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ST7L05, ST7L09

8-bit MCU for automotive with single voltage Flash memory,

data EEPROM, ADC, timers, SPI

Features

n Memories

— 1.5 Kbytes program memory: Single voltage
extended Flash (XFlash) with read-out protec-
tion capability, In-Application Programming
(IAP) and In-Circuit Programming (ICP) for
XFlash devices

— 128 bytes RAM

— 128 bytes data EEPROM with read-out pro-
tection, 300K Write/Erase cycles guaranteed

— XFlash and EEPROM data retention: 20
years at 55°C
= Clock, Reset and Supply Management

— Clock sources: High precision internal RC os-
cillator or external clock

— PLL x8 for 8 MHz internal clock

— 4 Power Saving Modes: Halt, Active Halt, Wait
and Slow

n Interrupt Management
— 10 interrupt vectors plus TRAP and RESET
— 4 external interrupt lines (on four vectors)
= /O Ports
— 13 multifunctional bidirectional 1/0 lin =~
— 9 alternate function lines
— 6 high sink outputs
n 2 Timers
— One 8-bit Lite Tir € (. T) with prescaler in-
cluding: Watcrac -\, one realtime base and
one input a7.)iL @
— One 12 o Aroreload Timer (AT) with output
ccmoae function and PWM

T=hi> 1. vevice Summary

SO16 .
150mil

1 Communication Inte**a.. ¢

— SPI synchronous se. 2! \nt<:iace
A/D Converter

— 8-bit resoltic e, v to Vpp
—5inpin chanrels

Ins i ~un Set

- 8-vic data manipulation

o3 basic instructions with illegal opcode de-
tection

— 17 main addressing modes

— 8 x 8 unsigned multiply instruction
Development Tools

— Full hardware/software development package

[ Features ST7L05 ST7L09
Program Memory 1.5 Kbytes Flash
RAM (stack) 128 bytes (64 bytes)
Data EEPROM 128 bytes

Peripherals

Lite Timer with Watchdog, Autoreload Timer with 1 PWM, SPI, 8-bit ADC

Operating Supply

3.0t0 5.5V

CPU Frequency

Up to 8 MHz (with external resonator/clock or internal RC oscillator)

Operating Temperature

Up to -40 to +85°C, -40 to +105°C

Packages

SO16 150mil

December 2006
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ST7L05, ST7L09

1 DESCRIPTION

The ST7LO0x is a member of the ST7 microcontrol-
ler family suitable for automotive applications. All
ST7 devices are based on a common industry-
standard 8-bit core, featuring an enhanced instruc-
tion set.

The ST7LOx features Flash memory with byte-by-
byte In-Circuit Programming (ICP) and In-Applica-
tion Programming (IAP) capability.

Under software control, the ST7LOx devices can
be placed in WAIT, SLOW, or HALT mode, reduc-
ing power consumption when the application is in
idle or standby state.

Figure 1. General Block Diagram

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 micro-
controllers feature true bit manipulation, 8 x 8 un-
signed multiplication and indirect addressing
modes.

For easy reference, all parametric data is found in
Section 13 on page 73.

Internal

CLOCK
1 MHz RC OSC
+ > !
PLL x8 .
LTETIMER |
<> w WATCHDOG |
Voo —p| POWER K= oorTA LT PATO
Ves —p SUPPLY - (8 bits)
B r—~| 1zbit AUTO-
RESET <p CONTROL 9 [ ~—+" ReLOAD TIMER
o
8-bit CORE g
y ~N\\o
ALU S~ g
U 3
_] >
FLs SH 2
MEMC Y PB4:0
(*.5 Kbytes) <:::> (5 bits)
L_
8-bit ADC
| RAM @
(128 bytes)
DATA EEPROM ®
(128 bytes)

4
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ST7L05, ST7L09

2 PIN DESCRIPTION
Figure 2. 16-Pin Package Pinout (150mil)

Vss 1@ ei0 16— PAO (HS)/LTIC
Vpp . 2 15— PA1 (HS)
RESET — 3 14— PA2 (HS)/ATPWMO
SS/AINO/PBO . 4 ei3 1331 PA3 (HS)
SCK/AIN1/PB1 | 5 12 PA4 (HS)
MISO/AIN2/PB2 | ¢ 11 PA5 (HS)/ICCDATA
MOSI/AIN3/PB3 | 7 ei2 10— PA6/MCO/ICCCLK
CLKIN/AIN4/PB4 ] g eil 9= PA7

(HS) 20mA high sink capability
eiy  associated external interrupt vecto:

6/104
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ST7L05, ST7L09

PIN DESCRIPTION (Cont'd)
Legend / Abbreviations for Table 2:
Type: | = input, O = output, S = supply
In/Output level: C= CMOS 0.15Vpp/0.85Vpp with input trigger
Ct= CMOS 0.3Vpp/0.7Vpp with input trigger
Output level: HS = 20mA high sink (on N-buffer only)
Port and control configuration:
— Input: float = floating, wpu = weak pull-up, int = interrupt”, ana = analog
— Output: OD = open drain, PP = push-pull
Table 2. Device Pin Description

Level Port / Control
Pin o Main
No. Pin Name S5 3 Input Output| Fynction Alternate Function
: Fla|l s = fter reset)
= T[22 |« |® |n (a
=|6|8|8|E|5|o|&
1 | Vss S Ground
2 | Vpp S Main power supply
3 | RESET /0] Ct X X Top priority non-maskable ir..e, “u, t \active low)
— 0,
4 | PBO/AINO/SS wo| ¢ | x| ed | x|x|x|pPortBo |ADCAna L0 or SPISlave
Seled! (actiz low)
ADC A aiog Input 1 or SPI Clock
~arr.ion: No negative current in-
5 | PB1/AIN1/SCK 1/0 Cr X | X X | X | X | Port B1 jection allowed on this pin. For
details, refer to Section 13.2.2 on
! page 74.
h> ADC Analog Input 2 or SPI Mas-
6 | PB2/AIN2/MISO /0| Cr X | X X |2 | X ' Port B2 ter In/ Slave Out Data
. ADC Analog Input 3 or SPI Mas-
7 | PB3/AIN3/MOSI /0| Cr X e2 | X X |X|PortB3 ter Out / Slave In Data
- —
8 |PB4/AN4CLKIN 0| Cr [ X X | |X|[X|X|PortBa |ADSAnaloginput4orExternal
_|_ i clock input
9 | PA7 wo| o x| ei X | X | Port A7
Main Clock Output/In-Circuit
Communication Clock.

I | Caution: During normal opera-
tion this pin must be pulled- up,
internally or externally (external

10 | PARNSOCSOLK (0] ¢ | X | X X | X | PortAg | Pull-up of 10kmandatory in noisy
environment). This is to avoid en-
tering ICC mode unexpectedly
during a reset. In the application,
even if the pin is configured as
output, any reset will put it back in
input pull-up.

11 PAS/ I/O|Ct|HS | X | X X | X | Port A5 In-Circuit Communication Data

ICCDATA T

12 | PA4 /O|Ct|HS | X | X X | X | Port A4

13 | PA3 /0|Ct|HS | X | X X | X | Port A3

14 | PA2/ATPWMO /O|Ct|HS | X | X X | X | Port A2 Autoreload Timer PWMO

7/104
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ST7L05, ST7L09

Level Port / Control
Pin o Main
No. Pin Name SRR Input Output| Function Alternate Function
: Fle|l s = (after reset)
c S © 3 - oo
€13 |8|8|2 5|88
15 | PA1 I/O|Ct|HS | X | X X | X | Port A1
16 | PAO/LTIC /0{Cr| HS | X ei0 X | X | Port AO Lite Timer Input Capture

Note: In the interrupt input column, “eix” defines
the associated external interrupt vector. If the
weak pull-up column (wpu) is merged with the in-

8/104

terrupt column (int), then the 1/O configuration is
pull-up interrupt input, else the configuration is
floating interrupt input.
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ST7L05, ST7L09

3 REGISTER AND MEMORY MAP

As shown in Figure 3, the MCU is capable of ad-
dressing 64 Kbytes of memories and I/O registers.

The available memory locations consist of up to
128 bytes of register locations, 128 bytes of RAM,
128 bytes of data EEPROM and up to 1.5 Kbytes
of user program memory. The RAM space in-
cludes up to 64 bytes for the stack from 0COh to
OFFh.

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

Figure 3. Memory Map

The size of Flash Sector 0 is configurable by Op-
tion byte.

IMPORTANT: Memory locations marked as “Re-
served” must never be accessed. Accessing a re-
served area can have unpredictable effects on the
device.

0000h ) .~ 0080h
TZZS?SE?; . Short Addressing ,
007Fh : : RAM (zero page)
0080h "+ O00BFh
RAM L. .! 00COh
0OFFh (128 Bytes) v 64 Bytes Stack
0100h . 00FFh
Reserved -
OFFFh oy
1000h : 4\ - - -1000h &CC 30
Data EEPROM - e ) ———1
' RCCR1
107Eh (128 Bytes) . - -.100 h L
1080h see Section 7.1 on page
15K ~LASH
Reserved PROG IAM MZMORY
FOFFh . <
FAQOh ) T =Ah T 0.5 Kbytes
! ! & SECTOR 1
FE *Fh
Flash Memory Lo =500h T Kbytes
1.5K { '
(1.5K) | © . FrFen SECTOR 0
FFDFh { “\ - - -FFDEh RCCRO
Interrupt & Reset ' ec.ors , - - :
(see Tzhle 7 ' . - .FFDFh RCCR1
FFFFh A A X see Section 7.1 on page

4
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ST7L05, ST7L09

REGISTER AND MEMORY MAP (Cont'd)
Legend: x = undefined, R/W = read/write

Table 3. Hardware Register Map

Register . Reset
Address Block Label Register Name Status Remarks
0000h PADR Port A Data Register ooh" R/W
0001h Port A PADDR Port A Data Direction Register 00h R/W
0002h PAOR Port A Option Register 40h R/W
0003h PBDR Port B Data Register Eoh" R/W
0004h Port B PBDDR Port B Data Direction Register 00h R/W
0005h PBOR Port B Option Register 00h R/W?)
0006h to
000Ah Reserved area (5 bytes) (
000Bh LITE LTCSR Lite Timer Control/Status Register xxh R/W
000Ch TIMER LTICR Lite Timer Input Capture Register xxh Re2d Oniy
000Dh ATCSR Timer Control/Status Register ooh | 3
000Eh CNTRH Counter Register High 0Zh | Read Only
000Fh CNTRL Counter Register Low von Read Only
0010h AUT.?I?AELROAD ATRH Autoreload Register High on R/W
0011h ATRL Autoreload Register Low 00h R/W
0012h PWMCR PWM Output Control Register 00h R/W
0013h PWMOCSR | PWM 0 Control/Status Registar 00h R/W
0014h to ‘ 3
0016h Reserved ar=a 3 vyte 3)
0017h | AUTORELOAD | DCROH PWM 0 Duty Cy -l R¢ gger High 00h R/W
0018h TIMER DCROL PWM 0 Dn.v (ye > Register Low 00h R/W
0019h to
002Eh I .eserved area (22 bytes)
0002Fh FLASH | FCSR | Flash Control/Status Register ooh | RW
00030h EEPROM Er_C;—R Data EEPROM Control/Status Register 00h R/W
—
0031h | SVIDR SPI Data I/O Register xxh R/W
0032h SP| SPICR SPI Control Register Oxh R/W
0033h SPICSR SPI Control/Status Register 00h R/W
003n ADCCSR A/D Control Status Register 00h R/W
003L1 ADC ADCDR A/D Data Register 00h Read Only
0036h ADCCSR2 | Control Status Register 2 00h R/W
0037h ITC EICR External Interrupt Control Register 00h R/W
0038h CLOCKS MCCSR Main Clock Control/Status Register 00h R/W
0039h RCCR RC oscillator Control Register FFh R/W
003Ah Sl SICSR System Integrity Control/Status Register Oxh R/W
003Bh to
007Fh Reserved area (69 bytes)
10/104 IS7]




ST7L05, ST7L09

Notes:
1. The contents of the 1/O port DR registers are readable only in output configuration. In input configuration, the values
of the I/O pins are returned instead of the DR register contents.

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

11/104
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ST7L05, ST7L09

4 FLASH PROGRAM MEMORY

4.1 INTRODUCTION

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

The XFlash devices can be programmed off-board
(plugged in a programming tool) or on-board using
In-Circuit Programming or In-Application Program-
ming.

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

4.2 MAIN FEATURES

= |CP (In-Circuit Programming)
= |AP (In-Application Programming)

m ICT (In-Circuit Testing) for downloading and
executing user application test patterns in RAM

= Sector 0 size configurable by option byte
m Read-out and write protection

4.3 PROGRAMMING MODES

The ST7 can be programmed in three different
ways:

— Insertion in a programming tool. In this mode,
Flash sectors 0 and 1, option byte row ard
data dEEPROM can be programmed o-
erased.

— In-Circuit Programming. In this modz=, Fle s
sectors 0 and 1, option byte row ena cata
EEPROM can be programmed ¢ * e.ascd with-
8Ut rgmovmg the device from tho application

oard.

— In-Application Programiair.2. In this mode,
sector 1 and da‘a F-FOM can be pro-
grammed or eracad' v:ithout removing the de-
vice from the aapl, setion board and while the
application ‘s rning.

12/104

4.3.1 In-Circuit Programming (ICP)

ICP uses a protocol called ICC (In-Circuit Commu-
nication) which allows an ST7 plugged on a print-
ed circuit board (PCB) to communicate with an ex-
ternal programming device connected via cable.
ICP is performed in three steps:

1. Switch the ST7 to ICC mode (In-Circuit Com-
munications). 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 bvtes
from the ICC interface.

2. Download ICP Driver code in RAM .io™ the
ICCDATA pin

3. Execute ICP Driver code i1 F!AM| to program
the Flash memory

Depending on the IC,P L v ~r code downloaded in
RAM, Flash memo: / programming can be fully
customized (numher ot bytes to program, program
locations, o1 selection of the serial communication
interfe ce tor a»wnloading).

4.3.7 lx-Application Programming (I1AP)

“his niode uses an IAP Driver program previously
Yrogrammed in Sector 0 by the user (in ICP
mode).

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

IAP mode is used to program any memory areas
except Sector 0, which is Write/Erase protected to
allow recovery in case errors occur during the pro-
gramming operation.

4




ST7L05, ST7L09

FLASH PROGRAM MEMORY (Cont'd)

4.4 1CC INTERFACE

ICP needs a minimum of four and up to six pins to
be connected to the programming tool. These pins
are:

— RESET: device reset

— Vgg: device power supply ground

— ICCCLK: ICC output serial clock pin

— ICCDATA: ICC input serial data pin

— CLKIN: main clock input for external source

- : application board power supply (option-

al?geepl\ﬁ)ote 3) P pply (op

Notes:

1. If the ICCCLK or ICCDATA pins are only used
as outputs in the application, no signal isolation is
necessary. As soon as the Programming Tool is
plugged to the board, even if an ICC session is not
in progress, the ICCCLK and ICCDATA pins are
not available for the application. If they are used as
inputs by the application, isolation such as a serial
resistor must be implemented in case another de-
vice forces the signal. Refer to the Programming
Tool documentation for recommended resistor val-
ues.

2. During the ICP _session, the programming tool
must control the RESET pin. This can lead to con-
flicts between the programming tool and the appli-
cation reset circuit if it drives more than 5mA at

high level (push pull output or pull-up resistor
<1K). A Schottky diode can be used to isolate the
application RESET circuit in this case. When using
a classical RC network with R>1K or a reset man-
agement IC with open drain output and pull-up re-
sistor>1K, no additional components are needed.
In all cases the user must ensure that no external
reset is generated by the application during the
ICC session.

3. The use of Pin 7 of the ICC connector depends
on the Programming Tool architecture. This pin
must be connected when using most ST Program-
ming Tools (it is used to monitor the application
power supply). Please refer to the Programming
Tool Manual.

4. Pin 9 must be connected to the CLKIN pin ¢f the
ST7 when the clock is not available in the «pica-
tion or if the selected clock opticn ‘s nct pro-
grammed in the option byte.

Caution: During normal operation, ICCCLK pin
must be pulled- up, interal!lv ur 2xternally (exter-
nal pull-up of 10K ricnaatoy in noisy environ-
ment). This is to av»id e tering ICC mode unex-
pectedly during a resct. in the application, even if
the pin is canfigu.ed as output, any reset will put it
back in ipnut Hull-up.

Figure 4. Typical ICC Interface

PROGRAMMING TOOL

ICC CONNECTOR
A

ICC Cable
\ N v
ICC CONNECTOR
(See ot 3) HE10 CONNECTOR TYPE

' { OPTIONAL 1|

1 APPLICATION BOARD

! 1 (See Note 4) 7115] [3] 1

: (9]

' ' 10 4] [2

' ' o] APPLICATION

X ' RESET SOURCE

. '

' .

l | I
APPLICATION e See Note 1 and Caution
POWER SUPPLY : = APP'—I'/%AT'ON

]
LI
Z
X
o
ST7

4
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ST7L05, ST7L09

FLASH PROGRAM MEMORY (Cont'd)

4.5 MEMORY PROTECTION

Two different types of memory protection exist:
Read-out Protection and Write/Erase Protection,
which are applied individually.

4.5.1 Read-out Protection

Read-out protection, when selected provides a
protection against program memory content ex-
traction and against write access to Flash memo-
ry. Even if no protection is considered as totally
unbreakable, the feature provides a very high level
of protection for a generalzpurpose microcontroller.
Both program and data E= memory are protected.

In Flash devices, this protection is removed by re-
programming the option. In this case, both pro-
gram and data E“ memory are automatically
erased and the device is reprogrammed.

Read-out protection selection depends on the de-
vice type:

— In Flash devices it is enabled and removed
through the FMP_R bit in the option byte.

— In ROM devices it is enabled by mask option
specified in the Option List.

4.5.2 Flash Write/Erase Protection

Write/Erase protection, when set, makes it impos-
sible to both overwrite and erase program memo-
ry. It does not apply to E® data. Its purpose is to
provide advanced security to applications and pre-
vent any change being made to the memory cor:
tent.

Warning: Once set, Write/Erase protecicn can
never be removed. A write-protecte t Flusi device
is no longer reprogrammable.

Table 4. Flash Register "3 a.:u Reset Values

Write/Erase protection is enabled through the
FMP_W bit in the option byte.

4.6 RELATED DOCUMENTATION

For details on Flash programming and ICC proto-
col, refer to the ST7 Flash Programming Refer-
ence Manual and to the ST7 ICC Protocol Refer-
ence Manual.

REGISTER DESCRIPTION

FLASH CONTROL/STATUS REGISTER (FCSR)
Read/Write

Reset Value: 000 0000 (00h)

1st RASS Key: 0101 0110 (56h)

2nd RASS Key: 1010 1110 (AEh)

7 0

T B
0 0 0 0 ‘ 0 J").""W LAT | PGM

Note: This register ‘s reserved for programming
using ICP, IAP or other programming methods. It
controls the XFlash programming and erasing op-
erations

Wh:n ar =PB or another programming tool is
1 sed ‘in cocket or ICP mode), the RASS keys are
scnt automatically.

Address Regns;?n 7 6 5 4 3 2 1 0
(Hex.) '_ape
002rn | FC3h OPT LAT PGM
. } eset Value 0 0 0 0 0 0 0 0
14/104 &7




ST7L05, ST7L09

5 DATA EEPROM

5.1 INTRODUCTION 5.2 MAIN FEATURES

The Electrically Erasable Programmable Read m Up to 32 bytes programmed in the same cycle
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. m Chained erase and programming cycles

n Internal control of the global programming cycle
duration

= WAIT mode management

» EEPROM mono-voltage (charge pump)

m Read-out protection

Figure 5. EEPROM Block Diagram

HIGH VOLTAGE :
PUMP
EECSR | o | o | o | o | o | o [eeLaTers
v SA.

»
13 EEP 30M

ADDRESS | 4| ROW [ .7 MEMURY MATRIX

DECODER DECODER|
N (1 ROW =32 8 BITS)

—
, DATA 32x 8 BITS
1 ’ MULTIPLEXER DATA LATCHES
) 4 4 ‘ ‘
( ADDRECS 2Us ) < DATA BUS >

4
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ST7L05, ST7L09

DATA EEPROM (Cont'd)

5.3 MEMORY ACCESS

The Data EEPROM memory read/write access
modes are controlled by the E2LAT bit of the EEP-
ROM Control/Status register (EECSR). The flow-
chart in Figure 6 describes these different memory
access modes.

Read Operation (E2LAT = 0)

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

On this device, Data EEPROM can also be used to
execute machine code. Take care not to write to
the Data EEPROM while executing from it. This
would result in an unexpected code being execut-
ed.

Write Operation (E2LAT =1)

To access the write mode, the E2LAT bit has to be
set by software (the E2PGM bit remains cleared).
When a write access to the EEPROM area occurs,

Figure 6. Data EEPROM Programming Flowchart

the value is latched inside the 32 data latches ac-
cording to its address.

When PGM bit is set by the software, all the previ-
ous bytes written in the data latches (up to 32) are
programmed in the EEPROM cells. The effective
high address (row) is determined by the last EEP-
ROM write sequence. To avoid wrong program-
ming, the user must take care that all the bytes
written between two programming sequences
have the same high address: Only the five Least
Significant Bits of the address can change.

At the end of the programming cycle, the PGM and
LAT bits are cleared simultaneously.

Note: Care should be taken during the program -
ming cycle. Writing to the same memory location
will over-program the memory (logical AN He-
tween the two write access data result) Lec 1use
the data latches are only cleared at the e.ia <f the
programming cycle and by the falling edce of the
E2LAT bit.

It is not possible to read the lc trhed data.

This note is illustrated hy tne Ficure 8.

READ MODE vRI = MODE
E2LAT =0 E2LAT =1
E2PGM =0 E2PGM =0
y
READ BYTES 1 WRITE UP TO 32 BYTES
IN EEPROM AR ,A| IN EEPROM AREA
all (with the same 11 MSB of the address)

y

START PROGRAMMING CYCLE
E2LAT=1
E2PGM=1 (set by software)

E2LAT

CLEARED BY HARDWARE_J
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DATA EEPROM

Figure 7. Data EZPROM Write Operation

(Cont'd)

U Row / Byte = 23 . 3031 Physical Address
ROW 0 00h...1Fh
DEFINITION 1 20h...3Fh
N Nx20h...Nx20h+1Fh
< Read operation impossible > Read operation possible
| Byte 1 | Byte 2 | |Byte 32| Programming cycle l
! PHASE 1 l PHASE 2 '
‘¢ > < P
, Writing data latches Waiting E2PGM and E2LAT to fall
E2LAT bit ! N
| S by USER applicationw: : Cleare< b, har Jware
E2PGM bit | R

Note: If a programming cycle is interrupted (by RESET action), the integrity f tre data in memory will not

be guaranteed.

4
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DATA EEPROM (Cont'd)

5.4 POWER SAVING MODES

Wait mode

The DATA EEPROM can enter WAIT mode on ex-
ecution of the WFI instruction of the microcontrol-
ler or when the microcontroller enters Active Halt
mode.The DATA EEPROM will immediately enter
this mode if there is no programming in progress,
otherwise the DATA EEPROM will finish the cycle
and then enter WAIT mode.

Active Halt mode
Refer to Wait mode.

Halt mode

The DATA EEPROM immediately enters HALT
mode if the microcontroller executes the HALT in-
struction. Therefore the EEPROM will stop the
function in progress, and data may be corrupted.

Figure 8. Data EEPROM Programming Cycle

5.5 ACCESS ERROR HANDLING

If a read access occurs while E2LAT = 1, then the
data bus will not be driven.

If a write access occurs while E2LAT = 0, then the
data on the bus will not be latched.

If a programming cycle is interrupted (by RESET
action), the integrity of the data in memory will not
be guaranteed.

5.6 DATA EEPROM READ-OUT PROTECTION

The read-out protection is enabled through an op-
tion bit (see option byte section).

When this option is selected, the programs ana
data stored in the EEPROM memory are protected
against read-out (including a re-write pre’=ctior).
In Flash devices, when this protection is 'einoved
by reprogramming the Option Byte, tl.2 =riire Pro-
gram memory and EEPROM is f rst automatically
erased.

Note: Both Program wicn.ory and data EEPROM
are protected using ‘he s.imie option bit.

READ O" e +TIC N NOT POSSIBLE

READ OPERATION POSSIBLE

»d
L |
INTERNAL .
PROGRAMMING | == = = = = = = = = - —— = .
VOLTAGE '
ERASE CYCLE WRITE CYCLE .
g
I
tPROG -
'I
] ! .
v ' ‘
— ' | LAT
S— | PGM
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DATA EEPROM (Cont'd)

5.7 REGISTER DESCRIPTION

EEPROM CONTROL/STATUS REGISTER (EEC-
SR)

Read/Write

Reset Value: 0000 0000 (00h)

7 0

0 0 0 0 0 0 E2LAT [E2PGM

Bits 7:2 = Reserved, forced by hardware to 0.

Bit 1 = E2LAT Latch Access Transfer

This bit is set by software. It is cleared by hard-
ware at the end of the programming cycle. It can
only be cleared by software if the E2PGM bit is
cleared.

0: Read mode

1: Write mode

Bit 0 = E2PGM Programming control and status
This bitis set by software to begin the programming
cycle. At the end of the programming cycle, this bit
is cleared by hardware.

0: Programming finished or not yet started

1: Programming cycle is in progress

Note: If the E2PGM bit is cleared during the b o-
gramming cycle, the memory data is not g 1aran-
teed.

Table 5. Data EEPROM Registar Ma» and Reset Values

Address Register
(Hex.) Label ¥ 6 5 1 0
EECZR E2LAT | E2PGM
0030h Pascovalue 0 0 0 0 0
K‘][ 19/104
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6 CENTRAL PROCESSING UNIT

6.1 INTRODUCTION

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

6.2 MAIN FEATURES

m 63 basic instructions

m Fast 8-bit by 8-bit multiply

= 17 main addressing modes

m Two 8-bit index registers

m 16-bit stack pointer

m Low power modes

m Maskable hardware interrupts

m Non-maskable software interrupt

6.3 CPU REGISTERS

The six CPU registers shown in Figure 9 are not
present in the memory mapping and are accessed
by specific instructions.

Figure 9. CPU Registers

Accumulator (A)

The Accumulator is an 8-bit general purpose reg-
ister 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 in-
struction (PRE) to indicate that the following in-
struction refers to the Y register.)

The Y register is not affected by the interrupt auto-
matic procedures (not pushed to and popped from
the stack).

Program Counter (PC)

The program counter is a 16-bit regis*e. Containing
the address of the next instructio’ w e executed
by the CPU. It is made of twr, s-Lit registers PCL
(Program Counter Low w*'ai Is the LSB) and PCH
(Program Counter Hign .ick. is the MSB).

7 0

RESET VALUE = XXh
0
1]
alf 4 A 1
RESET VAL' IF. = XAh
7 —
[

XE3ET VALUE = XXh

0

l15 PC'1 8|7 PCL 0l

LI P T

RES ET V.\LUE = RESET VECTOR @ FFFEN-FFFFh
7 0

[+ 1 [+ [u]r [n]2[c]

RESETVALUE=1 1 1 X 1 X X X

115 8|7 0|

LTI I ITIT]

RESET VALUE = STACK HIGHER ADDRESS

+ CC'JMULATOR

X INDEX REGISTER

Y INDEX REGISTER

PROGRAM COUNTER

CONDITION CODE REGISTER

STACK POINTER

X = Undefined Value
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CPU REGISTERS (Cont'd)
CONDITION CODE REGISTER (CC)
Read/Write

Reset Value: 111x1xxx

7 0

1 1 1 H | N z C

The 8-bit Condition Code register contains the in-
terrupt mask and four flags representative of the
result of the instruction just executed. This register
can also be handled by the PUSH and POP in-
structions.

These bits can be individually tested and/or con-
trolled by specific instructions.

Bit 4 = H Half carry

This bit is set by hardware when a carry occurs be-
tween bits 3 and 4 of the ALU during an ADD or
ADC instruction. It is reset by 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 instruc-
tion. The H bit is useful in BCD arithmetic subrou-
tines.

Bit 3 = I Interrupt mask

This bit is set by hardware when entering in intzi-
rupt or by software to disable all interrupts £acent
the TRAP software interrupt. This bit i ¢':a.ed by
software.

0: Interrupts are enabled.

1: Interrupts are disabled.

This bit is controlled b the 114, SIM and IRET in-
structions and is testea b - tte JRM and JRNM in-
structions.

Note: Interripts requested while | is set are
latched a1 ~ar be processed when | is cleared.
By de ault n interrupt routine is not interruptible

4

because the | bit is set by hardware at the start of
the routine and reset by the IRET instruction at the
end of the routine. If the I bit is cleared by software
in the interrupt routine, pending interrupts are
serviced regardless of the priority level of the cur-
rent interrupt routine.

Bit 2 = N Negative

This bit is set and cleared by hardware. It is repre-
sentative of the result sign of the last arithmetic,
logical or data manipulation. It is a copy of the 7t
bit of the result.
0: The result of the last operation is positive or null.
1: The result of the last operation is negative

(that is, the most significant bit is a logic 1).

This bit is accessed by the JRMI and JRPL inst:ic-
tions.

Bit1 =2 Zero

This bit is set and cleared £y hiarc ware. This bit in-

dicates that the resu!* u! f1.2 |z st arithmetic, logical

or data manipulatior is z¢ ro.

0: The result of the lact uperation is different from
zero.

1: The re<ult ~f the last operation is zero.

Thiz Lit is ~.ccassed by the JREQ and JRNE test
irsirectians.

Bit 0 = C Carry/borrow

This bit is set and cleared by hardware and soft-
ware. It indicates an overflow or an underflow has
occurred during the last arithmetic operation.

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.
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CPU REGISTERS (Cont'd)
Stack Pointer (SP)
Read/Write

Reset Value: 00 FFh

15 8

0 0 0 0 0 0 0 0

SP5 | SP4 | SP3 | SP2 | SP1 | SPO

The Stack Pointer is a 16-bit register which is al-
ways pointing to the next free location in the stack.
It is then decremented after data has been pushed
onto the stack and incremented before data is
popped from the stack (see Figure 10).

Since the stack is 64 bytes deep, the 10 most sig-
nificant bits are forced by hardware. Following an
MCU Reset, or after a Reset Stack Pointer instruc-
tion (RSP), the Stack Pointer contains its reset val-
ue (the SP5 to SPO bits are set) which is the stack
higher address.

Figure 10. Stack Manipulation Example

The least significant byte of the Stack Pointer
(called S) is directly accessed by an LD instruc-
tion.

Note: When the lower limit is exceeded, the Stack
Pointer wraps around to the stack upper limit, with-
out indicating the stack overflow. The previously
stored information is then overwritten and there-
fore lost. The stack also wraps in case of an under-
flow.

The stack is used to save the return address dur-
ing a subroutine call and the CPU context during
an interrupt. The user may also directly manipulate
the stack by means of the PUSH and POP instruc-
tions. In the case of an interrupt, the PCL is stored
at the first location pointed to by the SP. Then the
other registers are stored in the next locations as
shown in Figure 10.

— When an interrupt is received, the SP iz acere-
mented and the context is pushed or the stack.

— On return from interrupt, the S™ . 1 cremented
and the context is popped from e stack.

A subroutine call occuries twy iccations and an in-
terrupt five locations in th. 2 lack area.

CALL Interrupt PUSHY
Subroutine event
@ 00Coh ,j_‘
—
| | -
P
sp [——1 T *
WS\ Y
R cc
F A A
N X X
s ] PCH PCH
P )1
BN PCL PCL
PCH PCH PCH
@ 00FFh| PCL PCL PCL

Stack Higher Address = 00FFh
Stack Lower Address = 00COh

RET
or RSP

POPY IRET

SP

cC

PCH
PCL
PCH
PCL

SP

PCH
PCL

SP
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7 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 re-
ducing the number of external components.

Main features
m Clock Management

— 1 MHz internal RC oscillator (enabled by op-
tion byte)

— External Clock Input (enabled by option byte)
— PLL for multiplying the frequency by 8

m Reset Sequence Manager (RSM)

7.1 INTERNAL RC OSCILLATOR ADJUSTMENT

The ST7 contains an internal RC oscillator with an
accuracy of 1% for a given device, temperature
and voltage. It must be calibrated to obtain the fre-
quency required in the application. This is done by
software writing a calibration value in the RCCR
(RC Control Register).

Whenever the microcontroller is reset, the RCCR
returns to its default value (FFh), that is, each time
the device is reset, the calibration value must be
loaded in the RCCR. The predefined calibration
value is stored in EEPROM for 5V Vpp supply volt-
age at 25°C, as shown in the following table.

o ST7FLO9 | ST7FLOF |
RCCR Conditions Address Addre.s |
Vpp = 5V N |
RCCRO | T,=25°C ;‘;"Doé‘ha“d FDch
frc =1 MHz
Vpp = 3.3V N
RCCR1 | To=25°C ;95:]3“ “ | FFDFh
frc = 700 kHz -
Notes:

— See “FLIC/RICAL CHARACTERISTICS” on
page 73. ‘o. inore information on the frequency
and w~cu:acy of the RC oscillator.

— To improve clock stability and frequency accura-
cy, it is recommended to place a decoupling ca-
pacitor, typically 100nF, between the Vpp and
Vgg pins as close as possible to the ST7 device.

— This byte is systematically programmed by ST,
including on FASTROM devices. Consequently,
customers intending to use FASTROM service
must not use this byte.

(574

— RCCRO and RCCR1 calibration values are
erased if the read-out protection bit is reset after
it has been set. See “Read-out Protection” on
page 14.

Caution: If the voltage or temperature conditions

change in the application, the frequency may re-

quire recalibration.

Refer to application note AN1324 for information

on how to calibrate the RC frequency using an ex-

ternal reference signal.

7.2 PHASE LOCKED LOOP

The PLL is used to multiply a 1 MHz frequency
from the RC oscillator or the external clock by 8 to
obtain fogc of 8 MHz. The PLL is enabled (by 1 op-
tion bit) and the multiplication factor is 8.

The x8 PLL is intended for operation with Vpp in
the 3.6 to 5.5V range

Refer to Section 15.2 for the option byic a3suiip-
tion.

If the PLL is disabled and the RC oscihator is ena-
bled, then fOSC =1 MHz.

If both the RC oscille’ur a1.4 te PLL are disabled,
fosc is driven by the exte nal clock.

Figure 11. PLL Output Frequency Timing
Diagram

. IA/ LOCKED bit set

Output freq.

—
n

»
»

t

When the PLL is started, after reset or wakeup
from Halt mode or AWUFH mode, it outputs the
clock after a delay of tstarTUP-

When the PLL output signal reaches the operating
frequency, the LOCKED bit in the SICSCR register
is set. Full PLL accuracy (ACCp, | ) is reached after
a stabilization time of tgtag (see Figure 11 and
section 13.3.2 Internal RC Oscillator and PLL).
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SUPPLY, RESET AND CLOCK MANAGEMENT (Cont'd)

7.3 REGISTER DESCRIPTION

MAIN CLOCK CONTROL/STATUS REGISTER
(MCCSR)

Read / Write

Reset Value: 0000 0000 (00h)

7 0

0 0 0 0 0 0 MCO | sMs

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

Bit 1 = MCO Main Clock Out enable

This bit is read/write by software and cleared by

hardware after a reset. This bit allows to enable

the MCO output clock.

0: MCO clock disabled, 1/0 port free for general
purpose /0.

1: MCO clock enabled.

Bit 0 = SMS Slow Mode select

This bit is read/write by software and cleared by
hardware after a reset. This bit selects the input
clock fOSC or fosc/32.

0: Normal mode (fcpy =fosc)

1: Slow mode (fcpy = fosc/32)

RC CONTROL REGISTER (RCCR)
Read / Write
Reset Value: 1111 1111 (FFh)

7 0

CR5 | Lra | Crs
D )

Table 5. C.ov“ Register Map and Reset Values

CR7 | CR6 CR2 | CR1 | CRO

Bits 7:0 = CR[7:0] RC Oscillator Frequency Ad-
justment Bits

These bits must be written immediately after reset
to adjust the RC oscillator frequency and to obtain
an accuracy of 1%. The application can store the
correct value for each voltage range in EEPROM
and write it to this register at start-up.

00h = maximum available frequency

FFh = lowest available frequency

Note: To tune the oscillator, write a series of differ-
ent values in the register until the correct frequen-
cy is reached. The fastest method is to use a di-
chotomy starting with 80h.

SYSTEM INTEGRITY (SI) CONTROL/STATUS
REGISTER (SICSR)

Read/Write
Reset Value: 0000 0x00 (0,

7 0
00‘0;0

N

Bits 7:4 = Reserved, must be kept cleared.

LOCK
ED

sit 3= LOCKED PLL Locked Flag

This bit is set and cleared by hardware. It is set au-
tomatically when the PLL reaches its operating fre-
quency.

0: PLL not locked

1: PLL locked

Bits 2:0 = Reserved, must be kept cleared.

Address i
Register 7 6 5 4 3 2 1 0
(Hex.) Label
MCCSR MCO SMS
0038h
Reset Value 0 0 0 0 0 0 0 0
003%h RCCR CR7 CR6 CR5 CR4 CR3 CR2 CR1 CRO
Reset Value 1 1 1 1 1 1 1 1
SICSR
003Ah 0 0 0 0 LOCKED 0 0 0
Reset Value 0
24/104 ‘YI
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SUPPLY, RESET AND CLOCK MANAGEMENT (Cont'd)

Figure 12. Clock Management Block Diagram

CLKIN [

‘ CR7 | CRé | CR5 |CR4 | CR3 |CR2 | CR1 | CRO ‘ RCCR

LITE TIMER COUNTER | (1ms timebase @

fepu

ASS
|MCC [Si g MCCSR

T7°0

1 MHz
Tunable PLL 1 MHz -> 8 MHz|—8MHz fosc
1% RC Oscillator
Option byte
/2 DIVIDER . 0to 8 MHz
Option byte
AR
8-bit fLriver

8 M. "osc)

TO CPU AND
PERIPHERALS
(except LITE
TIMER)

fopu MCO

4
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