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2 PIN DESCRIPTION

Figure 2. 64-Pin LQFP 14x14 and 10x10 Package Pinout
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Figure 4. 32-Pin LQFP Package Pinout
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Pin n° Level Port Main
§ E § Pin Name :%) -.é- g Input Output fu(r;;:tt;?n Alternate function
AEIE SERFIEFHEIR
48 | 33| - | Vgg 4 S Digital Ground Voltage
49 | 34 [ 17 | PA4 (HS) I/O|Cr| HS | X | X X | X | Port A4
50 | 35| - | PA5 (HS) I/O[Cr| HS | X | X X | X | Port A5
51| 36 | 18 | PA6 (HS)/SDAI I/O|Cr| HS | X T Port A6 | I12C Data V)
52 | 37 | 19 | PA7 (HS)/SCLI I/O|Ct| HS | X T Port A7 | I2C 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
57 | 40 | 22 | Vgs » S Digital Ground Voltage
58 | 41 | 23 | 0sC2%) 1/0 Resonator oscillator inverter output
5042 24 osor? | ek ot o Fesonatr o
60 | 43 |25 | Vpp » S Digital Main Supply Voltage
61| 44 | 26 | PEO/TDO /0| Ct X | X X | X | Port EO | SCI Transmit Data Out
62| 1 | 27 | PE1/RDI /0| Ct X | X X | X | Port E1 | SCI Receive Data In
63| - | - | PE2 /0| Ct X X2 [ X3 | Port E2
64| - | - | PES /0| Ct X | X X | X | Port E3
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/O 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 /O PORT PIN CHARACTER-
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 I/O port may have up to 8 pads:

— Pads that are not bonded to external pins are forced by hardware in input pull-up configuration after re-
set. 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 15.1.8.

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

4
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Address Block Rig;’s(:ler Register Name ;2?3; 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 TAIC1HR 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 CoOh 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 9. 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
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RESET VALUE = XXh

7 0

RESET VALUE = XXh
7 0
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[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

(574
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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 Z 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.

22/187

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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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 20.

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 21. Concurrent Interrupt Management

7.4 CONCURRENT & NESTED MANAGEMENT

The following Figure 21 and Figure 22 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 22. 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
. fEERee PRIORITY —l ”_lf'o
. * * | + * | LEVEL
e U e R 3 11 @
] T Rl GIi1'D L 3 11 &
E 1 1 : fl o
17| L R 11D A 3 11 7
s ! 1 Y
<f--------- M2 ) ------------- R 3 11 g
= Z ! =
al--------- R R R Ma)------------- 3 11
c RIM : m
LH------ l S M4 ------- 3 11 @
S CMAIN - - - s s s [C™mAN ) - 3/0
11/10 10
Figure 22. Nested Interrupt Management
% SOFTWARE | |
N S EReEge PRIORITY _l 11{ 0
* * | + * I LEVEL
R (=0 L R 3 11 @
E __________________I____I ___________________ >_
5 R G (D) 3 11 @
e G R R Rl (i LT 2 o0 §
o ) ' ! ' ! 4 I
Wl GF I S R S ) ) Y 1 0 1 é
< : I ' Lo ' ! : =
St e R EE R @D T R 3 11
) RIM . . . o
Cp---- - e I 3 e 173 S b 3 11 @
1 1 D
Tl O - - - e e [C™MAN - - 3/0
11/10 10
34/187 KYI




ST72321BRx, ST72321BARx ST72321BJx, ST72321BKXx

INTERRUPTS (Contd)

Figure 23. External Interrupt Control bits
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INTERRUPTS (Contd)

Table 9. Nested Interrupts Register Map and Reset Values

Address Register
(Hex.) Lgbel 7 6 5 4 3 2 1 0
eil ei0 MCC TLI
0024h ISPRO 11_3 10_3 1_2 10_2 1_1 10_1
Reset Value 1 1 1 1 1 1 1 1
SPI i3 ei2
0025h ISPR1 H_7 10_7 11_6 10_6 1_5 10_5 11_4 10_4
Reset Value 1 1 1 1 1 1 1 1
AVD SCI TIMER B TIMER A
0026h ISPR2 1_11 10_11 11_10 10_10 1.9 10_9 11_8 10_8
Reset Value 1 1 1 1 1 1 1 1
PWMART 12C
0027h ISPR3 11_13 10_13 11_12 10_12
Reset Value 1 1 1 1 1 1 1 1
0028h EICR 1S11 I1S10 IPB IS21 1S20 IPA TLIS TLIE
Reset Value 0 0 0 0 0 0 0 0
40/187 ﬁ
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WATCHDOG TIMER (Cont'd)
10.1.5 Low Power Modes

Mode | Description
SLOW | No effect on Watchdog.
WAIT | No effect on Watchdog.
OIE bitin |WDGHALT bit
MCCSR in Option
register Byte
No Watchdog reset is generated. The MCU enters Halt mode. The Watch-
dog counter is decremented once and then stops counting and is no longer
able to generate a watchdog reset until the MCU receives an external inter-
0 0 rupt or a reset.
If an external interrupt is received, the Watchdog restarts counting after 256
HALT or 4096 CPU clocks. If a reset is generated, the Watchdog is disabled (reset
state) unless Hardware Watchdog is selected by option byte. For applica-
tion recommendations see Section 0.1.7 below.
0 1 A reset is generated.
No reset is generated. The MCU enters Active Halt mode. The Watchdog
counter is not decremented. It stop counting. When the MCU receives an
1 X oscillator interrupt or external interrupt, the Watchdog restarts counting im-
mediately. When the MCU receives a reset the Watchdog restarts counting
after 256 or 4096 CPU clocks.

10.1.6 Hardware Watchdog Option

10.1.9 Register Description

If Hardware Watchdog is selected by option byte,
the watchdog is always active and the WDGA bit in
the WDGCR is not used. Refer to the Option Byte
description.

10.1.7 Using Halt Mode with the WDG
(WDGHALT option)

The following recommendation applies if Halt
mode is used when the watchdog is enabled.

— Before executing the HALT instruction, refresh
the WDG counter, to avoid an unexpected WDG
reset immediately after waking up the microcon-
troller.

10.1.8 Interrupts
None.

4

CONTROL REGISTER (WDGCR)
Read/Write
Reset Value: 0111 1111 (7Fh)

7 0

WDGA | T6 T5 T4 T3 | T2 | T TO

Bit 7 = WDGA Activation bit.

This bit is set by software and only cleared by
hardware after a reset. When WDGA = 1, the
watchdog can generate a reset.

0: Watchdog disabled

1: Watchdog enabled

Note: This bit is not used if the hardware watch-
dog option is enabled by option byte.

Bit 6:0 = T[6:0] 7-bit counter (MSB to LSB).
These bits contain the value of the watchdog
counter. It is decremented every 16384 fogco CY-
cles (approx.). A reset is produced when it rolls
over from 40h to 3Fh (T6 becomes cleared).
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10.2 MAIN CLOCK CONTROLLER WITH REAL TIME CLOCK AND BEEPER (MCC/RTC)

The Main Clock Controller consists of three differ-
ent functions:

m a programmable CPU clock prescaler
m a clock-out signal to supply external devices
m a real time clock timer with interrupt capability

Each function can be used independently and si-
multaneously.

10.2.1 Programmable CPU Clock Prescaler

The programmable CPU clock prescaler supplies
the clock for the ST7 CPU and its internal periph-
erals. It manages SLOW power saving mode (See
Section 8.2 SLOW MODE for more details).

The prescaler selects the fopy main clock frequen-
cy and is controlled by three bits in the MCCSR
register: CP[1:0] and SMS.

10.2.2 Clock-out Capability

The clock-out capability is an alternate function of
an 1/O port pin that outputs a fcpy clock to drive

external devices. It is controlled by the MCO bit in
the MCCSR register.

CAUTION: When selected, the clock out pin sus-
pends the clock during ACTIVE-HALT mode.

10.2.3 Real Time Clock Timer (RTC)

The counter of the real time clock timer allows an
interrupt to be generated based on an accurate
real time clock. Four different time bases depend-
ing directly on fogco are available. The whole
functionality is controlled by four bits of the MCC-
SR register: TB[1:0], OIE and OIF.

When the RTC interrupt is enabled (OIE bit set),
the ST7 enters ACTIVE-HALT mode when the
HALT instruction is executed. See Section 8.4 AC-
TIVE-HALT AND HALT MODES for more details.

10.2.4 Beeper

The beep function is controlled by the MCCBCR
register. It can output three selectable frequencies
on the BEEP pin (I/O port alternate function).

Figure 36. Main Clock Controller (MCC/RTC) Block Diagram

BC1| BCO
MCCBCR
LA | BEEP
BEEP SIGNAL -
SELEGTION L
- MCO
- 12BITMCCRTC— 7O
DIV64 I “COUNTER | — WATCHDOG
" TIMER
| / \
Mco| cp1| cpo|sms| TB1| TBO| OIE| OIF
MCCSRl l l MCC/RTC INTERRUPT
fosce
DIV2, 4,8, 1
48,16 1 fopu CPU CLOCK
> TO CPU AND
y PERIPHERALS

4
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ON-CHIP PERIPHERALS (Cont'd)

INPUT CAPTURE
CONTROL / STATUS REGISTER (ARTICCSR)
Read/Write

Reset Value: 0000 0000 (00h)

7 0

0 0 CS2 | CS1 | CIE2 | CIE1 | CF2 | CF1

Bit 7:6 = Reserved, always read as 0.

Bit 5:4 = CS[2:1] Capture Sensitivity

These bits are set and cleared by software. They
determine the trigger event polarity on the corre-
sponding input capture channel.

0: Falling edge triggers capture on channel x.

1: Rising edge triggers capture on channel x.

Bit 3:2 = CIE[2:1] Capture Interrupt Enable
These bits are set and cleared by software. They
enable or disable the Input capture channel inter-
rupts independently.

0: Input capture channel x interrupt disabled.

1: Input capture channel x interrupt enabled.

Bit 1:0 = CF[2:1] Capture Flag

These bits are set by hardware and cleared by
software reading the corresponding ARTICRx reg-
ister. Each CFx bit indicates that an input capture x
has occurred.

0: No input capture on channel x.

1: An input capture has occurred on channel x.

4

INPUT CAPTURE REGISTERS (ARTICRXx)
Read only
Reset Value: 0000 0000 (00h)

7 0

IC7 IC6 IC5 IC4 IC3 IC2 IC1 ICO

Bit 7:0 = IC[7:0] /nput Capture Data

These read only bits are set and cleared by hard-
ware. An ARTICRx register contains the 8-bit
auto-reload counter value transferred by the input
capture channel x event.

67/187




ST72321BRx, ST72321BARx ST72321BJx, ST72321BKXx

16-BIT TIMER (Cont'd)
Figure 43. 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 ﬁ& 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)
Figure 44. Counter Timing Diagram, Internal Clock Divided by 2

crucoek | LU U U UUUHUUUT L

INTERNAL RESET —|

TIMER CLOCK _I_I |_| |_| ﬂ ﬂ I_I I_I I_I_

\ FrFDf FrFE( FFFFY 0000 0001 Y 0002 Y0003}

COUNTER REGISTER

TIMER OVERFLOW FLAG (TOF) |

Figure 45. Counter Timing Diagram, Internal Clock Divided by 4

crucock JUUUUL  JUUUTUUUU]
]

INTERNAL RESET

TIMER CLOCK |_| J |_|
;a

COUNTER REGISTER FFFC | FFFD 0000 | 000t

TIMER OVERFLOW FLAG (TOF) ‘

Figure 46. Counter Timing Diagram, Internal Clock Divided By 8

CPU CLOCK / ,

INTERNAL RESET -I

TIMER CLOCK ﬂ /
COUNTER REGISTER FFFC X FFFD X 0000

TIMER OVERFLOW FLAG (TOF)

Note: The MCU is in reset state when the internal reset signal is high, when it is low the MCU is running.

4
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SERIAL PERIPHERAL INTERFACE (Cont'd)
10.5.6 Low Power Modes

Mode Description

No effect on SPI.
SPI 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)

EXTENDED RECEIVE PRESCALER DIVISION
REGISTER (SCIERPR)

Read/Write

Reset Value: 0000 0000 (00h)

Allows setting of the Extended Prescaler rate divi-
sion factor for the receive circuit.

7 0

EXTENDED TRANSMIT PRESCALER DIVISION
REGISTER (SCIETPR)

Read/Write

Reset Value:0000 0000 (00h)

Allows setting of the External Prescaler rate divi-
sion factor for the transmit circuit.

7 0

ERPR | ERPR ERPR ERPR

ERPR
7

ERPR ERPR | ERPR
4 2 1

ETPR | ETPR | ETPR | ETPR | ETPR | ETPR | ETPR | ETPR
7 4 2 1

Bits 7:0 = ERPR[7:0] 8-bit Extended Receive
Prescaler Register.

The extended Baud Rate Generator is activated
when a value different from 00h is stored in this
register. Therefore the clock frequency issued
from the 16 divider (see Figure 3.) is divided by the
binary factor set in the SCIERPR register (in the
range 1 to 255).

The extended baud rate generator is not used af-
ter a reset.

Table 22. Baudrate Selection

Bits 7:0 = ETPR[7:0] 8-bit Extended Transmit
Prescaler Register.

The extended Baud Rate Generator is activated
when a value different from 00h is stored in this
register. Therefore the clock frequency issued
from the 16 divider (see Figure 3.) is divided by the
binary factor set in the SCIETPR register (in the
range 1 to 255).

The extended baud rate generator is not used af-
ter a reset.

Conditions Baud
Symbol Parameter fepy A;::;Z?,( :j,s Prescaler Standard Rate Unit
Conventional Mode
TR (or RR)=128, PR=13 300/ ~300.48
TR (or RR)= 32, PR=13 1200 ~1201.92
TR (or RR)= 16, PR=13 2400| ~2403.84
~0.16% TR (or RR)= 8, PR=13 4800( ~4807.69
frx L TR (or RR)=4, PR=13 9600| ~9615.38
f Communication frequency 8 MHz TR (or RR)= 16, PR= 3 10400|~10416.67 Hz
R TR (or RR)= 2, PR=13 19200|~19230.77
TR (or RR)= 1, PR=13 38400|~38461.54
Extended Mode
~0.79% ETPR (or ERPR) = 35, 14400(~14285.71
TR (or RR)= 1, PR=1

4
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I2C BUS INTERFACE (Cont'd)
I2C STATUS REGISTER 1 (SR1)
Read Only

Reset Value: 0000 0000 (00h)

7 0

EVF |ADD10| TRA |BUSY | BTF | ADSL | M/SL | SB

Bit 7 = EVF Event flag.

This bit is set by hardware as soon as an event oc-
curs. ltis cleared by software reading SR2 register
in case of error event or as described in Figure 67.
Itis also cleared by hardware when the interface is
disabled (PE=0).

0: No event

1: One of the following events has occurred:

— BTF=1 (Byte received or transmitted)

— ADSL=1 (Address matched in Slave mode
while ACK=1)

— SB=1 (Start condition generated in Master
mode)

— AF=1 (No acknowledge received after byte
transmission)

— STOPF=1 (Stop condition detected in Slave
mode)

— ARLO=1 (Arbitration lost in Master mode)

— BERR=1 (Bus error, misplaced Start or Stop
condition detected)

— ADD10=1 (Master has sent header byte)

— Address byte successfully transmitted in Mas-
ter mode.

Bit 6 = ADD10 10-bit addressing in Master mode.
This bit is set by hardware when the master has
sent the first byte in 10-bit address mode. It is
cleared by software reading SR2 register followed
by a write in the DR register of the second address
byte. It is also cleared by hardware when the pe-
ripheral is disabled (PE=0).

0: No ADD10 event occurred.
1: Master has sent first address byte (header)

Bit 5 = TRA Transmitter/Receiver.

When BTF is set, TRA=1 if a data byte has been
transmitted. It is cleared automatically when BTF
is cleared. It is also cleared by hardware after de-
tection of Stop condition (STOPF=1), loss of bus
arbitration (ARLO=1) or when the interface is disa-
bled (PE=0).

0: Data byte received (if BTF=1)

(574

1: Data byte transmitted

Bit 4 = BUSY Bus busy.

This bit is set by hardware on detection of a Start

condition and cleared by hardware on detection of

a Stop condition. It indicates a communication in

progress on the bus. The BUSY flag of the I2CSR1

register is cleared if a Bus Error occurs.

0: No communication on the bus

1: Communication ongoing on the bus

Note:

— The BUSY flag is NOT updated when the inter-
face is disabled (PE=0). This can have conse-
quences when operatlng in Multimaster mode;
i.e. a second active 1°C master commencing a
transfer with an unset BUSY bit can cause a con-
flict resulting in lost data. A software workaround
consists of checklng that the 1°C is not busy be-
fore enabling the I°C Multimaster cell.

Bit 3 = BTF Byte transfer finished.

This bit is set by hardware as soon as a byte is cor-
rectly received or transmitted with interrupt gener-
ation if ITE=1. It is cleared by software reading
SR1 register followed by a read or write of DR reg-
ister. It is also cleared by hardware when the inter-
face is disabled (PE=0).

— Following a byte transmission, this bit is set after
reception of the acknowledge clock pulse. In
case an address byte is sent, this bit is set only
after the EV6 event (See Figure 67). BTF is
cleared by reading SR1 register followed by writ-
ing the next byte in DR register.

— Following a byte reception, this bit is set after
transmission of the acknowledge clock pulse if
ACK=1. BTF is cleared by reading SR1 register
followed by reading the byte from DR register.

The SCL line is held low while BTF=1.

0: Byte transfer not done
1: Byte transfer succeeded

Bit 2 = ADSL Address matched (Slave mode).
This bit is set by hardware as soon as the received
slave address matched with the OAR register con-
tent or a general call is recognized. An interrupt is
generated if ITE=1. It is cleared by software read-
ing SR1 register or by hardware when the inter-
face is disabled (PE=0).

The SCL line is held low while ADSL=1.

0: Address mismatched or not received
1: Received address matched
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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 °C mode.

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

0: Standard 1°C mode

1: Fast I1°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 I2C 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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12.2 ABSOLUTE MAXIMUM RATINGS

Stresses above those listed as “absolute maxi-
mum ratings” may cause permanent damage to
the device. This is a stress rating only and func-

tions is not implied. Exposure to maximum rating
conditions for extended periods may affect device
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 - Vssyl Variations between digital and analog ground pins 50
VESD(HBM) Electro-static discharge voltage (Human Body Model) see section 12.7.3 on page 154
VEsSDvm) Electro-static discharge voltage (Machine Model)
12.2.2 Current Characteristics
Symbol Ratings Maximum value Unit
lvop Total current into Vpp power lines (source) %) 150
lvss Total current out of Vgg ground lines (sink) %) 150 mA
Output current sunk by any standard I/O and control pin 25
o Output current sunk by any high sink 1/0O pin 50
Output current source by any 1/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 2 &©) +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|\<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 169.

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 Zljy e is the absolute sum of the positive
and negative injected currents (instantaneous values). These results are based on characterisation with Zljn ey 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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12.11 COMMUNICATION INTERFACE CHARACTERISTICS

12.11.1 SPI - Serial Peripheral Interface Refer to 1/0O port characteristics for more details on
Subject to general operating conditions for Vpp, t%mspgt/out%g altegmgte function characteristics
fcpu, and Ty unless otherwise specified. (SS, SCK, MOSI, MISO).

Symbol Parameter Conditions Min Max Unit
Master fcpu/1 28 fopu/4
fcpu=8MHz 0.0625 2
1/ISCK SPI clock frequency CPU MHz
¢(SCK) fSlave i 0 fopu/2
cpy=8MHz 4
EV(SCK) SPI clock rise and fall time see I/0 port pin description
f(SCK)
tsuss) | SS setup time®) Slave tepy + 50
th(ss) SS hold time Slave 120
tW(SCKH) . . Master 100
ta(SOKL) SCK high and low time Slave 9
ttS”(M') Data input setup time l\Slllz\s,t:r 188
su(Sl)
ns
E[h("’”) Data input hold time I\Slllz\s/t:r 188
h(Sl)
ta(s0) Data output access time Slave 0 120
tais(s0) Data output disable time Slave 240
t Data output valid time 120
v(SO) b : Slave (after enable edge)
th(so) Data output hold time 0
ty(mo) Data output valid time 120
- Master (after enable edge) tcpu
thvo) Data output hold time 0

Figure 89. SPI Slave Timing Diagram with CPHA=0 °
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Notes:
1. Data based on design simulation and/or characterisation results, not tested in production.

2. When no communication is on-going the data output line of the SPI (MOSI in master mode, MISO in slave mode) has
its alternate function capability released. In this case, the pin status depends on the I/O port configuration.

3. Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.
4. Depends on fcpy. For example, if fopy = 8 MHz, then tcpy = 1/ fcpy = 125 ns and tgys5) = 175 ns.

4

162/187




