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Pin n° Level Port Main
o -
3|38 Pin Name S| 5 Input Output |function Alternate function
g la o |3 2 (after
€| 5 |8|3|=|®|a|a | reset
HEE aEAHEEEE )
45| - | - | PA2 /0| Ct X | ei0 X | X | Port A2
46 | 31 | 16 | PA3 (HS) /O|Ct| HS | X ei0 X | X | Port A3
47132 | - | Vpp_1 S Digital Main Supply Voltage
48 | 33| - | Vgg 4 S Digital Ground Voltage
49 | 34 | 17 | PA4 (HS) /IO|Cr| HS | X | X X | X | Port A4
50| 35| - | PA5(HS) IO|Cy|HS [ X | X X | X | Port A5
51|36 | 18 | PA6 (HS)/SDAI I/O|Ct| HS | X T Port A6 | I12C Data ")
52 | 37 | 19 | PA7 (HS)/SCLI I/O|Ct| HS | X T Port A7 | 12C Clock )
Must be tied low. In flash program-
ming mode, this pin acts as the pro-
gramming voltage input Vpp. See
53 |38 | 20 | Vpp/ ICCSEL ! Section 12.9.2 for more details. High
voltage must not be applied to ROM
devices
54 | 39 | 21 | RESET /0| Ct Top priority non maskable interrupt.
55| - | - |EVD External voltage detector
56| - | - |TLI I |Ct X Top level interrupt input pin
57140 |22 | Vgg » S Digital Ground Voltage
58 | 41 | 23 | 0sC2 I/0 Resonator oscillator inverter output
59 | 42 | 24 | 0sC1?) | Externgl clock |r1put or Resonator os-
cillator inverter input
60|43 |25 | Vpp » S Digital Main Supply Voltage
61| 44 | 26 | PEO/TDO /0| Ct XX X | X | Port EO | SCI Transmit Data Out
62| 1 |27 | PE1/RDI /0| Ct XX X | X | Port E1 | SCI Receive Data In
Port E2

PE2 (Flash device) X Caution: In Flash devices this port is
always input with weak pull-up.
Port E2
Caution: In ROM devices, no weak

631 - - VO | Cr pull-up present on this port.

PE2 (ROM device) X x | x | INLQFP44 this pinis not connected to
an internal pull-up like other unbond-
ed pins (See note 4). It is recommend-
ed to configure it as output push pull
to avoid added current consumption.

64| - | - | PE3 /0| Ct X | X X | X | PortE3
Notes:

1. In the interrupt input column, “eiX” defines the associated external interrupt vector. If the weak pull-up
column (wpu) is merged with the interrupt column (int), then the 1/0 configuration is pull-up interrupt input,

else the configuration is floating interrupt input.

2. In the open drain output column, “T” defines a true open drain I/O (P-Buffer and protection diode to Vpp
are not implemented). See See “I/O PORTS” on page 46. and Section 12.8 /0 PORT PIN CHARACTER-
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ISTICS for more details.

3. OSC1 and OSC2 pins connect a crystal/ceramic resonator, or an external source to the on-chip oscil-
lator; see Section 1 DESCRIPTION and Section 12.5 CLOCK AND TIMING CHARACTERISTICS for

more details.
4. On the chip, each 1/O port may have up to 8 pads:

— ads that are not bonded to external pins are forced by hardware in input pull-up configuration after reset.
The configuration of these pads must be kept at reset state to avoid added current consumption.

5. Pull-up always activated on PE2 see limitation Section 15.4.6.

6. Itis mandatory to connect all available Vpp and Vggp pins to the supply voltage and all Vgg and Vggp
pins to ground.

4
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Register

Reset

Address Block Label Register Name Status Remarks
002Ah WATCHDOG | WDGCR Watchdog Control Register 7Fh R/W
002Bh SICSR System Integrity Control/Status Register 000x 000x b| R/W
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 TAICT1HR Timer A Input Capture 1 High Register xxh Read Only
0035h TAIC1LR Timer A Input Capture 1 Low Register xxh Read Only
0036h TAOC1HR | Timer A Output Compare 1 High Register 80h R/W
0037h TAOC1LR 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
16/193 [7[
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4 FLASH PROGRAM MEMORY

4.1 Introduction

The ST7 dual voltage High Density Flash
(HDFlash) is a non-volatile memory that can be
electrically erased as a single block or by individu-
al sectors and programmed on a Byte-by-Byte ba-
sis using an external Vpp supply.

The HDFlash devices can be programmed and
erased off-board (plugged in a programming tool)
or on-board using ICP (In-Circuit Programming) or
IAP (In-Application Programming).

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

4.2 Main Features

m Three Flash programming modes:

— Insertion in a programming tool. In this mode,
all sectors including option bytes can be pro-
grammed or erased.

— ICP (In-Circuit Programming). In this mode, all
sectors including option bytes can be pro-
grammed or erased without removing the de-
vice from the application board.

— IAP (In-Application Programming) In this
mode, all sectors except Sector 0, can be pro-
grammed or erased without removing the de-
vice from the application board and while the
application is running.

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

m Read-out protection

m Register Access Security System (RASS) to
prevent accidental programming or erasing

4.3 Structure

The Flash memory is organised in sectors and can
be used for both code and data storage.

Depending on the overall Flash memory size in the
microcontroller device, there are up to three user

Figure 5. Memory Map and Sector Address

sectors (see Table 4). Each of these sectors can
be erased independently to avoid unnecessary
erasing of the whole Flash memory when only a
partial erasing is required.

The first two sectors have a fixed size of 4 Kbytes
(see Figure 5). They are mapped in the upper part
of the ST7 addressing space so the reset and in-
terrupt vectors are located in Sector 0 (FOOOh-
FFFFh).

Table 4. Sectors available in Flash devices

Flash Size (bytes) Available Sectors

4K Sector 0
8K Sectors 0,1
> 8K Sectors 0,1, 2

4.3.1 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 can be considered as to-
tally unbreakable, the feature provides a very high
level of protection for a general purpose microcon-
troller.

In flash devices, this protection is removed by re-
programming the option. In this case, the entire
program memory is first automatically erased and
the device can be 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.

Note: In flash devices, the LVD is not supported if
read-out protection is enabled.

4K 8K 10K 16K 24K 32K 48K 60K <« FLASH
1000h., " S~ Y~ N~ S~ ~ ~ MEMORY SIZE
BFFFh . _ o o o o e e e e e e e e o2
TFFFh . o o o o L o o e e e e e e e e e — oo
PN e 4 SECTOR 2
BFFFh. _ _ _ - - o - - .
D7FFh. _ _ - _ _ - _ _ _ _
DFFFh. . . . _ 2 Kbytes | 8 Kbytes | 16 Kbytes | 24 Kbytes | 40 Kbytes | 52 Kbytes
EFFFh 4 Kbytes <« SECTOR 1
" EFFER 4 Kbytes <4~ SECTOR 0

18/193
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SYSTEM INTEGRITY MANAGEMENT (Cont'd)
6.4.4 Register Description

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

Read/Write
Reset Value: 000x 000x (00h)

7 0
AVD | AVD | AVD | LVD | 0 o |WDG
S | IE| F | RF RF

Bit 7 = AVDS Voltage Detection selection

This bit is set and cleared by software. Voltage De-
tection is available only if the LVD is enabled by
option byte.

0: Voltage detection on Vpp supply

1: Voltage detection on EVD pin

Bit 6 = AVDIE Voltage Detector interrupt enable
This bit is set and cleared by software. It enables
an interrupt to be generated when the AVDF flag
changes (toggles). The pending interrupt informa-
tion is automatically cleared when software enters
the AVD interrupt routine.

0: AVD interrupt disabled

1: AVD interrupt enabled

Bit 5 = AVDF Voltage Detector flag

This read-only bit is set and cleared by hardware.
If the AVDIE bit is set, an interrupt request is gen-
erated when the AVDF bit changes value. Refer to
Figure 16 and to Section 6.4.2.1 for additional de-
tails.

0: VDD or VEVD over V|T+(AVD) threshold

1: VDD or VEVD under VIT-(AVD) threshold

Bit 4 = LVDRF LVD reset flag
This bit indicates that the last Reset was generat-
ed by the LVD block. It is set by hardware (LVD re-

4

set) and cleared by software (writing zero). See
WDGRF flag description for more details. When
the LVD is disabled by OPTION BYTE, the LVDRF
bit value is undefined.

Bits 31 = Reserved, must be kept cleared.

Bit 0 = WDGRF Watchdog reset flag

This bit indicates that the last Reset was generat-
ed by the Watchdog peripheral. It is set by hard-
ware (watchdog reset) and cleared by software
(writing zero) or an LVD Reset (to ensure a stable
cleared state of the WDGRF flag when CPU
starts).

Combined with the LVDRF flag information, the
flag description is given by the following table.

RESET Sources LVDRF | WDGRF
External RESET pin 0 0
Watchdog 0 1
LVD 1 X

Application notes

The LVDRF flag is not cleared when another RE-
SET type occurs (external or watchdog), the
LVDRF flag remains set to keep trace of the origi-
nal failure.

In this case, a watchdog reset can be detected by
software while an external reset can not.

CAUTION: When the LVD is not activated with the
associated option byte, the WDGRF flag can not
be used in the application.
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INTERRUPTS (Contd)

7.3 INTERRUPTS AND LOW POWER MODES

All interrupts allow the processor to exit the WAIT
low power mode. On the contrary, only external
and other specified interrupts allow the processor
to exit from the HALT modes (see column “Exit
from HALT” in “Interrupt Mapping” table). When
several pending interrupts are present while exit-
ing HALT mode, the first one serviced can only be
an interrupt with exit from HALT mode capability
and it is selected through the same decision proc-
ess shown in Figure 19.

Note: If an interrupt, that is not able to Exit from
HALT mode, is pending with the highest priority
when exiting HALT mode, this interrupt is serviced
after the first one serviced.

Figure 20. Concurrent Interrupt Management

7.4 CONCURRENT & NESTED MANAGEMENT

The following Figure 20 and Figure 21 show two
different interrupt management modes. The first is
called concurrent mode and does not allow an in-
terrupt to be interrupted, unlike the nested mode in
Figure 21. The interrupt hardware priority is given
in this order from the lowest to the highest: MAIN,
IT4,IT3, IT2, IT1, ITO, TLI. The software priority is
given for each interrupt.

Warning: A stack overflow may occur without no-
tifying the software of the failure.

% SOFTWARE
N EEEEEE PRIORITY —l H_lflo
) * * | + + } LEVEL
e U 3 11 @
D 3 1 1 &
E 1 1 : 1 o
7| M- -0 - 3 11
o 1 X
<l --------- M2 ) ------------- R LR TR 3 11 9
= : ! e
af--------- A R R M8 ------------- 3 11
oc RIM : a
SH------ l St M4 ------- 3 11 @
S CMAIN - - - s s e [CMAN - - 3/0
11/10 10
Figure 21. Nested Interrupt Management
% SOFTWARE | |
. S EpRpeEge PRIORITY _l 1_if°
* * i * * | LEVEL
o R G- L AR 3 11 @
R LR EER R @i D LR TR TR 3 11 @
~ I 1 : I 8
R T ]----c-----p----- My - 2 00 N
wl Ca TR S S i o1 B
< : : R — : 5
2o - R R RN @irD EEEE S R 3 11 o
[a) RIM | | \ | [a]
Tr----- i 1 I 1173 A R 3 11 &
1 1 :)
Tl O - - - e mm e VAN - - 3/0
11/10 10
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7.7 EXTERNAL INTERRUPT CONTROL REGISTER (EICR)

Read/Write

- ei0 (port A3..0)

Reset Value: 0000 0000 (00h) External Interrupt Sensitivity
1S21 | 1S20
7 0 IPA bit =0 IPA bit =1
Falling edge & Rising edge
IS11 | IS10 | IPB | 1S21 | 1S20 | IPA | TLIS | TLIE 0 0 low level & high level
0 Rising edge only Falling edge only
Bit 7:6 = 1S1[1:0] ei2 and ei3 sensitivity : —
; s : ; 1 0 Fall d I R d [
The interrupt sensitivity, defined using the I1S1[1:0] ang e ge ony . 1°1ng edge ony
bits, is applied to the following external interrupts: 1 Rising and falling edge

- ei2 (port B3..0)

External Interrupt Sensitivity

- eil (port F2..0)

1S11 | IS10
IPB bit =0 IPB bit =1
0 0 Falling edge & Rising edge
low level & high level
0 1 Rising edge only Falling edge only
1 0 Falling edge only Rising edge only
1 1 Rising and falling edge

1S21 |1S20 External Interrupt Sensitivity
0 0 Falling edge & low level
0 1 Rising edge only
1 0 Falling edge only
1 1 Rising and falling edge

- ei3 (port B7..4)

1S11 | IS10 External Interrupt Sensitivity
0 0 Falling edge & low level
0 1 Rising edge only
1 0 Falling edge only
1 1 Rising and falling edge

These 2 bits can be written only when 11 and 10 of
the CC register are both set to 1 (level 3).

Bit 5 = IPB Interrupt polarity for port B

This bit is used to invert the sensitivity of the port B
[3:0] external interrupts. It can be set and cleared
by software only when I1 and 10 of the CC register
are both set to 1 (level 3).

0: No sensitivity inversion

1: Sensitivity inversion

Bit 4:3 = 1S2[1:0] ei0 and ei1 sensitivity
The interrupt sensitivity, defined using the 1S2[1:0]
bits, is applied to the following external interrupts:

4

These 2 bits can be written only when 11 and 10 of
the CC register are both set to 1 (level 3).

Bit 2 = IPA Interrupt polarity for port A

This bit is used to invert the sensitivity of the port A
[3:0] external interrupts. It can be set and cleared
by software only when I1 and 10 of the CC register
are both set to 1 (level 3).

0: No sensitivity inversion

1: Sensitivity inversion

Bit 1 = TLIS TL/ sensitivity

This bit allows to toggle the TLI edge sensitivity. It
can be set and cleared by software only when
TLIE bit is cleared.

0: Falling edge

1: Rising edge

Bit 0 = TLIE TL/ enable

This bit allows to enable or disable the TLI capabil-
ity on the dedicated pin. It is set and cleared by
software.

0: TLI disabled

1: TLI enabled

Note: a parasitic interrupt can be generated when
clearing the TLIE bit.
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8 POWER SAVING MODES

8.1 INTRODUCTION

To give a large measure of flexibility to the applica-
tion in terms of power consumption, four main
power saving modes are implemented in the ST7
(see Figure 23): SLOW, WAIT (SLOW WAIT), AC-
TIVE HALT and HALT.

After a RESET the normal operating mode is se-
lected by default (RUN mode). This mode drives
the device (CPU and embedded peripherals) by
means of a master clock which is based on the
main oscillator frequency divided or multiplied by 2
(fosca)-

From RUN mode, the different power saving
modes may be selected by setting the relevant
register bits or by calling the specific ST7 software
instruction whose action depends on the oscillator
status.

Figure 23. Power Saving Mode Transitions

4 Hign
RUN

SLowW
WAIT
SLOW WAIT

ACTIVE HALT

HALT

Low
POWER CONSUMPTION

4

8.2 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 three bits in the
MCCSR register: the SMS bit which enables or
disables Slow mode and two CPx bits which select
the internal slow frequency (fcpy).

In this mode, the master clock frequency (fosco)
can be divided by 2, 4, 8 or 16. The CPU and pe-
ripherals are clocked at this lower frequency
(fepu)-

Note: SLOW-WAIT mode is activated when enter-

ing the WAIT mode while the device is already in
SLOW mode.

Figure 24. SLOW Mode Clock Transitions

fosco/2 foscol4

fepu . .
fosce _MUTLMUTLMUMLILATLL L LALLALLAUL

fosce

o . v
& CP1:0 00 > 01
C§> SMS [ N
T NORMAL RUN MODE
NEW SLOW REQUEST
FREQUENCY
REQUEST
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WATCHDOG TIMER (Cont'd)

Figure 34. Exact Timeout Duration (i, and t;,a,)

WHERE:

tminO = (LSB + 128) X 64 x tOSCZ

tmaxo = 16384 X tosco

tOSCQ = 125ns if fOSCZ=8 MHz

CNT = Value of T[5:0] bits in the WDGCR register (6 bits)

MSB and LSB are values from the table below depending on the timebase selected by the TB[1:0] bits
in the MCCSR register

TB1 Bit TBO Bit Seleqted MCCSR msB | LsB
(MCCSR Reg.)| (MCCSR Reg.) Timebase
0 0 2ms 4 59
0 1 4ms 8 53
1 0 10ms 20 35
1 1 25ms 49 54

To calculate the minimum Watchdog Timeout (t,i,):

IF CNT < [MEB} THEN t_ . -t_. _+16384 X CNT x t

min min0 osc2
ACNT 4ACNT
ELSE tmin = tmino+|:16384><(CNT MSB:D +(192+LSB)><64><[MSBI| Xtisco

To calculate the maximum Watchdog Timeout (t,ax):

IFCNT<[M§B} THEN ¢ =t + 16384 X CNT x t

max0 osc2

4CNT

ELSEtm =t MSB

. maxo+{}6384x(CNT

4CNT
D—k092+LSB)x64 [MSBJJXtO&ﬁ

Note: In the above formulae, division results must be rounded down to the next integer value.
Example:
With 2ms timeout selected in MCCSR register

Value of T[5:0] Bits in
WDGCR Register (Hex.)

Min. Watchdog
Timeout (ms)

Max. Watchdog
Timeout (ms)

tmin tmax
00 1.496 2.048
3F 128 128.552

54/193
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ON-CHIP PERIPHERALS (Cont’d)
10.3.2 Functional Description

Counter

The free running 8-bit counter is fed by the output
of the prescaler, and is incremented on every ris-
ing edge of the clock signal.

It is possible to read or write the contents of the
counter on the fly by reading or writing the Counter
Access register (ARTCAR).

When a counter overflow occurs, the counter is
automatically reloaded with the contents of the
ARTARR register (the prescaler is not affected).

Counter clock and prescaler

The counter clock frequency is given by:

fCOUNTER = f|NPUT / 200[230]

The timer counter’s input clock (fiypyT) feeds the
7-bit programmable prescaler, which selects one
of the 8 available taps of the prescaler, as defined
by CC[2:0] bits in the Control/Status Register
(ARTCSR). Thus the division factor of the prescal-
er can be set to 2" (where n =0, 1,..7).

This fynpyT frequency source is selected through
the EXCL bit of the ARTCSR register and can be
either the fopy or an external input frequency fexr.

The clock input to the counter is enabled by the
TCE (Timer Counter Enable) bit in the ARTCSR
register. When TCE is reset, the counter is
stopped and the prescaler and counter contents
are frozen. When TCE is set, the counter runs at
the rate of the selected clock source.

Figure 37. Output compare control

Counter and Prescaler Initialization

After RESET, the counter and the prescaler are
cleared and lePUT = fopu.

The counter can be initialized by:

— Writing to the ARTARR register and then setting
the FCRL (Force Counter Re-Load) and the TCE
(Timer Counter Enable) bits in the ARTCSR reg-
ister.

— Writing to the ARTCAR counter access register,

In both cases the 7-bit prescaler is also cleared,
whereupon counting will start from a known value.

Direct access to the prescaler is not possible.

Output compare control

The timer compare function is based on four differ-
ent comparisons with the counter (one for each
PWMx output). Each comparison is made be-
tween the counter value and an output compare
register (OCRXx) value. This OCRXx register can not
be accessed directly, it is loaded from the duty cy-
cle register (PWMDCRX) at each overflow of the
counter.

This double buffering method avoids glitch gener-
ation when changing the duty cycle on the fly.

| RTARR=FDh
1 1 w
FDh

foounTer | | A | * I * I *
counter {_ Fon X FEn >< Frn X

OCRx FDh

PWMDCRx FDh X

PWMx

4
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ON-CHIP PERIPHERALS (Cont'd)

Input capture function

This mode allows the measurement of external
signal pulse widths through ARTICRX registers.

Each input capture can generate an interrupt inde-
pendently on a selected input signal transition.
This event is flagged by a set of the corresponding
CFx bits of the Input Capture Control/Status regis-
ter (ARTICCSR).

These input capture interrupts are enabled
through the CIEx bits of the ARTICCSR register.

The active transition (falling or rising edge) is soft-
ware programmable through the CSx bits of the
ARTICCSR register.

The read only input capture registers (ARTICRx)
are used to latch the auto-reload counter value
when a transition is detected on the ARTICx pin
(CFx bit set in ARTICCSR register). After fetching
the interrupt vector, the CFx flags can be read to
identify the interrupt source.

Note: After a capture detection, data transfer in
the ARTICRXx register is inhibited until it is read
(clearing the CFx bit).

The timer interrupt remains pending while the CFx
flag is set when the interrupt is enabled (CIEx bit
set). This means, the ARTICRXx register has to be
read at each capture event to clear the CFx flag.

The timing resolution is given by auto-reload coun-
ter cycle time (1/fcounTER)-

Note: During HALT mode, if both input capture
and external clock are enabled, the ARTICRx reg-
ister value is not guaranteed if the input capture
pin and the external clock change simultaneously.

Figure 41. Input Capture Timing Diagram

External interrupt capability

This mode allows the Input capture capabilities to
be used as external interrupt sources. The inter-
rupts are generated on the edge of the ARTICx
signal.

The edge sensitivity of the external interrupts is
programmable (CSx bit of ARTICCSR register)
and they are independently enabled through CIEx
bits of the ARTICCSR register. After fetching the
interrupt vector, the CFx flags can be read to iden-
tify the interrupt source.

During HALT mode, the external interrupts can be
used to wake up the micro (if the CIEXx bit is set).

fcounTer | * | * | *

Pl LA LA

COUNTER

ARTICx PIN

01h >< 02h >< 03h >< 04h >< 05h >< 06h >< 07h >

/

A INTERRUPT

CFx FLAG

=

xxh

X

04h

ICRx REGISTER
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16-BIT TIMER (Cont'd)
10.4.3.6 Pulse Width Modulation Mode

Pulse Width Modulation (PWM) mode enables the
generation of a signal with a frequency and pulse
length determined by the value of the OC1R and
OCZ2R registers.

Pulse Width Modulation mode uses the complete
Output Compare 1 function plus the OC2R regis-
ter, and so this functionality can not be used when
PWM mode is activated.

In PWM mode, double buffering is implemented on
the output compare registers. Any new values writ-
ten in the OC1R and OC2R registers are taken
into account only at the end of the PWM period
(OC2) to avoid spikes on the PWM output pin
(OCMP1).

Procedure
To use Pulse Width Modulation mode:

1. Load the OC2R register with the value corre-
sponding to the period of the signal using the
formula in the opposite column.

2. Load the OC1R register with the value corre-
sponding to the period of the pulse if
(OLVL1 =0 and OLVL2 = 1) using the formula
in the opposite column.

3. Select the following in the CR1 register:

— Using the OLVL1 bit, select the level to be ap-
plied to the OCMP1 pin after a successful
comparison with the OC1R register.

— Using the OLVL2 bit, select the level to be ap-
plied to the OCMP1 pin after a successful
comparison with the OC2R register.

4. Select the following in the CR2 register:

— Set OC1E bit: the OCMP1 pin is then dedicat-
ed to the output compare 1 function.

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

Pulse Width Modulation cycle

v
When
Counter |—»| OCMP1 = OLVL1
=0C1R

v
C\;Nhe? OCMP1 = OLVL2

ounter —9p  Counter is reset
= 0OC2R to FFFCh
ICF1 bit is set
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If OLVL1 =1 and OLVL2 = 0 the length of the pos-
itive pulse is the difference between the OC2R and
OC1R registers.

If OLVL1 =OLVL2 a continuous signal will be
seen on the OCMP1 pin.

The OCIR register value required for a specific tim-
ing application can be calculated using the follow-
ing formula:

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

fecpy = CPU clock frequency (in hertz)

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

If the timer clock is an external clock the formula is:
OCR=t~ fEXT '5

Where:
t

fext

Signal or pulse period (in seconds)
External timer clock frequency (in hertz)

The Output Compare 2 event causes the counter
to be initialized to FFFCh (See Figure 11)

Notes:

1. After a write instruction to the OCHR register,
the output compare function is inhibited until the
OCALLR register is also written.

2. The OCF1 and OCF2 bits cannot be set by
hardware in PWM mode therefore the Output
Compare interrupt is inhibited.

3. The ICF1 bit is set by hardware when the coun-
ter reaches the OC2R value and can produce a
timer interrupt if the ICIE bit is set and the | bit is
cleared.

4.In PWM mode the ICAP1 pin can not be used
to perform input capture because it is discon-
nected to the timer. 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 period and
ICF1 can also generates interrupt if ICIE is set.

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

4




ST72321Rx ST72321ARx ST72321Jx

SERIAL PERIPHERAL INTERFACE (Cont'd)
10.5.6 Low Power Modes

Mode Description

No effect on SPI.
SPl interrupt events cause the device to exit
from WAIT mode.

WAIT

SPI registers are frozen.

In HALT mode, the SPI is inactive. SPI oper-
ation resumes when the MCU is woken up by
an interrupt with “exit from HALT mode” ca-
pability. The data received is subsequently
read from the SPIDR register when the soft-
ware is running (interrupt vector fetching). If
several data are received before the wake-
up event, then an overrun error is generated.
This error can be detected after the fetch of
the interrupt routine that woke up the device.

HALT

10.5.6.1 Using the SPI to wakeup the MCU from
Halt mode

In slave configuration, the SPI is able to wakeup
the ST7 device from HALT mode through a SPIF
interrupt. The data received is subsequently read
from the SPIDR register when the software is run-
ning (interrupt vector fetch). If multiple data trans-
fers have been performed before software clears
the SPIF bit, then the OVR bit is set by hardware.

4

Note: When waking up from Halt mode, if the SPI
remains in Slave mode, it is recommended to per-
form 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.

Caution: The SPI can wake up the ST7 from Halt
mode only if the Slave Select signal (external SS
pin or the SSI bit in the SPICSR register) is low
when the ST7 enters Halt mode. So if Slave selec-
tion is configured as external (see Section
10.5.3.2), make sure the master drives a low level
on the SS pin when the slave enters Halt mode.

10.5.7 Interrupts

Event Enable Exit Exit

Interrupt Event Fla Control | from from

9 Bit | Wait | Halt

SPI End of Transfer SPIF Yes Yes
Event

Master Mode Fault MODF SPIE Yes No
Event

Overrun Error OVR Yes No

Note: The SPI interrupt events are connected to
the same interrupt vector (see Interrupts chapter).
They generate an interrupt if the corresponding
Enable Control Bit is set and the interrupt mask in
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)

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

7 0

R8 T8 | SCID M |WAKE| PCE PS PIE

Bit 7 = R8 Receive data bit 8.
This bit is used to store the 9th bit of the received
word when M = 1.

Bit 6 = T8 Transmit data bit 8.
This bit is used to store the 9th bit of the transmit-
ted word when M = 1.

Bit 5 = SCID Disabled for low power consumption
When this bit is set the SCI prescalers and outputs
are stopped and the end of the current byte trans-
fer in order to reduce power consumption.This bit
is set and cleared by software.

0: SCI enabled

1: SCI prescaler and outputs disabled

Bit 4 = M Word length.

This bit determines the word length. It is set or
cleared by software.

0: 1 Start bit, 8 Data bits, 1 Stop bit

1: 1 Start bit, 9 Data bits, 1 Stop bit

Note: The M bit must not be modified during a data
transfer (both transmission and reception).
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Bit 3 = WAKE Wake-Up method.

This bit determines the SCI Wake-Up method, it is
set or cleared by software.

0: Idle Line

1: Address Mark

Bit 2 = PCE Parity control enable.

This bit selects the hardware parity control (gener-
ation and detection). When the parity control is en-
abled, the computed parity is inserted at the MSB
position (9th bit if M = 1; 8th bit if M = 0) and parity
is checked on the received data. This bit is set and
cleared by software. Once it is set, PCE is active
after the current byte (in reception and in transmis-
sion).

0: Parity control disabled

1: Parity control enabled

Bit 1 = PS Parity selection.

This bit selects the odd or even parity when the
parity generation/detection is enabled (PCE bit
set). It is set and cleared by software. The parity is
selected after the current byte.

0: Even parity

1: Odd parity

Bit 0 = PIE Parity interrupt enable.

This bit enables the interrupt capability of the hard-
ware parity control when a parity error is detected
(PE bit set). It is set and cleared by software.

0: Parity error interrupt disabled

1: Parity error interrupt enabled.
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I2C BUS INTERFACE (Cont'd)
I2C CLOCK CONTROL REGISTER (CCR)

Read / Write
Reset Value: 0000 0000 (00h)

7 0

I2C DATA REGISTER (DR)

Read / Write
Reset Value: 0000 0000 (00h)

7 0

FM/SM| CC6 | CC5 | CC4 | CC3 | CC2 | CC1 | CCO

D7 D6 D5 D4 D3 D2 D1 DO

Bit 7 = FM/SM Fast/Standard FC mode.

This bit is set and cleared by software. It is not
cleared when the interface is disabled (PE=0).

0: Standard I°C mode

1: Fast I°C mode

Bit 6:0 = CC[6:0] 7-bit clock divider.

These bits select the speed of the bus (Fgg) de-
pending on the 1°C mode. They are not cleared
when the interface is disabled (PE=0).

Refer to the Electrical Characteristics section for
the table of values.

Note: The programmed Fgc| assumes no load on
SCL and SDA lines.

4

Bit 7:0 = D[7:0] 8-bit Data Register.
These bits contain the byte to be received or trans-
mitted on the bus.

— Transmitter mode: Byte transmission start auto-
matically when the software writes in the DR reg-
ister.

— Receiver mode: the first data byte is received au-
tomatically in the DR register using the least sig-
nificant bit of the address.

Then, the following data bytes are received one
by one after reading the DR register.
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INSTRUCTION SET OVERVIEW (Cont’d)

Mnemo Description Function/Example Dst Src " 0| N|Z|C
ADC Add with Carry A=A+M+C A M N| Z]|C
ADD Addition A=A+M A M N| Z]|C
AND Logical And A=A.M A M N | Z
BCP Bit compare A, Memory | tst (A . M) A M N Zz
BRES Bit Reset bres Byte, #3 M
BSET Bit Set bset Byte, #3 M
BTJF Jump if bit is false (0) btjf Byte, #3, Jmp1 M C
BTJT Jump if bit is true (1) btjt Byte, #3, Jmp1 M C
CALL Call subroutine
CALLR | Call subroutine relative
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 N Z 1
DEC Decrement decY reg, M N Z
HALT Halt 1 0
IRET Interrupt routine return Pop CC, A, X, PC 1 10 C
INC Increment inc X reg, M
JP Absolute Jump jp [TBL.w]
JRA Jump relative always
JRT Jump relative
JRF Never jump jrf
JRIH Jump if ext. INT pin =1 (ext. INT pin high)
JRIL Jump if ext. INT pin=0 (ext. INT pin low)
JRH Jumpif H=1 H=17?
JRNH JumpifH=0 H=0"7?
JRM Jump if 11:0 = 11 1:0=117?
JRNM Jump if 11:0 <> 11 1:0<> 117
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 JumpifC=0 C=07
JRULT | JumpifC=1 Unsigned <
JRUGE | JumpifC=0 Jmp if unsigned >=
JRUGT | Jumpif (C+Z=0) Unsigned >
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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 T 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 83) llo=+2mA 0.5
V o
oL Output low level voltage for a high sink 1/O pin 2 lio=+20mA,Ta< 850 C 1.3
when 4 pins are sunk at same time I Ta>85°C 1.5 Vv
(see Figure 84 and Figure 86) L[ 1,o=+8mA 06
Output high level voltage for an I/O pin lio="5mA, Tas< 85:C Vpp-1.4
Von? | when 4 pins are sourced at same time Ta>85°C| Vpp-1.6
(see Figure 85 and Figure 88) lio=-2mA Vpp-0.7
Figure 83. Typical Vo at Vpp=5V (standard) Figure 85. Typical Vgy at Vpp=5V
1.4
55
1.2 /
5
1 >
.>“.’ ﬁ 45
3 08 | 3
> 4
% s 7/
< 06 >
= £ 35
O o
> 0.4 —o—Ta=140°C " > —o—Vdd=5V 140°C min
—5—Ta=95°C 3 —&— Vdd=5v 95°C min
—a—Ta=25°C N )
0.2 e Ta=-45°C s —a—Vdd=5v 25°C m||.1 .
— 3 Vdd=5v 45°C min
0 ‘ ;
0 0.005 0.01 0.015 2 ‘ ‘ ‘ ‘ ‘
lio(A) -0.01 -0008 -0.006 -0.004 -0.002 0

Figure 84. Typical Vo at Vpp=5V (high-sink)
1

0.9
0.8

- 07

n

& 06

hel

Z 05

®

S 04

5 —_Ta= 140°C

> 0.3 —

% _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 ||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 (/O ports and control pins) must not exceed lypp. True open drain I/0 pins do not have Vgp.
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— The interrupt flag is cleared within any interrupt
routine with higher or identical priority level

— The interrupt flag is cleared in any part of the
code while this interrupt is disabled

If these conditions are not met, the symptom can
be avoided by implementing the following se-
quence:

4

PUSH CC

SIM

reset interrupt flag
POP CC
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16 REVISION HISTORY
Table 32. Revision History

Date

Revision

Description of Changes

18-Oct-2004

1.10

Added “related documentation” section in specific chapters throughout document
Flash readout protection sentence added section 4.3.1 on page 18

[2C Chapter updated, (Section 10.7)

Vt POR max modified in section 12.4 on page 142

Added Figure 89 on page 160

Modified description of tyrsTL)out in “Asynchronous RESET Pin” on page 159
Added Note on PE2 pin in Table 2, “Device Pin Description,” on page 10
Modified Vaggg min in “10-BIT ADC CHARACTERISTICS” on page 167
Modified I\, for PC6 in Section 12.8

Updated ADC accuracy data and notes in section 12.12.3 on page 170 and “KNOWN LIM-
ITATIONS” on page 186

Added “Clearing active interrupts outside interrupt routine” on page 187
I12C multimaster bug added in Known Limitations, Section 15.1.10
Please read carefully the “KNOWN LIMITATIONS” on page 186

13-Mar-2009

Updated root part numbers and device summary table on coverpage.
Removed temperature ranges 1, 5, and 7.

Renamed all TQFP packages, LQFP.

Updated note 6 below Table 2, “Device Pin Description,” on page 10.
Updated data retention in “Features” and Section 12.6.2 FLASH Memory.
Updated Figure 50 “Output Compare Timing Diagram, fTIMER = fCPU/4” .
Updated Figure 94 “SP| Master Timing Diagram 1)” .

Added Section 10.8.3.3 “Changing the conversion channel” on page 129.
Modified “Absolute Maximum Ratings (Electrical Sensitivity)” on page 155.
Update Note 4 in Section 12.8 I/0 PORT PIN CHARACTERISTICS “General Characteris-
tics” .

Updated notes in Section 13.2 THERMAL CHARACTERISTICS.

Removed recommended wave soldering profile and recommended reflow soldering oven
profile, and added ECOPACK text in “SOLDERING AND GLUEABILITY INFORMATION” on
page 174 (Section 13.3).

Removed automotive temperature ranges from Section 12.3.1 General Operating Condi-
tions, and from Figure 106 “ROM Factory Coded Device Types” and option list. Modified
Section 14.2 “DEVICE ORDERING INFORMATION AND TRANSFER OF CUSTOMER
CODE” on page 177: replace list or order codes by ordering scheme.

Added Section 15.1.5 External interrupt missed, and Section 15.2.1 Internal RC Oscillator
with LVD inSection 15 KNOWN LIMITATIONS. Modified Section 15.1.9 “TIMD set simulta-
neously with OC interrupt” on page 189.
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