit of the
EEPROM control/status register (EECSR). The flowchart in Figure 6: Data EEPROM
programming flowchart on page 29 describes these different memory access modes.

Read operation (E2LAT = 0)

The EEPROM can be read as a normal ROM location when the E2LAT bit of the EECSR
register is cleared.

On this device, data EEPROM can also be used to execute machine code. Do not write to
the data EEPROM while executing from it. This would result in an unexpected code being
executed.

Write operation (E2LAT = 1)

To access the write mode, the E2LAT bit must be set by software (the E2PGiA Lit remains
cleared). When a write access to the EEPROM area occurs, the value is letched inside the
32 data latches according to its address.

When PGM bit is set by the software, all the previous bytes wi*ien in the data latches (up to
32) are programmed in the EEPROM cells. The effective n:gh address (row) is determined
by the last EEPROM write sequence. To avoid wrone rrogramming, the user must ensure
that all the bytes written between two programmirig ceguences have the same high address:
Only the five least significant bits of the addr:ss can change.

At the end of the programming cycle, the F =M and LAT bits are cleared simultaneously.

Care should be taken during the programming cycle. Writing to the same memory location
over-programs the memory /'ag.cal AND between the two write access data results)
because the data latche< are cniy cleared at the end of the programming cycle and by the
falling edge of the E2[.AT k.. It is not possible to read the latched data. This note is
illustrated by the Fiqure 8: Data EEPROM programming cycle on page 31.
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Figure 6. Data EEPROM programming flowchart

Read mode Write mode
E2LAT =0 < E2LAT =1
E2PGM =0 E2PGM =0

A 4

Write up to 32 bytes
in EEPROM area
(with the same 11 MSB of the address)

Read bytes
in EEPROM area

Start programming cycle
E2LAT =1
E2PGM = 1 (set by software)

Cleared by hardware

Figure 7. Data EEPROM write operation

U Row/byte =- 0 1 2 3 .. 30 31 Physical address
< 00h...1Fh
Row definition N 20h...3Fh
N Nx20h...Nx20h+1Fh
P Read operation impossible - Read operation possible
4 L |
| Byte 1 ‘ Byte 2 ‘ ‘ Byte 32 Programming cycle ‘
: Phase 1 ! Phase 2 :
o » »
N L] >

Writing data latches Waiting E2PGM and E2LAT to fall

E2LAT bit :
Set by user application \ :

E2PGM bit |

|
:} Cleared by hardware
|

1. If a programming cycle is interrupted (by a reset action), the integrity of the data in memory is not guaranteed.
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54 Power saving modes

Wait mode

The data EEPROM can enter wait mode on execution of the WFI instruction of the
microcontroller or when the microcontroller enters active halt mode.The data EEPROM
immediately enters this mode if there is no programming in progress, otherwise the data
EEPROM finishes the cycle and then enters wait mode.

Active halt mode

Refer to wait mode.

Halt mode

The data EEPROM immediately enters halt mode if the microcontroller executes the HALT
instruction. Therefore, the EEPROM stops the function in progress, and date may L2
corrupted.

5.5 Access error handling

If a read access occurs while E2LAT = 1, then the data wus Is not driven.
If a write access occurs while E2LAT = 0, then the 2ata on the bus is not latched.

If a programming cycle is interrupted (bv 13sut action), the integrity of the data in memory is
not guaranteed.

5.6 Data EEPROM readcut protection

The readout protecticr is enabled through an option bit (see Section 15.2: Option bytes on
page 179).

When tius opuon is selected, the programs and data stored in the EEPROM memory are
protectud against readout (including a rewrite protection). In Flash devices, when this
~rotestion is removed by reprogramming the option byte, the entire program memory and
c_PROM is first automatically erased.

Notzc: Both program memory and data EEPROM are protected using the same option bit.

J
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Data EEPROM

Figure 8. Data EEPROM programming cycle
< Read operation not possible > Read operation possible
Internal . :
programming- '
voltage !
Erase cycle Write cycle !
! Write of !
! data latches | X
.4 k.4 trrOG =.
] . | _LAT
; | ___ __PGM
5.7 Register description

EEPROM control/status regiSTER (EECSR)

EECSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved Reserved Reserved L Keserved Reserved Reserved E2LAT E2PGM
- - - - - - R/W R/W
Table 4. CC register deccrioiion
Bit Bit name | Function
7:2 - Reserved, forced by hardware to 0
: Latch access transfer
This bit is set by software. It is cleared by hardware at the end of the programming
E2LAT cycle. It can only be cleared by software if the E2PGM bit is cleared.
0: Read mode
1: Write mode
Programming control and status
This bit is set by software to begin the programming cycle. At the end of the
programming cycle, this bit is cleared by hardware.
0 E2PGMC 0: Programming finished or not yet started
1: Programming cycle is in progress
Note: If the E2PGM bit is cleared during the programming cycle, the
memory data is not guaranteed
Table 5. Data EEPROM register map and reset values
Address (Hex.) | Register label 7 6 5 4 3 2 1 0
EECSR E2LAT | E2PGM
0030h Reset value 0 0 0 0 0 0 0 0
1S71 31/193
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6

6.1

6.2

6.3
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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 9 ire not present in the memory mapping and are
accessed by specific instructions.

Figure 9. CPU registe's

7 0

Reset value = XXh
7 0

Reset value = XXh

LI T]]

Reset value = XXh

l15 PCH 8|7 PCL 0

LTI

Reset value = reset vector @ FFFEh-FFFFh
7 0
HECNNELE
Resetvalue=1 1 1 X 1 X X X

8|7 0]

CITTTIIIL LTI

Reset value = stack higher address

Accumulator register

X index register

Y index register

Program counter regsiter

Condition code register

Stack pointer register

1.

X = undefined value
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Accumulator register (A)

The accumulator is an 8-bit general purpose register used to hold operands and the results
of the arithmetic and logic calculations and to manipulate data.

Index registers (X and Y)

In indexed 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 register (PC)

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

Condition code register (CC)

CC Reset value: 111x 1xxx
7 6 5 4 3 2 1 0
1 H \ ) | N Z C
R/W F;W R/W R/W R/W R/W

The 8-bit condition code rogister contains the interrupt masks and four flags representative
of the result of the ins’ruction just executed. This register can also be handled by the PUSH
and POP instruciicns

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

Tahle 6. CC register description

ll Bit Bit name Function

Half carry

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

4 H hardware during the same instructions.

0: No half carry has occurred

1: A half carry has occurred

This bit is tested using the JRH or JRNH instruction. The H bit is
useful in BCD arithmetic subroutines.
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Table 6. CC register description (continued)

Bit 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

This bit is controlled by the RIM, SIM and IRET instructions and is

3 | 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 o/ the
routine and reset by the IRET instruction at the end of th:2 1o1'tina. If
the | bit is cleared by software in the interrupt routine, t2rdiny
interrupts are serviced regardless of the priority lee' of tiie current
interrupt routine.

Negative
This bit is set and cleared by hardwar<. li is representative of the
result sign of the last arithmetic, 'ogical or data manipulation. It's a
5 N copy of the result 71" bit.
0: The result of the last opzration is positive or null
1: The result of the liist operation is negative (in other words, the
most significant b2 a logic 1)
This bit is acovss 2d by the JRMI and JRPL test instructions.

Zero

I'nis bit is set and cleared by hardware. This bit indicates that the
1 7 rosult of the last arithmetic, logical or data manipulation is zero.

| U: The result of the last operation 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 bit is set and cleared by hardware and software. It indicates an
overflow or an underflow has occurred during the last arithmetic
I operation.
0 C 0: No 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.

J
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Stack pointer register (SP)

Note:

SP Reset value: 01 FFh
15 14 13 12 11 10 9 8
Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved 1
7 6 5 4 3 2 1 0
1 SP[6:0]
R/W R/W

The stack pointer is a 16-bit register which always points to the next free locatior it the

stack. It is then decremented after data has been pushed onto the stack and incre mented
before data is popped from the stack (see Figure 10: Stack manipulation examnle on

page 36).

Since the stack is 128 bytes deep, the 9 most significant bits 2:2 forced by hardware.
Following an MCU reset, or after a reset stack pointer instruci'on (RSP), the stack pointer

contains its reset value (the SP6 to SPO bits are set) which is the stack higher address.

The least significant byte of the stack pointer (called S) can be directly accessed by a LD

instruction.

When the lower limit is exceeded, the <tack pointer wraps around to the stack upper limit,
without indicating the stack overflow. The previously stored information is then overwritten
and therefore lost. The stack also vraps in case of an underflow.

The stack is used to save the return address during a subroutine call and the CPU context

during an interrupt. The sar may also directly manipulate the stack by means of the PUSH
and POP instructiona. In the case of an interrupt, the PCL is stored at the first location
pointed to by th= 31i? ‘Then the other registers are stored in the next locations as shown in
Figure 10: Stack inanipulation example on page 36.

® When aninterrupt is received, the SP is decremented and the context is pushed on the

stack

¢  On return from interrupt, the SP is incremented and the context is popped from the
stack

A subroutine call occupies two locations and an interrupt five locations in the stack area.
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Figure 10. Stack manipulation example

Call Interrupt PUSHY POP Y IRET RET or RSP
subroutine event
@ 0180h
SP
=
sP v | sP
> —>
cc cC cc
A A A
X X X
PCH PCH PCH N
sP SP >
ST, PCL PCL PCL > |
PCH PCH PCH PCH PCH |
@ 01FFh | _PCL PCL PCL PCL roy | SE )

1. Legend: stack higher address = 01FFh; stack lower address = 0100h
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7

7.1

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
— 1 MHz internal RC oscillator (enabled by option byte)
— 1to 16 MHz external crystal/ceramic resonator
—  External clock input (enabled by option byte)
—  PLL for multiplying the frequency by 8 or 4 (enabled by option byte). Only
multiplying by 8 is available for ROM devices.
® Reset sequence manager (RSM)
® System integrity management (Sl)

— Main supply low voltage detection (LVD) with reset gznureticn (enabled by option
byte)

Internal RC oscillator adjustmer:t

The device contains an internal RC osrillotor vith high accuracy for a given device,
temperature and voltage. It must be calibia.ed to obtain the frequency required in the
application. This is done by the software writing a 10-bit calibration value in the RCCR (RC
control register) and in the bits [5:5] in the SICSR (Sl control status register).

Whenever the microcon.-o!ler is reset, the RCCR returns to its default value (FFh), that is,
each time the device ia raset, the calibration value must be loaded in the RCCR. Predefined
calibration values are stored in EEPROM for 3.3 V and 5 V Vpp supply voltages at Tymax,
as shown in 1a%'c 7: RCCR calibration registers on page 38.
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Note:

4

Caution:

7.2

Note:
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Table 7. RCCR calibration registers

RCCR Conditions ST7L1 address

RCCRHO Vpp=5V DEEOh® (CR[9:2])
Tamax

RCCRLO fac = 1 MHz() DEE1h® (CR[1:0])

RCCRH1 Vpp=3.3V DEE2h@ (CR[9:2))
Tamax

RCCRL1 fac = 1 MHz() DEE3h® (CR[1:0])

1. RCCRO0 and RCCRH1 calibrated within these conditions in order to reach RC accuracy as mentionned in
Table 81: Operating conditions (tested for TA = -40 to +125 °C) @ VDD = 4.5 to 5.5 V on page 145 and
Table 83: Operating conditions (tested for TA = -40 to +125 °C) @ VDD = 3.0 to 3.6 V on page 147

2. 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 EEPRCM
data or Flash space (including the RC calibration value locations) has been erased (after the reajo.:
protection removal), then the RC calibration values can still be obtained through these four adc ‘et ses. For
compatibility reasons with the SICSR register, CR[1:0] bits are stored in the fifth and sixth pjsitic~ oi the
DEE1 and DEES addresses.

In 38-pulse ICC mode, the internal RC oscillator is forced as a cloc! < ce, regardless of
the selection in the option byte. For ST7L1 devices which do riv* cupport the internal RC

oscillator, the ‘option byte disabled’ mode must be used (35-p.Ise ICC mode entry, clock
provided by the tool).

For more information on the frequency and accuracy of tne RC oscillator see Section 13:
Electrical characteristics.

To improve clock stability and frequency a>c.'racy, it is recommended to place a decoupling
capacitor, typically 100nF, between tt.e V ,p and Vgg pins as close as possible to the ST7
device.

These bytes are systematicaiv programmed by ST, including on FASTROM devices.

If the voltage or tempeiavira conditions change in the application, the frequency may need
to be recalibrate.

Refer to app'icaon note AN1324 for information on how to calibrate the RC frequency using
an exteir a. refierence signal.

Fnase locked loop

The PLL can be used to multiply a 1 MHz frequency from the RC oscillator or the external

clock by 4 or 8 to obtain fogc of 4 or 8 MHz. The PLL is enabled and the multiplication factor

of 4 or 8 is selected by 2 option bits:

® The x4 PLL is intended for operation with Vpp in the 3 V to 3.6 V range (available only
on Flash devices)

® The x8 PLL is intended for operation with Vpp in the 3.6 V to 5.5 V range
It is possible to obtain fogc = 4 MHz in the 3.3 V to 5.5 V range with internal RC and PLL

enabled by selecting 1 MHz RC and x8 PLL and setting the PLLdiv2 bit in the PLLTST
register (see Section 7.6.3: Register description on page 48).

Refer to Section 15.2: Option bytes on page 179 for the option byte description.
If the PLL is disabled and the RC oscillator is enabled, then fogc = 1 MHz.
If both the RC oscillator and the PLL are disabled, fogc is driven by the external clock.
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7.3

Figure 11. PLL output frequency timing diagram

| Locked bit set
A

4/8 x input freq.

4 — _

v

Output frequency

tst

L 4

When the PLL is started, after reset or wakeup from he't micde or AWUFH mode, it outputs
the clock after a delay of tsarTuP

When the PLL output signal reaches the operatino frequency, the locked bit in the SICSCR
register is set. Full PLL accuracy (ACCn: | It reached after a stabilization time of tgag (see
Figure 11 and Section 13.3.3: Internc | RC vscillator and PLL on page 150).

Refer to Section 7.6.3: Registar description on page 48 for a description of the locked bit in
the SICSR register.

Register dzsctiption

Main clo.ck control/status register (MCCSR)

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

Table 8. MCCSR register description

Bit Bit name Function

7:2 - Reserved, must be kept cleared

Main clock out enable
This bit is read/writen by software and cleared by hardware after a
1 MCO reset. This bit enables the MCO output clock.
0: MCO clock disabled, 1/O port free for general purpose 1/0
1: MCO clock enabled
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Table 8. MCCSR register description (continued)

Bit Bit name Function

Slow mode select
This bit is read/writen by software and cleared by hardware after a
0 SMS reset. This bit selects the input clock fogc or fogc/32.
0: Normal mode (fcpy = fosc)
1: Slow mode (fCPU - fosc/32)

RC control register (RCCR)

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

L
CRI[9:2] \ - _T

R/W

Table 9. RCCR register description

Bit Bit name Fure«tion

RC oscillator frequency edjristment bits
These bits must be vinen immediately after reset to adjust the RC
oscillator frequen vy a::u to obtain an accuracy of 1%. The
applicatior can s.0o1e the correct value for each voltage range in
EEPRON! an«] write it to this register at startup.
7:0 CR[9:2] 00h = Maximum available frequency
Fr'h = Lowest available frequency
These bits are used with the CR[1:0] bits in the SICSR register.
| Refer to Section 7.6.3: Register description on page 48.
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.

J
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Figure 12. Clock management block diagram

7 0
PLL
DIV2
’ 0 PLLTST
CR9 | CR8 | CR7 | CR6 | CR5 | CR4 | CR3 | CR2 | RCCR
7 0
CR1 | CRO SICSR
|
|
|
v |
Tunable 1% RC
oscillator
0SC, PLLOFF,
CLKSEL[1:0
SEL[1:0] ~ ACOSC
option bits I >
CLKIN | PLL1MHz->8MHz | ™ = ok_plhdx8
CLKIN [y PLLIMHz>4MHz | T |7 fosc
CLKIN —T— =N —
2 CLKIN/2 -
divider —————¢— - plidiv2
L CLKIN/2
CLKIN >
[+ S
fosci 0sC osc /2 0sC/2
1-16 MHz [ Hivider >
osc2 [H I —
OSC, PLLOFF,
CLKSEL[1:0]
option bits
\ f
8-bit LTIMER
lite timer 2 counter (1ms timebase @ 8 MHz fpg()
|
fJS'} fOSC/32
| » /32 divider »
| feru TocPUand
" peripherals
fosc |0
v
MCO | SMS | MCCSR
f
D CPU »] MCO
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7.4

7.4.1

Note:

7.4.2

7.4.3
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Multi-oscillator (MO)

The main clock of the ST7 can be generated by four different source types coming from the
multi-oscillator block (1 to 16 MHz):

® An external source

® Crystal or ceramic resonator oscillators

® Aninternal high frequency RC oscillator

The associated hardware configurations are shown in Table 10: ST7 clock sources on
page 43. Refer to Section 13: Electrical characteristics for more details.

External clock source

In external clock mode, a clock signal (square, sinus or triangle) with ~50% duty cycie 11ust
drive the OSC1 pin while the OSC2 pin is tied to ground.

When the multi-oscillator is not used, PB4 is selected by default as the e ter1.2: clock.

Crystal/ceramic oscillators

In this mode, with a self-controlled gain feature, an oscilla*ar or any frequency from 1 to

16 MHz can be placed on OSC1 and OSC2 pins. This iarnily of oscillators has the
advantage of producing a very accurate rate on the 171@in clock of the ST7. In this mode of
the multi-oscillator, the resonator and the load cap:icitors must be placed as close as
possible to the oscillator pins to minimize auiput distortion and startup stabilization time. The
loading capacitance values must be ¢ dju:teu according to the selected oscillator.

These oscillators are not stopned during the reset phase to avoid losing time in the oscillator
startup phase.
Internal RC osciliator

In this mode tha tnable 1% RC oscillator is the main clock source. The two oscillator pins
must be tied o ground if dedicated to oscillator use, otherwise they are general purpose 1/O.

The calibration is done through the RCCR[7:0] and SICSR[6:5] registers.
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7.5

7.5.1

Note:

Table 10. ST7 clock sources

Hardware configuration

ST7

OSCH 0SsC2

External clock

External source

ST7
OSCH 0Ssc2

| IDI | |

| | L] || L7
C C_

H Load 27

Crystal/ceramic resonators

— capacitors —
- >\
5 ST7
S 0501 0SC2
2 L
O
('
®
£
Q
£ e

Res=t saquence manager (RSM)

Wwioduction

The reset sequence manager includes three reset sources as shown in Figure 14: Reset
block diagram on page 45:

® 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 Section 12.2.2: lllegal opcode reset on page 138 for further details.

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 memory
map.
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Caution:

7.5.2
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The basic reset sequence consists of three phases as shown in Figure 13:

® Active phase depending on the reset source

® 256 or 4096 CPU clock cycle delay (see Table 11)

® 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 256 or 4096 CPU clock cycle delay allows the oscillator to stabilize and ensures that
recovery has taken place from the reset state. The shorter or longer clock cycle delay is
automatically selected depending on the clock source chosen by option byte:

The reset vector fetch phase duration is two clock cycles.

Table 11.  Clock cycle delays

Clock source CPU cioen cycle delay
Internal RC oscillator | 256
External clock (connected to CLKIN pin) 256

External crystal/ceramic oscillator 4096

(connected to OSC1/0OSC2 pins)

If the PLL is enabled by option byte, it outputs ine ciock after an additional delay of tgtagTup
(see Figure 11: PLL output frequency tim,ag diagram on page 39).

Figure 13. Reset sequence phases

Reset

Actt h Internal reset Fetch vector
clive pnass 256 or 4096 CLOCK CYCLES

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 Section 13: Electrical
characteristics for more details.

A reset signal originating from an external source must have a duration of at least t,rsTL)in
in order to be recognized (see Figure 15: Reset sequences on page 46). This detection is
asynchronous and therefore the MCU can enter the reset state even in halt mode.
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7.5.3

7.5.4

755

Figure 14. Reset block diagram

Vbb

Ron

RESET <+—» |

L

Filter @O » Internal reset
—— Watchdog reset
:| }47 Pulse lllegal opcode reset(!)
generator
— LVD reset

777

1. See Section 12.2.2: lllegal opcode reset on page 138 for more details on illegal orccde =set conditions

The RESET pin is an asynchronous signal which plays a majer voie i» MS performance. In
a noisy environment, it is recommended to follow the guidelines mentioned in Section 13:
Electrical characteristics.

External power-on reset

If the LVD is disabled by the option bytz, t¢ s.ait up the microcontroller correctly, the user
must use an external reset circuit to ensu e that the reset signal is held low until Vpp is over
the minimum level specified for the selected fogc frequency.

A proper reset signal for & s’ 1'sing Vpp supply can generally be provided by an external

RC network connected i vhe RESET pin.

Internal low voliage detector (LVD) reset

Two dilreient reset sequences caused by the internal LVD circuitry can be distinguished:
®  Pov:er-on reset
& Voltage drop reset

The device RESET pin acts as an output that is pulled low when Vpp < V|1, (rising edge) or
Vpp < V|1 (falling edge) as shown in Figure 15: Reset sequences on page 46.

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

Internal watchdog reset

The reset sequence generated by an internal Watchdog counter overflow is shown in
Figure 15: Reset sequences on page 46.

Starting from the Watchdog counter underflow, the device RESET pin acts as an output that
is pulled low during at least t,yRrsTL)0ut-
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7.6

Note:

7€
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Figure 15. Reset sequences

ViT4(LvD)
ViT.(LVD)

LvD X External Watchdog
reset . reset reset
Run . Run Active Run Active Run
\/\chve phase phase phase

th(RSTL)in —p—g— :4——“; ty (RsTL)out

External

RESET
source

RESET pin

Watchdog '
reset >

Watchdog underflow J

C— Internal reset (256 or 4096 tcpy)
W7zzzzZ) Vector fetch

System inteqiity management (Sl)
The system nteyiity management block contains the low voltage detector (LVD) function. It

is mar ao2u by the SICSR register.

A reset can also be triggered following the detection of an illegal opcode or prebyte code.
Reier to Section 12.2.2: lllegal opcode reset on page 138 for further details.

Low voltage detector (LVD)

The low voltage detector (LVD) function generates a static reset when the Vpp supply
voltage is below a V|ryp) reference value. This means that it secures the power-up as well
as the power-down, keeping the ST7 in reset.

The V1.Lvp) reference value for a voltage drop is lower than the Vi1, yp) reference value
for power-on to avoid a parasitic reset when the MCU starts running and sinks current on the
supply (hysteresis).

The LVD reset circuitry generates a reset when Vpp is below:
—  ViT4vp) When Vpp is rising
- VIT—(LVD) when VDD is falllng

The LVD function is illustrated in Figure 16: Low voltage detector vs reset on page 47.
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Provided the minimum Vpp value (guaranteed for the oscillator frequency) is above V1. vp),
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.

Note: 1 The LVD allows the device to be used without any external reset circuitry.
2 The LVD is an optional function which can be selected by the option byte.

3 Use of LVD with capacitive power supply: With this type of power supply, if power cuts cccur
in the application, it is recommended to pull Vpp down to 0 V to ensure optimum restri
conditions. Refer to the circuit example in Figure 95: RESET pin protection vi.en VD s
disabled on page 170 and Note 4 on the same page.

4  For the application to function correctly, it is recommended to make suro tiat the Vpp supply
voltage rises monotonously when the device is exiting from resct.

Figure 16. Low voltage detector vs reset

A vy

ViT4(LvD)
ViT-(LvD)

Figure 17. Reset ard supply management block diagram

Watchdog timer p Status flag
(WDG)
System Integrity management
r— - - - - — - — — — — — — — — |
Reset sequence | |
RESET € »[—— manager (RSM) SICSR

| 7 o |
A | | ‘ ‘ |WDGRF|LOCKED| LVDRF| ‘ | |
| 4 |
| |
! Low voltage detector l
Vss — [1 I g |

(LVD)
VDD —» [} | |
Lo |
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7.6.2 Low power modes
Table 12.  Effect of low power modes on system integrity
Mode Description
Wait No effect on Sl
Halt The SICSR register is frozen

7.6.3 Register description

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

SICSR Reset value: 0110 Cv:Q (3xh)
7 6 5 4 3 2 1 0
Reserved CR[1:0] WDGRF | LOCKED LVDRF \\ ;{eserved
- R/W R/W R/W BN O -

Table 13. SICSR register description

Bit Bit name ~unction

7 - Reserved, must be “zp cleared

RC oscillatr fre:q iency adjustment bits

These bits, as well as CR[9:2] bits in the RCCR register must be
6:5 CR[1:0] wiitten immediately after reset to adjust the RC oscillator frequency
210 to obtain an accuracy of 1%. Refer to Section 7.3: Register

| description on page 39

Watchdog reset flag

This bit indicates that the last reset was generated by the watchdog
peripheral. It is set by hardware (watchdog reset) and cleared by
software (writing zero) or an LVD reset (to ensure a stable cleared
4 WDGRF state of the WDGRF flag when CPU starts). Combined with the

| LVDREF flag information, the flag description is given as follows:

00 (LVDRF, WDGRF): Reset sources = External RESET pin

01 (LVDRF, WDGRF): Reset sources = Watchdog

1X (LVDRF, WDGRF): Reset sources = LVD

PLL locked flag

This bit is set and cleared by hardware. It is set automatically when
3 LOCKED the PLL reaches its operating frequency.

0: PLL not locked

1: PLL locked

J
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Table 13. SICSR register description (continued)

Bit Bit name Function

LVD reset flag

This bit indicates that the last reset was generated by the LVD block.
It is set by hardware(LVD reset) and cleared by software (by
reading). When the LVD is disabled by option byte, the LVDRF bit

5 LVDRF value is undefined.

Note: The LVDRF flag is not cleared when another reset type
occurs (external or watchdog), the LVDRF 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.

1:0 - Reserved, must be kept cleared

PLL test register (PLLTST)

PLLTST Resew vaiue: 0000 0000 (00h)
7 6 5 4 3 2 1 0

PLLdiv2 Reserved | Reserved | Reserved Reserve':J' Peserved | Reserved | Reserved

RIW - - - - - -

Table 14.  PLLTST register descrip*ion

Bit Bit name Function

PLL clock divide by 2

Thic bit is read or writen by software and cleared by hardware after

I reset. This bit divides the PLL output clock by 2.

0: PLL output clock

7 PL'.Giv2 1: Divide by 2 of PLL output clock

Refer to Figure 12: Clock management block diagram on page 41.
Note: Writing this bit is effective after two topyy cycles (if system clock
is 8 MHz). Otherwise, writing is effective after one cycle (if system

| clock is 4 MHz), that is, if the effective time is 250 ns.

| 6:0 - Reserved, must be kept cleared

49/193




Interrupts

ST7L15, ST7L19

8

Note:

Note:

8.1

50/193

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 52 and a non-maskable software
interrupt (TRAP). The interrupt processing flowchart is shown in Figure 18: Interrupt
processing flowchart on page 52.

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
external interrupts subsection).

After reset, all interrupts are disabled.

When an interrupt has to be serviced:

® Normal processing is suspended at the end of the current instruction exec-it.on.
® 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 (o service and the first
instruction of the interrupt service routine is fetched (refe 10 1able 15: Interrupt
mapping for vector addresses).

The interrupt service routine should finish with the 'F!Z T instruction which causes the
contents of the saved registers to be recovered romn the stack.

As a consequence of the IRET instructior,_ti.e i bit is cleared and the main program
resumes.

Priority Management

By default, a servicing inerupt cannot be interrupted because the | bit is set by hardware
entering in interrupt -c'tine.

In the case when s.everal interrupts are simultaneously pending, an hardware priority
defines *wrici» cne will be serviced first (see Table 15: Interrupt mapping).

In*errupts and low power mode

Al interrupts 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 inTable 15: Interrupt mapping).

Non maskable software interrupt

This interrupt is entered when the TRAP instruction is executed regardless of the state of
the I bit. It is serviced according to the flowchart in Figure 18: Interrupt processing flowchart
on page 52.
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8.2

Caution:

8.3

Note:

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.

The type of sensitivity defined in the miscellaneous or interrupt register (if available) applies
to the ei source. In case of a NANDed source (as described in Section 10: I/O ports), a low
level on an I/O pin, configured as input with interrupt, masks the interrupt request even in
case of rising-edge sensitivity.

Peripheral interrupts

Different peripheral interrupt flags in the status register are a’ile tc cause an interrupt when
they are active if both the following conditions are met:

® | bit of the CC register is cleared

® Corresponding enable bit is set in the contrz! rogister

If either of these two conditions is false, the itiie rupt is latched and thus remains pending.

Clearing an interrupt request is done hy:

® Writing ‘0’ to the correspandiry bit in the status register or

® Access to the status rejicter while the flag is set followed by a read or write of an
associated register.

The clearing sec'1once resets the internal latch. A pending interrupt (that is, waiting for
being enableZ) i\ therefore be lost if the clear sequence is executed.
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Figure 18.

Interrupt processing flowchart

From reset

| bit set?

Y

Fetch next instruction

h 4

Execute instruction

Stack PC, X, A, CC

set | bit

load pc from interrup’ vectc -

Restore PC, X, A, CC from stack
this clears | bit by default

. W -

Table 15. Interrupt mapping
No. Source Description | F(egi:ier Priority | Exit from halt Address
block .abel order or AWUFH vector
Reset Reset Highest Yes FFFEh-FFFFh
TRAP | Software interrupt ~ ) priority No FFFCh-FFFDh
0 AWU | Auto wakeup interrupt AWUCSR Yes(™ FFFAh-FFFBh
1 ei0 External in.31-unt 0 FFF8h-FFFoh
2 eil Extert al nerrupt 1 ] ‘o FFF6h-FFF7h
3 ei2 External interrupt 2 FFF4h-FFF5h
4 ei>  |External interrupt 3 FFF2h-FFF3h
5 Lit~ timer | Lite timer RTC2 interrupt LTCSR2 No FFFOh-FFF1h
e 1 Not used FFEEh-FFEFh
N~ Not used FFECh-FFEDh
S | e |t oo e | PAMCSE vo | e
9 At timer overflow interrupt ATCSR Yes®@) FFE8h-FFESh
10 o Lite timer input capture interrupt LTCSR No FFE6h-FFE7h
11 te timer Lite timer RTC1 interrupt LTCSR Yes® FFE4h-FFE5h
12 SPI SPI peripheral interrupts SPICSR Yes FFE2h-FFE3h
v
13 At timer At timer overflow interrupt ATCSR2 lowest No FFEOh-FFE1h
priority

1. This interrupt exits the MCU from ‘auto wakeup from halt’ mode only

2. These interrupts exit the MCU from ‘active halt’ mode only

52/193
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External interrupt control register (EICR)

EICR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
1S3[1:0] 1S2[1:0] 1S1[1:0] 1S0[1:0]

R/W RW RW RW

Table 16. EICR register description

Bit Bit name Function

ei3 sensitivity
7:6 IS3[1:0] These bits define the interrupt sensitivity for ei3 (port B0O) a~.corcing
to Table 17

ei2 sensitivity
5:4 182[1:0] These bits define the interrupt sensitivity for €12 /nurt B3) according
to Table 17

eil sensitivity
3:2 IS1[1:0] These bits define the interrurt sznsitivity for eil1 (port A7) according
to Table 17

ei0 sensitivity
1:0 ISO[1:0] These bits defiiia ine, interrupt sensitivity for ei0 (port AQ) according
to Table 77

Note: 1  These 8 bits can be written orlv w/ien the | bit in the CC register is set.

2 Changing the sensitivity cf & paricular external interrupt clears this pending interrupt. This
can be used to clear unnarntad pending interrupts. Refer to the External interrupt function on

page 67
Table 11._ _lm errupt sensitivity bits
I «1 ISx0 External interrupt sensitivity
K< o 0 Falling edge and low level
| 0 1 Rising edge only
1 0 Falling edge only
1 1 Rising and falling edge
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External interrupt selection register (EISR)

EISR Reset value: 0000 1100 (OCh)
7 6 5 4 3 2 1 0
ei3[1:0] ei2[1:0] eil[1:0] ei0[1:0]

R/W RW RW RW

Table 18.  EISR register description

Bit Bit name Function

i3 pin selection
These bits are written by software. They select the port E 1/ nir
7:6 ei3[1:0 used for the ei3 external interrupt as follows:
[1:01 00: I/0 pin = PBO (reset state)
01: 1/O pin = PB1
10: 1/0 pin = PB2

ei2 pin selection
These bits are written by software. T ey select the port B 1/0 pin
used for the ei2 external inte ruot as follows:

5:4 ei2[1:0] 00: I/O pin = PB3 (rese* st2ie)

01: 1/0 pin = PB4(")

10: 1/0O pin = PBS

11:1/0O pir - +'Be

eil pin selecticn
These bits are written by software. They select the port A I/O pin
11se ] for the eil external interrupt as follows:
J0: 1/O pin = PA4
01: 1/O pin = PA5
10: 1/0O pin = PA6
11: I/O pin = PA7 (reset state)

3:2 ei1[1:0]

—T ei0 pin selection

These bits are written by software. They select the port A I/O pin
| used for the ei0 external interrupt as follows:

1:0 ei0[1:0] 00: I/O pin = PAO (reset state)

01: I/O pin = PA1

10: 1/0 pin = PA2

11: 1/0O pin = PA3

1. PB4 cannot be used as an external interrupt in HALT mode

J
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9

9.1

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 19):

® Slow

® Wait (and slow-wait)

® Active halt

® Auto wakeup from halt (AWUFH)
e Halt

After a reset, the normal operating mode is selected by default (run mode). This mo“e
drives the device (CPU and embedded peripherals) by means of a master «lack which is
based on the main oscillator frequency divided or multiplied by 2 (fogcz,

From run mode, the different power saving modes can be selected 1y setting the relevant
register bits or by calling the specific ST7 software instructior. w!ioce action depends on the
oscillator status.

Figure 19. Power saving mode transitions

Slow

Wait

Slow wait

Active halt

Auto wakeup from halt

Halt

Low

Power consumption
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9.2

Note:

56/193

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.

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 20. Slow mode clock transition

fosc/32 fosc

B s DR s DO e B A 15T
fosc LML, UL LT

fepu

SMs O

T

Normal run mode request
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9.3 Wait mode

Wait mode places the MCU into a low power consumption mode by stopping the CPU.
This power saving mode is selected by calling the ‘WFI’ instruction.

All peripherals remain active. During wait mode, the | bit of the CC register is cleared to
enable all interrupts. All other registers and memory remain unchanged. The MCU remains
in wait mode until an interrupt or reset occurs, whereupon it wakes up and the program
counter branches to the starting address of the interrupt or reset service routine.

Refer to Figure 21: Wait mode flowchart on page 57.

Figure 21. Wait mode flowchart

Oscillator On
WFI instruction Peripherals On

CPU Off

| bit 0

Interrupt

Y
Oscillator On
Peripherals Off
CPU On
I BIT 0

v

256 or 4096 CPU clock

cycle delay
Oscillator On
i | Peripherals On
CPU On
I bit xM

Fetch reset vector or
service interrupt

1. 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.
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Halt mode

The halt mode is the lowest power consumption mode of the MCU. It is entered by executing
the ‘HALT instruction when active halt is disabled (see Section 9.5: Active halt mode on
page 60 for more details) and when the AWUEN bit in the AWUCSR register is cleared.

The MCU can exit halt mode on reception of either a specific interrupt (see Table 15:
Interrupt mapping on page 52) or a reset. When exiting halt mode by means of a reset or an
interrupt, the oscillator is immediately turned on and the 256 or 4096 CPU cycle delay is
used to stabilize the oscillator. After the startup delay, the CPU resumes operation by
servicing the interrupt or by fetching the reset vector which woke it up (see Figure 23: Halt
mode flowchart on page 59).

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 up immediately.

In halt mode, the main oscillator is turned off, stopping all internal processing, iiciiaing the
operation of the on-chip peripherals. All peripherals are not clocked excent *t.n<e which
receive their clock supply from another clock generator (such as an exie/nca! or auxiliary
oscillator).

The compatibility of watchdog operation with halt mode is cor.figured by the ‘WDGHALT’
option bit of the option byte. The HALT instruction, when 2vecuted while the watchdog
system is enabled, can generate a watchdog reset (562 Section 15.2: Option bytes on
page 179 for more details).

Figure 22. Halt timing overview

! X 256 or 4096 CPU
Run | Halt cycle delay Run
S S >
HlLT Reset or interrupt T
instruction Fetch
[Active halt disabled] vector
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Figure 23. Halt mode flowchart

HALT instruction
(active Halt disabled)
(AWUCSR.AWUEN=0)

Watchdog

Disable

' Oscillator Off
WATCHDOG Peripherals® off
RESET cPU off

| bit 0

Oscillator
Peripherals
CPU
1k’

r 256 or 4096 CPU clock

cycle delays®)

v

Oscillator On
Peripherals On
CPU On
I bit X

v

Fetch reset vector

or service interrupt

1. WDGHALT is an option bit. See option byte section 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 52 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. Ifthe PLL is enabled by option byte, it outputs the clock after a delay of tstarTup (S€€ Figure 11 on
page 39).
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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 incorrectly 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 Ox8E. 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 program memory v:ith
the value Ox8E.

® Asthe HALT instruction clears the interrupt mask in the CC register to aiiow interrupts,
the user may choose to clear all pending interrupt bits before exec.ting tiie HALT
instruction. This avoids entering other peripheral interrupt routinac ater executing the
external interrupt routine corresponding to the wakeup event (12s2t or external
interrupt).

Active halt mode

Active halt mode is the lowest power convun ption mode of the MCU with a real time clock
available. It is entered by executing tr e ‘AT instruction. The decision to enter either in
active halt or halt mode is given by the LI CSR/ATCSR register status as shown in the
following table:

Table 19. LTCSRIfI:;(,S.‘! register status

T
LTCSR1 TB1IE | ATCSR OVFIE ATCSRCK1 ATCSRCKO Meanin
bit ' bit bit bit 9
0 X X 0
Active halt mode disabled
] 0 0 X X
A W
1 X X X
Active halt mode enabled
X 1 0 1

The MCU exits active halt mode on reception of a specific interrupt (see Table 15: Interrupt
mapping on page 52) or a reset.

® When exiting active halt mode by means of a reset, a 256 or 4096 CPU cycle delay
occurs. After the startup delay, the CPU resumes operation by fetching the reset vector
which woke it up (see Figure 25: Active halt mode flowchart on page 61).

® 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 25: Active halt
mode flowchart on page 61).

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 (see Figure 25,
Note 2).
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In active halt mode, only the main oscillator and the selected timer counter (LT/AT) are
running to keep a wakeup time base. All other peripherals are not clocked except those
which receive their clock supply from another clock generator (such as external or auxiliary
oscillator).

Note: As soon as active halt is enabled, executing a HALT instruction while the watchdog is active
does not generate a reset. This means that the device cannot exceed a defined delay in this

power saving mode.

Figure 24. Active halt timing overview

256 or 4096 CPU
Run Halt (1) Run
cycle delay
T TR T >
HALT Reset or interrupt
instruction Fetch

[Active halt enabled] vector

1. This delay occurs only if the MCU exits active halt mode by means of a “eset.

Figure 25. Active halt mode flowchart

illg o,
HALT instruction Ssﬁ :o s On
(active halt enabled) "ol A(‘:ll,‘l) erals off
(AWUCSRAWUEN -0 /  |© pit
't | bit 0

Y Oscillator On
Peripherals(! Off
) CPU On
' I bit X®
256 or 4096 CPU clock
cycle delay
Oscillator On
o | Peripherals On
CPU On
I bit x@)

Fetch reset vector
or service interrupt

Peripherals clocked with an external clock source can still be active.

2. Only the RTC1 interrupt and some specific interrupts can exit the MCU from active halt mode. Refer to

Table 15: Interrupt mapping for more details.
3. 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.
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Auto wakeup from halt mode

Auto wakeup from halt (AWUFH) mode is similar to halt mode with the addition of a specific
internal RC oscillator for wakeup (auto wakeup from halt oscillator). Compared to active halt
mode, AWUFH has lower power consumption (the main clock is not kept running but there is
no accurate real-time clock available).

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

Figure 26. AWUFH mode block diagram

AWU RC
oscillator
. » To timer input capture
fawu_rc >
b AWUFH
infen
/64 AWUFH '
| —»
> divider prescaler/1 .. 255 .
(ei0 source)

As soon as halt mode is entered and if the AWUEN Lt nas been set in the AWUCSR
register, the AWU RC oscillator provides a clock cignal (fawu re)- Its frequency is divided by
a fixed divider and a programmable presc:le: controlled by the AWUPR register. The output
of this prescaler provides the delay tirne. vien the delay has elapsed, the AWUF flag is set
by hardware and an interrupt wakes up ine MCU from halt mode. At the same time, the main
oscillator is immediately turnea on and a 256 or 4096 cycle delay is used to stabilize it. After
this startup delay, the CPU! 1csunies operation by servicing the AWUFH interrupt. The AWU
flag and its associatec! in.atipt are cleared by software reading the AWUCSR register.

To compensate fr ary frequency dispersion of the AWU RC oscillator, it can be calibrated
by measuriny (e clock frequency fayy re @and then calculating the right prescaler value.
Meas!emenumode is enabled by setting the AWUM bit in the AWUCSR register in run
mode. [ his connects fayy Rrc to the input capture of the 12-bit autoreload timer, allowing
"0 iwy_Re to be measured using the main oscillator clock as a reference timebase.
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Similarities with halt mode

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

® The MCU can exit AWUFH mode by means of any interrupt with exit from halt capability or a reset
(see Section 9.4: Halt mode on page 58).

® When entering AWUFH mode, the | bit 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, stopping all internal processing, including the
operation of the on-chip peripherals. None of the peripherals are clocked except those which receive
their clock supply from another clock generator (such as an external or auxiliary oscillator like the
AWU oscillator).

® The compatibility of watchdog operation with AWUFH mode is configured by the WDGHALT option
bit in the option byte. Depending on this setting, the HALT instruction, when executed while the
Watchdog system is enabled, can generate a watchdog reset.

Figure 27. AWUF halt timing diagram

< tawu >
Run mode Halt mode 256 or 4096 CPU Run mode
170
feew  [TITUUTULLTLL .. R e
® N\
fAWU_RC I ) I I A O
Clear
by software
AWUFH interrupt N é
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Figure 28. AWUFH mode flowchart

Halt instruction
(active halt disabled)
(AWUCSR.AWUEN = 1)

Enable

o>

1

Watchdog

Disable

AWU RC OSC On

Watchdog Main OSC Off
reset Peripherals® Off
CPU Off

I[1:0] bits 10

b

15N

AWLI RS OSS Off

Miin CSC On

;' e ipherals Off

~__ .|cpu On
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v

256 or 4096 CPU clock

cycle delay®
v
AWU RC OSC Off
Main OSC On
Peripherals On
CPU On
I[1:0] bits XX®

| v
Fetch reset vector
or service interrupt

WDGHALT is an option bit. See Section 15.2: Option bytes on page 179 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 52 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.

5. Ifthe PLL is enabled by the option byte, it outputs the clock after an additional delay of tgtarTup (S€€
Figure 11: PLL output frequency timing diagram on page 39).

J
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Register description

AWUFH control/status register (AWUCSR)

AWUCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved | Reserved | Reserved | Reserved | Reserved AWUF AWUM AWUEN
- - - - - R/W R/W R/W

Table 20. AWUCSR register description
Bit Bit name Function
7:3 - Reserved, must be kept cleared
Auto wakeup flag
This bit is set by hardware when the AWU mcdu'e generates an
5 AWUF interrupt and cleared by software on readiag AvwwUCSR. Writing to
this bit does not change its value.
0: No AWU interrupt occurred
1: AWU interrupt occurred
Auto wakeup measuremeit
This bit enables thc +W'J RC oscillator and connects its output to the
input capture 1 the (2-bit autoreload timer. This allows the timer to
1 AWUM measure the A\WWJ RC oscillator dispersion and then compensate
this dispeizion by providing the right value in the AWUPRE register.
U: Measurement disabled
1* Neasurement enabled
| Auto wakeup from halt enabled
This bit enables the auto wakeup from halt feature: Once halt mode
is entered, the AWUFH wakes up the microcontroller after a time
0 AWUEN delay dependent on the AWU prescaler value. It is set and cleared

by software.
0: AWUFH (auto wakeup from halt) mode disabled
1: AWUFH (auto wakeup from halt) mode enabled
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AWUPR prescaler register (AWUPR)

AWUPR Reset value: 1111 1111 (FFh)
7 6 5 4 3 2 1 0
AWUPR[7:0]
R/W
Table 21. AWUPR register description
Bit Bit name Function
A k |
70 AWUPR[7:0] uto wa eup presc.:a er o _
These 8 bits define the AWUPR dividing factor as explained
Table 22. AWUPR dividing factor
AWUPRJ[7:0] Dividing factor
00h Forbidder
01h >
FEh - 254
FFh 255

In AWU mode, the period that the MCU stays in hai iode (tayy in Figure 27: AWUF halt timing diagram
on page 63) is defined by

t'«V\IL» = 64 x AWUPR x +tRCSTRT

faAwuRc

This prescaler register cani he nrogrammed to modify the time that the MCU stays in halt mode before
waking up automatiza'ly

Note: If 02k js written to AWUPR, depending on the product, an interrupt is generated immediately
ehora HALT instruction or the AWUPR remains unchanged.
Tab!2 23  AWU register map and reset values
i
| Adaress | Register
(Hex.) label 7 6 S 4 3 2 1 0
AWUPR AWUPR7 | AWUPR6 | AWUPR5 | AWUPR4 | AWUPRS3 | AWUPR2 | AWUPR1 | AWUPRO
0049h
Reset value 1 1 1 1 1 1 1 1
004Ah AWUCSR 0 0 0 0 0 AWUF AWUM | AWUEN
Reset value
[S7i
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10.1

10.2

10.2.1

Note:

1

I/0 ports

Introduction

The 1/O ports allow data transfer. An 1/O port contains up to eight pins. Each pin can be
programmed independently either as a digital input or digital output. In addition, specific pins
may have several other functions. These functions can include external interrupt, alternate
signal input/output for on-chip peripherals or analog input.

Functional description

A data register (DR) and a data direction register (DDR) are always associated viit'i each
port. The option register (OR), which allows input/output options, may or may r.» be
implemented. The following description takes into account the OR register. F.efor to
Section 10.7: Device-specific I/O port configuration on page 73 for devic2 sracific
information.

An 1/O pin is programmed using the corresponding bits in the DOR, DR and OR registers:
Bit x corresponding to pin x of the port.

Figure 29: I/O port general block diagram on page 7 shows the generic I/O block diagram.

Input modes

Clearing the DDRXx bit selects input made. In this mode, reading its DR bit returns the digital
value from that 1/O pin.

If an OR bit is available, d fferent input modes can be configured by software: Floating or
pull-up. Refer to Sectizn 10.3: I/O port implementation on page 72 for configuration.

Writing to the DR 110 ifies the latch value but does not change the state of the input pin.
Do not use r2anodify/write instructions (BSET/BRES) to modify the DR register.

External interrupt function

External interrupt capability is selected using the EISR register. If EISR bits are <> 0, the
corresponding pin is used as external interrupt. In this case, the ORXx bit can select the pin
as either interrupt floating or interrupt pull-up. In this configuration, a signal edge or level
input on the 1/0 generates an interrupt request via the corresponding interrupt vector (eix).

Falling or rising edge sensitivity is programmed independently for each interrupt vector. The
external interrupt control register (EICR) or the miscellaneous register controls this
sensitivity, depending on the device.

A device may have up to seven external interrupts. Several pins may be tied to one external
interrupt vector. Refer to Section 2: Pin description to see which ports have external
interrupts.

If several I/O interrupt pins on the same interrupt vector are selected simultaneously, they
are logically combined. For this reason, if one of the interrupt pins is tied low, it may mask
the others.

External interrupts are hardware interrupts. Fetching the corresponding interrupt vector
automatically clears the request latch. Changing the sensitivity of a particular external
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interrupt clears this pending interrupt. This can be used to clear unwanted pending
interrupts.

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) must be selected before changing the OR register bit and configuring the
appropriate sensitivity again.

Caution: If a pin level change occurs during these operations (asynchronous signal input), as
interrupts are generated according to the current sensitivity, it is advised to disakle =i
interrupts before and to re-enable them after the complete previous sequence i crder to
avoid an external interrupt occurring on the unwanted edge.

This corresponds to the following steps:
1. To enable an external interrupt:

—  Set the interrupt mask with the SIM instruction (i~ cates where a pin level change
could occur)

—  Select rising edge
—  Enable the external interrupt througn th.c OR register
—  Select the desired sensitivit, i1 iferent from rising edge
— Reset the interrupt mask witi. the RIM instruction (in cases where a pin level
change could occur)
2. To disable an externa' interrupt:

—  Set the inter-upt mask with the SIM instruction (in cases where a pin level change
could oecir)

— Seectalling edge
—  Disable the external interrupt through the OR register
—  Select rising edge

— Reset the interrupt mask with the RIM instruction (in cases where a pin level
change could occur)

J
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10.2.2

10.2.3

Caution:

Output modes

Setting the DDRXx bit selects output mode. Writing to the DR bits applies a digital value to the
I/0 through the latch. Reading the DR bits returns the previously stored value.

If an OR bit is available, different output modes can be selected by software: Push-pull or
open-drain. Refer to Section 10.3: I/O port implementation on page 72 for configuration.

Table 24. DR value and output pin status

DR Push-pull Open-drain
0 VoL VoL
1 VoH Floating

Alternate functions

Many ST7 1/Os have one or more alternate functions. These may incluce 2utput signals
from, or input signals to, on-chip peripherals. Table 2: Device pin dec~ivi;on on page 17
describes which peripheral signals can be input/output to which ports

A signal coming from an on-chip peripheral can be output an an I/O. To do this, enable the
on-chip peripheral as an output (enable bit in the perip: e al’s control register). The
peripheral configures the 1/0 as an output and takes iiority over standard 1/0O programming.
The 1/O’s state is readable by addressing the ccrresponding I/0 data register.

Configuring an 1/O as floating enables 2'te rnats function input. It is not recommended to
configure an I/O as pull-up as this incieas 3s current consumption. Before using an I/O as an
alternate input, configure it without interrupt. Otherwise spurious interrupts can occur.

Configure an I/O as input flcating for an on-chip peripheral signal which can be input and
output.

I/Os which can L= ~omiyured as both an analog and digital alternate function need special
attention. The use must control the peripherals so that the signals do not arrive at the same
time on the sare pin. If an external clock is used, only the clock alternate function should be
employ<d on that I/O pin and not the other alternate function.

69/193




I/0 ports ST7L15, ST7L19

Figure 29. 1/O port general block diagram
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Table 25.  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. Legend: Off = implemented not activated; On = implemented and activated

J
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Table 26. 1/0 configurations

Hardware configuration

DR register access

n
register
Pad R Data bus
— > ] >0— >

——p Alternate input
to on-chip peripheral

input(
|H—|>{—<

Y

o

E}

External interrupt
source (eix)

Interrupt
condition

Combinational  Polarity
logic selection

» Analog inp:tt

DR registe * access
—_— — * = —

Pad e
P — . <1 OR
N | register

Data bus

Open-drain output(®

DR register access

—_—

DR
register
- P o
Alternate Alternate

— enable output
bit from on-chip peripheral

Data bus

Push-pull output(®

&
|

1. when the I/O port is in input configuration and the associated alternate function is enabled as an output,
reading the DR register reads 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.

Analog alternate function

Configure the I/O as floating input to use an ADC input. The analog multiplexer (controlled
by the ADC registers) switches the analog voltage present on the selected pin to the
common analog rail, connected to the ADC input.
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Analog recommendations

Do not change the voltage level or loading on any I/O while conversion is in progress. Do not
have clocking 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.

I/0 port implementation

The hardware implementation on each I/O port depends on the settings in the DI)F. 2ha OR
registers and specific I/O port features such as ADC input or open drain.

Switching these I/O ports from one state to another should be done in ~ s=0:1ence that
prevents unwanted side effects. Recommended safe transitions are i\'ust'ated in Figure 30.
Other transitions are potentially risky and should be avoided, <inc= \hzy may present
unwanted side-effects such as spurious interrupt generation.

Figure 30. Interrupt I/O port state transitions

HQ/HHQD

Input Input Output Output
floating/pull-.'\p floating open-drain push-pull
intesrup’ (reset state)

@ -DDR, OR

Linused I/O pins

Unused I/0O pins must be connected to fixed voltage levels. Refer to Section 13.8: I/0 port
pin characteristics on page 161 .

Low-power modes

Table 27.  Effect of low power modes on 1/O ports

Mode Description
Wait No effect on I/O ports. External interrupts cause the device to exit from wait mode.
Halt No effect on I/O ports. External interrupts cause the device to exit from halt mode.
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10.6

10.7

Note:

Interrupts

The external interrupt event generates an interrupt if the corresponding configuration is
selected with DDR and OR registers and if the | bit in the CC register is cleared (RIM
instruction).

Table 28. 1/0 interrupt control/wake-up capability

Interrupt event Event flag | Enable controlbit | Exit from wait | Exit from halt
External interrupt on selected DDRx
- Yes Yes
external event ORx

Related Documentation

® SPIl communication between ST7 and EEPROM (AN970)
® S/W implementation of I°C bus master (AN1045)
® Software LCD driver (AN1048)

Device-specific I1/0 port configuration

The I/0O port register configurations are summarized 2s ‘oilows:

Table 29. Port configuration (standard por.s)

In’%ui (ODR =0) Output (DDR =1)
Port Pin name
OR=0 OR=1 OR=0 OR=1
Port A PA7:0 F'oating Pull-up Open drain Push-pull
Port B PB6:0 Floating Pull-up Open drain Push-pull
Port C L.’-f) Y Floating Push-pull

The se!cotorn between OSC1 or PCO and OSC2 or PC1 is done by the option byte (refer to
Sectior: 15.2: Option bytes on page 179). Interrupt capability is not available on PC1:0. Port
© ‘= not present on ROM devices.

PCOR not implemented but p-transistor always active in output mode (refer to Figure 29: I/O
port general block diagram on page 70).

Table 30. Interrupt port configuration(!

Input (DDR = 0) Output (DDR =1)
Port Pin name
OR=0 OR=1 OR=0 OR=1
Port A PA7:0 Floating Pull-up interrupt Open drain Push-pull
Port B PB6:0 floating Pull-up interrupt Open drain Push-pull

1. On ports where the external interrupt capability is selected using the EISR register
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Table 31. /O port register map and reset values

Address(Hex.) | Register label 7 6 5 4 1 0
PADR MSB LSB
0000 Reset value 1 1 1 1 1 1
PADDR MSB LSB
0001h Reset value 0 0 0 0 0 0
PAOR MSB LSB
0002h Reset value 0 1 0 0 0 0
PBDR MSB LSB
0003n Reset value 1 1 1 1 1 1
PBDDR MSB | LoB
0004h
Reset value 0 0 0 0 1 | 0
PBOR MSB LSB
000h Reset value 0 0 0 0 + 0 0
0006h PCDR MSB LSB
Reset value 0 0 0 0 1 1
0007h PCDDR MSB LSB
Reset value 0 0 0 0 0 0

Multiplexed input/output nerts

OSC1/PCO0 are multiplexed e ¢ne pin (pin20) and OSC2/PC1 are multiplexed on pin19.
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11.1

11.11

11.1.2

11.1.3

On-chip peripherals

Watchdog timer (WDG)

Introduction

The watchdog timer is used to detect the occurrence of a software fault, usually generated
by external interference or by unforeseen logical conditions, which causes the application
program to abandon its normal sequence. The watchdog circuit generates an MCU reset
upon expiration of a programmed time period, unless the program refreshes the counter’s
contents before the T6 bit is cleared.

Main features

Programmable free-running downcounter (64 increments of 1600C CP) ~ycles)
Programmable reset

Reset (if watchdog activated) when the T6 bit reaches zeic

Optional reset on HALT instruction (configurable by ontior byte)

Hardware watchdog selectable by option byte

Functional description

The counter value stored in the CR re gis.2. {oits T[6:0]) is decremented every 16000
machine cycles and the length of the \imcout period can be programmed by the user in 64
increments.

If the watchdog is activated (the 'NDGA bit is set) and when the 7-bit timer (bits T[6:0]) rolls
over from 40h to 3Fh (16 ~cacomes cleared), it initiates a reset cycle pulling low the reset pin
for typically 30ps.

Figure 21. Watchdog block diagram

Reset

Watchdog control register (CR)

WDGA T6 T5 T4 T3 T2 T TO

| 7-bit downcounter
A

£ Clock divider 316000
cry ——P
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The application program must write in the CR register at regular intervals during normal
operation to prevent an MCU reset. This downcounter is free-running: It counts down, even
if the watchdog is disabled. The value to be stored in the CR register must be between FFh
and COh (see Table 32):

® The WDGA bit is set (watchdog enabled).
® The T6 bit is set to prevent generating an immediate reset.

® The T[5:0] bits contain the number of increments which represents the time delay
before the watchdog produces a reset.

Following a reset, the watchdog is disabled. Once activated, it can be disabled only by a
reset.

The T6 bit can generate a software reset (the WDGA bit is set and the T6 bit is cleared).

If the watchdog is activated, the HALT instruction generates a reset.

Table 32. Watchdog timing(1(2)

fCPU =8 MHz
—
WDG counter code min (ms) max (ms)
CoOh 1 2
FFh 127 128

1. The timing variation shown in Table 32 is due to the unki.~wn status of the prescaler when writing to the
CR register.

2. The number of CPU clock cycles applied ¢ uring the reset phase (256 or 4096) must be taken into account
in addition to these timings.

Hardware watchdog criicn

If hardware watchdcq is selected by the option byte, the watchdog is always active and the
WDGA bit in the CRR is not used.

Refer to the aprion byte description in Section 15.2: Option bytes on page 179.
Using nalt mode with the WDG (WDGHALT option)

if alt mode with watchdog is enabled by the option byte (no watchdog reset on HALT
instruction), it is recommended before executing the HALT instruction to refresh the WDG
counter, to avoid an unexpected WDG reset immediately after waking up the microcontroller
(same behavior in active halt mode).

Interrupts

None.
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11.1.6 Register description

Control register (WDGCR)

WDGCR Reset value: 0111 1111 (7Fh)
7 6 5 4 3 2 1 0
WDGA T[6:0]
R/W R/W
Table 33. WDGCR register description
Bit Bit name Function
Activation bit(")
This bit is set by software and only cleared by hardvre re aicer a reset.
7 WDGA When WDGA = 1, the watchdog can generate ¢ 13s:t.
0: Watchdog disabled
1: Watchdog enabled
7-bit counter (MSB to LSB)
6:0 T[6:0] These bits contain the decreinetzd value. A reset is produced when
it rolls over from 40h to 3" (To becomes cleared).

1. The WDGA bit is not used if the hardware watchdog oot is enabled by option byte.

Table 34. Watchdog timer registr.r n.a» and reset values
T
Address (Hex.) | Register label 7 6 5 4 3 2 1 0
002Eh WDGCRF WDGA| T6 T5 T4 T3 T2 T TO
Reset vaice 0 1 1 1 1 1 1 1

11.2 Dual 12-hi! autoreload timer 4 (AT4)

11.2.1 ntzoduction

rhe 12-bit autoreload timer can be used for general-purpose timing functions. It is based on
one or two free-running 12-bit upcounters with an input capture register and four PWM
output channels. There are seven external pins:

® 4 PWM outputs
® ATIC/LTIC pins for the input capture function
® BREAK pin for forcing a break condition on the PWM outputs
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Main features

Single timer or dual timer mode with two 12-bit upcounters (CNTR1/CNTR2) and two
12-bit autoreload registers (ATR1/ATR2)

Maskable overflow interrupts

PWM mode

—  Generation of four independent PWMXx signals

— Dead time generation for half-bridge driving mode with programmable dead time
—  Frequency 2 kHz to 4 MHz (@ 8 MHz fcpy)

—  Programmable duty-cycles

—  Polarity control

—  Programmable output modes

Output compare mode

Input capture mode

— 12-bit input capture register (ATICR)

—  Triggered by rising and falling edges

— Maskable IC interrupt

— Long range input capture

Break control

Flexible clock control

One pulse mode on PWM2/3 (avziiak'e only on Flash devices)
Force update (available only on t'asn devices)
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Figure 32. Single timer mode (ENCNTR2 = 0)
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Figure 33. Dual timer mode (ENCNTR2 = 1)
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1

Functional description

PWM mode

This mode allows up to four pulse width modulated signals to be generated on the PWMx
output pins.

PWM frequency

The four PWM signals can have the same frequency (fpyym) Or can have two different
frequencies. This is selected by the ENCNTR2 bit which enables single timer or dual timer
mode (see Figure 32: Single timer mode (ENCNTRZ2 = 0) on page 79 and Figure 33: Dual
timer mode (ENCNTRZ2 = 1) on page 79).

The frequency is controlled by the counter period and the ATR register value. In dua! timer
mode, PWM2 and PWM3 can be generated with a different frequency controlled by CNTR2
and ATR2.

fpwm = fcounTeER/(4096 - ATR)

Following the above formula, if fcoynTER is 4 MHZ the maximim velus of fpyy is 2 MHz
(ATR register value = 4094),the minimum value is 1 kHz (ATR register value = 0).

The maximum value of ATR is 4094 because it must be ‘c'ver than the DC4R value, which in
this case must be 4095.

Duty cycle

The duty cycle is selected by program.nii.j the DCRXx registers. These are preload registers.
The DCRXx values are transferred in active duty cycle registers after an overflow event if the
corresponding transfer bit (TRANXx oit) is set.

The TRANT1 bit controls this Fv/NIx outputs driven by counter 1 and the TRAN2 bit controls
the PWMx outputs driven hy counter 2.

PWM generation and output compare are done by comparing these active DCRx values
with the counter.

The maxamum available resolution for the PWMx duty cycle is:

Resolution = 1/(4096 - ATR)

Where ATR is equal to 0. With this maximum resolution, 0% and 100% duty cycle can be
obtained by changing the polarity.

At reset, the counter starts counting from 0.

J




ST7L15, ST7L19 On-chip peripherals

When an upcounter overflow occurs (OVF event), the preloaded duty cycle values are transferred to the
active duty cycle registers and the PWMx signals are set to a high level. When the upcounter matches
the active DCRx value, the PWMx signals are set to a low level. To obtain a signal on a PWMx pin, the
contents of the corresponding active DCRx register must be greater than the contents of the ATR
register.

Note: For ROM devices only: The PWM can be enabled/disabled only in overflow ISR, otherwise
the first pulse of PWM can be different from expected one because no force overflow
function is present.

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

Polarity inversion

The polarity bits can be used to invert any of the four output signals. The inversion is synchronizzd viith
the counter overflow if the corresponding transfer bit in the ATCSR2 register is set (reset va''ic). Sce
Figure 34.

Figure 34. PWM polarity inversion

Inverter
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|
|
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frean- /-
ATCSR2 register | TRANX|— DFF

counter overflow

The data flip flop (DFF) apnl.es trie polarity inversion when triggered by the counter overflow input.

Output control
The PWMx outwut signals can be enabled or disabled using the OEXx bits in the PWMCR register.

Figure 3. WM function
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Figure 36. PWM signal from 0% to 100% duty cycle
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Dead time generation

A dead time can be inserted between PWMO and PWM1 using the DTGR register. This is required for
half-bridge driving where PWM signals must not be overlapped Tiie non-overlapping PWMO/PWM1

signals are generated through a programmable dead time ov 2<tting the DTE bit.

Dead time value := D'\[t.0] x Tcounter1

DTGR][7:0] is buffered inside so as to avoia deforming the current PWM cycle. The DTGR effect will take

place only after an overflow.

Note: 1 Dead time is generated nixly when DTE = 1 and DT[6:0] # 0. If DTE is set and DT[6:0] = 0,

PWM output sigr-a/s )il be at their reset state.

2  Half-bridge criviiiy is possible only if polarities of PWMO0 and PWM?1 are not inverted, that is,
if OPC ar a Or1 are not set. If polarity is inverted, overlapping PWMO/PWM1 signals will be

genera.~d.
3  Lecd time generation does not work at 1ms timebase.
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Figure 37. Dead time generation
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In the above example, when the DTE b't I1s e
® PWM goes low at DCRO mat*ch end goes high at ATR1 + Ty
® PWMT1 goes high at DCRQ - 14; and goes low at ATR match.

With this programmz.tle acluy (Tg;), the PWMO and PWM1 signals which are generated are not
overlapped.

Break fur.ction

The hiea function can be used to perform an emergency shutdown of the application being driven by the
P\Wivi signals.

Tne break function is activated by the external BREAK pin. In order to use the break function it must be
previously enabled by software setting the BPEN bit in the BREAKCR register.

The break active level can be programmed by the BREDGE bit in the BREAKCR register (in ROM
devices the active level is not programmable; the break active level is low). When an active level is
detected on the BREAK pin, the BA bit is set and the break function is activated. In this case, the PWM
signals are forced to BREAK value if the respective OEx bit is set in the PWMCR register.

Software can set the BA bit to activate the break function without using the BREAK pin. The BREN1 and
BREN2 bits in the BREAKEN register are used to enable the break activation on the two counters
respectively. In dual timer mode, the break for PWM2 and PWMS3 is enabled by the BRENZ bit. In single
timer mode, the BREN1 bit enables the break for all PWM channels. In ROM devices, BREN1 and
BREN?2 are both forced by hardware at high level and all PWMs are enabled.
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When a break function is activated (BA bit = 1 and BREN1/BREN2 = 1):

® The break pattern (PWM[3:0] bits in the BREAKCR is forced directly on the PWMXx

output pins if respective OEx is set (after the inverter)
® The 12-bit PWM counter CNTR1 is put to its reset value, that is 00h (if BREN1 = 1)
® The 12-bit PWM counter CNTR2 is put to its reset value, that is 00h (if BREN2 = 1)
® ATR1, ATR2, preload and active DCRXx are put to their reset values
® Counters stop counting

When the break function is deactivated after applying the break (BA bit goes from 1 to 0 by
software), the timer takes the control of the PWM ports.

Figure 38. Block diagram of break function
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Note:

Output compare mode
To use this function, load a 12-bit value in the preload DCRxH and DCRXL registers.

When the 12-bit upcounter CNTR1 reaches the value stored in the active DCRxH and
DCRXL registers, the CMPFx bit in the PWMxCSR register is set and an interrupt request is
generated if the CMPIE bit is set.

In single timer mode the output compare function is performed only on CNTR1. The
difference between both the modes is that in single timer mode, CNTR1 can be compared
with any of the four DCR registers, and in dual timer mode, CNTR1 is compared with DCRO
or DCR1 and CNTR2 is compared with DCR2 or DCRS3. In ROM devices, the CNTR2
counter is not used for this comparison.

The output compare function is only available for DCRx values other than 0 (reset value).

Duty cycle registers are buffered internally. The CPU writes in Preload Duty Cycle Pzisters
and these values are transferred to Active Duty Cycle Registers after an overflow event if the
corresponding transfer bit (TRANXx bit) is set. Output compare is done by ccni:raring these
active DCRx values with the counters.

Figure 39. Block diagram of output compare mode (sinyle tiimer)
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Input capture mode

The 12-bit ATICR register is used to latch the value of the 12-bit free running upcounter CNTR1 after a
rising or falling edge is detected on the ATIC pin. When an input capture occurs, the ICF bit is set and the
ATICR register contains the value of the free running upcounter. An IC interrupt is generated if the ICIE
bit is set. The ICF bit is reset by reading the ATICRH/ATICRL register when the ICF bit is set. The ATICR
is a read only register and always contains the free running upcounter value which corresponds to the
most recent input capture. Any further input capture is inhibited while the ICF bit is set.

Figure 40. Block diagram of input capture mode
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Figure 41. Input capture timing diajran.
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Long input capture
Pulses that last more than 8 ps can be measured with an accuracy of 4ps if fogc = 8 MHz under the
following conditions:
® The 12-bit AT4 timer is clocked by the lite timer (RTC pulse: CK[1:0] = 01 in the ATCSR register)

® The ICS bit in the ATCSR2 register is set so that the LTIC pin is used to trigger the AT4 timer
capture.

® The signal to be captured is connected to LTIC pin
® Input capture registers LTICR, ATICRH and ATICRL are read

This configuration allows to cascade the lite timer and the 12-bit AT4 timer to get a 20-bit input capture
value. Refer to Figure 42.

Figure 42. Long range input capture block diagram

LTICR
#i 8-bit input capture register }——} 8 LSB bits

T

foscra2 —i 8-bit timebase counter1 }7_|
|
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fLTIMER —¢ CNTT1 v
ICS fcpu r 1 2-bit upcounter1 ‘
LTIC off =17 i

] y ATICR
ATIC[|_Ii 0'— — N —P‘ 12-bit input capture register }——} 12 MSB bits

Since the innut c2pture flags (ICF) for both timers (AT4 timer and LT timer) are set when signal transition
occurs. sH’waire must mask one interrupt by clearing the corresponding ICIE bit before setting the ICS
bit.

£ the ICS bit changes (from 0 to 1 or from 1 to 0), a spurious transition might occur on the input capture
signal because of different values on LTIC and ATIC. To avoid this situation, it is recommended to do the
following:

® First, reset both ICIE bits

® Then set the ICS bit

® Reset both ICF bits

® Finally, set the ICIE bit of desired interrupt
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Both timers are used to compute a pulse length with long input capture feature. The
procedure is not straight-forward and is as follows:

® Atthe first input capture on the rising edge of the pulse, we assume that values in the
registers are as follows:

— LTICR=LTH
—  ATICRH = ATH1
— ATICRL = ATLA1

— Hence ATICR1 [11:0] = ATH1 & ATLA1
— Referto Figure 43.

® Atthe second input capture on the falling edge of the pulse, we assume that the values
in the registers are as follows:

— LTICR=LT2
— ATICRH = ATH2
— ATICRL = ATL2

— Hence ATICR2 [11:0] = ATH2 & ATL2

Now pulse width P between first capture and second capture wi'l ve:

P = decimal (F9 — LT1 + LT2 + 1) * 0.004ms + «ecimal ((FFF * N) + N +
ATICR2 - ATICR1 — 1) * 1ms where N = No ¢ vverflows of 12-bit CNTR1

Figure 43. .Long range input capture timiri. uiagram
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Note:

One pulse mode (available only on Flash devices)

One pulse mode can be used to control PWM2/3 signal with an external LTIC pin. This
mode is available only in dual timer mode that is only for CNTR2, when the OP_EN bit in
PWMB3CSR register is set.

One pulse mode is activated by the external LTIC input. The active edge of the LTIC pin is
selected by the OPEDGE bit in the PWM3CSR register.

After obtaining the active edge of the LTIC pin, CNTR2 is reset (000h) and PWM3 is set to
high. CNTR2 starts counting from 000h and when it reaches the active DCR3 value, PWM3
goes low. Until this time, any further transitions on the LTIC signal will have no effect. If there
are LTIC transitions after CNTR2 reaches the DCRS3 value, CNTR2 is reset again and
PWMS3 goes high.

If there are no more LTIC active edges after the first active edge, CNTR2 counts urul it
reaches the ARR2 value, it is then reset and PWM3 is set to high. The counter agaii starts
counting from 000h. When it reaches the active DCR3 value, PWMS3 goes !9 v, aiter which
the counter counts until it reaches ARR2, it is reset and PWM3 is set to igb again, and the
cycle continues in this manner.

The same operation applies for PWM2, but in this case the cempavison is done on DCR2

OP_EN and OPEDGE bits take effect on the fly and are ri<i synchronized with the counter 2
overflow.

The output bit OP2/3 can be used to invert ths pnlanty of PWM2/3 in one pulse mode. The
update of these bits (OP2/3) is synchroni.2d vith the Counter 2 overflow, provided the
TRAN2 bit is set.

The time taken from activatior of L7IC input and CNTR2 reset is between 1 and 2 tcpy
cycles, that is 125 ns to 250 11s (with 8 MHz fcopyy).

To avoid spurious interrupte, the litetimer input capture interrupt should be disabled while
12-bit ARTimer is in ore pulse mode.

Priority of variaus conditions is as follows for PWM3:

Break > ¢ na pulse mode with active LTIC edge > forced overflow by s/w > one pulse mode
without active LTIC edge > normal PWM operation

1L Is possible to update DCR2/3 and OP2/3 at the counter 2 reset because the update is
synchronized with the counter reset. This is managed by the overflow interrupt which is
generated if the counter is reset either due to ARR match or active pulse at LTIC pin.

DCR2/3 and OP2/3 update in one pulse mode is done dynamically using force update in
Software.

DCR3 update in this mode is not synchronized with any event. That may lead to a longer
next PWM3 cycle duration than expected just after the change (refer to Figure 46: Dynamic
DCR2/3 update in one pulse mode on page 91).

In one pulse mode, the ATR2 value must be greater than the DCR2/3 value for PWM2/3
(opposite to normal PWM mode).

If there is an active edge on the LTIC pin after the counter has reset due to an ARR2 match,
then the timer again is reset and appears as modified duty cycle, depending on whether the
new DCR value is less than or more than the previous value.

The TRANZ bit should be set along with the FORCEZ bit with the same instruction after a
write to the DCR register.
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10 ARRZ2 value should be changed after an overflow in one pulse mode to avoid any irregular
PWM cycle.

11 When exiting from one pulse mode, the OP_EN bit in the PWMS3CSR register should be
reset first and then the ENCNTR2 bit (if counter 2 must be stopped).
How to enter one pulse mode
Load ATR2H/ATR2L with required value
Load DCR3H/DCR3L for PWMS3. ATR2 value must be greater than DCR3
Set OP3 in PWMB3CSR if polarity change is required
Select CNTR2 by setting ENCNTR2 bit in ATCSR2
Set TRAN2 bit in ATCSR2 to enable transfer
‘Wait for overflow’ by checking the OVF2 flag in ATCSR2
Select counter clock using CK<1:0> bits in ATCSR
Set OP_EN bit in PWM3CSR to enable one pulse mode
Enable PWMS3 by OES bit of PWMCR

The ‘wait for overflow’ in step 6 can be replaced by forced update.

© o N oA DN~

Follow the same procedure for PWM2 with the bits corresponding to PWM..

Note: When break is applied in one pulse mode, dual 12-bit a:ncreload timer 4, CNTR2, DCR2/3
and ATR2 registers are reset. Consequently, these rcaisters must be initialized again when
break is removed.

Figure 44. Block diagram of one pulse mode

[ T}‘ 12-bit upcounter 2 ‘—b

PWM PWM2/3
‘ 12-bit autoreload register 2 }—} generation
‘ 12-bit active DCR2/3 |—>

OP2/3 ———— P

Edge
selection

LTIC pin

OPEDGE | OP _EI'
—

PWMS3CSR eg ter

J

90/193




ST7L15, ST7L19

On-chip peripherals

Figure 45. One pulse mode timing diagram
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Figure 46. Dynamic DCR2/3 update in one pulse mode
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11.2.4

11.2.5

92/193

Force update (available only on Flash devices)

In order not to wait for the counter, overflow to load the value into active DCRXx registers, a
programmable counter, overflow is provided. For both counters, a separate bit is provided
which when set, starts the counters with the overflow value, that is FFFh. After overflow, the
counters start counting from their respective autoreload register values.

These bits are FORCE1 and FORCE2 in the ATCSR2 register. FORCE1 is used to force an
overflow on counter 1 and FORCE2 is used for counter 2. These bits are set by software
and reset by hardware after the respective counter overflow event has occurred.

This feature can be used at any time. All related features such as PWM generation, output
compare, input capture and one pulse can be used this way.

Figure 47. Force overflow timing diagram
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Table 35. Effect of chm_y_)c'vver modes on AT4
Mode l Description
Wait \@ No effect on AT timer
Halt | AT timer halted
interrupts
Table 36.  AT4 interrupt control/wake-up capability(")
Interrupt Event Enable Exit Exit Exit from
event flag control bit from wait from Halt active halt
Overflow event OVFA1 OVFIE1 Yes
AT4 IC event ICF ICIE
CMP event CMPFx CMPIE Yes No No
Overflow event2 OVF2 OVFIE2

1. The CMP and AT4 IC events are connected to the same interrupt vector. The OVF event is mapped on a
separate vector (see Section 8: 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).
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11.2.6 Register description

Timer control status register (ATCSR)

ATCSR Reset value: 0x00 0000 (x0h)
7 6 5 4 3 2 1 0
Reserved ICF ICIE CK[1:0] OVF1 OVFIE1 CMPIE

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

Table 37. ATCSR register description

Bit Bit name Function

—-—— — —

7 - Reserved, must be kept cleared

Input capture flag

This bit is set by hardware and cleared by sof'w: re py reading the
6 ICF ATICR register (a read access to ATICR'1 or A11CRL will clear this
flag). Writing to this bit does not chance \he bit value.

0: No input capture

1: An input capture has occL rcd

IC interrupt enable

5 ICIE This bit is set and clearzd by software.
0: Input canture \nt<irupt disabled

1: Input captire interrupt enabled

Counter clock selection

Thesu bits are set and cleared by software and cleared by hardware
4:3 CK[1:0] aftcr e reset. They select the clock frequency of the counter as follows/
" ] | oA H -
L3: Counter clock selection = off
01: Counter clock selection = fiyyer (1ms timebase @ 8 MHz)
10: Counter clock selection = fcpy

W = Overflow flag

This bit is set by hardware and cleared by software by reading the

] > OVF1 ATCSR register. It indicates the transition of the counter CNTR1 from
FFFh to ATR1 value.

0: No counter overflow occurred

1: Counter overflow occurred

Overflow interrupt enable

This bit is read/write by software and cleared by hardware after a
1 OVFIE1 reset.

0: Overflow interrupt disabled

1: Overflow interrupt enabled

Compare interrupt enable

This bit is read/writen by software and cleared by hardware after a
0 CMPIE reset. It can be used to mask the interrupt generated when any of the
CMPFx bit is set.

0: Output compare interrupt disabled

1: Output compare interrupt enabled

ﬁ 93/193




On-chip peripherals

ST7L15, ST7L19

Counter register 1 high (CNTR1H)

CNTR1H
15

14

13 12 11

Reset value: 0000 0000 (00h)
10 9 8

Reserved

Reserved | Reserved | Reserved

CNTR1[11:8]

Counter register 1 low (CNTR1L)

CNTR1L
7

5 4 3

R

Reset value: 0000 0000 (00h)

CNTR1[7:0]

R

Table 38.

CNTR1H and CNTR1L register descriptions

Bit

Bit name

Furction

15:12

Reserved, must be kept clear.a

CNTR1[11:0]

Counter value

This 12-bit re xisi=r i read by software and cleared by hardware after
areset. The vointer CNTR1 increments continuously as soon as a
counter ¢~ is selected. To obtain the 12-bit value, software should
raad tiie counter value in two consecutive read operations. The
CNTRH register can be incremented between the two reads, and in
<rder to be accurate when fryer = fopy, 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 ATR1 register.
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Autoreload register high (ATR1H)

ATR1H Reset value: 0000 0000 (00h)
15 14 13 12 11 10 9 8
Reserved | Reserved | Reserved | Reserved ATR1[11:8]

- - - R/W
Autoreload register low (ATR1L)

ATR1L Reset value: 0000 0000 (00h)

7 6 5 4 3 2 1 L

ATR1[7:0]

R/W

Table 39. ATR1H and ATR1L register descriptions

Bit Bit name Furction

15:12 - Reserved, must be kept cleir.a

Autoreload register 1

This is a 12-Li* 1agis.er which is written by software. The ATR1
register v alue 10 qutomatically loaded into the upcounter CNTR1

when an cve.flow occurs. The register value is used to set the PWM
fraquency.

11:0 ATR1[11:0]

PWM output control *cgicie; (PWMCR)

PWMCR Reset value: 0000 0000 (00h)

7 6 5 4 3 2 1 0

‘ Rnserwdw OE3 Reserved OE2 Reserved OEA1 Reserved OEO

- RIW - R/W - R/W - R/W

Table 40. PWMCR register description

Bit Bit name Function

7,5,3,1 - Reserved, must be kept cleared

PWMx output enable

These bits are set and cleared by software and cleared by hardware
fter a reset.
6,4,2,0 OE[3:0 a , o
[3:01 0: PWM mode disabled. PWMx output alternate function disabled
(/0 pin free for general purpose 1/O)
1: PWM mode enabled
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PWNMx control status register (PWMxCSR)

PWMxCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved | Reserved | Reserved | Reserved | OP_EN OPEDGE OPx CMPFx
- - - - R/wW R/W R/W R/W
Table 41. PWMxCSR register description
Bit Bit name Function
74 - Reserved, must be kept cleared
One pulse mode enable (not applicable to ROM devices)
This bit is read/writen by software and cleared by haraware after a
3 OP EN reset. This bit enables the one pulse feature fcr PWN.2 and PWMS.
- (It is only available for PWM3CSR).
0: One pulse mode disable for PWM2/3
1: One pulse mode enable for PWPF2/.}
One pulse edge selection (not appi‘cabie to ROM devices)
This bit is read/writen hy eftv'ai< and cleared by hardware after a
reset. This bit selects tho polarity of the LTIC signal for one pulse
2 OPEDGE feature. This bit wili L e ¢ flective only if OP_EN bit is set. (It is Only
available for ?vM3CSR)
0: Falling edg= 5i LTIC is selected
1: Rising ¢2ye of LTIC is selected
PWN\'x output polarity
Taie bit is read/writen by software and cleared by hardware after a
1 OPx I reset. This bit selects the polarity of the PWM signal.
0: The PWM signal is not inverted
1: The PWM signal is inverted
PWMx compatre flag
This bit is set by hardware and cleared by software by reading the
PWMxCSR register. It indicates that the upcounter value matches
0 CMPFx ) .
the active DCRx register value.
0: Upcounter value does not match DCRx value
1: Upcounter value matches DCRXx value
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Break control register (BREAKCR)

BREAKCR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved | BREDGE BA BPEN PWM[3:0]
- R/W R/W R/W R/W

Table 42. BREAKCR register description

Bit Bit name Function

7 - Reserved, must be kept cleared

Break input edge selection (not applicable to ROM devices,
This bit is read/writen by software and cleared by haraware after
6 BREDGE reset. It selects the active level of break signal
0: Low level of break selected as active level
1: High level of break selected as active 'eve:

Break active

This bit is read/writne by softw ir, cleared by hardware after reset
5 BA and set by hardware wher. the BREAK pin is low. It
activates/deactivates the 1Lreak function.

0: Break not active

1: Break active;

Break pin enab'a

This bit is read/write by software and cleared by hardware after
4 BPEN resat.

0. Break pin disabled

I 1: Break pin enabled

Break pattern

These bits are read/write by software and cleared by hardware after
30 ’ PWM[3:0] a reset. They are used to force the four PWMx output signals into a
stable state when the break function is active and corresponding
OEXx bit is set.
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PWMx duty cycle register high (DCRxH)

DCRxH Reset value: 0000 0000 (00h)
15 14 13 12 11 10 9 8
Reserved | Reserved | Reserved | Reserved DCRx[11:8]

- - R/W
PWMx duty cycle register low (DCRxL)

DCRxL Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 L
DCRXx[7:0]

R/W

Table 43. DCRxH and DCRXL register descriptions
Bit Bit name Furction
15:12 - Reserved, must be kept cleir.a
PWMx duty cycle valie

This 12-bit ve.lue 1s written by software. It defines the duty cycle of
the corre sporra'ng PWM output signal (see Figure 35: PWM function

11:0 DCRx[11:0] on page ¢1). in PWM mode (OEx = 1 in the PWMCR register) the
DCRI71:0] bits define the duty cycle of the PWMx output signal (see
Fig.ire 35). In output compare mode, they define the value to be

\ compared with the 12-bit upcounter value.
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Input capture register high (ATICRH)

ATICRH Reset value: 0000 0000 (00h)
15 14 13 12 11 10 9 8
Reserved | Reserved | Reserved | Reserved ICR[11:8]
- - - - R
Input capture register low (ATICRL)

ATICRL Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 L
ICR[7:0]

R

Table 44. ATICRH and ATICRL register descriptions
Bit Bit name Furction
15:12 - Reserved, must be kept clear.a

Input capture data

This is a 12-Lit iogister which is readable by software and cleared by
11:0 ICR[11:0] hardware after 2 reset. The ATICR register contains the captured

value of tine 72-bit CNTR1 register when a rising or falling edge
creurs on the ATIC or LTIC pin (depending on ICS). Capture will only
pe performed when the ICF flag is cleared.

99/193




On-chip peripherals

ST7L15, ST7L19

100/193

Break enable register (BREAKEN)

BREAKEN Reset value: 0000 0011 (03h)
7 6 5 4 3 2 1 0
Reserved | Reserved | Reserved | Reserved | Reserved Reserved BREN2 BREN1
- - - - - - R/W R/W

Table 45. BREAKEN register description
Bit Bit name Function
7:2 - Reserved, must be kept cleared
Break enable for counter 2 (forced at high level in ROM devices)
This bit is read/writen by software. It enables the brezii 1 inctionality
1 BREN2 for counter 2 if BA bit is set in BREAKCR. It ccntroiz RV/M2/3 if
ENCNTR2 bit is set.
0: No break applied for CNTR2
1: Break applied for CNTR2
Break enable for counter 1 (forced At high level in ROM devices)
This bit is read/writen hy st ‘aic. It enables the break functionality
0 BREN1 for counter 1. If BA bit is sat, it controls PWMO/1 by default, and
controls PWM2/3 zisH it ENCNTR2 bit is reset.
0: No break ctpiied .or CNTR1
1: Break app.ie ¥ or CNTR1
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Timer control register2 (ATCSR2)

ATCSR2
7

6

5

4

3

Reset value: 0000 0011 (03h)

2

1

0

FORCE2

FORCE1

ICS

OVFIE2

OVF2

ENCNTR2

TRAN2

TRANT1

R/W

R/W

R/W

R/W

R/W

R/W

RW

R/W

Table 46.

ATCSR2 register description

Bit

Bit name

Function

FORCE2

Force counter 2 overflow (not applicable to ROM devices)

This bit is read/set by software. When set, it loads FFFh 'n *ne
CNTR2 register. It is reset by hardware one CPU clock :yle after
counter 2 overflow has occurred.

0: No effect on CNTR2

1: Loads FFFh in CNTR2

Note: This bit must not be reset by s~ftvai=

FORCE1

Force counter 1 overflow (forced at hig. level in ROM devices)

This bit is read/set by softwe. e. When set, it loads FFFh in CNTR1
register. It is reset by horcware one CPU clock cycle after counter 1
overflow has occurrea.

0: No effect on CNT& 1

1: Loads FTE in CNTR1

Note: Th's bit must not be reset by software

ICS

Input capture shorted
Thiy bit is read/writen by software. It allows the ATtimer CNTR1 to
| use the LTIC pin for long input capture.
0: ATIC for CNTR1 input capture
1: LTIC for CNTR1 input capture

OVFIE2

Overflow interrupt 2 enable
This bit is read/writen by software and controls the overflow interrupt
of counter 2.
0: Overflow interrupt disabled
1: Overflow interrupt enabled

OVF2

Overflow flag

This bit is set by hardware and cleared by software by reading the
ATCSR2 register. It indicates the transition of the counter 2 from
FFFh to ATR2 value.

0: No counter overflow occurred

1: Counter overflow occurred

ENCNTR2

Enable counter 2 for PWM2/3

This bit is read/writen by software and switches the PWM2/3
operation to the CNTR2 counter. If this bit is set, PWM2/3 will be
generated using CNTR2.

0: PWM2/3 is generated using CNTR1

1: PWM2/3 is generated using CNTR2

Note: Counter 2 becomes frozen when the ENCNTR2 bit is reset.
When ENCNTR2Z is set again, the counter will restart from the last
value.
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Table 46. ATCSR2 register description (continued)

Bit Bit name Function

Transfer enable 2

This bit is read/writen by software, cleared by hardware after each
completed transfer and set by hardware after reset. It controls the
transfers on CNTR2. It allows the value of the preload DCRx

1 TRAN2 registers to be transferred to the active DCRXx registers after the next
overflow event. The OPx bits are transferred to the shadow OPx bits
in the same way.

Note 1: DCR2/3 transfer is controlled using this bit if ENCNTR2 bit is
set

Note 2: This bit must not be reset by software

Transfer enable 1

This bit is read/writen by software, cleared by hardware a‘ter zach
completed transfer and set by hardware after reset. 't conirois the
transfers on CNTR1. It allows the value of the vreloca DCRx
registers to be transferred to the active DCPX -e¢ ‘sters after the next
0 TRAN1 overflow event. The OPXx bits are tran=fe red 1o the shadow OPXx bits
in the same way.

Note 1: DCRO, 1 transfers are e!.vays controlled using this bit

Note 2: DCR2/3 transfer is con.ro.led using this bit if ENCNTRZ2 is
reset

Note 3: This bit mus nct Ye reset by software

Autoreload register2 high (ATR2n)

ATR2H Reset value: 0000 0000 (00h)
15 14 12 12 11 10 9 8
Reserved | Res=re! THca;erved Reserved ATR2[11:8]
- o3 - - R/W

Autorcioad register2 low (ATR2L)

ATR2L Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0

ATR2[7:0]

R/W

Table 47. ATR2H and ATR2L register descriptions

Bit Bit name Function

15:12 - Reserved, must be kept cleared

Autoreload register 2

This is a 12-bit register which is written by software. The ATR2
11:0 ATR2[11:0] register value is automatically loaded into the upcounter CNTR2
when an overflow of CNTR2 occurs. The register value is used to set

the PWM2/PWM3 frequency when ENCNTR2 is set.
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Dead time generator register (DTGR)

DTGR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
DTE DT[6:0]
R/W R/W
Table 48. DTGR register description
Bit Bit name Function
Dead time enable
This bit is read/writen by software. It enables a dead time gr:nera‘ion
7 DTE on PWMO/PWM1.
0: No dead time insertion
1: Dead time insertion enabled
Dead time value
These bits are read/writen by software. 1hey define the dead time
6:0 DT[6:0] inserted between PWMO/PWM?1 Decd time is calculated as follows:

Dead time = DT[6:0] x Tcow "1

Note: If DTE is set ana D To:0; = 0, PWM output signals are at their
reset state
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Table 49. Register map and reset values
Add | Register
(Hex.) label 7 6 5 4 3 2 1 0
oD ATCSR 0 ICF ICIE CK1 CKO OVF1 OVFIE1 CMPIE
Reset value 0 0 0 0 0 0 0
OE CNTR1H 0 0 0 0 CNTR1_11 |CNTR1_10 | CNTR1_9| CNTR1_8
Reset value 0 0 0 0
OF CNTR1L CNTR1_7 |[CNTR1_8 | CNTR1_7 |CNTR1_6| CNTR1_3 | CNTR1_2 |CNTR1_1 | CNTR1_0
Reset value 0 0 0 0 0 0 0 0
ATR1H ATR11 ATR10 ATR9 ATR8
10 Reset value 0 0 0 0 0 0 0 0
11 ATR1L ATR7 ATR6 ATR5 ATR4 ATR3 ATR2 ATR1 ATIRO
Reset value 0 0 0 0 0 0 0 0
PWMCR OE3 OE2 OE1 ! OEO
12 Reset value 0 0 0 0 0 0 | > 0
13 PWMOCSR 0 0 0 0 0 0 OPO CMPFO
Reset value 0 0
14 PWM1CSR 0 0 0 0 a 0 OP1 CMPFA1
Reset value 0 0
15 PWM2CSR 0 0 0 0 0 0 OoP2 CMPF2
Reset value 0 0
PWM3CSR OP_EN OPEDGE OP3 CMPF3
16 0 0 0 0
Reset value 0 0 0 0
DCROH DCR11 DCR10 DCR9 DCR8
17 Reset value 0 0 0 0 0 0 0 0
18 DCROL DCR7 De DCR5 DCR4 DCR3 DCR2 DCR1 DCRO
Reset value 0 0 0 0 0 0 0 0
DCR1H \ DCR11 DCR10 DCR9 DCR8
19 Reset value ¢ 0 0 0 0 0 0 0
1A DCR1’. DCR7 DCR6 DCR5 DCR4 DCR3 DCR2 DCR1 DCRO
Reseovaiue 0 0 0 0 0 0 0 0
1R |LCR2H 0 0 0 0 DCR11 DCR10 DCR9 DCR8
Reset value 0 0 0 0
I,_
1c DCR2L DCR7 DCR6 DCR5 DCR4 DCR3 DCR2 DCR1 DCRO
Reset value 0 0 0 0 0 0 0 0
DCR3H DCR11 DCR10 DCR9 DCR8
e Reset value 0 0 0 0 0 0 0 0
1E DCR3L DCR7 DCR6 DCR5 DCR4 DCR3 DCR2 DCR1 DCRO
Reset value 0 0 0 0 0 0 0 0
ATICRH ICR11 ICR10 ICR9 ICR8
1F Reset value 0 0 0 0 0 0 0 0
20 ATICRL ICR7 ICR6 ICR5 ICR4 ICR3 ICR2 ICR1 ICRO
Reset value 0 0 0 0 0 0 0 0
1 ATCSR2 FORCE2 | FORCE1 ICS OVFIE2 OVF2 ENCNTR2 | TRAN2 TRAN1
Reset value 0 0 0 0 0 0 1 1
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Table 49. Register map and reset values (continued)
Add | Register
(Hex)| label 7 6 S 4 3 2 1 0
25 BREAKCR | BRSEL | BREDGE BA BPEN PWM3 PWM2 PWM1 PWMO
Reset value 0 0 0 0 0 0 0 0
ATR2H ATR11 ATR10 ATR9 ATR8
23 Reset value 0 0 0 0 0 0 0 0
o4 ATR2L ATR7 ATR6 ATR5 ATR4 ATR3 ATR2 ATR1 ATRO
Reset value 0 0 0 0 0 0 0 0
o5 DTGR DTE DT6 DT5 DT4 DT3 DT2 DTH DTO
Reset value 0 0 0 0 0 0 0 0
o6 BREAKEN 0 0 0 0 0 0 BREN2 | RRENT
Reset value 1 1
11.3 Lite timer 2 (LT2)
11.3.1 Introduction

The lite timer can be used for general-purpose timing functions. I. is based on two free-running 8-bit
upcounters and an 8-bit input capture register.

11.3.2

® Real-time clock

Main features

One 8-bit upcounter 1ms or zm.c i'mebase period (@ 8 MHz fogc)

One 8-bit upcounter with autoreload and programmable timebase period from 4ps to 1.024ms
in 4ps increments (@ 81 4riz fogc)

2 maskable timeuace interrupts

® Input capture
8-bit input capture register (LTICR)
‘esi-auvie interrupt with wakeup from halt mode capability
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Figure 48. Lite timer 2 block diagram
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P 8-bit timebase counter 2
0 0 0 0 0 0 |TB2IE | TB2F
A T
8
LTARR
fiimer o
. . » To 12-bit AT timer
8-bit autoreload register
a2 ad
8-bit timebase counter 1 »|0J) Timebase
firiver
1tor2ms
(@ 8 MHz
fosc)
8
LTICR v
8-bit
LTIC —>
C input capture register
LTCSR1 !
I T
ICIE ! ICF TB |TBI1IE | TB1F
1
»
L
JLTTB1 interrupt request
\ ;
J LTIC interrupt request
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11.3.3

Functional description

Timebase counter 1

The 8-bit value of counter 1 cannot be read or written by software. After an MCU reset, it
starts incrementing from 0 at a frequency of fogc/32. An overflow event occurs when the
counter rolls over from F9h to 00h. If fogc = 8 MHz, then the time period between two
counter overflow events is 1 ms. This period can be doubled by setting the TB bit in the
LTCSRH1 register.

When counter 1 overflows, the TB1F bit is set by hardware and an interrupt request is
generated if the TB1IE bit is set. The TB1F bit is cleared by software reading the LTCSR1
register.

Input capture

The 8-bit input capture register is used to latch the free-running upcounter (courter 1) 1
after a rising or falling edge is detected on the LTIC pin. When an input capui'c occurs, the
ICF bit is set and the LTICR1 register contains the MSB of counter 1 _,\n ‘nierrupt is
generated if the ICIE bit is set. The ICF bit is cleared by readina ttie LI'ICR register.

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

Timebase counter 2

Counter 2 is an 8-bit autoreload upcounte'. 1* can be read by accessing the LTCNTR
register. After an MCU reset, it increnient;; at a frequency of fogc/32 starting from the value
stored in the LTARR register. A counter vverflow event occurs when the counter rolls over
from FFh to the LTARR reload value. Software can write a new value at any time in the
LTARR register, this value wui e automatically loaded in the counter when the next overflow
occurs.

When counter 2 vvanriows, the TB2F bit in the LTCSR2 register is set by hardware and an
interrupt reques. is generated if the TB2IE bit is set. The TB2F bit is cleared by software
readingy e LTCSR2 register.

“izure 49. Input capture timing diagram.
|

' 4u3 f
(@!8 MHz fogc)
Caigigigigigigigigigigigigigigigigigigigigigipipigipigipigigigiyt

fosc/a2 | A | * | A ‘ | ,+\ | + | r+\ |I A Cleared

by SIW

8-bit counter 1 01h >< 02h >< 03h >< 1 04h >< 05h >< 06h >< 07h >: LTI'gall'Zigigter

LTIC pin / { I;
ICF flag T

LTICR register xxh X 04h >< 07h
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11.3.4 Low power modes
Table 50. Effect of low power modes on lite timer 2
Mode Description
Slow No effect on lite timer
(this peripheral is driven directly by fogc/32)
Wait No effect on lite timer
Active halt No effect on lite timer
Halt Lite timer stops counting
11.3.5 Interrupts
Table 51.  Lite timer 2 interrupt control/wake-up capability(")

Exit “rcm

Interrupt event | Event flag | Enable control bit | Exit from wait activ Salt Exit from halt
Timebase 1 event TB1F TB1IE T Yes
Timebase 2 event TB2F TB2IE Y69 No No
IC event ICF ICIE No

1. The TBxF and ICF interrupt events are connected tc ccpaiate interrupt vectors (see Section 8: Interrupts).
They generate an interrupt if the enable bit is =21 n 106 LTCSR1 or LTCSR2 register and the interrupt mask
in the CC register is reset (RIM instruction’.
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11.3.6 Register description
Lite timer control/status register 2 (LTCSR2)
DTGR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
Reserved | Reserved | Reserved | Reserved | Reserved Reserved TB2IE TB2F
- - - - - - R/W R/W
Table 52. LTCSR2 register description
Bit Bit name Function
7:2 - Reserved, must be kept cleared
Timebase 2 interrupt enable
1 TB2IE This bit is set and cleared by software.
0: Timebase (TB2) interrupt disabled
1: Timebase (TB2) interrupt enableq
Timebase 2 interrupt flag
This bit is set by hardwarr: - nd cieared by software reading the
0 TB2F LTCSR register. Writing 0 s bit has no effect.
0: No counter 2 ovenlow
1: A counter 2 ov2rflow has occurred
Lite timer autoreload register (L'A3R)
LTARR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
AR[7:0]
R/W
.alle: 53. LTARR register description
I Bit Bit name Function
Counter 2 reload value
7:0 AR[7:0] These bits are read/writen by software. The LTARR value is
' ' automatically loaded into counter 2 (LTCNTR) when an overflow
occurs.
1S71
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Lite timer counter 2 (LTCNTR)

LTCNTR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
CNT[7:0]

R

Table 54. LTCNTR register description
Bit Bit name Function
Counter 2 reload value
7:0 CNT[7:0] This register is read by software. The LTARR value is autoratice lly
loaded into counter 2 (LTCNTR) when an overflow occ. cs

Lite timer control/status register (LTCSR1)

LTCSR1
7

R2set value: 0000 0000 (xOh)
5 4 3 z 1 0

ICIE

ICF

S —

B TB1IE TB1'F Reserved | Reserved | Reserved

R/W

R/W

I-,,I‘t\/ 2 - -

R/W R/W

N

Table 55.

LTCSR1 register descr otic n

Bit

Bit name

Function

ICI=

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

ICF

Input capture flag
This bit is set by hardware and cleared by software by reading the
LTICR register. Writing to this bit does not change the bit value.
0: No input capture
1: An input capture has occurred
Note: After an MCU reset, software must initialize the ICF bit by
reading the LTICR register

B

Timebase period selection
This bit is set and cleared by software.
0: Timebase period = togc * 8000 (1ms @ 8 MHz)
1: Timebase period = tggc * 16000 (2ms @ 8 MHz)

TB1IE

Timebase interrupt enable
This bit is set and cleared by software.
0: Timebase (TB1) interrupt disabled
1: Timebase (TB1) interrupt enabled
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Table 55.

LTCSR1 register description (continued)

Bit

Bit name

Function

TB1F

Timebase interrupt flag
This bit is set by hardware and cleared by software reading the
LTCSR register. Writing to this bit has no effect.
0: No counter overflow
1: A counter overflow has occurred

2:0

Reserved, must be kept cleared

Lite timer input capture register (LTICR)

LTICR Reset value: 0000 000U ‘00h)
7 6 5 4 3 2 1 0
ICR[7:0]
R
Table 56. LTICR register description
Bit Bit name Fuiiition
Input capture value
These bits aie r2au ny software and cleared by hardware after a
7:0 ICR[7:0] reset. If te 1017 kit in the LTCSR is cleared, the value of the 8-bit up-
counter will ke captured when a rising or falling edge occurs on the
ITIC pin.
Table 57.  Lite timer r2gist2r map and reset values
Address Reg_lste.‘ | 7 6 5 4 3 2 1 0
(Hex.) I7i2l
0e Li"GR2 TB2IE | TB2F
Heset value 0 0 0 0 0 0 0 0
; 59 LTARR AR7 AR6 AR5 AR4 AR3 AR2 AR1 ARO
| Reset value 0 0 0 0 0 0 0 0
0A LTCNTR CNT7 | CNT6 | CNT5 | CNT4 | CNT3 | CNT2 | CNT1 | CNTO
Reset value 0 0 0 0 0 0 0 0
0B LTCSR1 ICIE ICF B TB1IE | TB1F
Reset value 0 X 0 0 0 0 0 0
0C LTICR ICR7 | ICR6 | ICR5 | ICR4 | ICR3 ICR2 ICR1 ICRO
Reset value 0 0 0 0 0 0 0 0
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11.4.1

11.4.2

Note:

1143

112/193

Serial peripheral interface (SPI)

Introduction

The serial peripheral interface (SPI) allows full-duplex, synchronous, serial communication
with external devices. An SPI system may consist of a master and one or more slaves or a
system in which devices may be either masters or slaves.

Main features

Full duplex synchronous transfers (on three lines)
Simplex synchronous transfers (on two lines)
Master or slave operation

6 master mode frequencies (fcp/4 max.)

fcpu/2 max. slave mode frequency (see note)

SS management by software or hardware
Programmable clock polarity and phase

End of transfer interrupt flag

Write collision, master mode fault and overrun flags

In slave mode, continuous transmission is not po<sit ‘e at maximum frequency due to the
software overhead for clearing status flags ar.d .2 111tiate the next transmission sequence.

General description
Figure 50: Serial peripheral inteface block diagram on page 113 shows the serial peripheral
interface (SPI) block diagrar. There are three registers:
SPI control regicter (SPICR)
SPI cor tial/ctatus register (SPICSR)
SF( ua register (SPIDR)
The Si'is connected to external devices through four pins:
—  MISO: master in/slave out data
—  MOSI: master out/slave In data
—  SCK: Serial clock out by SPI masters and input by SPI slaves

—  SS: Slave select: This input signal acts as a ‘chip select’ to let the SPI master
communicate with slaves individually and to avoid contention on the data lines.
Slave SS inputs can be driven by standard I/O ports on the master device.
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Figure 50. Serial peripheral interface block diagram
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Functional descriptinon

A basic example of i iterconnections between a single master and a single slave is illustrated in
Figure 51: Singlz master/single slave application on page 114.

The MOLI Hiris are connected together and the MISO pins are connected together. In this way data are
trancferre.a serially between master and slave (most significant bit first).

"hey communication is always initiated by the master. When the master device transmits data to a slave
device via MOSI pin, the slave device responds by sending data to the master device via the MISO pin.
This implies full duplex communication with both data out and data in synchronized with the same clock
signal (which is provided by the master device via the SCK pin).

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

Four possible data/clock timing relationships may be chosen (see Figure 54: Data clock timing diagram
on page 118) but master and slave must be programmed with the same timing mode.
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Figure 51. Single master/single slave application

Master Slave
MSbit ¢—— LShit MSbit ¢—— LSbit
8-bit shift register — 1 MISO MISO {1} 8-bit shift register
[]MOSI MOSI 5
SPI clock 1SCK SCK, L
generator
SS +5V SS
v\__ Not used if SS is managed
\_T/ by software

Slave select management

As an alternative to using the SS pin to control the slave 3ziect signal, the application can
choose to manage the slave select signal by software 1his is configured by the SSM bit in
the SPICSR register (see Figure 53: Hardware/suftvare slave select management on
page 115).
In software management, the externéi St Lin is free for other application uses and the
internal SS signal level is driven by writing to the SSI bit in the SPICSR register.
In master mode:

—  SSinternal must he neid high continuously

In slave mode:

There are two vcases depending on the data/clock timing relationship (see Figure 52:
Generic 5 tuning diagram on page 115):

If CHA = 1 (data latched on second clock edge):

—  SSinternal must be held low during the entire transmission. This implies that in
single slave applications the SS pin either can be tied to Vgg, or made free for
standard I/0 by managing the SS function by software (SSM = 1 and SSI =0 in
the in the SPICSR register)

If CPHA = 0 (data latched on first clock edge):

—  SSinternal must be held low during byte transmission and pulled high between
each byte to allow the slave to write to the shift register. If SS is not pulled high, a
Write Collision error will occur when the slave writes to the shift register (see Write
collision error (WCOL) on page 119).

J
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Note:

Figure 52. Generic SS timing diagram

MOSI/MISO Byte 1 Byte 2 Byte 3 \f(

L

Master SS
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Figure 53. Hardware/software slave select management

SSM bit

SSI bit

SS internal

SS external pin

\o

Master mode operation

In master mode, the serial clock is outpuw a1, the SCK pin. The clock frequency, polarity and
phase are configured by software (re‘er to e description of the SPICSR register).

The idle state of SCK must corresrond to the polarity selected in the SPICSR register (by
pulling up SCK if CPOL = 1 i p:lling down SCK if CPOL = 0).
How to operate the §P\ ir master mode

To operate the 821 in master mode, perform the following steps in order:
1. Write tc tr.2 SPICR register:
—  Svlect the clock frequency by configuring the SPR[2:0] bits

- Select the clock polarity and clock phase by configuring the CPOL and CPHA bits.
Figure 54: Data clock timing diagram on page 118 shows the four possible
configurations.

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

2. Write to the SPICSR register:

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

3. Write to the SPICR register:

—  Setthe MSTR and SPE bits L
Note: MSTR and SPE bits remain set only if SS is high)

If the SPICSR register is not written first, the SPICR register setting (MSTR bit) may be not
taken into account.

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

When software writes to the SPIDR register, the data byte is loaded into the 8-bit shift
register and then shifted out serially to the MOSI pin most significant bit first.
When data transfer is complete:
—  The SPIF bit is set by hardware
— Aninterrupt request is generated if the SPIE bit is set and the interrupt mask in the
CCR register is cleared
Clearing the SPIF bit is performed by the following software sequence:
1. An access to the SPICSR register while the SPIF bit is set
2. Aread to the SPIDR register

While the SPIF bit is set, all writes to the SPIDR register are inhibited until the SPIZSh
register is read.

Slave mode operation
In slave mode, the serial clock is received on the SCK pin from th2 mester device.

To operate the SPI in slave mode:
1. Write to the SPICSR register to perform the follow.ng ~ctions:

—  Select the clock polarity and clock phase hy configuring the CPOL and CPHA bits
(see Figure 54: Data clock timing diag.-ar1 on page 118).
Note: The slave must have the carne CPOL and CPHA settings as the master

—  Manage the SS pin as describe 1 in Slave select management on page 114 and
Figure 52: Generic SS timing diagram on page 115. If CPHA = 1 SS must be held
low continuously. If CFHA = 0 SS must be held low during byte transmission and
pulled up betwacn ezch byte to let the slave write in the shift register.

2. Write to the SP!CR ~egister to clear the MSTR bit and set the SPE bit to enable the SPI
I/O functiorc

Slave 1.0 1e ‘ransmit sequence

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

The transmit sequence begins when the slave device receives the clock signal and the most
significant bit of the data on its MOSI pin.
When data transfer is complete:
—  The SPIF bit is set by hardware.
— Aninterrupt request is generated if SPIE bit is set and interrupt mask in the CCR
register is cleared.
Clearing the SPIF bit is performed by the following software sequence:
1. An access to the SPICSR register while the SPIF bit is set
2. A write or a read to the SPIDR register
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Note:

Note:

1

2

While the SPIF bit is set, all writes to the SPIDR register are inhibited until the SPICSR
register is read.

The SPIF bit can be cleared during a second transmission; however, it must be cleared
before the second SPIF bit in order to prevent an overrun condition (see Overrun condition
(OVR) on page 119).

Clock phase and clock polarity

Four possible timing relationships may be chosen by software, using the CPOL and CPHA
bits (see Figure 54: Data clock timing diagram on page 118).

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

The combination of the CPOL clock polarity and CPHA (clock phase) bits selects: t'1e data
capture clock edge.

Figure 54: Data clock timing diagram on page 118 shows an SPI transfor with ine four
combinations of the CPHA and CPOL bits. The diagram may be intercreir3a as a master or
slave timing diagram where the SCK pin, the MISO pin and the MOGI pin are directly
connected between the master and the slave device.

If CPOL is changed at the communication byte bounde. ics, the SPI must be disabled by
resetting the SPE bit.
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Figure 54. Data clock timing diagram
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1. This figure should not be used as a replacement for parametric information.
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Refer to Section 13: Electrical characteristics.
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11.4.5

Note:

Note:

Error flags

Master mode fault (MODF)
Master mode fault occurs when the master device’s SS pin is pulled low.

When a master mode fault occurs:

—  The MODF bit is set and an SPI interrupt request is generated if the SPIE bit is
set.

— The SPE bit is reset. This blocks all output from the device and disables the SPI
peripheral.

— The MSTR bit is reset, thus forcing the device into slave mode.
Clearing the MODF bit is done through a software sequence:
1. Aread access to the SPICSR register while the MODF bit is set.
2. A write to the SPICR register.

To avoid any conflicts in an application with multiple slaves, the SS pir n.uct be pulled high
during the MODF bit clearing sequence. The SPE and MSTR bits riay’ Le restored to their
original state during or after this clearing sequence.

Hardware does not allow the user to set the SPE and ME71 3 biis while the MODF bit is set
except in the MODF bit clearing sequence.

In a slave device, the MODF bit can not be set, bu. 1" a multimaster configuration the device
can be in slave mode with the MODF bit set.

The MODF bit indicates that there mi jht Qcve been a multimaster conflict and allows
software to handle this using an interr.z! routine and either perform a reset or return to an
application default state.

Overrun condition (CVR)

An overrun cona:tion hcecurs when the master device has sent a data byte and the slave
device has nct cleured the SPIF bit issued from the previously transmitted byte.

When an overrun occurs:
® The OVR bit is set and an interrupt request is generated if the SPIE bit is set.

in this case, the receiver buffer contains the byte sent after the SPIF bit was last cleared. A
read to the SPIDR register returns this byte. All other bytes are lost.

The OVR bit is cleared by reading the SPICSR register.

Write collision error (WCOL)

A write collision occurs when the software tries to write to the SPIDR register while a data
transfer is taking place with an external device. When this happens, the transfer continues
uninterrupted and the software write will be unsuccessful.

Write collisions can occur both in master and slave mode. See also Slave select
management on page 114.

A ‘read collision’ will never occur since the received data byte is placed in a buffer in which
access is always synchronous with the CPU operation.

The WCOL bit in the SPICSR register is set if a write collision occurs.
No SPl interrupt is generated when the WCOL bit is set (the WCOL bit is a status flag only).
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Clearing the WCOL bit is done through a software sequence (see Figure 55).

Figure 55. Clearing the WCOL bit (write collision flag) software sequence

Clearing sequence after SPIF = 1 (end of a data byte transfer)

Tststep | Reaqd SPICSR

Result
SPIF =0
WCOL =0

2nd step Read SPIDR

Clearing sequence before SPIF = 1 (during a data byte transfer)

1st step Read SPICSR

¢ Result

2nd step Read SPIDR WCOL =0

1. Writing to the SPIDR register instead of reading it does not reset the WCOL bit.
Single master and multimaster configurations

There are two types of SPI systems:
® Single master system

® Multimaster system

Single Master System

A typical single master system may, be configured using a device as the master and four
devices as slaves (see Fiqu e 5C: Single master/multiple slave configuration on page 121).

The master device selzcwz ve individual slave devices by using four pins of a parallel port to
control the four &€ pinc of the slave devices.

The SS pins ars ~ulled high during reset since the master device ports will be forced to be
inputs at *hat time, thus disabling the slave devices.

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

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

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

Multimaster system

A multimaster system may also be configured by the user. Transfer of master control could
be implemented using a handshake method through the I/O ports or by an exchange of
code messages through the serial peripheral interface system.

The multimaster system is principally handled by the MSTR bit in the SPICR register and
the MODF bit in the SPICSR register.
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11.4.6

Note:

Caution:

Figure 56. Single master/multiple slave configuration

SS |4+ SS ¢+ SS |4~ L SS |4
SCK SCK L SCK SCK
Slave device Slave device Slave device Slave device
MOSI  MISO MOSI  MISO MOSI  MISO MOSI  MISO
A A A A
MOSI  MISO
SCK —
Master 2
device &
5V—p(SS
Low power modes
Table 58. Effect of low power modes on SI'|
Mode Description
No effect on SPI
WAIT S

SPl interrupt events cause the device to exit from wait mode.

SPI rag'sters a e frozen

In halt mede, the SPI is inactive. SPI operation resumes when the device is
WOKZi up by an interrupt with ‘exit from Halt mode’ capability. The data received
HALT ! 1> subsequently read from the SPIDR register when the software is running
(interrupt vector fetching). If several data are received before the wakeup event,
then an overrun error is generated. This error can be detected after the fetch of
the interrupt routine that woke up the device.

Leing the SPI to wake up the device from halt mode

In slave configuration, the SPI is able to wake up the device from halt mode through a SPIF
interrupt. The data received is subsequently read from the SPIDR register when the
software is running (interrupt vector fetch). If multiple data transfers have been performed
before software clears the SPIF bit, then the OVR bit is set by hardware.

When waking up from halt mode, if the SPI remains in slave mode, it is recommended to
perform an extra communications cycle to bring the SPI from halt mode state to normal
state. If the SPI exits from slave mode, it returns to normal state immediately.

The SPI can wake up the device from halt mode only if the slave select signal (external SS
pin or the SSI bit in the SPICSR register) is low when the device enters halt mode. So, if
slave selection is configured as external (see Slave select management on page 114), make
sure the master drives a low level on the SS pin when the slave enters halt mode.
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11.4.7 Interrupts

Table 59.  SPI interrupt control/wake-up capability“)

Interrupt event Event flag | Enable control bit | Exit from wait | Exit from halt
SPI end of transfer event SPIF Yes
Master mode fault event MODF SPIE Yes
Overrun error OVR No

1. The SPl interrupt events are connected to the same interrupt vector (see Section 8: Interrupts). They

generate an interrupt if the corresponding enable control bit is set and the interrupt mask in the CC register
is reset (RIM instruction).

11.4.8 Register description
SPI control register (SPICR)

SPICR Re se! value: 0000 xxxx (Oxh)
7 6 5 4 3 2 1 0
SPIE SPE SPR2 MSTR CPOL : E’HA SPR[1:0]
R/W R/W R/W R/W RT‘/;_ R/W R/W

Table 60.  SPICR register descripticn

Bit Bit name Function

Scria' peripheral interrupt enable
Tnis bit is set and cleared by software.
7 SPIE | 0: Interrupt is inhibited

1: An SPl interrupt is generated whenever SPIF = 1, MODF =1 or
OVR =1 in the SPICSR register

A‘ \ Serial peripheral output enable

This bit is set and cleared by software. It is also cleared by hardware
] when, in master mode, SS = 0 (see Master mode fault (MODF) on
6 SPE page 119). The SPE bit is cleared by reset, so the SPI peripheral is
not initially connected to the external pins.

0: I/O pins free for general purpose 1/0

1: SPI I/O pin alternate functions enabled

Divider enable

This bit is set and cleared by software and is cleared by reset. It is
used with the SPR[1:0] bits to set the baud rate (see bits [1:0]

5 SPR2 below).

0: Divider by 2 enabled

1: Divider by 2 disabled

Note: The SPR2 bit has no effect in slave mode
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Table 60. SPICR register description (continued)
Bit Bit name Function
Master mode
This bit is set and cleared by software. It is also cleared by hardware
when, in master mode, SS = 0 (see Master mode fault (MODF) on
4 MSTR page 119).
0: Slave mode
1: Master mode. The function of the SCK pin changes from an input
to an output and the functions of the MISO and MOSI pins are
reversed.
Clock polarity
This bit is set and cleared by software. This bit determines th= idle
state of the serial clock. The CPOL bit affects both the mastsr and
lave modes.
3 CPOL s
0: SCK pin has a low level idle state
1: SCK pin has a high level idle state
Note: If CPOL is changed at the communicaticn » vie boundaries, the
SPI must be disabled by resetting the SPL b
Clock phase
This bit is set and cleared by s>iware.
0: The first clock transition 1. 12 first data capture edge
2 CPHA ") . )
1: The second clock ticnaluun is the first capture edge
Note: The slave rius. have the same CPOL and CPHA settings as
the master
Serial clock freqquency
Those bits are set and cleared by software. Used with the SPR2 bit,
thev celect the baud rate of the SPI serial clock SCK output by the SPI
| in master mode:
100: serial clock = fep/4
1:0 S°R[1°0;  |000: serial clock = fop/8

001: serial clock = fopy/16

110: serial clock = fcp/32

010: serial clock = fopy/64

011: serial clock = fop;/128

Note: These 2 bits have no effect in slave mode.
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SPI control/status register (SPICSR)

SPICSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
SPIF WCOL OVR MODF Reserved SOD SSM SSI

R R R R - R/W R/W R/W

Table 61. SPICSR register description

Bit Bit name Function

Serial peripheral data transfer flag

This bit is set by hardware when a transfer has been complzied. An
interrupt is generated if SPIE = 1 in the SPICR register. It is cicared
by a software sequence (an access to the SPICSR rzagis.cr ivllowed
7 SPIF by a write or a read to the SPIDR register).

0: Data transfer is in progress or the flag h=c veen cleared

1: Data transfer between the device 2~d ar. ex.ternal device has been
completed

Note: While the SPIF bit is set, a!! wriles to the SPIDR register are
inhibited until the SPICSR reicter is read.

Write collision status

This bit is set bv ['=ravare when a write to the SPIDR register is
done during a trasmit sequence. It is cleared by a software

6 WCOL sequenc (se 2 Figure 55: Clearing the WCOL bit (write collision flag)
software sequence on page 120).

0: No write collision occurred

i. A write collision has been detected

| SrPl overrun error

This bit is set by hardware when the byte currently being received in
the shift register is ready to be transferred into the SPIDR register
£ OVR while SPIF = 1 (see Overrun condition (OVR) on page 119). An
interrupt is generated if SPIE = 1 in SPICR register. The OVR bit is

. cleared by software reading the SPICSR register.

l 0: No overrun error

1: Overrun error detected

Mode fault flag

This bit is set by hardware when the SS pin is pulled low in master
mode (see Master mode fault (MODF) on page 119). An SPI

4 MODF interrupt can be generated if SPIE = 1 in the SPICSR register. This
bit is cleared by a software sequence (an access to the SPICR
register while MODF = 1 followed by a write to the SPICR register).
0: No master mode fault detected

1: A fault in master mode has been detected

3 - Reserved, must be kept cleared.

SPI output disable

This bit is set and cleared by software. When set, it disables the

5 SOD alternate function of the SPI output (MOSI in master mode/MISO in
slave mode).

0: SPI output enabled (if SPE = 1)

1: SPI output disabled

J
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Note:

Table 61. SPICSR register description (continued)

Bit Bit name Function

SS management

This bit is set and cleared by software. When set, it disables the
alternate function of the SPI SS pin and uses the SSI bit value

1 SSM instead. See Slave select management on page 114.

0: Hardware management (SS managed by external pin)

1: Software management (internal SS signal controlled by SSI bit.
External SS pin free for general-purpose 1/O)

SS internal mode

This bit is set and cleared by software. It acts as a ‘chip select’ by

0 ss| controlling the level of the SS slave select signal when the SEM bit is
set.

0 : Slave selected

1 : Slave deselected

SPI data I/O register (SPIDR)

SPIDR Reset value: undefined
7 6 5 4 3 2 1 0

D[7:Cj

P/

The SPIDR register is used to transmit and receive data on the serial bus. In a master
device, a write to this register u.itiates transmission/reception of another byte.

During the last clock cycie the SPPIF bit is set, a copy of the received data byte in the shift
register is moved to a buficr. When the user reads the serial peripheral data I/O register, the
buffer is actuallv Seing read.

While the SPIF vit is set, all writes to the SPIDR register are inhibited until the SPICSR
registor i read.

Warning: A write to the SPIDR register places data directly into the
shift register for transmission.

A read to the SPIDR register returns the value located in the buffer and not the content of
the shift register (see Figure 50: Serial peripheral interface block diagram on page 113).
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11.5.1

11.5.2
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Table 62. SPI register map and reset values

Address Register
(Hex.) label 7 6 5 4 3 2 1 0
0031h SPIDR MSB LSB
Reset value |x X X X X X X X
SPICR SPIE SPE SPR2 MSTR | CPOL | CPHA | SPR1 SPRO
0032h
Reset value |0 0 0 0 X X X X
0033h SPICSR SPIF WCOL |OVR MODF SOD SSM SSI
Reset value |0 0 0 0 0 0 0 0

10-bit A/D converter (ADC)

Introduction

The on-chip analog to digital converter (ADC) peripheral is a 10-bit s.wwcessive
approximation converter with internal sample and hold circuitry. Tnis peripheral has up to
seven multiplexed analog input channels (refer to device pinout description) that allow the
peripheral to convert the analog voltage levels from up *c seven different sources.

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

Main features

10-bit conversion

Up to 7 channels witt miu'ig lexed input
Linear successiv 2 approximation

Data register (0!<) which contains the results
Convercion complete status flag

On/off it (to reduce consumption)

"h= block diagram is shown in Figure 57: ADC block diagram on page 127.

Functional description

Analog power supply

Vppa and Vggp are the high and low level reference voltage pins. In some devices (refer to
Section 2: Pin description) they are internally connected to the Vpp and Vgg pins.

Conversion accuracy may therefore be impacted by voltage drops and noise in the event of
heavily loaded or badly decoupled power supply lines.
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Figure 57. ADC block diagram

Lo}

T Slow bit

Eoc| 5 A% o | o |cHz|cH1|cHo|ADcCsR

Div 4

fapc

AINO B Hold control

| R
AINT —p ADC Analog tc digita

Analog
. mux cunve ter
.

AIN6 —p [ |— ; Capc _—‘_:
X X
ADCDRH | D9 | D8 l D” Jl- Le | D5 | D4 | D3 | D2

AMP| st |AMP
0 10 | 0 |caL|low|seL| Dt | Do

Digital A/D conversion result

The conversion is monotaonic, me aning that the result never decreases if the analog input
does not decrease anz naver increases if the analog input does not increase.

If the input voltag 2 ‘v, N) is greater than Vppa (high-level voltage reference) then the
conversion rzsit is FFh in the ADCDRH register and 03h in the ADCDRL register (without
overflowy in-icaiion).

If tha input voltage (Van) is lower than Vgga (low-level voltage reference) then the
conversion result in the ADCDRH and ADCDRL registers is 00 00h.

lhe 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 Section 13:
Electrical characteristics.

Ran is the maximum recommended impedance for an analog input signal. If the impedance
is too high, this results in a loss of accuracy due to leakage and sampling not being
completed in the alloted time.

A/D conversion

The analog input ports must be configured as input, no pull-up, no interrupt. Refer to
Section 10: I/0 ports. Using these pins as analog inputs does not affect the ability of the port
to be read as a logic input.

In the ADCCSR register, select the CH[2:0] bits to assign the analog channel to convert.
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Note:

11.5.5
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ADC conversion mode

In the ADCCSR register, set the ADON bit to enable the A/D converter and to start the
conversion. From this time on, the ADC performs a continuous conversion of the selected
channel.
When a conversion is complete:

— The EOC bit is set by hardware

—  The result is in the ADCDR registers

A read to the ADCDRH resets the EOC bit.

To read the 10 bits, perform the following steps:

1. Poll the 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

Low-power modes

The A/D converter may be disabled by resetting trh2 ADON bit. This feature allows reduced
power consumption when no conversion is nccded and between single shot conversions.

Table 63. Effect of low power mo-es on the A/D converter

Mode Description

Wait No ei’ect cii A/D converter

A'U converter disabled

Halt ! niter wakeup from halt mode, the A/D converter requires a stabilization time
tsta (Section 13: Electrical characteristics) before accurate conversions can be
performed.

IN*errupts

None.
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11.5.6 Register description
Control/status register (ADCCSR)

ADCCSR Reset value: 0000 0000 (00h)
7 6 5 4 3 2 1 0
EOC SPEED ADON Reserved | Reserved CHI[2:0]
R R/W R/W - - R/W

Table 64. ADCCSR register description
Bit Bit name Function

End of conversion

This bit is set by hardware. It is cleared by hardware wher software
7 EOC reads the ADCDRH register or writes to any bi. ¢f tt2 ADCCSR
register.

0: Conversion is not complete

1: Conversion complete

ADC clock selection

This bit is set and clearec b, vontware. It is used together with the

6 SPEED SLOW bit to configurs *h=2 ADC clock speed. Refer to Table 67: ADC
clock configuratic.1 o." rage 130 in the SLOW bit description
(ADCDRL register).

A/D convet'er cn
This bit is set and cleared by software.
5 ADON
9: /D converter is switched off
1: A/D converter is switched on

4:3 - N Reserved, must be kept cleared.

Channel selection

These bits are set and cleared by software. They select the analog
’ input to convert:
000: channel pin = AINO
001: channel pin = AIN1
. . 010: channel pin = AIN2
l 20 CH[2:0] 011: channel pin = AIN3
100: channel pin = AIN4
101: channel pin = AIN5
110: channel pin = AIN6
Note: The number of channels is device dependent. Refer to the
Section 2: Pin description.
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Data register high (ADCDRH)

ADCDRH Reset value: xxxx xxxx (xxh)
7 6 5 4 3 2 1 0
D[9:2]

R

Table 65. ADCDRH register description
Bit Bit name Function
7:0 D[9:2] MSB of analog converted value

AMP control/data register low (ADCDRL)

ADCDRL Reset ve L= 0000 00xx (0xh)
7 6 5 4 3 2 1 0
0 0 0 Reserved SLOW | Re;rv_ed D[1:0]
- - - - RV \ - R/W
Table 66. ADCDRL register description
Bit Bit name Function
7:5 - Reserved, mﬁst be kept cleared
4 - Re: erved, must be kept cleared
\ |?':)w_ mode
3 SLOWY 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 67: ADC clock configuration on page 130
2_ B - Reserved, must be kept cleared
K w0 D[1:0] LSB of converted analog value
Table 67.  ADC clock configuration(!)
fapc SLOwW SPEED
fopu/2 0 0
fepu 0 1
fopul4 1 X

1. Max fapc allowed = 4 MHz (see Section 13.11: 10-bit ADC characteristics on page 174)

130/193

J




ST7L15, ST7L19

On-chip peripherals

Table 68. ADC register map and reset values
Address | Register

(Hex.) label 7 6 5 4 3 2 1 0

0034h ADCCSR EOC |SPEED| ADON 0 0 CH2 CH1 | CHO
Reset value 0 0 0 0 0 0 0 0
ADCDRH D9 D8 D7 D6 D5 D4 D3 D2

0035h
Reset value X X X X X X X X

0036h ADCDRL 0 0 0 AMPCAL | SLOW |AMPSEL| D1 DO
Reset value 0 0 0 0 0 0 X X
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12 Instruction set

12.1 ST7 addressing modes

The ST7 core features 17 different addressing modes which can be classified in 7 main
groups (see Table 69).

Table 69. CPU addressing mode groups

132/193

Addressing mode Example

Inherent nop

Immediate Id A,#$55

Direct Id A,$55 \ <) |
Indexed Id A,($55,X) v |
Indirect Id A,([$55],X) ® 2

Relative jrne loop \ ~

Bit operation bset byte.#5

The ST7 instruction set is designed to minimize the i=uraber of bytes required per
instruction. To do so, most of the addressing mcdes may be subdivided in two sub-modes

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 70. CPU addressing mode overview
Mode Syntax Destination/s | Pointer Poi_nter Length
ource address size (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
+0 (with X
No offset |Direct |Indexed |Id A,(X) 00..FF :ﬁgmﬁg v
regicter)
Short Direct |Indexed |Id A,($10,X) 00..1FE I >3
Long Direct |Indexed |Id A,($1000,X) 0000..FFFF +z
Short Indirect Id A[$10] 00..FF 00.FF |awyiz  |+2
Long Indirect Id A,[$10.w] 0000.FFFF |00.%F  |word |+2
Short Indirect | Indexed |Id A,(($10],X) | 00.1FE CO.FF  |byte  |+2
Long Indirect | Indexed |Id A,($10.w],X) |0000.F=rF  |00.FF  |word ~ |+2
Relative | Direct jrne loop | f.u; ) +1
| 125/PC+127
Relative Indirect jrne [$1C] TZCE;/PC+127(1) 00..FF byte +2
Bit Direct [ bsat $10,#7 00..FF +1
Bit Indirect | uset [$10],#7 00..FF 00.FF  |byte +2
Bit Direct Pe!;cive_ btjt $10,#7,skip 00..FF +2
Bit ‘_I'u."to_r“.‘_ Relative | btjt [$10],#7,skip | 00..FF 00.FF |byte |+3

1.

At te t'me the instruction is executed, the Program Counter (PC) points to the instruction following JRxx.
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12.1.1 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 71. Inherent instructions
Inherent 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 NN\
SIM Set interrupt mask \\L
RIM Reset interrupt mask 0 )t
SCF Set carry flag \

RCF Reset carry flag <

RSP Reset sicx;' -puinter

LD lead

CLR Ciear

PUSH/POP Push/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, SH'L, SRA, RLC, RRC Shift and rotate operations
iLE\,_:AP Swap nibbles

121 Immediate

Immediate instructions have 2 bytes, the first byte contains the opcode, the second byte

contains the operand value.

Table 72. Immediate instructions
Immediate instruction Function
LD Load
CP Compare
BCP Bit compare
AND, OR, XOR Logical operations
ADC, ADD, SUB, SBC Arithmetic operations
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12.1.3

1214

12.1.5

Direct

In direct instructions, the operands are referenced by their memory address.

The direct addressing mode consists of two sub-modes:
® Direct instructions (short)

The address is a byte, thus requires only one byte after the opcode, but only allows
00 - FF addressing space.

® Direct instructions (long)

The address is a word, thus allowing 64 Kbyte addressing space, but requires two
bytes after the opcode.

Indexed (no offset, short, long)

In this mode, the operand is referenced by its memory address, which is define 1 0y the
unsigned addition of an index register (X or Y) with an offset.

The indirect addressing mode consists of three sub-modes:

® Indexed (no offset)

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

® Indexed (short)

The offset is a byte, thus requires only o072 hv.e after the opcode and allows 00 - 1FE
addressing space.

® Indexed (long)

The offset is a word, thuc allowving 64 Kbyte addressing space and requires two bytes
after the opcode.

Indirect (short, iony)

The requirec uata vyte to do the operation is found by its memory address, located in
memory ‘poilter).

Thz noiiter address follows the opcode. The indirect addressing mode consists of two sub-
racdes:

o 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
addressing space, and requires 1 byte after the opcode.
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12.1.6

Indirect indexed (short, long)

This is a combination of indirect and short indexed addressing modes. The operand is
referenced by its memory address, which is defined by the unsigned addition of an index
register value (X or Y) with a pointer value located in memory. The pointer address follows

the opcode.

The indirect indexed addressing mode consists of two sub-modes:

® 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 after the opcode.

® Indirect indexed (long)

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

Table 73. Instructions supporting direct, indexed, indirect and indiract indexed

addressing modes

Long and short instructions Function
LD Load X
CP Compare W\
AND, OR, XOR Logica' :pgrations
ADC, ADD, SUB, SBC ~N L’-\ri_fhn:etic addition/substraction operations
BCP | Bit compare

Table 74. Short instructiorne and functions

Short instructidr.s unly Function

CLR \ Clear

INC, DEC \J> Increment/decrement

TNZ )\ Test negative or zero
i 2L, NEG 1 or 2 complement
| BSET, BRES Bit operations

BTJT, BTJF Bit test and jump operations
SLL, SRL, SRA, RLC, RRC Shift and rotate operations
SWAP Swap nibbles

CALL, JP Call or jump subroutine
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12.1.7

12.2

Relative mode (direct, indirect)

This addressing mode is used to modify the PC register value, by adding an 8-bit signed

offset to it.

Table 75. Relative mode instructions (direct and indirect)

Available relative direct/indirect instructions

Function

JRxx

Conditional jump

CALLR

Call relative

The relative addressing mode consists of two sub-modes:

® Relative (direct)

The offset follows the opcode.

® Relative (indirect)

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

Instruction groups

The ST7 family devices use an instruction set consisting oi 63 instructions. The instructions
may be subdivided into 13 main groups as illustraten in the following table:

Table 76. Instruction groups

Load and transfer LD _[ELR

Stack operation PUSH |POP RSP

Increment/decrement \' INC DEC

Compare and tests ) CP TNZ BCP

Logical operatini's AND |OR |XOR |CPL |NEG

Bit opriaion BSET |BRES
! Criditional bit test and branch BTJT |BTJF
il:'iametic operations ADC |ADD |[SUB |SBC |MUuL

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

Condition code flag modification | SIM RIM SCF |RCF
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12.2.1

12.2.2

Notz:
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Using a prebyte
The instructions are described with one to four opcodes.

In order to extend the number of available opcodes for an 8-bit CPU (256 opcodes), three
different prebyte opcodes are defined. These prebytes modify the meaning of the instruction
they precede.

The whole instruction becomes:

PC-2 End of previous instruction

PC-1 Prebyte

PC Opcode

PC+1 Additional word (0 to 2) according to the number of bytes required to coinputz

the effective address

These prebytes enable instructions in Y as well as indirect addressing n¢1e s to be
implemented. They precede the opcode of the instructions in X or the 1 <iructions using
direct addressing mode. The prebytes are:

PDY 90 Replace an X based instruction using immeac‘a:2, direct, indexed, or inherent
addressing mode by a Y one

PIX 92  Replace an instruction using direc:, diect bit, or direct relative addressing mode
to an instruction using the cuirespaonding indirect addressing mode

It also changes an instructio:: using X indexed addressing mode to an instruction
using indirect X inde‘ed addressing mode

PIY 91 Replace an ir.sv-uctior: using X indirect indexed addressing mode by a Y one

lllegal opcorie 1zset

In orde: 1 pruvide enhanced robustness to the device against unexpected behavior, a
system of illegal opcode detection is implemented. If a code to be executed does not
~¢crrespond 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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Instruction set

Table 77. Instruction set overview
Mnemo Description Function/Example Dst Src N V4

ADC Add with carry A=A+M+C A M N 4

ADD Addition A=A+M A M N Z | C
AND Logical and A=A.M A M N 4

BCP Bit compare A, memory  [tst (A . M) A M N 4
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 _|— 1]
CALLR | Call subroutine relative o

CLR Clear reg, M 0 1

CP Arithmetic compare tst(Reg - M) reg M N Z C
CPL One complement A =FFH-A reg, M o N z 1
DEC Decrement decY reg. l\/_ _Ir ) N Y4
HALT | Halt A

IRET Interrupt routine return Pop CC, A, X, P \7 C
INC Increment inc X o reg, M

JP Absolute jump jp [Buw]

JRA Jump relative always \ N

JRT Jump relative ) g

JRF Never jump T

JRIH  |Jump if ex. interrupt = 1

JRIL Juiop |_t oxt. interrupt = 0

JRH | uapifH=1 H=17

JRMI [JumpifH=0 H=07

GEM |Jumpiifl =1 =12

JRNM Jumpif =0 =07

JRMI Jump if N = 1 (minus) N=17?

JRPL Jump if N = 0 (plus) N=07?

JREQ Jump if Z=1 (equal) Z=17

JRNE JumpifZ=0 (notequal) |Z=07

JRC Jumpif C =1 C=17?

JRNC Jumpif C=0 C=07?

JRULT  |Jumpif C =1 Unsigned <

JRUGE |JumpifC=0 Jmp if unsigned >=
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Table 77. Instruction set overview (continued)
Mnemo Description Function/Example Dst Src H | N y4 C
JRUGT |Jumpif (C+Z=0) Unsigned >
JRULE |Jumpif (C+Z=1) Unsigned <=
LD Load dst <= src reg, M M, reg N Z
MUL Multiply X,A=X*A AXY |[X YA 0 0
NEG Negate (2's compl) neg $10 reg, M N z C
NOP No operation
OR OR operation A=A+M A M N Z
POP Pop from the stack Pop 1eg %9 M - —
pop CC CC M H I Nz C
PUSH Push onto the stack push Y M reg, CC _| \J
RCF Reset carry flag C=0 N> 0
RET Subroutine return \
RIM Enable interrupts 1=0 0
RLC Rotate left true C C<=Dst<=C reg, M i_ C
RRC Rotate right true C C=>Dst=>C rpgj‘.l_ C
RSP Reset stack pointer S = Max allowec O It
SBC | Subtract with carry A=A-M-C_|A M N|z]|cC
SCF Set carry flag C=1 1
SIM Disable interrupts . =_1 B 1
SLA Shift left arithmetic |C<= Dst<=0 reg, M N z C
SLL Shift left logic C<=Dst<=0 reg, M N 4 C
SRL  |Shiftright'cgic 0=>Dst=>C reg, M ol z]|c
SRA Shi't 'Egﬁrithmetic Dst7 => Dst=>C reg, M N 4 C
SUB | ubtraction A=A-M A M N|[z]c
SViAP | SWAP nibbles Ds{[7..4] <=> Dst[3..0] |reg, M N | z
|?«-Z Test for neg & zero tnz Ibl1 N z
TRAP S/W trap S/W interrupt 1
WFI Wait for Interrupt 0
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13

13.1

13.1.1

13.1.2

13.1.3

13.1.4

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 + 3o,

Typical values

Unless otherwise specified, typical data are based on 71, =25 °C, Vpp =5V (for the

4.5V <Vpp 5.5 V voltage range) and Vpp = 3.3 V 4 ir the 3V <Vpp <3.6 V 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 58.

Figure 38. Pin loading conditions

|
—]| ST7 pin

141/193




Electrical characteristics

ST7L15, ST7L19

13.1.5 Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 59.

Figure 59. Pin input voltage

ST7 pin

13.2 Absolute maximum ratings

Stresses above those listed as ‘absolute maximum ratings’ may cansc permanent damage
to the device. This is a stress rating only and functional operaiion »f ihe device under these
conditions is not implied. Exposure to maximum rating conditicns for extended periods may

affect device reliability.

13.2.1 Voltage characteristics

Table 78.  Voltage characteristics

Symbol R~tings

Maximum value

Unit

Vpp - Vss | Supply voltage

7.0

ViN Input volt:ge i any pin(M@)

VSS -0.3to VDD +0.3

\%

VespHewm) | Elecuoctatic discharge voltage (human body model)

VESD(raM) ] C.ectrostatic discharge voltage (machine model)

See Section 13.7.3: Absolute
maximum ratings (electrical
sensitivity) on page 160

1. Cirectiy connecting the RESET and I/O pins to Vpp or Vgg could damage the device if an unintentional

int2rnal reset is generated or an unexpected change of the I/O configuration occurs (for example, due to a
corrupted program counter). To guarantee safe operation, this connection must be made through a pull-up
or pull-down resistor (typical: 4.7 kQfor RESET, 10 kQ for 1/Os). Unused I/O pins must be tied in the same

way to Vpp or Vgg according to their reset configuration.

2. Iinypiy) must never be exceeded. This is implicitly insured if V;y maximum is respected. If Vi maximum

cannot be respected, the injection current must be limited externally to the I;yypN) value. A positive

injection is induced by V |y > Vpp While a negative injection is induced by V| < Vgs.
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13.2.2 Current characteristics

Table 79. Current characteristics

Symbol Ratings Maximum value | Unit
lvbp Total current into Vpp power lines (source)(!) 75
lvss Total current out of Vgg ground lines (sink)(") 150
Output current sunk by any standard 1/0 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
Injected current on ISPSEL pin +5 mA
Injected current on RESET pin 5 1
Ingeing@® | Injected current on OSC1 and OSC2 pins FERRE
Injected current on PBO pin(¥ \\/5
Injected current on any other pin®) O -5
ZI|NJ(P|N)(2) Total injected current (sum of all I/O and control pinS)_'s)_ +20

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

2. Inypiy) must never be exceeded. This is implicitly insurzu V) maximum is respected. If Vi maximum
cannot be respected, the injection current must be lirite 1 externally to the IjyypN) value. A positive
injection is induced by V |y > Vpp While a negative injscion is induced by Vg < Vgs.

3. Negative injection disturbs the analog perfrmac = of the device. In particular, it induces leakage currents
throughout the device including the analog ‘npt'.s. To avoid undesirable effects on the analog functions,
care must be taken:

- Analog input pins must have a ncqative injection less than 0.8 mA (assuming that the impedance of the
analog voltage is lower than th~ spe ~ified limits)

- Pure digital pins must have a 1iec at ve injection less than 1.6 mA. In addition, it is recommended to inject
the current as far as pos=iL'e ‘rom the analog input pins.

No negative currert irjection allowed on PBO pin.

When several iiou s are submitted to a current injection, the maximum Zljnpin) is the absolute sum of the
positive anc ne Jauve injected currents (instantaneous values). These results are based on
charzci2i zauisn with Zlinyegy) maximum current injection on four I/0 port pins of the device.
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13.3 Operating conditions

13.3.1

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

General operating conditions

Table 80. General operating conditions
Symbol Parameter Conditions Min Max Unit
fOSC =16 MHz max
Vpp Supply voltage T, = -40°C to T, max 3.0 5.5 \
foLkin External clock frequency on CLKIN pin Vpp23V 0 16 MHz
A suffix version -40 +85 l
—
Ta Ambient temperature range B suffix version(") -40 S8 | °C
C suffix version -9 | +125

1. For ROM devices only

Figure 60. fc iy maximum operating frequency vs Vpp supply voltage

foLkin [MHZ]

Functionality
not guaranteed
in this area

Functionality guaranteed
in this area (unless
otherwise stated in the
tables of parametric data)
Refer to Section 13.3.3:
Internal RC oscillator and
PLL on page 150 for PLL
operating range

|
1 1 ! 1
20 27 3.0 38 3.5

» Supply voltage [V]

1. For furie: information on clock management block diagram for fo k) description, refer to Figure 12: Clock management

block lie.gram on page 41.
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The RC oscillator and PLL characteristics are temperature-dependent.

Table 81. Operating conditions (tested for T4 = -40 to +125 °C) @ Vpp =4.5t0 5.5V
Flash ROM
Symbol Parameter Conditions Unit
Min | Typ | Max | Min | Typ | Max
RCCR =0FF (reset value), 700 630
(D Internal RC oscillator | Ta=25°C, Vpp=5V KHz
RC frequency @)
RCCR = RCCRO0'/,
Ty = -4010 125 °C, Vpp = 5 V 950 | 1000 | 1070 | TBD | 1000 | TBD
RC resolution Vpp=5V -1 +1 | TBD TBD
Tp =-40t0 +125 °C,

ACCge |Accuracy of internal |y =5V -5 +7 | TBD oo | %
RC oscillator with( @ T - 20 125 °C ﬁ— —
RCCR = RCCR0O®P®) | Ta = -40 to +125 °C, )

Vpp = 4.5V 10 5.5 NG 6.5 +8.5 | TBD | ‘ TBD
1. If the RC oscillator clock is selected, to improve clock stability and frequency accuracy, it is reco nr 2anded to place a
decoupling capacitor, typically 100nF, between the Vpp and Vgg pins as close as possitie t) 1e o [7 device.
See Section 7.1: Internal RC oscillator adjustment on page 37
Minimum value is obtained for hot temperature and maximum value is obtained icr c2lu temperature
Data based on characterization results, not tested in production
Table 82. Operating conditions (tested for Ty =-471c 2125 °C) @ Vpp=4.5t0 5.5V
Flash and ROM
Symbol Parameter Conditions Unit
Min Typ Max
Iobre) | RC oscillator current consumg *icn | 600(1() WA
(RO T\ =25°C, Vpp =5V

tsyrc) | RC oscillator setup time 109 | ps

foLL x4 PLL input clock 1 MHz

tlock | PLL lock tine™ 2

ms
tstag | PLL stanilization time®) 4
- fCLK|N/2 or fRC =1MHz (5)

ACCp; 1 RS FLL accuracy @ Ty = -40 0 +125 °C 0.2 o

STpie | PLL jitter (Afgpy/fcpu) 16)

| 'DD(PLL) PLL current consumption Tpo=25°C 600 pA

1. Measurement made with RC calibrated at 1 MHz

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

3. See Section 7.1: Internal RC oscillator adjustment on page 37

4. After the LOCKED bit is set ACCpy_is maximum 10% until tgtag has elapsed. See Figure 11: PLL output frequency timing

diagram on page 39.

Averaged over a 4ms period. After the LOCKED bit is set, a period of tgtag is required to reach ACCp| | accuracy

6. Guaranteed by design
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Figure 61. Typical accuracy with RCCR = RCCRO vs Vpp = 4.5 t0 5.5 V and
temperature
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Figure 62. frc vs Vpp and temperature fcr ~a'orated RCCRO
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Table 83. Operating conditions (tested for Ty =-40 to +125 °C) @ Vpp =3.0t0 3.6 V
Flash ROM
Symbol Parameter Conditions Unit
Min | Typ | Max | Min | Typ | Max
_II?C_C? =OIC=;F\§resit vaILCa), 630 630
{ (1 |Internal RC oscillator | 'A = 5°C,Vpp=33 «Hz
RC frequency RCCR = RCCR®
Ty = -40 t0 +125 °C, Vpp = 3.3V 950 (1000|1070 | TBD | 1000 | TBD
RC resolution Vpp=33V -1 +1 | TBD TBD
Tp =-40to +125 °C,
ACCpe |Accuracy of internal | v,o =33V = +7 | TBD TBD %
RC oscillatorwith( @ [T s
RCCR = RCCRO®)®) | Ty = -40t0 +125°C, .
Vpp = 3.0 V t0 3.6 V4 6 +8 | TBD A& |
_ L
1. If the RC oscillator clock is selected, to improve clock stability and frequency accuracy, it is recommenc=d "o piace a
decoupling capacitor, typically 100nF, between the Vpp and Vgg pins as close as possible to the ST/ (e.ice.
See Section 7.1: Internal RC oscillator adjustment on page 37.
Minimum value is obtained for hot temperature and max value is obtained for cold tempe-ature.
Data based on characterization results, not tested in production.
Table 84. Operating conditions (tested for Ty =-40 to +125 °C) @ Vpp = 3.0 to 3.6 vh
Flash and ROM
Parameter(!) Cordiicns
Min Typ Max
RC oscillator current
IoD(RC) | consumpti - 400 WA
pton (a= 25 OC, VDD =33V
tsurc) | RC oscillator setup time | 10@ | ps
fpLL x4 PLL input clock 0.7 MHz
tlock | PLL lock time® 2
N ms
tstag | PLL stabiliz2tion time®) 4
fCLKlN/2 or fRC =1 MHz 4)
A \ ~
ACCp | | x4 F'.L cccuracy @ Th = -40 to +125 °C 0.2 %
NS
Tz PLLjitter (Afcpy/fopu) 1)
| Ip>pLLy | PLL current consumption Tp=25°C 190" pA
1. Data based on characterization results, not tested in production.
2. Measurement made with RC calibrated at 1 MHz.
3. After the LOCKED bit is set ACCp | is maximum 10% until tgTag has elapsed. See Figure 11: PLL output frequency timing

diagram on page 39.

&

5. Guaranteed by design.

Averaged over a 4ms period. After the LOCKED bit is set, a period of tgtag is required to reach ACCp| | accuracy.
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Figure 63. Typical accuracy with RCCR = RCCR1 vs Vpp =3 to 3.6 V and

temperature
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Figure 65. PLL x 4 output vs CLKIN frequency
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Figure 66. PLL x 8 output vs CLKIN frequency
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1. fage = fokin/2*PLL8
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13.3.2 Operating conditions with low voltage detector (LVD)

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

Table 85. Operating conditions with low voltage detector
9 9
Symbol Parameter Conditions(") Min | Typ | Max | Unit
Reset release threshold
ViT4 ) (Vo rise) 3.80@) | 4.20 | 4.60
\'
Reset generation threshold
Virwo) | (yor faﬂl) 3.70 | 4.00 |4.35@
Vhys LVD voltage threshold hysteresis | Vit vp)ViT-wvp) 200 mV
Vteor | Vo rise time rate®) 0.02 1002) | 1as/V
W .
tywvop) |Filtered glitch delay on Vpp Not detected by the LVD 5000 ns
Ippvp) | LVD current consumption A pA

1.

2.
3.

LVD functionality guaranteed only within the Vpp operating range specified in S:c./2.~ 13.3.1: General

operating conditions on page 144.

Not tested in production.

Not tested in production. The Vpp rise time rate condition is nee’ad! {0 insure a correct device power-on
and LVD reset. When the Vpp slope is outside these values, thc L'/L, inay not ensure a proper reset of the

MCU.

Use of LVD with capacitive power supply: With this tvze of hower supply, if power cuts occur in the
application, it is recommended to pull Vpp down t2 C v 10 ensure optimum restart conditions. Refer to
circuit example in Figure 95: RESET pin pret2~ton wviien LVD is disabled on page 170.

Based on design simulation.

13.3.3 Internal RC oscillatcr and'! PLL

The ST7 internal cloc'\ ca» u2 supplied by an internal RC oscillator and PLL (selectable by
option byte).

Table 8  !niernal RC oscillator and PLL
Svmkl Parameter Conditions Min | Typ | Max | Unit
; v Internal RC oscillator operating | Refer to operating 3.0 55
| VoD(RC) voltage range of Vppwith Tp | '
: Section 13.3.1:
VbpapLL) | X4 PLL operating voltage(") General operating 3.0 36 | V
. conditions on
VopxepLL) |X8 PLL operating voltage page 144 3.6 5.5
PLL
input
tsTARTUP PLL startup time 60 clock
(fpL)
cycles
1. x4 PLL option only applicable on Flash devices.
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13.4

13.4.1

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
obtain the total device consumption, the two current values must be added (except for halt
mode for which the clock is stopped).

Supply current

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

Table 87. Supply current

Symbol Parameter Conditions Typ | Max | Unit
Supply current in run mode fopy = 8 MHZ(" 7 a2
Supply current in wait mode fcpu=8 MHz(?) 3 | 36 A
-— m
Supply current in slow mode ; fopu = 250 kHz(®) ~ (Y 0.9
Ibp Supply current in slow wait mode Lﬁ fopu =250 A 0.5 0.8
o .
Supply current in halt mode®) >° -40°C <7, <+.25°C 1 6 A
. H
Supply current in AWUFH mode©)() -4073 15 <+125°C 60 920
Supply current in active halt mode | -40°C <Tp <+125°C 0.7 mA

1. CPU running with memory access, all I/O pir= ir. ing 4t \node with a static value at Vpp or Vgg (no load), all
peripherals in reset state; clock input (CLK N) aiv si1 by external square wave, LVD dlsabledS

2. All'l/O pins in input mode with a static value ai Vpp or Vgg (noload), all peripherals in reset state; clock
input (CLKIN) driven by external cquare wave, LVD disabled.

3. Slow mode selected with fcr y 2220 on foge divided by 32. All I/0 pins in input mode with a static value at
DD Of V%? (no load), all f znpherals in reset state; clock input (CLKIN) driven by external square wave,
LVD disabled

4. Slow-wait mode ce.2c1>a with fop based on fog¢ divided by 32. All I/O pins in input mode with a static
value at Vpp or Vg~ 10 load), all peripherals in reset state; clock input (CLKIN) driven by external square
wave, LVD Jisav!zd.

5. AlllOrinc in output mode with a static value at Vgg (no load), LVD disabled. Data based on
chare cterization results, tested in production at Vpp max and fopy max.

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

/. This consumption refers to the Halt period only and not the associated run period which is software
dependent.
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Figure 67. Typical Ipp in run mode vs fcpy

IS
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IDD run (mA) vs Freq (MHz)
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1. Graph displays data beyond the normal operating rar.ge of 3 V to 5.5V

Figure 68. Typical Ipp in run modr: a1 f( -y = 8 MHz

-8MHz

IDD run (mA) at fCPU:

2 25 3 35 4 45 5 55 6 65
vdd (V)

1. Graph displays data beyond the normal operating range of 3V - 5.5V

J
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Figure 69. Typical Ipp in slow mode vs fcpy
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1. Graph displays data beyond the normal operating range of 3V - 5.5V

Figure 70. Typical Ipp in wait mode vs fopy
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1. Graph uisp'ays data beyond the normal operating range of 3V - 5.5V

“igure 71.  Typical Ipp in wait mode at fcpy = 8 MHz
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Figure 72. Typical Ipp in slow-wait mode vs fcpy
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1. Graph displays data beyond the normal operating range of 3V - 5.5V

Figure 73. Typical Ipp vs temperature at Vpp =5V and fcpy = 5 VH-
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13.4.2 On-cinip peripherals
1ahie 88.  On-chip peripherals
-
Symbol Parameter Conditions Typ | Unit

fCPU =4 MHz VDD =33V 150

Ipp(ar) | 12-bit autoreload timer supply current(!)

fCPU =8 MHz VDD =5V 1000
fCPU =4 MHz VDD =33V 50
Iopspyy | SP! supply current(® HA
fCPU =8 MHz VDD =5V 200
Vpp=33V | 250

Iobanc) | ADC supply current when converting® | fapc = 4 MHz
(ADC) Vpp=5V 1100

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

2. Data based on a differential Ipp measurement between reset configuration and a permanent SPI master
communication (data sent equal to 55h).

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

J
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13.5

13.5.1

13.5.2

13.5.3

Clock and timing characteristics

Subject to general operating conditions for Vpp, fopy, and Tp.

General timings

Table 89. General timings

Symbol Parameter(!) Conditions Min | Typ® | Max | Unit
2 3 12 tcpu
teansT) | Instruction cycle time
250 375 1500 ns
fCPU =8 MHz
t Interrupt reaction time(®) 10 22 tcpu
vim tym) = AtgnsT) + 10 1.25 275 | s

1. Guaranteed by design. Not tested in production.
Data based on typical application software.

3. Time measured between interrupt event and interrupt vector fetch. Dty nsT) is the 1 umoer of topy cycles

needed to finish the current instruction execution.

Auto wake-up from halt oscillator (AWU)

Table 90.  Auto wake-up from halt oscillato (AvU)(")

Symbol Parameter ’ Ceor.ditions Min Typ Max Unit
fawu AWU oscillator frequency — 50 125 250 kHz
tRCSRT AWU oscillator startup *ime 50 ps

1. Guaranteed by design. N¢* toste in production.

Crystal and zavamic resonator oscillators

The ST7 irternal clock can be supplied with ten different crystal/ceramic resonator

oscillai~is. all the information given in this paragraph are based on characterization results
wi'n specified typical external components. In the application, the resonator and the load
canacitors have to be placed as close as possible to the oscillator pins in order to minimize
output distortion and start-up stabilization time. Refer to the crystal/ceramic resonator

manufacturer for more details (frequency, package, accuracy...).

Table 91.  Oscillator parameters (ROM devices)

ceramic resonator (Rg)

devices)

Symbol Parameter Conditions Min Typ Max Unit
forosc Crystal oscillator frequency(") 2 16 MHz
Recommen_ded load c_apacnance See Table 92: Oscillator
Cr4 versus equivalent serial
) parameters (Flash pF
Cio resistance of the crystal or

1. When PLL is used, please refer to Table 86: Internal RC oscillator and PLL on page 150 and to Section 7:

Supply, reset and clock management (fc,osc min. is 8 MHz with PLL).
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Table 92. Oscillator parameters (Flash devices)
Supplier | fcrosc Typical ceramic resonators CcL1® | cL2® | Rd | Supply voltage | Temperature
(MHz2) |1 @) Reference (PF) | (PF) | (@) | range(V) | range (°C)
SMD | CSBFB1M00J58-R0
1 220 220 (22k| 3.6Vto55V
LEAD |CSBLA1M00J58-BO
2 SMD | CSTCC2MO00G56Z-R0 47) | @47) | o
SMD | CSTCR4M00G53Z-R0
4 (15) (15) 0
LEAD |CSTLS4M00G53Z-B0 3.0Vto55V
Murata -40to +125
o SMD | CSTCE8M00G52Z-R0 (10) (10) 0
LEAD |CSTLS8M00G53Z-B0 (15) (15) 0
12 SMD |CSTCE12M0G52Z-R0 (10) | (10) | ©
SMD |CSTCE16M0V51Z-R0 3.6Vtos5Y
16 (5) (5) 0
LEAD |CSTLS16M0X51Z-B0

1. Resonator characteristics given by the ceramic resonator manufacturer. For more informa on on these resonators, please

consult www.murata.com

() means load capacitor built in resonator

SMD = [-RO0: plastic tape package (& =180 mm)] LEAD = [-BO: bulk]

Figure 74. Typical application with a crystal or cavanyic resonator

When resonator with
integrated capacitors

”"h‘l\ []OSC1

0SC2
[}

4?? osC

ST7
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13.6

13.6.1

13.6.2

Memory characteristics

RAM and hardware registers

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

Table 93. RAM and hardware registers
Symbol Parameter Conditions Min | Typ | Max | Unit
Vam Data retention mode() Halt mode (or reset) 1.6 \Y
1. Minimum Vpp supply voltage without losing data stored in RAM (in halt mode or under reset) or in
hardware registers (only in halt mode). Not tested in production.
Flash program memory
Tp = -40 to +125°C, unless otherwise specified.
Table 94. Characteristics of dual voltage HDFlash memory
Symbol Parameter Conditions I Min Typ | Max | Unit
Refer to operating ra:‘g:‘o‘
Operating voltage for Flash | Vpp with Ty Sectior: 15.3.1:
Vbp . B, o 3.0 5.5 Vv
write/erase General operaung conditions
on page 14/
Progrﬁgnmlng time for 1~32 T, = <010 +85°C 5 10 ms
bytes
t
prog R . -
Programming time for 1.5 Tp=25°C 024 | 0.48 s
Kbytes
trer® | Data retentinor Ty =55°C0 20 years
Tprog =25 °C 1K
Nrw Wriie 2125e cycles cycles
D\ Tprog =85 °C 300
Read/write/erase modes ()
i fCPU =8 MHZ, VDD =55V 26 mA
|'oo Supply current No read/no write mode 100 A
9]
Power down mode/halt 0 0.1

A ® e

Up to 32 bytes can be programmed at a time

Data based on reliability test results and monitored in production
The data retention time increases when the T, decreases
Guaranteed by design. Not tested in production
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13.6.3 EEPROM data memory
Tp = -40 to +125°C, unless otherwise specified.
Table 95. Characteristics of EEPROM data memory
Symbol Parameter Conditions Min Typ | Max | Unit
Refer to operating
range of Vpp with Ty
Operating voltage for EEPROM Section 13.3.1:
Vbp . . 3.0 5.5 Vv
write/erase General operating
conditions on
page 144
torog Programming time for 1~32 bytes | Ty = 40 to +125 °C 5 18 ! _ms
Data retention with 1 k cycling 20 |
(Terog = 40 to +125 °C \
(1) |Data retention with 10 k cycling _ £ o((2)
tReT (Throg = 40 10 +125 °C) Tao=55°C 10 Years
Data retention with 100 k cycling a 1
(TPROG =-40to +125 OC)
Nrw | Write erase cycles Ta=125°C 300 K Cycles
1. Data based on reliability test results and monitored ir. prxdi ction
2. The data retention time increases when the T . ('2ci3aces
13.7 Electromagnetic comvatability (EMC) characteristics
Susceptibility tests are penermed on a sample basis during product characterization.
13.7.1 Functiona! clectromagnetic susceptibility (EMS)

Based or. a simple running application on the product (toggling 2 LEDs through I/O ports),
the proauct is stressed by two electromagnetic events until a failure occurs (indicated by the

LED9).

o ESD: Electro-static 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.

® 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 are given in the
table below based on the EMS levels and classes defined in application note AN1709.
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13.7.2

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.niption) can be
reproduced by manually forcing a low state on the reset pin or the esailla.or 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 behaviour is deected, the software can be
hardened to prevent unrecoverable errors occurring ‘see application note AN1015).

Table 96. Electromagnetic test resuits

Symbol Parameter Conditions I;f::sll
v Voltage limits to b2 ¢relied on any I/O pin | Vpp =5V, Ty = 25 °C, fogc = 8 MHz, oB
FESD  |to induce a func.onai disturbance conforms to IEC 1000-4-2
Fast trancier.t voltage burst limits to be
. Vpp =5V, Ty =25°C, f = 8 MHz,
Veerg | applied i rough 100 pF on Vpp and Vpp Cgr?forms toﬁ\EC 1000- 4920 3B
pins tc Induce a functional disturbance

Electromagnetic interference (EMI)

Based on a simple application running on the product (toggling 2 LEDs through the 1/O
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 97. EMI emissions

. Max vs. [fosc/fcpu]
Sym. | Parameter Conditions freM::r:::ori:n d Unit
quency 8/4 MHz | 16/8 MHz
0.1MHz to 30 MHz 15 20
Peak | VDD =5V, Ta=25°C, 30 MHz to 130 MHz| 17 21 |dBpv
Semi level) S020 package,
conforming to SAE J 1752/3 | 130 MHz to 1 GHz 12 15
SAE EMI level 3 -
1. Data based on characterization results, not tested in production.
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13.7.3

160/193

Absolute maximum ratings (electrical sensitivity)

Based on two different tests (ESD and LU) using specific measurement methods, the
product is stressed in order to determine its performance in terms of electrical sensitivity.
For more details, refer to the application note AN1181.

Electro-static discharge (ESD)

Electro-static discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts*(n+1) supply pin). Two models
can be simulated: the human body model and the machine model. This test conforms to the
JESD22-A114A/A115A standard.

Table 98. ESD absolute maximum ratings

Symbol Ratings Conditions Maximum vai.e?) | Unit

Electro-static discharge voltage
Vesp(Hem) (Human body model) EU00

Electro-static discharge voltage _ o
Vespmm) (Machine model) Ta=+25°C 400 v

Vv Electro-static discharge voltage 1000
ESD(CDM) | (Charged device model)

1. Data based on characterization results, not tester! in prc duction

Static and dynamic latch-up (LL')

Three complementary static teats are required on six parts to assess the latch-up
performance. A supply ov3r «o'ta je (applied to each power supply pin) and a current
injection (applied to ea~r. irout, output and configurable 1/O pin) are performed on each
sample. This test contarras to the EIA/JESD 78 IC latch-up standard. For more details, refer
to application nuiv AN1181.

Elect ic 1 sensitivities

Ta%le 99.  Latch up results

| Symbol Parameter Conditions Class("
. Tp=25°C
LU Static latch-up class Tp=125°C A
DLU Dynamic latch-up class Vpp= 5.5V, fosc=4MHz, Ty=25°C A

1. Class description: A class is an STMicroelectronics internal specification. All its limits are higher than the
JEDEC specifications, which means when a device belongs to class A it exceeds the JEDEC standard.
Class B strictly covers all the JEDEC criteria (international standard).
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13.8 I/O port pin characteristics

13.8.1 General characteristics

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

Table 100. 1/O general port pin characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vi Input low level voltage Vgs-0.3 0.3 x Vpp v
Vi Input high level voltage 0.7 x Vpp Vpp + 0.3
Schmitt trigger voltage
Viys hysteresis%? 400 \ mv
I Input leakage current Vgs <ViN sVpp I _ﬂ
Static current consumption | A
Is induced by each floating Floating input mode 40
input pin®@ |
Weak pull-up equivalent Vpp=5V 50 120 250
Reu resisto':(s) P Vin=Vss a kQ
Vpp=2 160
Cio 1/0O pin capacitance 5 pF
t Output high to low level fall o5
f(10 inal
(I0)out time ) Cl_ —X0 }.}F s
Output low to high level rise | P&:+<en 10% and 90%
tiojout | time?) 25
External interrupt pules
Ww(min | time 1 tcpu

1. Data based on va.'‘acton/design results.

2. Configuraiicn riot recommended, all unused pins must be kept at a fixed voltage: Using the output mode of
the /O "0, example or an external pull-up or pull-down resistor (see Figure 75). Static peak current value
take\ at avixed V| value, based on design simulation and technology characteristics, not tested in
croduction. This value depends on Vpp and temperature values

5. The Rpy pull-up equivalent resistor is based on a resistive transistor (corresponding lp current
characteristics described in Figure 76: Typical VOL at VDD = 3.3 V (standard) on page 163)

4. To generate an external interrupt, a minimum pulse width must be applied on an I/O port pin configured as
an external interrupt source.

Figure 75. Two typical applications with unused I/0 pin

Vbp ST7

10kQ Unused /0 port

AN
NVNVAY

10ke2 Unused I/O port

=i st7

1. 1/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.

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

ﬁ 161/193




Electrical characteristics

ST7L15, ST7L19

13.8.2

Output driving current

Subject to general operating conditions for Vpp, fcpy, and Ty (-40 to +125 °C) unless otherwise specified.

Table 101. Output driving current
Symbol Parameter Conditions Min Typ Max | Unit
Output low level voltage for a lio=+5mA 1.0
standard 1/O pin when eight pins are
v () sunk at same time (see Figure 77) lio=+2mA 0.4
oL :
Output low level voltage for a high lio =+20 mA 1.4
sink 1/O pin when four pins are sunk Vpp=5V
at same time (see Figure 80) lio=+8mA 0.75
Output high level voltage for an 1/0 lo=-5mA |Vpp-1.5
VOH(Z) pin when four pins are sourced at T
same time (see Figure 86) lo=-2mA | Vpp-1.0 v
Output low level voltage for a
standard I/O pin when eight pins are lio =+2 mA,
sunk at same time (see Figure 76)
Vo (M@ 0.5
Output low level voltage for a high
sink I/O pin when four pins are sunk | Vpp =3.3V | lg=+SnA,
at same time
Output high level voltage for an I/O '
Vor®®@ | pin when four pins are sourced at llo=-2mA, |Vpp-0.8
same time (Figure 85)

1. The || current sunk must always respect the absclute inaximum rating specified in Section 13.2.2: Current characteristics
on page 143 and the sum of |5 (/O ports and ccntrel pins) must not exceed lygg

2. The | g current sourced must always resp-. ct the aosolute maximum rating specified in Section 13.2.2: Current

characteristics on page 143 and the surn ot .5 {!/O ports and control pins) must not exceed lypp.

3. Not tested in production, based ¢ cha-acterization results.
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Figure 76. Typical Vo at Vpp = 3.3 V (standard)

Vol std i/o (V) at VDD=3.3V
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Figure 77. Typical Vo at Vpp = 5 V (standard)
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viguie 78. Typical Vg at Vpp = 3.3 V (port C)
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Figure 79. Typical Vo at Vpp =5 V (port C)
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viguie 81. Typical Vg, at Vpp = 5 V (high-sink)
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Figure 82. Typical Vo vs Vpp (standard 1/0s)
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Figure 83. Typical Vg vs Vpp (high-sink)

0.7

0.6

—e— 140°C

\ —0—90°C

o
3

Vol High sink (V) at lio=8mA

o
~

4
w

Q
N

0.1 4

25 3 35 4 45 5 55 6 65
vdd (V)

Figure 84. Typical Vg, vs Vpp (port C)
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Figure 85. Typical Vpp - VoyatVpp=3.3V
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Figure &7. Typical Vpp - Vo at Vpp = 3.3 V (HS)
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Figure 88. Typical Vpp - Vou at Vpp =5 V (HS)
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Figure 89. Typical Vpp - Vou at Vpp = 3.3 V (port C)
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Figure 91. Typical Vpp - Von Vs Vpp (standard)

=2mA

Ivdd-vohl std /o (V) at loh:

0.14

vdd (V)

55

Figure 92. Typical Vpp-Von Vs Vpp (high sink)
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13.9

13.9.1

Control pin characteristics

Asynchronous RESET pin

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

Table 102. Asynchronous RESET pin

Symbol Parameter Conditions Min Typ Max Unit
V”_“) Input low-level voltage Vg - 0.3 0.3 x Vpp
V|H(1) Input high-level voltage 0.7 xVpp Vpp+ 0.3
Vhys Schmitt trigger voltage hysteresis“) 2
||o =45 mA, 05 49 v
Ta< +125°C ' \
VoV | Output low-level voltage(® Vpp=5V « &8
||o =+2 mA, A Y 0.4
To<+125°C N @ :
Vpp=5V 20 40 80
RoN Pull-up equivalent resistor(1(®) kQ
Vpp = 3.3 V(1) 49 70 120
WRSTLo | Generated reset pulse duration Internal reset sources 30
ut us
thrsTL)in | External reset pulse hold time(¥ _\N\ 20
tyrsTL)in | Filtered glitch duration 200 ns

Data based on characterization results, not tested in pruduction.

2. The lp current sunk must always respect the: an=2lui2 maximum rating specified in Section 13.2.2: Current characteristics
on page 143 and the sum of || (/O ports =n1 cerro. pins) must not exceed lygg.

3. The Rpp pull-up equivalent resistor is b1sed on a resistive transistor. Specified for voltages on RESET pin between V)| ax

and Vpp.

4. To guarantee the reset of thz Jdevice, a minimum pulse must be applied to the RESET pin. All short pulses applied on
RESET pin with a duraticti Lelcw thrsTL)in Can be ignored.
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Figure 94. RESET pin protection when LVD Is enabled

ST7

il

Pul ﬁWatchdog
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LVD reset

Vop
.rl_Re_qIJi;eEJ B :O_p}iér;ai Ron
! ! :(note 3):
External \ | . Internal reset
reset O~ i . - . Filter >

1. 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 pa 1.
Otherwise the device can be damaged when the ST7 generates an internal reset (LVD or watc 1a0g).
Whatever the reset source is (internal or external), the user must ensure that the level on the RESET pin
can go below the V|, maximum level specified in Section 13.9.1: Asynchronous RESET pia on page 169.
Otherwise the reset is not taken into account internally. A\ *
Because the reset circuit is designed to allow the internal RESET to be output in the RE.SET pin, the user
must ensure that the current sunk on the RESET pin is less than the absolute racxir uin value specified for
IingResET) in Section 13.2.2: Current characteristics on page 143.

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

3. If a capacitive power supply is used, it is recommended to ~orin- 1 2 TMQ pull-down resistor to the RESET
pin to discharge any residual voltage induced by the capaciu e efiect of the power supply (this adds 5pA to
the power consumption of the MCU).

4. Tips when using the LVD:
Check that all recommendations related to 'CCC! K and reset circuit have been applied (see caution in
Table 1: Device summary on page 1 and r otes ibove)
Check that the power supply is properly dec>':pled (100nF + 10pF close to the MCU). Refer to AN1709
and AN2017. If this cannot be done, it i recommended to put a 100nF + 1MQ pull-down on the RESET pin.
The capacitors connected on the KE=SET pin and also the power supply are key to avoid any start-up
marginality. In most cases, ¢tes * axd 2 above are sufficient for a robust solution. Otherwise: Replace
10nF pull-down on the RESET pir with a 5uF to 20pF capacitor.”

5. Please refer to Secticn 12.2.2: lilegal opcode reset on page 138 for more details on illegal opcode reset
conditions.

Figure 95 RESET pin protection when LVD is disabled

ST7

1

I
I
\ L
I
I
| : ! /F
I | Pulse Watchdog
| L | generator w llegal opcode
I Required !

Lo e — — — a

Vbb
i
== K Ron
User
external ) Internal reset
L = — — 1 g Filter >
reset L |
circuit
0.01pF

1. 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| maximum level specified in Section 13.9.1: Asynchronous RESET pin on page 169.
Otherwise the reset is not 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
IinyRESET) in Section 13.2.2: Current characteristics on page 143.

2. Please refer to Section 12.2.2: lllegal opcode reset on page 138 for more details on illegal opcode reset
conditions.
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13.10

13.10.1

Serial peripheral interface (SPI)

Communication interface characteristics

Subject to general operating conditions for Vpp, fogc, and Tp unless otherwise specified.
Refer to Section 10: I/O ports for more details on the input/output alternate function
characteristics (SS, SCK, MOSI, MISO).

Table 103. SPI characteristics
Symbol Parameter Conditions Min Max Unit
- Master, fCPU =8 MHz fcpu/1 28 = 0.0625 fopu/4 =2
fsck =1/ | gp clock frequency MHz
tC(SCK) Slave, fCPU =8 MHz 0 fcpu/2 =4
t(scK) SPI clock rise and fall See Table 2: Device ni ('ascription
tisCK) time orz Iiaie 1
tsuss)” | SS setup timel® (4 x Tepy) + 50
— Slave N\
thas)) | SS hold time 120
t (1) Master 100
WECKH) | 5CK high and low time -
tW(SCKL)(1) Slave \X 90
tSU(MI)(1) Master
™ Data input setup time S\
tSU(Sl) Sla.c
@ - 100
th(Ml) . . Masiz,
Data input hold time ns
th(Sl)(1) Slave
taso)") | Data output access ime 5 0 120
ave
taisso) ) | Data autpLt disable time 240
tyso) | Cant ~uput valid time | gjave 120
thso)'” | Data output hold time | (after enable edge) 0
e | Data output valid time | \aster 120
- —
Ithmo)”) | Data output hold time | (after enable edge) 0
1. Data based on design simulation, not tested in production.
2. Depends on fopy. For example, if fopy = 8 MHz, then tepy = 1/icpy = 125 ns and t(SS) = 550 ns.
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Figure 96. SPI slave timing diagram with CPHA =0
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1. Measurement points are done at CMOS levels: 0.3 x Vpp and 0.7 x Vpp.

2. When no communication is on-going the data output line of the SPI (MOSI in ma<te r .node, MISO in slave mode) has its
alternate function capability released. In this case, the pin status depends of thc I/ port configuration.

Figure 97. SPI slave timing diagram with CPHA =1
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t ' W(SCKL) _ | I v«(s0) thso trsck is(SO)
SO v e | : Dl : = t;ESCK; «>
| X | I I
W '\ MsBoOUT >< BIT6 OUT ' >< LSB OUT ><
see note 2 : : th(Sl) see note 2
tsu(sl) q—p» ,
| |

Measurement points are done at CMOS levels: 0.3 x Vpp and 0.7 x Vpp.

alternate function capability released. In this case, the pin status depends of the I/O port configuration.
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Figure 98. SPI master timing diagram

58 INPUT

[cPHA=0 | |
CPOL=0 Y AN )/ w
CPHA=0
CPOL =1 I\JI /1I \I W
Pk mm
CPOL=0 » | | | )
CPHA = 1 / ' ' M

SCK inpuT

CPOL = 1 [
- [ :tw(SCKH) : | > <
1 tw(SCKL) | trsck)
: I < > | tisck)
It I
tsu) P )y, |
MISO \nput XX)(X)()Q{ MSBIN }( BIT6 IN F X LSBIN X XZ
|

I tymo) thmo)
o )

<

| | a\\
MOSI outPuT  see note 2>< MSB OUT >< BIT6 OUT > stouT X see note 2

Measurement points are done at CMOS levels: 0.3 x Vpp and 0.." x Vr,p.

2. When no communication is on-going the data output line o1 t.= §PI (MOSI in master mode, MISO in slave
mode) has its alternate function capability released. In t'iis =c se, the pin status depends of the 1/0 port
configuration.
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13.11 10-bit ADC characteristics

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

Table 104. 10-bit ADC characteristics

Symbol Parameter Conditions Min | Typ" | Max | Unit
45V Vpp<H5V 4
fapc ADC clock frequency MHz
3.0V<Vpp<36V 2
VaiNn Conversion voltage range(® Vssa Vppa \"
Rain External input resistor 10 kQ
Capc Internal sample and hold capacitor 6 _! oF
tsTAB Stabilization time after ADC enable 0 '
Conversion time (sample+hold) fopu =8 MHz, fapc 3.5
tanc - Sample capacitor loading time = 4 MHz 4 W
- Hold conversion time 10 ADC
Analog part 1
IADC v, mA
Digital part 0.2

1. Unless otherwise specified, typical data is based on Tp = 25 °C and Vpp - Vgg =5 V. They are given only
as design guidelines and are not tested.

2. When Vppp and Vgga pins are not available 20 \1e pinout, the ADC refers to Vpp and Vgg

3. Any added external serial resistor downgrzes ‘ne ADC accuracy (especially for resistance greater than

10kQ). Data based on characterization resuhs, not tested in production.

4. The stabilization time of the AD ron.erter is masked by the first { gap. The first conversion after the enable
is then always valid.

Figure 99. Typica’ ¢'ppi:caiion with ADC

w Rain AINX
2 L
-

.6V L
0.6 +1pA

10-bit A/D
conversion

ST7

Related application notes

® Understanding and minimizing ADC conversion errors (AN1636)

® Software techniques for compensating ST7 ADC errors (AN1711)
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Table 105. ADC accuracy with4.5V <Vpp<5.5V

Symbol Parameter Conditions Typ Max( | Unit
1=d Total unadjusted error 4 6
I[Eol Offset error 3 5
IEg| Gain error fopy =8 MHz, fapc =4 MHz@)®) | 1 4 LSB
IEpl Differential linearity error
1.5 3
1= Integral linearity error

1.

from -40 °C to +125 °C (+ 3o distribution limits).
Data based on characterization results over the whole temperature range, monitored in production.

The effect of negative injection current on robust pins is specified in Section 13.11: 10-bit ACC
characteristics on page 174
Any positive injection current within the limits specified for Iyyeiny @and Zlingpiny in St.2u'on 15.8: 1/O port
pin characteristics on page 161 does not affect the ADC accuracy.

Table 106. ADC accuracy with3V <Vpp<3.6V

Data based on characterization results, monitored in production to guarantee 99.73 % within + max value

ADC accuracy vs negative injection current: Injecting negative current on any of the analog input pi‘is ma /
reduce the accuracy of the conversion being performed on another analog input.

Symbol Parameter Conditicii> Typ Max(!) | Unit
=4 Total unadjusted error \* 2.8 5.7
I[Eol Offset error 0.25 1.2
IEgl Gain error | ‘erL=4 MHz, fapc=2 MHZ®®) | 06 | 23 |LSB
IEpl Differential linearity error 2.9 5.6
1= Integral linearity errer 2.6 5.3

1.

from -40 °C to +125 °C (+ 3c disiribution limits).

Data based on r!. a1 acierization results over the whole temperature range, monitored in production.

The effct of negative injection current on robust pins is specified in Section 13.11: 10-bit ADC
chara-teristics on page 174
A.1y positive injection current within the limits specified for Iiyyeiny @and Zlingpiny in Section 13.8: 1/0 port
i1 characteristics on page 161 does not affect the ADC accuracy.

Data based on characterization 1esults, monitored in production to guarantee 99.73 % within + max value

ADC accur:.cy Ve iiegative injection current: Injecting negative current on any of the analog input pins may
redurc th.2 e~cdracy of the conversion being performed on another analog input.

175/193




Electrical characteristics

ST7L15, ST7L19

176/193

Figure 100. ADC accuracy characteristics

Digital result ADCDR

A
[ e
1022 '
1021 4 !
- : (1) = Example of an actual transfer curve
7 !
' (2) = Ideal transfer curve
6 !
5 | ! (3) = End point correlation line
4+ l
3 !
2 4 I
1 - |
g | — // Lt » Vin (LSBipai)
1 3 4 10211022 1023 1024
Vss Vop
1. Legend:

Et = Total unadjusted error: maximum deviation between the acivai ard the ideal transfer curves

Eq = Offset error: deviation between the first actual transitian ar.d \-e first ideal one

Eg = Gain error: deviation between the last ideal transitic and tie last actual one

Ep = Differential linearity error: maximum deviation betw sei actual steps and the ideal one

E, = Integral linearity error: maximum deviation betw =<.> aily actual transition and the end point correlation

line
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14.1

Package characteristics

In order to meet environmental requirements, ST offers this device 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 101.

20-pin plastic small outline package, 300-mil width

&

D

A

h x 45x

T, iy L
B o Al
QOnnanaeYs
E[H
O
INIRIRINIRIRIRIN
Table 107. EO_-p_m plastic small outline package, 300-mil width, mechanical data
| mm inches
Dim.
! Min Typ Max Min Typ Max
;-_ A 2.35 2.65 0.093 0.104
Al 0.10 0.30 0.004 0.012
B 0.33 0.51 0.013 0.020
C 0.23 0.32 0.009 0.013
D 12.60 13.00 0.496 0.512
E 7.40 7.60 0.291 0.299
e 1.27 0.050
10.00 10.65 0.394 0.419
0.25 0.75 0.010 0.030
o 0° 8° 0° 8°
L 0.40 1.27 0.016 0.050
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Thermal characteristics

Table 108. Thermal characteristics

Symbol Ratings Value Unit
Tsta Storage temperature range -65 to +150 °C
Riha Package thermal resistance (junction to ambient) 70 °C/W
Tymax Maximum junction temperature(") 150 °C
P Dmax Power dissipation(®) <350 mw

1. The maximum chip-junction temperature is based on technology characteristics
2. The maximum power dissipation is obtained from the formula Pp = (T -T)/Rihya-

The power dissipation of an application can be defined by the user with the formula: Pp = P\y7 + PpoaT,
where Py is the chip internal power (Ipp x Vpp) and Ppogrr is the port power dissipation depend ng 2. thi
ports used in the application.

Soldering information

In accordance with the RoHS European directive, all STMicroviectronics packages have
been converted to lead-free technology, named ECOPAC K>,

ECOPACK® packages are qualified according t> ire JEDEC STD-020C compliant
soldering profile

Detailed information on the STMicroaie=trenic ECOPACK® transition program is
available on www.st.com/stonlinc:/Leadiree/, with specific technical application notes
covering the main technical aspec:s related to Lead-free conversion (AN2033, AN2034,
AN2035, AN2036).

Forward compatibility

ECOPACK® SO vacia2zs are fully compatible with a Lead (Pb) containing soldering
process (see appicaiion note AN2034).

Table 10). Soldering compatibility (wave and reflow soldering process)

Package Plating material Pb solder paste | Pb-free solder paste

SO NiPdAu (Nickel-Palladium-Gold) Yes Yes

J
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15 Device configuration and ordering information

15.1 Introduction

Each device is available for production in user programmable versions (Flash) as well as in factory coded
versions (ROM). ST7L1x devices are ROM versions

ST7PL1x devices are factory advanced service technique ROM (FASTROM) versions: They are factory
programmed Flash devices.

ST7FL1x Flash devices are shipped to customers with a default program memory content (FFh), while
ROM/FASTROM factory coded parts contain the code supplied by the customer. This implies that Flash
devices have to be configured by the customer using the option bytes while the ROM/FASTROM cavices
are factory-configured.

15.2 Option bytes

The option bytes have no address in the memory map and are accessed ' i1 piogramming mode (for
example using a standard ST7 programming tool). Difference in option byte configuration between Flash
and ROM devices are presented in the following table and are descik=d in Section 15.2.1: Flash option
bytes on page 180 and Section 15.2.2: ROM option bytes on page i62.

Table 110. Flash and ROM option bytes

Option byte 0 Option byte 1
7 6 | 5| 4 3 2 1 0 7 6 5 4 3|2 1 0
SEC S_":( FM | FM | PLL | PLL .~ | WDG | WDG
Name | Reserved | CLKSEL | 7/ | 0 PR | PW | x4x8 | OFF Res |OSC | LVD 1:0 swW | HALT
Flash | -
Default| 5 1y | vl o |1 o fo | 1|11 ]o|1]1] 1 1
value N\
AW | OSCRANGE ROP | ROP PLL .~ | WDG | WDG
Name JCK -0 Reserved R | D Res OFF Res |OSC |LVD 1:0 swW | HALT
ROM |— -
-
jmeadtl oy a1 oo 11 lo o [ 1] 1 1
| value
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15.2.1 Flash option bytes
The 2 option bytes allow the hardware configuration of the microcontroller to be selected.
Table 111. Option byte 0 description
Bit Bit name Function
7:6 - Reserved, must be kept cleared
Clock source selection
When the internal RC oscillator is not selected (option OSC = 1), these
option bits select the clock source: Resonator oscillator or external
5:4 CLKSEL clock (see Table .1 12) . . .
Note: When the internal RC oscillator is selected, the CLKSEL option
bits must be kept at their default value in order to select the 256 ~lock
cycle delay (see Section 7.5: Reset sequence manager (RSI1) on
page 43)
Sector 0 size definition
These option bits indicate the size of sector 0 a5 fc luws:
. . 00: Sector 0 size = 0.5 Kbytes
3:2 SEC[1:0
[1:0] 01: Sector 0 size = 1 Kbytes
10: Sector 0 size = 2 Kbytes
11: Sector 0 size = 4 Kbytes
Readout protection
Readout protection i en selected provides a protection against
program memc*y contznt extraction and against write access to Flash
memory.
Erasing the ~rion bytes when the FMP_R option is selected will cause
1 FMP_R thc whcie memory to be erased first and the device can be
reprojrammed.
«  Rclerto the ST7 Flash Programming Reference Manual and
Section 4.5: Memory protection on page 25 for more details.
0: Readout protection off
1: Readout protection on
Flash write protection
This option indicates if the Flash program memory is write protected.
] ‘ EMP W Warning: When this option is selected, the program memory (and
N the option bit itself) can never be erased or programmed again.
0: Write protection off
1: Write protection on
Table 112. Clock source selection
CLKSEL
Clock source Port C
2 1
Resonator Ext. osc enabled/port C disabled 0 0
on PB4 0 1
External clock source: CLKIN Ext. osc disabled/ port C enabled
on PCO 1 1
Reserved 1 0
180/193 1S7]
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Table 113. Option byte 1 description

Bit Bit name

Function

7 PLLx4x8

PLL factor selection

0: PLLx4
1: PLLx8

6 PLLOFF

PLL disable
This option bit enables or disables the PLL.
0: PLL enabled
1: PLL disabled (bypassed)

Reserved, must be kept cleared

4 OSCRC

Oscillator selection

This option bit enables to select the internal RC oscillator.

0: RC oscillator on

1: RC oscillator off

Note: If the RC oscillator is selected, then to improve clock ste bility and
frequency accuracy, it is recommended to place a dz.2.'0 ing capacitor,
typically 100 nF, between the Vpp and Vgg pins as ~/ase as possible to the
ST7 device.

3:2 LVD[1:0]

Low voltage selection
These option bits enable the voltag 2 -etaction block (LVD) with a selected
threshold to the LVD:
11: LVD off
10: LVD high threshold

1 WDGSW

Hardware or softv.are vatchdog

0: Hardware (we.tchdog always enabled)
1: Software (watchdog to be enabled by software)

0 WDGHALT

Watc ‘hdcg—re set on halt

I is option bit determines if a reset is generated when entering halt mode
v/hile the watchdog is active.

0: No reset generation when entering halt mode

1: Reset generation when entering halt mode

Table 1 (4. List of valid option combinations

——-—

| Operating conditions Option bits
b PLL | Typfcpy
Vpp range Clock source OSC |PLLOFF |PLLx4x8
off |1 MHz @ 3.3V 1 1
0
Internal RC 1% x4 |[4MHz @ 3.3V 0 0
x8 - - - -
3.0t0 3.6V
off 0to 4 MHz 1 1
External clock or resonator 1
(depending on OPT5:4 x4 4 MHz 0 0
selection)
x8 - - - -
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Table 114. List of valid option combinations (continued)

Operating conditions Option bits
PLL | Typfcpy
Vpp range Clock source OSC |PLLOFF | PLLx4x8
off 1 MHz @ 5V 0 1 1
Internal RC 1% x4 - - - -
x8 8 MHz @ 5V 0 0 1
4510 5.5V
off 0to 8 MHz 1 1 1
External clock or resonator
(depending on OPT5:4 x4 - - - -
selection) x8 8 MHz 1 0 1

15.2.2 ROM option bytes

The 2 ROM option bytes allow the hardware configuration of the microcor trcller to be
selected.

Table 115. Option byte 0 description

Bit Bit name =Laction

Auto wake up clock sele~ion

0: 32 kHz oscillator ( /1.P) selected as AWU clock

7 AWUCK 1: AWU RC csen'ator selected as AWU clock.
Note: If :his Lit s reset, internal RC oscillator must be selected
(option OCC = 0).

Osci'lator range

v/h:zn the internal RC oscillator is not selected (option OSC = 1),
these option bits select the range of the resonator oscillator current
source or the external clock source.
000: Typ. frequency range with resonator (LP) = 1~2 MHz
001: Typ. frequency range with resonator (MP) = 2~4 MHz)

. . 010: Typ. frequency range with resonator (MS) = 4~8 MHz)
6:4 CSCRANGE[2:0] 011: Typ. frequency range with resonator (HS) = 8~16 MHz)
100: Typ. frequency range with resonator (VLP) = 32.768~ kHz)
101: External clock on OSCH1
110: Reserved
Note: OSCRANGE[2:0] has no effect when AWUCK option is set to
0. In this case, the VLP oscillator range is automatically selected as
AWU clock

3:2 - Reserved, must be kept cleared

Readout protection for ROM
1 ROP R This option is for re?ad protection of ROM
0: Readout protection off
1: Readout protection on
Readout protection for data EEPROM
0 ROP D This option is for read protection of EEPROM memory.

0: Readout protection off
1: Readout protection on

J
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Table 116.

Option byte 1 description

Bit

Bit name

Function

7

Reserved, must be kept cleared

PLLOFF

PLL disable

This option bit enables or disables the PLL.
0: PLL enabled
1: PLL disabled (bypassed)

Reserved, must be kept cleared

OSCRC

Oscillator selection

This option bit enables to select the internal RC oscillator.

0: RC oscillator on

1: RC oscillator off

Note: If the RC oscillator is selected, then to improve clock ¢tabi!*y and
frequency accuracy, it is recommended to place a deco!ilin.a
capacitor, typically 100 nF, between the Vpp and Vg pins as close as
possible to the ST7 device.

3:2

LVD[1:0]

Low voltage selection
These option bits enable the voltage et 2c.'on block (LVD) with a
selected threshold to the LVD:
11: LVD off
10: LVD high threshold

WDGSW

Hardware or software we tct dog

0: Hardware (w=2ichdoy always enabled)
1: Software: (we tcdog to be enabled by software)

WDGHALT

Watchdog resei on halt
This option bit determines if a reset is generated when entering halt
imwvle while the watchdog is active.
2: No reset generation when entering halt mode
1: Reset generation when entering halt mode
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Figure 102. Flash commercial product code structure

| DEVICE ;| EEDATA; PINOUT; PROG MEM | PACKAGE; TEMP RANGE TR E,

E = Leadfree (ECOPACK®)

Conditioning options:
TR = Tape and reel (left blank if tube)

A =-40 to +85°C
C =-40to +125°C

M = Plastic small outline

1 = 4 Kbytes
F =20 pins
5 = No EE datc
9 = EE data (12t byles)
STF 1
Table 117. Flash user programmable device types
| &
Program memory RAM Valda EEPROM | Temperature
Order code (bytes) (bytes) (bytes) range Package
ST7FL15F1MAE -
-40 to +85°C
ST7FL19F1MAE 128
4 K Fiash 256 S020
ST7FL15F1MCE -
-40 to +125°C
ST7FL19F1MCE 128
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Figure 103. FASTROM commercial product code structure

|DEVICE,EEDATAPINOUT,PROG MEM,PACKAGE, TEMP RANGE|,

IXXXIRIE]

Not present if tape and reel

E = Leadfree (ECOPACK®)

Conditioning options:
R = Tape and reel (left blank if tube)

Code name
(defined by STMicrolectronics)

A =-40to +85°C

C=-40to +125°C

M = Plastic small outlin 3
1 =4 Kbytes
F =20 pin«

5=1[lot'E uata

9 - EZ uata (128 bytes)

— . ST7PL1
Table 118. FASTROM factory coded device 'yjLes
™) Program 1AM | DataEEPROM | Temperature
Order code memory (by'tes) | (bytes) (bytes) range Package
ST7PL15F1MAxxxRE -
-40 to +85°C
ST7PL19F1MAxxxRE 128
2 ' K FASTROM 256 S0O20
ST7PL15F1MCxxxRE -
&\ -40 to +125°C
ST7PL19F1MC» xx 3L 128
1. ‘xxx’ ienrosents the code name defined by STMicroelectronics
‘R’ = Tupe and reel (left blank if tube)
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Figure 104. ROM commercial product code structure

|DEVICE ;EEDATA, PINOUT,PROG MEM; PACKAGE TEMP RANGE,/;| XXX R} E

E = Leadfree (ECOPACK®)

Conditioning options:
R = Tape and reel (left blank if tray)

A =-40to0 +85 °C
B =-40to +105 °C
C=-40to +125°C

M = Plastic small outline

1 = 4 Kbytes

F =20 pins

5 = No EE data
9 = EE data (128 hvte3)

ST7L1

Code name (defined by STMicroelectronics)

Table 119. ROM factory coded device types

1) Program memory RAM D=te EiZPROM Temperature
Order code (bytes) (bytes) bytes) range Package
ST7L15F1MA/xxxRE - c
-40to +85°
ST7L19F1MA/xxxRE | 128
ST7L15F1MB/xxxRE -
4 KR2M 256 -40 to +105 °C S020
ST7L19F1MB/xxxRE 128
ST7L15F1MC/xxxRE - c
1 -40to +125 °
ST7L19F1MC/xxxRFE 128

1. xxx’ represents the ccde name defined by STMicroelectronics
‘R’ = Tape a-d r<e' (left blank if tube)
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Customer:
Address:

Contact:
Phone No:

Reference/FASTROM or ROM code:

ST7L1 FASTROM and ROM microcontroller option list
(Last update: September 2007)

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

Device type/memory size/package (check only one option):

FASTROM device | S020 4 K |
| [1ST7PL15F1M |
I [1ST7PL19F1M |
ROM device | S020 4 K |
| [1ST7L15F1M |
I [1ST7L19F1M |
Conditioning: []Tape and reel []1Tube
(check only one option)
Special marking: [1No [1Yes " s e . J
Authorized characters are letters, digits, '.", -', '/ and spaces only.

Maximum character count: SO20 (8 char. max):

Temperature range:
LVD reset threshold:
Watchdog selection:

[]A (-40 to +85 °C)

[ ] Disabled

[ ] Software activatior
[]

[1P (4L to +105°C)")  []C (-40to +125 °C)
" Enab ed (highest voltage threshold)
"] H'ardware activation

Watchdog reset on halt: Disabled | ; enabled
Flash devices only:
PLL: [ ] Disabied [1PLLx4 [1PLLx8
Clock source selection: [ ] Resriato.
[1Externa’ clock [1on PB4
[]on OSCI
1 ] :ntemal RC oscillator
Sector 0 size: [T05K 1K [12K [14K
Readout protectior.: | | Disabled Enabled
Flash write proter tio.: [ ] Disabled Enabled
ROM devie or.ly
PLL [ ] Disabled Enabled
Cloc: source selection: [ ] Resonator VLP: Very low power resonator (32 to 100 kHz)
LP: Low power resonator (1 to 2 MHz)
MP: Medium power resonator (2 to 4 MHz)
MS: Medium speed resonator (4 to 8 MHz)
HS: High speed resonator (8 to 16 MHz)
[ 1 External clock on PB4
on OSCI
[ ] Internal RC oscillator
AWUCK selection: [ 132 kHz oscillator AWU RC oscillator
ROM readout protection: [ ] Disabled Enabled
EEDATA readout protection:[ ] Disabled Enabled
Comments:
Supply operating range in the application:
Notes:
Date:
Signature:
For ROM device only
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Development tools

Introduction

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.

Evaluation tools and starter kits

ST offers complete, affordable starter kits and full-featured evaluation boards that allow you
to evaluate microcontroller features and quickly start developing ST7 applications. Starter
kits are complete, affordable hardware/software tool packages that include features and
samples to help you quickly start developing your application. ST evaluation bc aris are
open-design, embedded systems, which are developed and documented tc cerve as
references for your application design. They include sample applicatior Lotware to help you
demonstrate, learn about and implement your ST7’s features.

Development and debugging tools

Application development for ST7 is supported by flly uutimizing C compilers and the ST7
assembler-linker toolchain, which are all seamless'y imtegrated in the ST7 integrated
development environments in order to facilitas *t.e¢ debugging and fine-tuning of your
application. The cosmic C compiler is avciiab e in a free version that outputs up to 16 Kbytes
of code.

The range of hardware tools includes full featured ST7-EMU3 series emulators, cost
effective ST7-DVP3 serie¢ emnletors and the low-cost RLink in-circuit
debugger/programmer. 1'e<e tools are supported by the ST7 Toolset from
STMicroelectrorics, wnich includes the STVD?7 integrated development environment (IDE)
with high-level Ianauage debugger, editor, project manager and integrated programming
interface.

Pregramming tools

During the development cycle, the ST7-DVP3 and ST7-EMUS series emulators and the
RLink provide in-circuit programming capability for programming the Flash microcontroller
on your application board.

ST also provides a low-cost dedicated in-circuit programmer, the ST7-STICK, as well as
ST7 socket boards which provide all the sockets required for programming any of the
devices in a specific ST7 subfamily on a platform that can be used with any tool with in-
circuit 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.
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15.4.5

15.5

Order codes for development and programming tools

Table 120 below lists the ordering codes for the ST7L1 development and programming
tools. For additional ordering codes for spare parts and accessories, refer to the online
product selector at www.st.com/mcu.

Table 120. ST7L1 development and programming tools

In-circuit
debugger, (RLink Emulator Programming tool
ina(l
Supported Series
products Starter kit In-circuit ST socket
without demo DVP series EMU series roarammer boards and
board prog EPbs
_ @
ST7FL15 2)(3) ST7MDT10- ST7MDT10- ST7 S(ST)'CK S17SB10-
STX-RLINK () I @)
ST7FL19 DVP3 EMU3 STX-RLN @ | 123
1. Available from ST or from Raisonance, www.raisonance.com
2. USB connection to PC
3. Add suffix /EU, /UK or /US for the power supply for your region
4. Includes connection kit for DIP16/SO16 only. See “How to orrie; ax EMU or DVP” in ST product and tool
selection guide for connection kit ordering information
5. Parallel port connection to PC

6. RLink with ST7 tool set

ST7 application notes

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

Table 121. Revision history

Date Revision Main changes
16-Aug-2006 1 Initial release
Replaced ‘ST7L1’ with ST7L19 on page 1
Added ‘Features’ heading above list of Features on page 1
Removed AVD feature from ‘Clock reset and supply management’ in
Features on page 1
Changed Section 1 on page 14
Figure 1 on page 15:
- removed AVD
- replaced autoreload timer 2 with autoreload timer 4
- referenced port C to figure footnote
Table 3 on page 20:.
- replaced autoreload timer 2 with autoreload t'ima 4
- added ‘1’ to register name and register iaYe | 6 AT4 counter register
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Removed subsection ‘Interrupts’
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Table 108: Thermal characteristics on page 178: Changed package
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cont'd

Removed text concerning Pb-containing packages from Section 14.2 on
page 178

Table 109: Soldering compatibility (wave and reflow soldering process)
on page 178:

- changed title of ‘Plating material’ column

- removed note concerning Pb-package temperature for leadfree
soldering compatibility

Changed Section 15: Device configuration and ordering information on
page 179

Section 15.3: Device ordering information on page 184:

- removed Table 26: Supported part numbers

- added Figure 102: Flash commercial product code structure

- added Table 117: Flash user programmable device types

- added Figure 103: FASTROM commercial product code: structuie

- added Table 118: FASTROM factory coded device 1,'0¢ s

- added Figure 104: ROM commercial product rod'e . tructure

- added Table 119: ROM factory coded device ‘vres

Updated ST7L1 FASTROM and ROM n:icroccntroller option list on
page 187

Changed Section 15.5 on page 135. Pemoved Table 28: ST7 Application
Notes and added a statement *o ‘ndicate that application notes can be
found on the ST website

15-Jan-2007

Corrected revisior. numter on page 1 (previous revision 2 inadvertently
stated Rev. 1 at botium of cover page)

11-Sep-2007

Statiis of document updated from ‘preliminary data’ to ‘datasheet’
Upriated Memories on page 1

Jecticn 7.1: Internal RC oscillator adjustment on page 37: Removed

| :e1crence to ‘4.5 V to 5.5 V' from text and changed Ty = 25 °C’ to ‘Tymax
Table 7: RCCR calibration registers on page 38: Changed ‘Tp = 25 °C’ to
‘Tamax’ and added footnote 1 concerning RCCRO and RCCR1
calibrations

Simplified Section 10.7: Device-specific I/O port configuration on page 73
PWM mode on page 80: Removed all references to the PLL 32 MHz
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Table 80: General operating conditions on page 144: Added B suffix
temperature range (-40 to + 105 °C)for ROM devices only

Table 81: Operating conditions (tested for TA = -40 to +125 °C) @ VDD =
4.5 to 5.5 V on page 145 and Table 83: Operating conditions (tested for
TA=-40to +125 °C) @ VDD = 3.0 to 3.6 V on page 147: Updated fRrc,
ACCRc, and ACCp | parameters; added ROM data

Table 82: Operating conditions (tested for TA = -40 to +125 °C) @ VDD =
4.5 to 5.5 V on page 145 and Table 84: Operating conditions (tested for
TA=-40to+125 °C) @ VDD = 3.0 to 3.6 V on page 147: Modified typical
value of PLL x8 accuracy from 0.1 % to 0.2 %. Added fg kn/2 to the
conditions

Table 87: Supply current on page 151: Replaced ‘TBD’ with 90 pA for
supply current in AWUFH mode and with 0.7 for supply current in active
halt mode

Table 95: Characteristics of EEPROM data memory on page 158: Added
minimum data and conditions for write erase cycles (Ngy)
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VOL’ VOH data for VDD =5V
Modified Figure 102 on page 184, Figure 103 on page 185 and
11-Sep-2007 4 Figure 104 on page 186
contd | Table 104: 10-bit ADC characteristics on page 174: Modified faopc

parameter to include a maximum value of 2 MHz at 3V < Vpp < 3.6 V
Updated ST7L1 FASTROM and ROM microcontroller option list on

page 187
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