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Address Block Rig;f;fr Register Name ;:3; Remarks
002Ch MCC MCCSR Main Clock Control / Status Register 00h R/W
002Dh MCCBCR Main Clock Controller: Beep Control Register 00h R/W
002Eh

to Reserved Area (3 Bytes)

0030h
0031h TACR2 Timer A Control Register 2 00h R/W
0032h TACR1 Timer A Control Register 1 00h R/W
0033h TACSR Timer A Control/Status Register xxxx XOxx b| R/W
0034h TAICTHR Timer A Input Capture 1 High Register xxh Read Only
0035h TAIC1LR Timer A Input Capture 1 Low Register xxh Read Only
0036h TAOC1THR | Timer A Output Compare 1 High Register 80h R/W
0037h TAOCI1LR Timer A Output Compare 1 Low Register 00h R/W
0038h TIMER A TACHR Timer A Counter High Register FFh Read Only
0039h TACLR Timer A Counter Low Register FCh Read Only
003Ah TAACHR Timer A Alternate Counter High Register FFh Read Only
003Bh TAACLR Timer A Alternate Counter Low Register FCh Read Only
003Ch TAIC2HR Timer A Input Capture 2 High Register xxh Read Only
003Dh TAIC2LR Timer A Input Capture 2 Low Register xxh Read Only
003Eh TAOC2HR | Timer A Output Compare 2 High Register 80h R/W
003Fh TAOC2LR Timer A Output Compare 2 Low Register 00h R/W
0040h Reserved Area (1 Byte)
0041h TBCR2 Timer B Control Register 2 00h R/W
0042h TBCR1 Timer B Control Register 1 00h R/W
0043h TBCSR Timer B Control/Status Register XXxx XOxx b| R/W
0044h TBIC1HR Timer B Input Capture 1 High Register xxh Read Only
0045h TBIC1LR Timer B Input Capture 1 Low Register xxh Read Only
0046h TBOC1HR | Timer B Output Compare 1 High Register 80h R/W
0047h TBOC1LR Timer B Output Compare 1 Low Register 00h R/W
0048h TIMER B TBCHR Timer B Counter High Register FFh Read Only
0049h TBCLR Timer B Counter Low Register FCh Read Only
004Ah TBACHR Timer B Alternate Counter High Register FFh Read Only
004Bh TBACLR Timer B Alternate Counter Low Register FCh Read Only
004Ch TBIC2HR Timer B Input Capture 2 High Register xxh Read Only
004Dh TBIC2LR Timer B Input Capture 2 Low Register xxh Read Only
004Eh TBOC2HR | Timer B Output Compare 2 High Register 80h R/W
004Fh TBOC2LR Timer B Output Compare 2 Low Register 00h R/W
0050h SCISR SCI Status Register Coh Read Only
0051h SCIDR SCI Data Register xxh R/W
0052h SCIBRR SCI Baud Rate Register 00h R/W
0053h scl SCICR1 SCI Control Register 1 x000 0000b| R/W
0054h SCICR2 SCI Control Register 2 00h R/W
0055h SCIERPR SCI Extended Receive Prescaler Register 00h R/W
0056h Reserved area
0057h SCIETPR SCI Extended Transmit Prescaler Register 00h R/W
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5 CENTRAL PROCESSING UNIT

5.1 INTRODUCTION

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

5.2 MAIN FEATURES

m Enable executing 63 basic instructions
m Fast 8-bit by 8-bit multiply

m 17 main addressing modes
addressing mode)

Two 8-bit index registers

16-bit stack pointer

Low power HALT and WAIT modes

Priority maskable hardware interrupts
Non-maskable software/hardware interrupts

(with  indirect

Figure 10. CPU Registers

5.3 CPU REGISTERS

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

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)

These 8-bit registers are used to create effective
addresses or as temporary storage areas for data
manipulation. (The Cross-Assembler generates a
precede instruction (PRE) to indicate that the fol-
lowing instruction refers to the Y register.)

The Y register is not affected by the interrupt auto-
matic procedures.

Program Counter (PC)

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

7 0

RESET VALUE = XXh
7 0

RESET VALUE = XXh
7 0

RESET VALUE = XXh

[15 PCH 8|7 PCL 0

RESET VALUE = RESET VECTOR @ FFFEh-FFFFh
7 0

111 |n|H|10[N|Z]|C|

RESETVALUE=1 1 1 X 1 X X X

15 8|7 0]

RESET VALUE = STACK HIGHER ADDRESS

ACCUMULATOR

X INDEX REGISTER

Y INDEX REGISTER

PROGRAM COUNTER

CONDITION CODE REGISTER

STACK POINTER

X = Undefined Value
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6 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. An
overview is shown in Figure 13.

For more details, refer to dedicated parametric
section.

Main features

m Optional PLL for multiplying the frequency by 2
(not to be used with internal RC oscillator)

m Reset Sequence Manager (RSM)

m Multi-Oscillator Clock Management (MO)

— 5 Crystal/Ceramic resonator oscillators
— 1 Internal RC oscillator
m System Integrity Management (Sl)

— Main supply Low voltage detection (LVD)

— Auxiliary Voltage detector (AVD) with mterrupt
capability for momtonng the main supply

— Clock Securlt System SCSS) with Clock Filter
and Backup e Oscillator (enabled by op-
tion byte)

6.1 PHASE LOCKED LOOP

If the clock frequency input to the PLL is in the
range 2 to 4 MHz, the PLL can be used to multiply
the frequency by two to obtain an foggo of 4 to 8
MHz. The PLL is enabled by option byte. If the PLL
is disabled, then fOSCZ - fosc/2.

Caution: The PLL is not recommended for appli-
cations where timing accuracy is required. See
“PLL Characteristics” on page 154.

Figure 12. PLL Block Diagram

f
0sc fosce

PLL OPTION BIT

Figure 13. Clock, Reset and Supply Block Diagram

SYSTEM INTEGRITY MANAGEMENT

CLOCK SECURITY SYSTEM |

(CSS)

OSC2 = MULTI- fosc fosca
OSCILLATOR —{ PLL i 4
OSC1 == (MO) (option)

MAIN CLOCK
CONTROLLER
WITH REALTIME [—

CLOCK (MCC/RTC)

fepu

CLOCK SAFE foscz

>
FILTER 0SC

[
I—

RESET SEQUENCE <
RESET=» [ }—

SICSR

AVD Interrupt Request WATCHDOG
¢ TIMER (WDG)

(RSM)

AVD AVD AVD LVD CSS CSS |
0 RF

N

|
|
MANAGER |
|
|
|

CSS Interrupt Request

LOW VOLTAGE

Vpp — [1

DETECTOR

ﬁ AUXILIARY VOLTAGE
-

EVD — T

DETECTOR —

|
|
(LVD) |
|
|
(AVD) |

4
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RESET SEQUENCE MANAGER (Cont'd)

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

If the external RESET pulse is shorter than
tw(RsTL)out (S€€ Short ext. Reset in Figure 16), the
signal on the RESET pin may be stretched. Other-
wise the delay will not be applied (see long ext.
Reset in Figure 16). Starting from the external RE-
SET pulse recognition, the device RESET pin acts
as an output that is pulled low during at least

tw(RSTL)out-
6.3.3 External Power-On RESET

If the LVD is disabled by option byte, to start up the
microcontroller correctly, the user must ensure by
means of an external reset circuit that the reset
signal is held low until Vpp is over the minimum
level specified for the selected fogc frequency.
(see “OPERATING CONDITIONS” on page 144)

Figure 16. RESET Sequences

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

6.3.4 Internal Low Voltage Detector (LVD)
RESET

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

m Power-On RESET

m Voltage Drop RESET

The device RESET pin acts as an output that is

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

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

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

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

ViT4(LVD)
Vit (LvD)
SHORT EXT. LONG EXT. WATCHDOG
RESET RESET RESET
RUN RUN RUN RUN
u ACTIVE u ACTIVE u ACTIVH u
PHASE] PHASE PHASE
! ! 1 [ [ 1 I 1
! ! | Lo [ 1 | |
! ' twRrsTLout ' ' ! twRrsTL)0Ut ' ' ' '
1 ' 1 T I 1 1
] (- ' | 1
s . . . tw@esTLout
1 1 1 < > 1
1 1 1 i 1
EXTERNAL . : ' R ' ! -
RESET ! ] !
SOURCE : : ! :
1 1 ! 1
' - ! -
RESET PIN
o 1
WATCHDOG |
RESET >~
WATGHDOG UNDERFLOW — 4
1 INTERNAL RESET (256 or 4096 Tcpy)
VECTOR FETCH
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MAIN CLOCK CONTROLLER WITH REAL TIME CLOCK (Cont’'d)

10.2.5 Low Power Modes

Bit 6:5 = CP[1:0] CPU clock prescaler

These bits select the CPU clock prescaler which is
applied in the different slow modes. Their action is
conditioned by the setting of the SMS bit. These
two bits are set and cleared by software

Mode Description

No effect on MCC/RTC peripheral.

WAIT MCC/RTC interrupt cause the device to exit
from WAIT mode.
No effect on MCC/RTC counter (OIE bit is

ACTIVE- | set), the registers are frozen.

HALT MCC/RTC interrupt cause the device to exit
from ACTIVE-HALT mode.
MCC/RTC counter and registers are frozen.

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

fepy in SLOW mode CP1 CPO
fosca / 2 0 0
fosca /4 0 1
fosca /8 1 0
fosca/ 16 1 1

10.2.6 Interrupts

The MCC/RTC interrupt event generates an inter-
rupt if the OIE bit of the MCCSR register is set and
the interrupt mask in the CC register is not active
(RIM instruction).

Enable| Exit Exit

Interrupt Event EF‘:ZM Control| from | from

9 | Bit | Wait | Halt

Time base overflow OIF OIE Yes No V)
event
Note:

The MCC/RTC interrupt wakes up the MCU from
ACTIVE-HALT mode, not from HALT mode.

10.2.7 Register Description

MCC CONTROL/STATUS REGISTER (MCCSR)
Read/Write

Reset Value: 0000 0000 (00h,

7 0

MCO | CP1 | CPO | SMS | TB1 | TBO | OIE | OIF

Bit 7 = MCO Main clock out selection

This bit enables the MCO alternate function on the

PFO I/O port. It is set and cleared by software.

0: MCO alternate function disabled (I/O pin free for
general-purpose 1/0)

1: MCO alternate function enabled (fcpy on I/O
port)

Note: To reduce power consumption, the MCO
function is not active in ACTIVE-HALT mode.
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Bit 4 = SMS Slow mode select

This bit is set and cleared by software.

0: Normal mode. fepy = fosca

1: Slow mode. fgpy is given by CP1, CPO

See Section 8.2 SLOW MODE and Section 10.2
MAIN CLOCK CONTROLLER WITH REAL TIME
CLOCK AND BEEPER (MCC/RTC) for more de-
tails.

Bit 3:2 = TB[1:0] Time base control

These bits select the programmable divider time
base. They are set and cleared by software.

Time Base
fosce =4MHz | fogco=8MHz
16000 4ms 2ms 0 0
32000 8ms 4ms 0 1
80000 20ms 10ms 1 0
200000 50ms 25ms 1 1

A modification of the time base is taken into ac-
count at the end of the current period (previously
set) to avoid an unwanted time shift. This allows to
use this time base as a real time clock.

Bit 1 = OIE Oscillator interrupt enable

This bit set and cleared by software.

0: Oscillator interrupt disabled

1: Oscillator interrupt enabled

This interrupt can be used to exit from ACTIVE-
HALT mode.

When this bit is set, calling the ST7 software HALT
instruction enters the ACTIVE-HALT power saving
mode.

4
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10.3 PWM AUTO-RELOAD TIMER (ART)

10.3.1 Introduction

The Pulse Width Modulated Auto-Reload Timer
on-chip peripheral consists of an 8-bit auto reload
counter with compare/capture capabilities and of a
7-bit prescaler clock source.

These resources allow five possible operating
modes:

— Generation of up to 4 independent PWM signals
— Output compare and Time base interrupt

Figure 39. PWM Auto-Reload Timer Block Diagram

— Up to two input capture functions
— External event detector
— Up to two external interrupt sources

The three first modes can be used together with a
single counter frequency.

The timer can be used to wake up the MCU from
WAIT and HALT modes.

PWMCR OEx OPx OCRXx A DCRx
Sl Ee - REGISTER N— REGISTER
| | 71 T
PORT
PWMx <— [ ——— ALTERNATE POLARITY COMPARE
FUNCTION CONTROL TT
ARR I \ 8-BIT COUNTER LOAD ig
REGISTER V| (CAR REGISTER)
INPUT CAPTURE LOAD ICRx
—_—
ARTICx L CONTROL REGISTER
_ . AN
ICSx ICIEx ICFx . ICCSR
)—» ICx INTERRUPT
fext
ARTCLK — [ ————
fcounTER
fepu
Y
MUX
fikeut | PROGRAMMABLE
PRESCALER 4—‘
EXCL| cc2 | cc1 | cco | TCE |FCRL| OIE | OVF | ARTCSR
4\_D—>OVF INTERRUPT
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16-BIT TIMER (Cont'd)

Figure 52. Output Compare Timing Diagram, frjyer = fcpu/2

INTERNAL CPU CLOCK

TIMER CLOCK

COUNTER REGISTER

OUTPUT COMPARE REGISTER i (OCR)
OUTPUT COMPARE FLAG i (OCFi)

OCMPIi PIN (OLVLi = 1)

uuuvuuuuuuy
[T T T T JL

2ECF(2ED0 X 2ED1X2ED2) 2ED3X 2ED4(_

2ED3

—
——

Figure 53. Output Compare Timing Diagram, fyyer = fepu/4

INTERNAL CPU CLOCK

TIMER CLOCK

COUNTER REGISTER

OUTPUT COMPARE REGISTER i (OCRi)
OUTPUT COMPARE FLAG i (OCFJ)

OCMPI PIN (OLVLi = 1)

B R
] | |

2ECF{2EDOX 2ED1X2ED2) 2ED3Y 2ED4(

2ED3

—
—

4
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16-BIT TIMER (Cont'd)
10.4.3.5 One Pulse Mode

One Pulse mode enables the generation of a
pulse when an external event occurs. This mode is
selected via the OPM bit in the CR2 register.

The One Pulse mode uses the Input Capture1
function and the Output Compare1 function.

Procedure:
To use One Pulse mode:

1. Load the OC1R register with the value corre-
sponding to the length of the pulse (see the for-
mula in the opposite column).

2. Select the following in the CR1 register:

— Using the OLVL1 bit, select the level to be ap-
plied to the OCMP1 pin after the pulse.

— Using the OLVL2 bit, select the level to be ap-
plied to the OCMP1 pin during the pulse.

— Select the edge of the active transition on the
ICAP1 pin with the IEDG1 bit (the ICAP1 pin
must be configured as floating input).

3. Select the following in the CR2 register:

— Set the OC1E bit, the OCMP1 pin is then ded-
icated to the Output Compare 1 function.

— Set the OPM bit.
— Select the timer clock CC[1:0] (see Table 1).

One Pulse mode cycle
3 ICR1 = Counter
When
event occurs —» OCMP1 =OLVL2
on ICAP1 Counter is reset
to FFFCh
ICF1 bit is set
v
When
counter L » OCMP1 = OLVL1
L

Then, on a valid event on the ICAP1 pin, the coun-
ter is initialized to FFFCh and OLVL2 bit is loaded
on the OCMP1 pin, the ICF1 bit is set and the val-
ue FFFDh is loaded in the IC1R register.

Because the ICF1 bit is set when an active edge
occurs, an interrupt can be generated if the ICIE
bit is set.

82/197

Clearing the Input Capture interrupt request (that
is, clearing the ICF/ bit) is done in two steps:

1. Reading the SR register while the ICFibit is set.
2. An access (read or write) to the ICILR register.

The OCI1R register value required for a specific
timing application can be calculated using the fol-
lowing formula:

t.f -
OC/R Value = —1CPU_ -5
PRESC
Where:
t = Pulse period (in seconds)

fcpy = CPU clock frequency (in hertz)

PRESC = Timer prescaler factor (2, 4 or 8 depend-
ing on the CC[1:0] bits, see Table 1)

If the timer clock is an external clock the formula is:
OCR=t~ fEXT -5

Where:
t

fext

Pulse period (in seconds)
External timer clock frequency (in hertz)

When the value of the counter is equal to the value
of the contents of the OC1R register, the OLVL1
bit is output on the OCMP1 pin, (See Figure 10).

Notes:

1. The OCF1 bit cannot be set by hardware in
One Pulse mode but the OCF2 bit can generate
an Output Compare interrupt.

2. When the Pulse Width Modulation (PWM) and
One Pulse mode (OPM) bits are both set, the
PWM mode is the only active one.

3. 1f OLVL1 = OLVL2 a continuous signal will be
seen on the OCMP1 pin.

4. The ICAP1 pin can not be used to perform input
capture. The ICAP2 pin can be used to perform
input capture (ICF2 can be set and IC2R can be
loaded) but the user must take care that the
counter is reset each time a valid edge occurs
on the ICAP1 pin and ICF1 can also generates
interrupt if ICIE is set.

5. When One Pulse mode is used OC1R is dedi-
cated to this mode. Nevertheless OC2R and
OCF2 can be used to indicate a period of time
has been elapsed but cannot generate an out-
put waveform because the level OLVL2 is dedi-
cated to the One Pulse mode.
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16-BIT TIMER (Cont'd)
CONTROL REGISTER 2 (CR2)
Read/Write

Reset Value: 0000 0000 (00h)

7 0

OC1E|OC2E |OPM |PWM|CC1|CCO|IEDG2| EXEDG

Bit 7 = OC1E Output Compare 1 Pin Enable.

This bit is used only to output the signal from the

timer on the OCMP1 pin (OLV1 in Output Com-

pare mode, both OLV1 and OLV2 in PWM and

one-pulse mode). Whatever the value of the OC1E

bit, the Output Compare 1 function of the timer re-

mains active.

0: OCMP1 pin alternate function disabled (I/O pin
free for general-purpose 1/0).

1: OCMP1 pin alternate function enabled.

Bit 6 = OC2E Output Compare 2 Pin Enable.

This bit is used only to output the signal from the

timer on the OCMP2 pin (OLV2 in Output Com-

pare mode). Whatever the value of the OC2E bit,

the Output Compare 2 function of the timer re-

mains active.

0: OCMP2 pin alternate function disabled (I/O pin
free for general-purpose 1/0).

1: OCMP2 pin alternate function enabled.

Bit 5 = OPM One Pulse Mode.

0: One Pulse mode is not active.

1: One Pulse mode is active, the ICAP1 pin can be
used to trigger one pulse on the OCMP1 pin; the
active transition is given by the IEDG1 bit. The
length of the generated pulse depends on the
contents of the OC1R register.

4

Bit 4 = PWM Pulse Width Modulation.

0: PWM mode is not active.

1: PWM mode is active, the OCMP1 pin outputs a
programmable cyclic signal; the length of the
pulse depends on the value of OC1R register;
the period depends on the value of OC2R regis-
ter.

Bit 3, 2 = CC[1:0] Clock Control.
The timer clock mode depends on these bits:

Table 18. Clock Control Bits

Timer Clock CC1 CCo
fopu/ 4 0 0
fopu/2 1
fopu/8 1 0
External Clock (where available) 1

Note: If the external clock pin is not available, pro-
gramming the external clock configuration stops
the counter.

Bit 1 = IEDG2 Input Edge 2.

This bit determines which type of level transition
on the ICAP2 pin will trigger the capture.

0: A falling edge triggers the capture.

1: A rising edge triggers the capture.

Bit 0 = EXEDG External Clock Edge.

This bit determines which type of level transition
on the external clock pin EXTCLK will trigger the
counter register.

0: A falling edge triggers the counter register.

1: A rising edge triggers the counter register.
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SERIAL PERIPHERAL INTERFACE (Cont'd)

Table 21. SPI Register Map and Reset Values

Address Register

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

0021h SPIDR MSB LSB
Reset Value X X X X X X X X

0022h SPICR SPIE SPE SPR2 MSTR CPOL CPHA SPR1 SPRO
Reset Value 0 0 0 0 X X X X

0023h SPICSR SPIF WCOL OVR MODF SOD SSM SSli
Reset Value 0 0 0 0 0 0 0 0
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10.7 12C BUS INTERFACE (I2C)

10.7.1 Introduction

The 1C Bus Interface serves as an interface be-
tween the microcontroller and the serial I°C bus. It
provides both multimaster and slave functions,
and controls all I°C bus-specific sequencing, pro-
tocol, arbitration and timing. It supports fast l’C
mode (400kHz).

10.7.2 Main Features

m Parallel-bus/I°C protocol converter
Multi-master capability

7-bit/10-bit Addressing

SMBus V1.1 Compliant
Transmitter/Receiver flag
End-of-byte transmission flag
Transfer problem detection

I°C Master Features:

Clock generation

I°C bus busy flag

Arbitration Lost Flag

End of byte transmission flag
Transmitter/Receiver Flag

Start bit detection flag

Start and Stop generation

I°C Slave Features:

Stop bit detection

12C bus busy flag

Detection of misplaced start or stop condition
Programmable I2C Address detection
Transfer problem detection
End-of-byte transmission flag

m Transmitter/Receiver flag

10.7.3 General Description

In addition to receiving and transmitting data, this
interface converts it from serial to parallel format

Figure 67. I2C BUS Protocol

and vice versa, using either an interrupt or polled
handshake. The interrupts are enabled or disabled
by software. The interface is connected to the 1°C
bus by a data pin (SDAI) and by a clock pin (SCLI).
It can be connected both with a standard I“C bus
and a Fast I°C bus. This selection is made by soft-
ware.

Mode Selection

The interface can operate in the four following
modes:

— Slave transmitter/receiver
— Master transmitter/receiver
By default, it operates in slave mode.

The interface automatically switches from slave to
master after it generates a START condition and
from master to slave in case of arbitration loss or a
STOP generation, allowing then Multi-Master ca-
pability.

Communication Flow

In Master mode, it initiates a data transfer and
generates the clock signal. A serial data transfer
always begins with a start condition and ends with
a stop condition. Both start and stop conditions are
generated in master mode by software.

In Slave mode, the interface is capable of recog-
nising its own address (7 or 10-bit), and the Gen-
eral Call address. The General Call address de-
tection may be enabled or disabled by software.

Data and addresses are transferred as 8-bit bytes,
MSB first. The first byte(s) following the start con-
dition contain the address (one in 7-bit mode, two
in 10-bit mode). The address is always transmitted
in Master mode.

A 9th clock pulse follows the 8 clock cycles of a
byte transfer, during which the receiver must send
an acknowledge bit to the transmitter. Refer to Fig-
ure 67.

SDA_\ / wss ¥ X X_\ ack |/

SCL
1 2 \_ . 8 9
<D <>
START STOP
CONDITION CONDITION
VR02119B
Kyy 119/197
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I2C BUS INTERFACE (Cont'd)
10.7.7 Register Description
I2C CONTROL REGISTER (CR)

Read / Write

Reset Value: 0000 0000 (00h)
7 0
0 0 PE |ENGC |START| ACK |STOP| ITE

Bit 7:6 = Reserved. Forced to 0 by hardware.

Bit 5 = PE Peripheral enable.

This bit is set and cleared by software.

0: Peripheral disabled

1: Master/Slave capability

Notes:

— When PE=0, all the bits of the CR register and
the SR register except the Stop bit are reset. All
outputs are released while PE=0

— When PE=1, the corresponding /O pins are se-
lected by hardware as alternate functions.

— To enable the I°C interface, write the CR register
TWICE with PE=1 as the first write only activates
the interface (only PE is set).

Bit 4 = ENGC Enable General Call.

This bit is set and cleared by software. It is also
cleared by hardware when the interface is disa-
bled (PE=0). The 00h General Call address is ac-
knowledged (01h ignored).

0: General Call disabled

1: General Call enabled

Note: In accordance with the 12C standard, when
GCAL addressing is enabled, an 12C slave can
only receive data. It will not transmit data to the
master.

Bit 3 = START Generation of a Start condition.
This bit is set and cleared by software. It is also
cleared by hardware when the interface is disa-
bled (PE=0) or when the Start condition is sent
(with interrupt generation if ITE=1).

— In master mode:
0: No start generation
1: Repeated start generation
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— In slave mode:
0: No start generation
1: Start generation when the bus is free

Bit 2 = ACK Acknowledge enable.

This bit is set and cleared by software. It is also

cleared by hardware when the interface is disa-

bled (PE=0).

0: No acknowledge returned

1: Acknowledge returned after an address byte or
a data byte is received

Bit 1 = STOP Generation of a Stop condition.
This bit is set and cleared by software. It is also
cleared by hardware in master mode. Note: This
bit is not cleared when the interface is disabled
(PE=0).

— In master mode:
0: No stop generation
1: Stop generation after the current byte transfer
or after the current Start condition is sent. The
STOP bit is cleared by hardware when the Stop
condition is sent.

— In slave mode:
0: No stop generation
1: Release the SCL and SDA lines after the cur-
rent byte transfer (BTF=1). In this mode the
STOP bit has to be cleared by software.

Bit 0 = ITE Interrupt enable.

This bit is set and cleared by software and cleared
by hardware when the interface is disabled
(PE=0).

0: Interrupts disabled

1: Interrupts enabled

Refer to Figure 70 for the relationship between the
events and the interrupt.

SCL is held low when the ADD10, SB, BTF or
ADSL flags or an EV6 event (See Figure 69) is de-
tected.
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INSTRUCTION SET OVERVIEW (Cont'd)

11.1.1 Inherent

All Inherent instructions consist of a single byte.
The opcode fully specifies all the required informa-

tion for the CPU to process the operation.

Inherent Instruction

Function

NOP No operation

TRAP S/W Interrupt

WEI Z\:a’\i/tloFdoer)lnterrupt (Low Pow-
HALT rﬂilctj S)scillator (Lowest Power
RET Sub-routine Return

IRET Interrupt Sub-routine Return
SIM Set Interrupt Mask (level 3)
RIM Reset Interrupt Mask (level 0)
SCF Set Carry Flag

RCF Reset Carry Flag

RSP Reset Stack Pointer

LD Load

CLR Clear

PUSH/POP Push/Pop to/from the stack
INC/DEC Increment/Decrement

TNZ Test Negative or Zero

CPL, NEG 1 or 2 Complement

MUL Byte Multiplication

SLL, SRL, SRA, RLC,
RRC

Shift and Rotate Operations

SWAP

Swap Nibbles

11.1.2 Immediate

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

operand value.

Immediate Instruction Function
LD Load

CP Compare

BCP Bit Compare

AND, OR, XOR Logical Operations

ADC, ADD, SUB, SBC

Arithmetic Operations

4

11.1.3 Direct

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

The direct addressing mode consists of two sub-
modes:

Direct (short)

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

Direct (long)

The address is a word, thus allowing 64 Kbyte ad-
dressing space, but requires 2 bytes after the op-
code.

11.1.4 Indexed (No Offset, Short, Long)

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

The indirect addressing mode consists of three
submodes:

Indexed (No Offset)

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

Indexed (Short)

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

Indexed (long)

The offset is a word, thus allowing 64 Kbyte ad-

dressing space and requires 2 bytes after the op-
code.

11.1.5 Indirect (Short, Long)

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

The pointer address follows the opcode. The indi-
rect addressing mode consists of two submodes:
Indirect (short)

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

Indirect (long)

The pointer address is a byte, the pointer size is a
word, thus allowing 64 Kbyte addressing space,
and requires 1 byte after the opcode.
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OPERATING CONDITIONS (Cont'd)
12.3.2 Operating Conditions with Low Voltage Detector (LVD)
Subject to general operating conditions for Vpp, fcpy, and Ta.

Symbol Parameter Conditions Min Typ Max Unit
VD level = High in option byte | 4.0" 4.2 45
Reset release threshold g - P _ y 2) ) 7
ViT4+(LVD) (Vpp rise) VD level = Med. in option byte®)| 3.55 3.75 4.0
D VD level = Low in option byte? | 2.95" | 3.15 | 3.35" v
_ VD level = High in option byte | 3.8 4.0 425"
Reset generation threshold - - 2) 7 )
ViT.(LVD) (Vpp fall) VD level = Med. in option byte</| 3.35 3.55 3.75
bb VD level = Low in option byte? | 2.8" | 30 | 3.157
Vhys(LVD) LVD voltage threshold hystereSiS V|T+(LVD)_V|T-(LVD) 200 mV
Vipor Vpp rise time 3 LVD enabled 6us/V 100ms/V
Vpp glitches filtered (not detect-
t9vDD) | ed) by LVD 40 ns
Notes:

1. Data based on characterization results, tested in production for ROM devices only.

2. If the medium or low thresholds are selected, the detection may occur outside the specified operating voltage range.
Below 3.8V, device operation is not guaranteed.

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

12.3.3 Auxiliary Voltage Detector (AVD) Thresholds
Subject to general operating conditions for Vpp, fcpy, and Ta.

Symbol Parameter Conditions Min Typ Max Unit
VD level = High in option byte | 4.47 46 | 49"
1 =0 AVDF flag toggle threshold . - 7 )
ViT+(AVD) (Vpp rise) VD level = Med. in option byte | 3.95 4.15 4.4
b VD level = Low in option byte 347" 36 | 3.8" v
VD level = High in option byte | 4.27) 44 | 465"
0 =1 AVDF flag toggle threshold - - ) )
ViT-(avD) (Vpp fall) VD level = Med. in option byte | 3.75 4.0 4.2
VD level = Low in option byte 3.2" 3.4 3.6"
Vhys(AVD) AVD voltage threshold hyStereSiS V|T+(AVD)'V|T-(AVD) 200 mV
Voltage drop between AVD flag set R
AVir- and LVD reset activated Vir-avoy Vir-vo) 450 mv
1. Data based on characterization results, tested in production for ROM devices only.
12.3.4 External Voltage Detector (EVD) Thresholds
Subject to general operating conditions for Vpp, fcpy, and Ta.
Symbol Parameter Conditions Min Typ Max Unit
ViTs(EvD) 1=0 .AVIal):fIag toggle threshold 115 1.6 135
(Vpp rise) y
0 =1 AVDF flag toggle threshold
Vhys(EVD) EVD voltage threshold hyStereSiS V|T+(EVD)'V|T—(EVD) 200 mV
1. Data based on characterization results, not tested in production.
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12.6 MEMORY CHARACTERISTICS
12.6.1 RAM and Hardware Registers

Symbol Parameter Conditions Min Typ Max Unit
Vru | Data retention mode ") HALT mode (or RESET) 1.6 v
12.6.2 FLASH Memory
DUAL VOLTAGE HDFLASH MEMORY
Symbol Parameter Conditions Min 2 Typ Max 2 Unit
Read mode 0 8
f ting f MH
CcPU Operating frequency Write / Erase mode 1 8 z
Vpp Programming voltage ¥ 4.5V <Vpp <5.5V 11.4 12.6 v
RUN mode (fcpy = 4MHz) 3 mA
Iop Supply current?) Write / Erase 0
Power down mode / HALT 1 10 UA
Read (Vpp=12V) 200
4) PP
lep Vep current Write / Erase 30 mA
typp Internal Vpp stabilization time 10 ps
Tp=85°C 40
tReT Data retention Tp=105°C 15 years
Tp=125°C 7
. Tpa=55°C 1000 cycles
N Write erase cycles
RW ! 4 To=85°C 100 cycles
TrroOG Programming or erasing tempera- .40 o5 85 °C
TERASE ture range
Notes:

1. Minimum Vpp supply voltage without losing data stored in RAM (in HALT mode or under RESET) or in hardware reg-
isters (only in HALT mode). Not tested in production.

2. Data based on characterization results, not tested in production.
3. Vpp must be applied only during the programming or erasing operation and not permanently for reliability reasons.
4. Data based on simulation results, not tested in production.

Warning: Do not connect 12V to Vpp before Vpp is powered on, as this may damage the device.

4
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I/0 PORT PIN CHARACTERISTICS (Cont'd)
12.8.2 Output Driving Current

Subject to general operating conditions for Vpp, fcpy, and Tp unless otherwise specified.

Symbol Parameter Conditions Min Max Unit
Output low level voltage for a standard I/O pin lio=+5mA 1.2
when 8 pins are sunk at same time
) (see Figure 81) lio=+2mA 0.5
V o
oL Output low level voltage for a high sink 1/0 pin 2 lio=+20maA, TASSE’OC 1.3
when 4 pins are sunk at same time i Ta285°C 1.5 v
(see Figure 82 and Figure 84) L[ lo=+8mA 06
Output high level voltage for an I/0 pin lio=-5maA, TASBS:C Vpp-1.4
Von?2 | when 4 pins are sourced at same time Ta285°C| Vpp-1.6
(see Figure 83 and Figure 86) lio=-2mA Vpp-0.7

Figure 81. Typical Vg at Vpp=5V (standard)

Figure 83. Typical Vgy at Vpp=5V

1.4
1.2 /a
14
>
it
3 0.8 -
>
®
< 0.6 4
°
> 0.4 _oTa=140°C "
_g—Ta=95°C
—a—Ta=25°C
02 _x—Ta=-45°C
0 T T
0 0.005 0.01 0.015
lio(A)

=5V

Voh (V) at vdd

55
5
4.5
i
3.5
—o— Vdd=5V 140°C min
3 —&5— Vdd=5v 95°C min
—a— Vdd=5v 25°C min
2.5 . 1
—x— Vdd=5v -45°C min

2 T

-0.01 -0.008 -0.006 -0.004 -0.002

0

Figure 82. Typical Vo at Vpp=5V (high-sink)
1

0.9 Y
0.8
> 0.7
n
X 06
o
2 05
©
S 04
S —o— Ta= 140°C
> 03
—g— Ta=95°C
0.2 A— Ta=25°C
0.1 —x— Ta=-45°C
0 T T T
0 0.01 0.02 0.03
lio(A)
Notes:

1. The I|g current sunk must always respect the absolute maximum rating specified in Section 12.2.2 and the sum of I,

(/O ports and control pins) must not exceed lygs.

2. The |, current sourced must always respect the absolute maximum rating specified in Section 12.2.2 and the sum of
lio (I/O ports and control pins) must not exceed lypp. True open drain I/O pins do not have Vg.
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10-BIT ADC CHARACTERISTICS (Cont'd)

12.12.3 ADC Accuracy
Conditions: Vpp=5V "

Symbol Parameter Conditions Typ | Max? | uUnit
IEfl | Total unadjusted error 3 4
IEgl | Offset error ) 2 3
IEgl | Gain Error ") 0.5 3 LSB
IEpl | Differential linearity error ) CPU in run mode @ fppc 2 MHz. 1 2
IE_l | Integral linearity error " CPU in run mode @ fppc 2 MHz. 1 2

Notes:

1. ADC Accuracy vs. Negative Injection Current: Injecting negative current may reduce the accuracy of the conversion
being performed on another analog input.

Any positive injection current within the limits specified for liyypiny and Zlinypiny in Section 12.8 does not affect the ADC
accuracy.

2. Data based on characterization results, monitored in production to guarantee 99.73% within + max value from -40°C
to 125°C (+ 3o distribution limits).

Figure 98. ADC Accuracy Characteristics

\ Digital Result ADCDR

(1) Example of an actual transfer curve

1028 g ---mmmmmmmmmm s I (2) The ideal transfer curve
1022 — {1 Lsa _ VAREF ™ VSSA} (8) End point correlation line
1021 - IDEAL ~ 1024

L~

Er=Total Unadjusted Error: maximum deviation
between the actual and the ideal transfer curves.

Eo=Offset Error: deviation between the first actual
transition and the first ideal one.

1

1

1

1

1

1

1

I

1

1

1 Eg=Gain Error: deviation between the last ideal
1 transition and the last actual one.
1
I
1
1
1
1
I
1
|

Ep=Differential Linearity Error: maximum deviation
between actual steps and the ideal one.

E_=Integral Linearity Error: maximum deviation
between any actual transition and the end point
correlation line.

7/ i » Vin (LSBipgaL)
1 2 3 4 5 6 7 1021 1022 1023 1024
Vssa VAREF

4
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13.2 THERMAL CHARACTERISTICS

Symbol Ratings Value Unit
Package thermal resistance (junction to ambient)

LQFP64 10x10 50
LQFP48 7x7 80

Rinia LQFP44 10x10 52 °C/W
SDIP42 55
LQFP32 7x7 70
SDIP32 50

Po Power dissipation ") 500 mw

T Jmax Maximum junction temperature ) 150 °C

Notes:

1. The maximum chip-junction temperature is based on technology characteristics.
2. The maximum power dissipation is obtained from the formula PD = (TJ -TA) / RthJA.

The power dissipation of an application can be defined by the user with the formula: PD=PINT+PPORT where PINT is
the chip internal power (IDDxVDD) and PPORT is the port power dissipation depending on the ports used in the applica-

tion.

4
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