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ST72325xx

1 DESCRIPTION

The ST72F325 Flash and ST72325 ROM devices
are members of the ST7 microcontroller family de-
signed for mid-range applications.

They are derivatives of the ST72321 and ST72324
devices, with enhanced characteristics and robust
Clock Security System.

All devices are based on a common industry-
standard 8-bit core, featuring an enhanced instruc-
tion set and are available with Flash or ROM pro-
gram memory. The ST7 family architecture offers
both power and flexibility to software developers,
enabling the design of highly efficient and compact
application code.

The on-chip peripherals include an A/D converter,
a PWM Autoreload timer, 2 general purpose tim-
ers, I°C bus, SPI interface and an SCl interface.

For power economy, microcontroller can switch
dynamically into WAIT, SLOW, ACTIVE-HALT or

Figure 1. Device Block Diagram

HALT mode when the application is in idle or
stand-by state.

Typical applications are consumer, home, office
and industrial products.

The devices feature an on-chip Debug Module
(DM) to support in-circuit debugging (ICD). For a
description of the DM registers, refer to the ST7
ICC Protocol Reference Manual.

Main Differences with ST72321:
— LQFP48 and LQFP32 packages
— Clock Security System

— Internal RC, Readout protection, LVD and PLL
without limitations

— Negative current injection not allowed on I/O port
PBO (instead of PC6).

— External interrupts have Exit from Active Halt
mode capability.

PROGRAM
<> MEMORY
(16K - 60K Bytes")
<:> RAM
512 - 2048 Bytes)
<> WATCHDOG
<~ >{ DEBUG MODULE
K> 12C —
LT PATO
EB bits on AR devices)
<:> PORT A — 5 bits on C/J devices)
(4 bits on K devices)
<—>| PORTB [
<L PB7:0
| | (8 bits on AR devices)
<> PWMART (5 bits on C/J devices)
(3 bits on K devices)
<—=> PoRTC
L PC7:0
<—> TMERB <> 69
Gy SPI .

8-BIT CORE
ALU <—>
RESET—» CONTROL
Vep +
TLI —»
Vss —»
Vop LVD <>
EVD —» AVD <>
OSC1 «—»
0SC2 > 0S¢ >
>
MCC/RTC/BEEP K— 1 &
T 5’.'1;
1)
—  porTF  K—>l»
Z
PF7:0 < :j [w)
8 bits on AR devi_ces)) f'> @)
6 bits on C/J devices ] TIMER A >
(5 bits on K devices) >
w
— BEEP K—>$
—  PoRTE K —>
PE7:0
(8 bits on AR devices) <41j:j>
(2 bits on C/J/K devices) L scl <:'>
—  PoRTD K—>
PD7:0 :ﬁ>
(8 bits on AR devices)
(6 bits on C/J devices) - 10BTADC K—>
(2 bits on K devices)
AREF —p
Vssa—» —

) ROM devices have up to 32 Kbytes of program memory and up to 1 Kbyte of RAM.
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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.

Figure 7. Memory Map and Sector Address

Depending on the overall Flash memory size in the
microcontroller device, there are up to three user
sectors (see Table 5). 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 7). 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 5. 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.

4K 8K 10K 16K 24K 32K 48K 60K < FLASH
1000h ., " S~ S~ S~ ST S~—  ~— MEMORY SIZE
BFFFh. _ o o L o e e e e e e e el ool
TFFFh . o o o L e e e e ool
. 4 SECTOR 2
BFFFh. _ _ _ _ _ _ - - _ - - __
D7FFh. _ - _ - _ _ _ _ _ _
DFFEh. . . _ . 2 Kbytes | 8 Kbytes | 16 Kbytes | 24 Kbytes | 40 Kbytes | 52 Kbytes
EFFFh 4 Kbytes <« SECTOR 1
" FFFRR 4 Kbytes <4~ SECTOR O
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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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CENTRAL PROCESSING UNIT (Cont'd)
Condition Code Register (CC)
Read/Write

Reset Value: 111x1xxx

7 0

1 1 11 H 10 N 4 C

The 8-bit Condition Code register contains the in-
terrupt masks 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.

Arithmetic Management Bits
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 instructions. 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 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's a copy of the re-
sult 71" bit.
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 instruc-
tions.

4

Bit 1 = Z Zero.

This bit is set and cleared by hardware. This bit in-

dicates that the result of the last arithmetic, logical

or data manipulation is zero.

0: The result of the last operation is different from
zero.

1: The result of the last operation is zero.

This bit is accessed by the JREQ and JRNE test
instructions.

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.

Interrupt Management Bits

Bit 5,3 = 1, 10 Interrupt

The combination of the 11 and 10 bits gives the cur-
rent interrupt software priority.

Interrupt Software Priority h] 10
Level 0 (main) 1 0
Level 1 0 1
Level 2 0 0
Level 3 (= interrupt disable) 1 1

These two bits are set/cleared by hardware when
entering in interrupt. The loaded value is given by
the corresponding bits in the interrupt software pri-
ority registers (IxXSPR). They can be also set/
cleared by software with the RIM, SIM, IRET,
HALT, WFI and PUSH/POP instructions.

See the interrupt management chapter for more
details.
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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) |
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INTERRUPTS (Contd)

Table 8. Dedicated Interrupt Instruction Set

Instruction New Description Function/Example " H 10 N y4 C
HALT Entering Halt mode 1 0

IRET Interrupt routine return Pop CC, A, X, PC 1 H 10 N Z C
JRM Jump if 11:0=11 (level 3) 11:0=11 7

JRNM Jump if 11:0<>11 11:0<>11 7

POP CC Pop CC from the Stack Mem => CC 11 H o] N V4 C
RIM Enable interrupt (level 0 set) Load 10in 11:0 of CC 1 0

SIM Disable interrupt (level 3 set) Load 11in 11:0 of CC 1 1

TRAP Software trap Software NMI 1 1

WFI Wait for interrupt 1 0

Note: During the execution of an interrupt routine, the HALT, POPCC, RIM, SIM and WFI instructions change the current
software priority up to the next IRET instruction or one of the previously mentioned instructions.

4
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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.

62/197

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




ST72325xx

ON-CHIP PERIPHERALS (Cont'd)

Independent PWM signal generation

This mode allows up to four Pulse Width Modulat-
ed signals to be generated on the PWMx output
pins with minimum core processing overhead.
This function is stopped during HALT mode.

Each PWMx output signal can be selected inde-
pendently using the corresponding OEXx bit in the
PWM Control register (PWMCR). When this bit is
set, the corresponding I/O pin is configured as out-
put push-pull alternate function.

The PWM signals all have the same frequency
which is controlled by the counter period and the
ARTARR register value.

frwm = fcounTer / (256 - ARTARR)

When a counter overflow occurs, the PWMx pin
level is changed depending on the corresponding
OPx (output polarity) bit in the PWMCR register.

Figure 41. PWM Auto-reload Timer Function

When the counter reaches the value contained in
one of the output compare register (OCRXx) the
corresponding PWMXx pin level is restored.

It should be noted that the reload values will also
affect the value and the resolution of the duty cycle
of the PWM output signal. To obtain a signal on a
PWMXx pin, the contents of the OCRXx register must
be greater than the contents of the ARTARR reg-
ister.

The maximum available resolution for the PWMx
duty cycle is:

Resolution = 1/ (256 - ARTARR)
Note: To get the maximum resolution (1/256), the
ARTARR register must be 0. With this maximum

resolution, 0% and 100% can be obtained by
changing the polarity.

A
2555
DUTY CYCLE | . .
REGISTER
(PWMDCRKX)

COUNTER

AUTO-RELOAD
REGISTER
(ARTARR) - -

000

WITH OEx=1
AND OPx=0

WITH OEx=1
AND OPx=1

PWMx OUTPUT

Figure 42. PWM Signal from 0% to 100% Duty Cycle

foovten || { | [ Y Y Y N S W Y N
, ARTARR=FDQh ) , , ,
COUNTER FDh >'< FEh >'< FFh >'< FDh >'< Fen X FFh >'< FDh X FEh >
OCRx=FCh | | | | | i i i
= - 1 1
8090
%%g OCRx=FEh : : : ‘
QCRx=FFh : : l l I I I
>
66/197 1S7]




ST72325xx

ON-CHIP PERIPHERALS (Cont'd)

Output compare and Time base interrupt

On overflow, the OVF flag of the ARTCSR register
is set and an overflow interrupt request is generat-
ed if the overflow interrupt enable bit, OIE, in the
ARTCSR register, is set. The OVF flag must be re-
set by the user software. This interrupt can be
used as a time base in the application.

External clock and event detector mode

Using the fex external prescaler input clock, the
auto-reload timer can be used as an external clock
event detector. In this mode, the ARTARR register
is used to select the ngygnT NUMber of events to
be counted before setting the OVF flag.

NEVENT = 256 - ARTARR

Caution: The external clock function is not availa-
ble in HALT mode. If HALT mode is used in the ap-
plication, prior to executing the HALT instruction,
the counter must be disabled by clearing the TCE
bit in the ARTCSR register to avoid spurious coun-
ter increments.

Figure 43. External Event Detector Example (3 counts)

fext=fcounTer | * | * | *

[ S I W

ARTARR=FDh

COUNTER

: : : :
FDh X FEh X FFh X FDh X FEh X FFh
OVF - - : :

>i<FDh>i
1

IF OIE=1

[

INTERRUPT

ARTCSR READ ARTCSR READ

[

INTERRUPT
IF OIE=1

v

4
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10.4 16-BIT TIMER

10.4.1 Introduction

The timer consists of a 16-bit free-running counter
driven by a programmable prescaler.

It may be used for a variety of purposes, including
pulse length measurement of up to two input sig-
nals (input capture) or generation of up to two out-
put waveforms (output compare and PWM).

Pulse lengths and waveform periods can be mod-
ulated from a few microseconds to several milli-
seconds using the timer prescaler and the CPU
clock prescaler.

Some ST7 devices have two on-chip 16-bit timers.
They are completely independent, and do not
share any resources. They are synchronized after
a MCU reset as long as the timer clock frequen-
cies are not modified.

This description covers one or two 16-bit timers. In
ST7 devices with two timers, register names are
prefixed with TA (Timer A) or TB (Timer B).

10.4.2 Main Features
m Programmable prescaler: fep, divided by 2,4 or 8
m Overflow status flag and maskable interrupt

m External clock input (must be at least four times
slower than the CPU clock speed) with the choice
of active edge

m 1 or 2 Output Compare functions each with:
— 2 dedicated 16-bit registers
— 2 dedicated programmable signals
— 2 dedicated status flags
— 1 dedicated maskable interrupt
m 1 or 2 Input Capture functions each with:
— 2 dedicated 16-bit registers
— 2 dedicated active edge selection signals
— 2 dedicated status flags
— 1 dedicated maskable interrupt
Pulse width modulation mode (PWM)
One Pulse mode
Reduced Power Mode

5 alternate functions on I/O ports (ICAP1, ICAP2,
OCMP1, OCMP2, EXTCLK)*

The Block Diagram is shown in Figure 1.

*Note: Some timer pins may not be available (not
bonded) in some ST7 devices. Refer to the device
pin out description.

(574

When reading an input signal on a non-bonded
pin, the value will always be “1’.

10.4.3 Functional Description
10.4.3.1 Counter

The main block of the Programmable Timer is a
16-bit free running upcounter and its associated
16-bit registers. The 16-bit registers are made up
of two 8-bit registers called high and low.

Counter Register (CR):

— Counter High Register (CHR) is the most sig-
nificant byte (MS Byte).

— Counter Low Register (CLR) is the least sig-
nificant byte (LS Byte).

Alternate Counter Register (ACR)

— Alternate Counter High Register (ACHR) is the
most significant byte (MS Byte).

— Alternate Counter Low Register (ACLR) is the
least significant byte (LS Byte).

These two read-only 16-bit registers contain the
same value but with the difference that reading the
ACLR register does not clear the TOF bit (Timer
overflow flag), located in the Status register, (SR),
(see note at the end of paragraph titled 16-bit read
sequence).

Writing in the CLR register or ACLR register resets
the free running counter to the FFFCh value.
Both counters have a reset value of FFFCh (this is
the only value which is reloaded in the 16-bit tim-
er). The reset value of both counters is also
FFFCh in One Pulse mode and PWM mode.

The timer clock depends on the clock control bits
of the CR2 register, as illustrated in Table 1. The
value in the counter register repeats every
131072, 262144 or 524288 CPU clock cycles de-
pending on the CC[1:0] bits.

The timer frequency can be fopy/2, fopu/4, fopu/8
or an external frequency.
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16-BIT TIMER (Cont'd)
Figure 45. Timer Block Diagram

| ST7 INTERNAL BUS |

v

fcpu
—| MCU-PERIPHERAL INTERFACE \
A ﬂ‘ A ﬂ‘ ﬂ‘
8 high I8low
8-bit
bt c8 aca 8_:8 8_:8 8
EXEDG 7 g 3 3 3 2 § 7 3
16 v
1/2 OUTPUT || OUTPUT INPUT INPUT
L > 14 COUNTER COMPARE | | COMPARE || CAPTURE || CAPTURE
8 REGISTER REGISTER | | REGISTER || REGISTER | | REGISTER
1 2 1 2
EXTCLK ALTERNATE a
pin COUNTER )
Zﬁ REGISTER > 16 6
iw
CC[1:0]
| TIMER INTERNAL BUS |
16I 16
\ 4
OVERFLOW
OUTPUT COMPARE —» EDGEDETECT  |¢——(1 ICAP1
DETECT CIRCUIT CIRCUIT1 :
CIRCUIT 7y pin
I
i 6 » EDGEDETECT |¢— {1 jcap2
CIRCUIT2 pin
i > >0 oCMPY
v v p| LATCHT o
ICF1|OCF1| TOF [ICF2/OCF2TIMD| O 0 »5
(FontraI/Status RegisteR p| LATCH2 —»L1 OCMP2
cs pin

ITOIE|FOLV2|FOLV1[OLVL2|IEDG1|OLVLA OC1E|[OC2E| OPM |PWM | CC1 | CCO |IEDG2|EXEDG

(Control Register 1) CR1 (Control Register 2) CR2

(

See note)

TIMER INTERRUPT Note: If IC, OC and TO interrupt requests have separate vectors
then the last OR is not present (See device Interrupt Vector Table)
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16-BIT TIMER (Cont'd)

16-bit read sequence: (from either the Counter
Register or the Alternate Counter Register).

Beginning of the sequence

Read ) LS Byte
At t0 MS Byte is buffered
_v_
" Other
Linstructions,
Read ) Returns the buffered
At 10 +At |LS Byte LS Byte value at t0

Sequence completed

The user must read the MS Byte first, then the LS
Byte value is buffered automatically.

This buffered value remains unchanged until the
16-bit read sequence is completed, even if the
user reads the MS Byte several times.

After a complete reading sequence, if only the
CLR register or ACLR register are read, they re-
turn the LS Byte of the count value at the time of
the read.

Whatever the timer mode used (input capture, out-
put compare, One Pulse mode or PWM mode) an
overflow occurs when the counter rolls over from
FFFFh to 0000h then:

— The TOF bit of the SR register is set.

— A timer interrupt is generated if:
— TOIE bit of the CR1 register is set and
— | bit of the CC register is cleared.

If one of these conditions is false, the interrupt re-
mains pending to be issued as soon as they are
both true.

4

Clearing the overflow interrupt request is done in
two steps:

1. Reading the SR register while the TOF bit is set.
2. An access (read or write) to the CLR register.

Notes: The TOF bit is not cleared by accesses to
ACLR register. The advantage of accessing the
ACLR register rather than the CLR register is that
it allows simultaneous use of the overflow function
and reading the free running counter at random
times (for example, to measure elapsed time) with-
out the risk of clearing the TOF bit erroneously.

The timer is not affected by WAIT mode.

In HALT mode, the counter stops counting until the
mode is exited. Counting then resumes from the
previous count (MCU awakened by an interrupt) or
from the reset count (MCU awakened by a Reset).

10.4.3.2 External Clock

The external clock (where available) is selected if
CCO0 =1 and CC1 =1 in the CR2 register.

The status of the EXEDG bit in the CR2 register
determines the type of level transition on the exter-
nal clock pin EXTCLK that will trigger the free run-
ning counter.

The counter is synchronized with the falling edge
of the internal CPU clock.

A minimum of four falling edges of the CPU clock
must occur between two consecutive active edges
of the external clock; thus the external clock fre-
quency must be less than a quarter of the CPU
clock frequency.
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)
Figure 65. SCI Baud Rate and Extended Prescaler Block Diagram
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)

10.6.4.9 Clock Deviation Causes

The causes which contribute to the total deviation
are:

— DyRa: Deviation due to transmitter error (Local
oscillator error of the transmitter or the trans-
mitter is transmitting at a different baud rate).

— DquanT: Error due to the baud rate quantiza-
tion of the receiver.

— DRec: Deviation of the local oscillator of the
receiver: This deviation can occur during the
reception of one complete SCI message as-
suming that the deviation has been compen-
sated at the beginning of the message.

— D¢ Deviation due to the transmission line
(generally due to the transceivers)

All the deviations of the system should be added
and compared to the SCI clock tolerance:

Dtra + Dauant + Drec + DroL < 3.75%

Figure 66. Bit Sampling in Reception Mode

10.6.4.10 Noise Error Causes

See also description of Noise error in Section
0.1.4.3.

Start bit

The noise flag (NF) is set during start bit reception
if one of the following conditions occurs:

1. A valid falling edge is not detected. A falling
edge is considered to be valid if the 3 consecu-
tive samples before the falling edge occurs are
detected as '1' and, after the falling edge
occurs, during the sampling of the 16 samples,
if one of the samples numbered 3, 5 or 7 is
detected as a “1”.

2. During sampling of the 16 samples, if one of the
samples numbered 8, 9 or 10 is detected as a
“1!!.

Therefore, a valid Start Bit must satisfy both the

above conditions to prevent the Noise Flag getting

set.

Data Bits

The noise flag (NF) is set during normal data bit re-
ception if the following condition occurs:

— During the sampling of 16 samples, if all three
samples numbered 8, 9 and10 are not the same.
The majority of the 8th, 9th and 10th samples is
considered as the bit value.

Therefore, a valid Data Bit must have samples 8, 9
and 10 at the same value to prevent the Noise
Flag getting set.
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I2C BUS INTERFACE (Cont'd)

Table 25. I12C Register Map and Reset Values

Address i
Register 7 6 5 4 3 2 1 0
(Hex.) Label
0018h I2CCR PE ENGC START ACK STOP ITE
Reset Value 0 0 0 0 0 0 0 0
0019h I12CSR1 EVF ADD10 TRA BUSY BTF ADSL M/SL SB
Reset Value 0 0 0 0 0 0 0 0
001Ah I12CSR2 AF STOPF ARLO BERR GCAL
Reset Value 0 0 0 0 0 0 0 0
001Bh I12CCCR FM/SM CCe6 CC5 CC4 CC3 CC2 CCH1 CCo
Reset Value 0 0 0 0 0 0 0 0
001Ch I12COAR1 ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADDO
Reset Value 0 0 0 0 0 0 0 0
001Dh 12COAR2 FR1 FRO ADD9 ADDS8
Reset Value 0 1 0 0 0 0 0 0
I12CDR MSB LSB
001Eh Reset Value 0 0 0 0 0 0 0 0
IYI 131/197
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10-BIT A/D CONVERTER (ADC) (Cont'd)
10.8.6 Register Description

CONTROL/STATUS REGISTER (ADCCSR)
Read/Write (Except bit 7 read only)
Reset Value: 0000 0000 (00h)

7 0

Bit 3:0 = CH[3:0] Channel Selection
These bits are set and cleared by software. They
select the analog input to convert.

EOC |SPEED|ADON 0 CH3 | CH2 | CH1 | CHO

Bit 7 = EOC End of Conversion

This bit is set by hardware. It is cleared by hard-
ware when software reads the ADCDRH register
or writes to any bit of the ADCCSR register.

0: Conversion is not complete

1: Conversion complete

Bit 6 = SPEED ADC clock selection
This bit is set and cleared by software.
0: fapc = fopu/4

1:fapc = fopu/2

Bit 5 = ADON A/D Converter on

This bit is set and cleared by software.
0: Disable ADC and stop conversion
1: Enable ADC and start conversion

Bit 4 = Reserved. Must be kept cleared.

134/197

Channel Pin* CH3 | CH2 | CH1 | CHO
AINO 0 0 0 0
AIN1 0 0 0 1
AIN2 0 0 1 0
AIN3 0 0 1 1
AIN4 0 1 0 0
AIN5 0 1 0 1
AIN6 0 1 1 0
AIN7 0 1 1 1
AIN8 1 0 0 0
AIN9 1 0 0 1
AIN10 1 0 1 0
AIN11 1 0 1 1
AIN12 1 1 0 0
AIN13 1 1 0 1
AIN14 1 1 1 0
AIN15 1 1 1 1

*The number of channels is device dependent. Refer to
the device pinout description.

DATA REGISTER (ADCDRH)
Read Only
Reset Value: 0000 0000 (00h)

7 0

D9 D8 D7 D6 D5 D4 D3 D2

Bit 7:0 = D[9:2] MSB of Converted Analog Value

DATA REGISTER (ADCDRL)
Read Only
Reset Value: 0000 0000 (00h)

7 0

0 0 0 0 0 0 D1 DO

Bit 7:2 = Reserved. Forced by hardware to 0.

Bit 1:0 = D[1:0] LSB of Converted Analog Value
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10-BIT A/D CONVERTER (Cont'd)
Table 26. ADC Register Map and Reset Values

Address Register

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

0070h ADCCSR EOC SPEED ADON CH3 CH2 CH1 CHO
Reset Value 0 0 0 0 0 0 0 0

0071h ADCDRH D9 D8 D7 D6 D5 D4 D3 D2
Reset Value 0 0 0 0 0 0 0 0
ADCDRL D1 DO

0072h | ResetValue | 0 0 0 0 0 0 0 0

IS77

135/197




ST72325xx

12.2 ABSOLUTE MAXIMUM RATINGS

Stresses above those listed as “absolute maxi- tions is not implied. Exposure to maximum rating
mum ratings” may cause permanent damage to conditions for extended periods may affect device
the device. This is a stress rating only and func- reliability.

tional operation of the device under these condi-
12.2.1 Voltage Characteristics

Symbol Ratings Maximum value Unit
Vpp - Vss Supply voltage 6.5
Vpp - Vgg Programming Voltage 13 y
Vi V&2 Input Voltage on true open drain pin Vg5-0.310 6.5
N Input voltage on any other pin Vgs-0.3 to Vpp+0.3
IAVppyl and 1AVgg,| | Variations between different digital power pins 50 my
IVssa - Vsl Variations between digital and analog ground pins 50
VESD(HBM) Electro-static discharge voltage (Human Body Model) see section 12.7.3 on page 158
VEsSDvm) Electro-static discharge voltage (Machine Model)
12.2.2 Current Characteristics
Symbol Ratings Maximum value Unit
) ) 32-pin devices 75
oo/ lvss 3) Total current into Vpp power I|ne§ 24/48/64-pin mA
(source) and Vgg ground lines (sink) K 150
devices
Output current sunk by any standard I/O and control pin 25
o Output current sunk by any high sink 1/0 pin 50
Output current source by any I/Os and control pin -25
Injected current on Vpp pin +5
Injected current on RESET pin +5 mA
Inggeiny 2 &4 Injected current on OSC1 and OSC2 pins +5
Injected current on PBO (Flash devices only) +5
Injected current on any other pin % &6) +5
Zlingeiny 2 Total injected current (sum of all I/O and control pins) % +25

Notes:

1. Directly connecting the RESET and /0 pins to Vpp or Vgg could damage the device if an unintentional internal reset
is generated or an unexpected change of the I/0 configuration occurs (for example, due to a corrupted program counter).
To guarantee safe operation, this connection has to be done through a pull-up or pull-down resistor (typical: 4.7kQ for
RESET, 10kQfor I/Os). For the same reason, unused 1/O pins must not be directly tied to Vpp or Vgs.

2. linyipiny Must never be exceeded. This is implicitly insured if Viy maximum is respected. If V;y maximum cannot be
respected, the injection current must be limited externally to the Iy ey value. A positive injection is induced by Vi\>Vpp
while a negative injection is induced by V|y<Vgs. For true open-drain pads, there is no positive injection current, and the
corresponding Vi maximum must always be respected

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

4. Negative injection disturbs the analog performance of the device. See note in “ADC Accuracy” on page 173.

For best reliability, it is recommended to avoid negative injection of more than 1.6maA.

5. When several inputs are submitted to a current injection, the maximum Zl;y e is the absolute sum of the positive
and negative injected currents (instantaneous values). These results are based on Characterisation with ZIjyypiny maxi-
mum current injection on four I/O port pins of the device.

6. True open drain 1/O port pins do not accept positive injection.

4
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13.3 SOLDERING INFORMATION

m In order to meet environmental requirements, maximum ratings related to soldering conditions
ST offers these devices in ECOPACK® are also marked on the inner box label.
packages. These packages have a lead-free 5 ECOPACK is an ST trademark. ECOPACK®
second level interconnect. The category of specifications are available at www.st.com.

second level interconnect is marked on the
package and on the inner box label, in
compliance with JEDEC Standard JESD97. The

4
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14.3 DEVELOPMENT TOOLS

Development tools for the ST7 microcontrollers in-
clude a complete range of hardware systems and
software tools from STMicroelectronics and third-
party tool suppliers. The range of tools includes
solutions to help you evaluate microcontroller pe-
ripherals, develop and debug your application, and
program your microcontrollers.

14.3.1 Starter kits

ST offers complete, affordable starter kits. Starter
kits are complete, affordable hardware/software
tool packages that include features and samples
to help you quickly start developing your applica-
tion.

14.3.2 Development and debugging tools

Application development for ST7 is supported by
fully optimizing C Compilers and the ST7 Assem-
bler-Linker toolchain, which are all seamlessly in-
tegrated in the ST7 integrated development envi-
ronments in order to facilitate the debugging and
fine-tuning of your application. The Cosmic C
Compiler is available in a free version that outputs
up to 16KBytes of code.

The range of hardware tools includes full-featured
ST7-EMU3 series emulators and the low-cost
RLink in-circuit debugger/programmer. These
tools are supported by the ST7 Toolset from

high-level language debugger, editor, project man-
ager and integrated programming interface.

14.3.3 Programming tools

During the development cycle, the ST7-EMUS3 se-
ries emulators and the RLink provide in-circuit
programming capability for programming the Flash
microcontroller on your application board.

ST also provides a low-cost dedicated in-circuit
programmer, the ST7-STICK, as well as ST7
Socket Boards which provide all the sockets re-
quired for programming any of the devices in a
specific ST7 sub-family on a platform that can be
used with any tool with in-circuit programming ca-
pability for ST7.

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

Evaluation boards

Three different Evaluation boards are available:

m ST7232x-EVAL ST72F321/324/521 evaluation
board, with ICC connector for programming
capability. Provides direct connection to ST7-
DVP3 emulator. Supplied with daughter boards

STMicroelectronics, which includes the STVD?7 in- (Sc_<|_>re Fmodule) for ST72F321, ST72324 &
tegrated development environment (IDE) with 72F521.
Table 30. STMicroelectronics Development Tools
Emulation Programming
Supported ST7 DVP3 Series ST7 EMUS series
Products i ICC Socket Board
Emulator Connection kit Emulator Actl\{re:rBobe &
ST72F325AR | STZMDT20-DvP3 | S17MDT20-TA/ | STZMDT2OM- | gropinToom.TEB|  ST7SB2OMIXXK'
DVP EMUS3
ST72325S, ) ST7MDT20-T48/ ST7MDT20J- R 1
ST79F325S ST7MDT20-DVP3 DVP EMU3 ST7MDT20J-TEB | ST7SB20J/xx
ST72325J, ) ST7MDT20-T32/ ST7MDT20J- R 1
ST72F325) ST7MDT20-DVP3 DVP EMU3 ST7MDT20J-TEB | ST7SB20J/xx
ST72325K, ) ST7MDT20-T44/ ST7MDT20J- R 1
ST79F325K ST7MDT20-DVP3 DVP EMU3 ST7MDT20J-TEB | ST7SB20J/xx
Note 1: Add suffix /EU, /UK, /US for the power supply of your region.
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