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ST72324Jx ST72324Kx

PIN DESCRIPTION (Cont'd)

For external pin connection guidelines, refer to See “ELECTRICAL CHARACTERISTICS” on page 116.
Legend / Abbreviations for Table 1:

Type: | =input, O = output, S = supply

Input level: A = Dedicated analog input

In/Output level: C=CMOS 0.3VDD/0.7VDD
C1= CMOS 0.3Vpp/0.7Vpp with input trigger
Output level: HS = 20mA high sink (on N-buffer only)

Port and control configuration:
— Input: float = floating, wpu = weak pull-up, int = interrupt ), ana = analog ports
— Output: OD = open drain 2, PP = push-pull
Refer to “I/O PORTS” on page 45 for more details on the software configuration of the 1/O ports.
The RESET configuration of each pin is shown in bold. This configuration is valid as long as the device is
in reset state.

Table 1. Device Pin Description

Pin n° Level Port Main
g E g § Pin Name % E_ E._ _ |:PUt Output fu(l;;:ttécrm Alternate Function
SEEE SHHEBHEHE:
6 |1(30| 1|PB4(HS) /O|Cq| HS | X ei3 X | X | Port B4
7 12 |31| 2 | PDO/AINO /0| Ct X[ X X | X | X |PortDO | ADC Analog Input 0
8 | 3 32| 3 | PD1/AIN1 I/O | Ct X | X X | X | X | Port D1 | ADC Analog Input 1
914 PD2/AIN2 /0| Ct X[ X X | X | X | Port D2 | ADC Analog Input 2
10| 5 PD3/AIN3 /0| Ct X | X X | X | X [ Port D3 | ADC Analog Input 3
11| 6 PD4/AIN4 I/O | Ct X | X X | X | X | Port D4 | ADC Analog Input 4
12| 7 PD5/AINS /0| Ct X[ X X | X | X | Port D5 | ADC Analog Input 5
13/ 8 | 1|4 | Varer S Analog Reference Voltage for ADC
1419 |2 |5 | Vgga S Analog Ground Voltage
15|10| 3 | 6 | PFO/MCO/AINS 10| Cr X| eit [ x| X]|X|PortFo ('\)"u"’i'r(‘f;':)‘;k f:gft/;”abg
16|11| 4 | 7 | PF1 (HS)/BEEP /O|Cq| HS | X eil X | X | Port F1 | Beep signal output
17[12 PF2 (HS) I/o|Ccr| HS | X eil X | X [ PortF2
Timer A Out-
18/13| 5 | 8 i::,\‘l‘{(gCMPtA/ Vo | cr X | x X | X | X | PortF4 | put Com- ﬁgﬁt/?galog
pare 1
19|/14| 6 | 9 | PF6 (HS)/ICAP1_A |I/O|C+| HS | X | X X | X | Port F6 | Timer A Input Capture 1
20|15( 7 |10 E)F(%HL%A /O|Cr| HS | X | X X | X | Port F7 ;';Tﬁ;:‘ External Clock
21 Vbb_o S Digital Main Supply Voltage
22 Vss o S Digital Ground Voltage
Timer B Out-
23|16| 8 | 11| - CUOMPEBl o o X | x X | X | X | Portco g:tr Com- ﬁ}[;gt/:\gamg

4
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ST72324Jx ST72324Kx

Pin n° Level Port Main
| o N & . 2 o | = Input Output |function .
E N E S Pin Name > 5 3 p P (after Alternate Function
=) =) 5 E 3 e 1] (]
SHEE SHHEBHBE RS
Timer B Out-
24|17| 9 |12| FCV/OCMPLE/ 15 1. X | x X | X | X |Portct | putCom- | ARC Analog
AIN13 Input 13
pare 1
25(18(10|13| PC2 (HS)/ICAP2_B |I/O|Ct| HS | X | X X | X | Port C2 | Timer B Input Capture 2
26(19|11|14| PC3 (HS)/ICAP1_B [I/O|Cy| HS | X | X X | X | Port C3 | Timer B Input Capture 1
SPI Master
27|20| 12| 15| PO¥MISONCCDA- 15 1 X | x X | X |Portc4 | In/Slave |'CCDataln-
TA put
Out Data
SPI Master
28|21[13|16| PC5/MOSI/AIN14 | 1/O | Cy X | x X | X | X | PortC5 | Out/ Slave IADC Analog
nput 14
In Data
29|22(14|17| PC6/SCK/ICCCLK | 1/O | Cy X | x X | x | Portce | SP! Serial | 1CC Clock
Clock Output
SPI Slave
30|23| 15| 18| PC7/SS/AIN15 o | cy X | x X | X | X | Portc7 | Select (ac- f:]DStﬁ‘ga'og
tive low) P
312416 |19| PA3 (HS) /O|Cq| HS | X ei0 X | X | Port A3
32|25 Vpp_1 S Digital Main Supply Voltage
33|26 Vsg 1 S Digital Ground Voltage
342717 |20| PA4 (HS) /IO|Ct| HS | X | X X | X | Port A4
35|28 PAS5 (HS) /IO|Cy| HS | X | X X | X | Port A5
36(29|18|21| PA6 (HS) I/O|Ct| HS | X T Port A6 )
37|30(19|22| PA7 (HS) /O|Cq| HS | X T Port A7 )
Must be tied low. In the flash pro-
38(31(20|23| Vpp /ICCSEL | grammlng.mode, this pin acts as the
programming voltage input Vpp. See
Section 12.10.2 for more details.
39|32|21 (24| RESET /0| Ct Top priority non maskable interrupt.
40|33|22|25| Vgg » S Digital Ground Voltage
41|34|23|26| OSC2 (0] Resonator oscillator inverter output
4235124127 0sc1 | Externa}l clock mput or Resonator os-
cillator inverter input
43|36(25|28| Vpp » S Digital Main Supply Voltage
4437|126 |29 | PEO/TDO /0| Ct X | X X | X | Port EO | SCI Transmit Data Out
1 /38|27|30| PE1/RDI /0| Ct X | X X | X | Port E1 | SCI Receive Data In
Caution: Negative current
2139|28(31| PBO /0| Cy X | ei2 X | X | Port BO | injection notallowed on this
pin
3 |40 PB1 /0| Ct X | ei2 X | X | Port B1
4 |41 PB2 /0| Ct X | ei2 X | X | PortB2
5 142|29|32| PB3 /0| Ct X ei2 X | X | Port B3
Notes:

1. In the interrupt input column, “eiX” defines the associated external interrupt vector. If the weak pull-up

(574
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Legend: x=undefined, R/W=read/write

Notes:

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

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

3. The Timer A Input Capture 2 pin is not available (not bonded).

— In Flash devices:
The TAIC2HR and TAIC2LR registers are not present. Bit 5 of the TACSR register (ICF2) is forced
by hardware to 0. Consequently, the corresponding interrupt cannot be used.

4. The Timer A Output Compare 2 pin is not available (not bonded).

— The TAOC2HR and TAOC2LR Registers are write only, reading them will return undefined values.
Bit 4 of the TACSR register (OCF2) is forced by hardware to 0. Consequently, the corresponding in-
terrupt cannot be used.

Caution: The TAIC2HR and TAIC2LR registers and the ICF2 and OCF2 flags are not present in Flash de-
vices but are present in the emulator. For compatibility with the emulator, it is recommended to perform a
dummy access (read or write) to the TAIC2LR and TAOC2LR registers to clear the interrupt flags.

4
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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

(i.e. 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 I1 and 10 bits gives the cur-
rent interrupt software priority.

Interrupt Software Priority )| 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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I/0 PORTS (Cont'd)
Table 11. I/O Port Configurations
Hardware Configuration
NOT IMPLEMENTED IN. - = ¢ =~ ~ _ DR REGISTER ACCESS
TRUE OPEN DRAIN . b N e
/0 PORTS % | PULLUP
,’ CONDITION DR | W
; REGISTER DATA BUS
R
—_— [ @c S >
5
8 > ALTERNATE INPUT
— EXTERNAL INTERRUPT
™ SOURCE (eiy)
INTERRUPT
CONDITION
» ANALOG INPUT
NOT IMPLEMENTEDIN  _ _ _ _ _ _ _ )
~ | TRUEOPENDRAN . - v~ - DR REGISTER ACCESS
— | VOPORTS \, - B e ——
) ~ -
o
) DR RW
O REGISTER DATA BUS
Z - [
<
o
aQ
=
L
o) ALTERNATE ALTERNATE
— — ENABLE OUTPUT
NOT IMPLEMENTEDIN ~ _ _ _ _ _ _ N
| TRUE OPEN DRAIN . - DR REGISTER ACCESS
Y - N B —
L | VOPORTS I .
:) 1
D_ 7
5 .- DR RW
o - - REGISTER DATA BUS
| - [ [
-
-}
a %
T
n
2 ALTERNATE ALTERNATE
— — ENABLE OUTPUT
Notes:

1. When the I/O port is in input configuration and the associated alternate function is enabled as an output,
reading the DR register will read the alternate function output status.

2. When the 1/O port is in output configuration and the associated alternate function is enabled as an input,
the alternate function reads the pin status given by the DR register content.

(574
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WATCHDOG TIMER (Cont’d)

10.1.4 How to Program the Watchdog Timeout more precision is needed, use the formulae in Fig-

Figure 32 shows the linear relationship between  Ure 33.

the 6-bit value to be loaded in the Watchdog Coun- Caution: When writing to the WDGCR register, al-
ter (CNT) and the resulting timeout duration in mil- ways write 1 in the T6 bit to avoid generating an

liseconds. This can be used for a quick calculation immediate reset.
without taking the timing variations into account. If

Figure 32. Approximate Timeout Duration

3F

38 F— — — — —

30 F — — — — — — — —

CNT Value (hex.)

00 I

s Fr————"—-"\—"—"—\—— 2%~ — — — — — — —

20 +——— — - — — — — — £ — — — — — = — — = —

1+ - -

10r————>>—— = — —— — ' = — = = — = —

g t——>~— —"— = — = — == —

1.5 18 34 50 65 82
Watchdog timeout (ms) @ 8 MHz. fogc)

128
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)

10.5.4.2 Transmitter

The transmitter can send data words of either 8 or
9 bits depending on the M bit status. When the M
bit is set, word length is 9 bits and the 9th bit (the
MSB) has to be stored in the T8 bit in the SCICR1
register.

Character Transmission

During an SCI transmission, data shifts out least
significant bit first on the TDO pin. In this mode,
the SCIDR register consists of a buffer (TDR) be-
tween the internal bus and the transmit shift regis-
ter (see Figure 1.).

Procedure
— Select the M bit to define the word length.

— Select the desired baud rate using the SCIBRR
and the SCIETPR registers.

— Set the TE bit to assign the TDO pin to the alter-
nate function and to send a idle frame as first
transmission.

— Access the SCISR register and write the data to
send in the SCIDR register (this sequence clears
the TDRE bit). Repeat this sequence for each
data to be transmitted.

Clearing the TDRE bit is always performed by the

following software sequence:

1. An access to the SCISR register

2. A write to the SCIDR register

The TDRE bit is set by hardware and it indicates:
— The TDR register is empty.

— The data transfer is beginning.

— The next data can be written in the SCIDR regis-
ter without overwriting the previous data.

This flag generates an interrupt if the TIE bit is set
and the | bit is cleared in the CCR register.

When a transmission is taking place, a write in-
struction to the SCIDR register stores the data in
the TDR register and which is copied in the shift
register at the end of the current transmission.

When no transmission is taking place, a write in-
struction to the SCIDR register places the data di-
rectly in the shift register, the data transmission
starts, and the TDRE bit is immediately set.

4

When a frame transmission is complete (after the
stop bit) the TC bit is set and an interrupt is gener-
ated if the TCIE is set and the | bit is cleared in the
CCR reqgister.

Clearing the TC bit is performed by the following
software sequence:

1. An access to the SCISR register
2. A write to the SCIDR register

Note: The TDRE and TC bits are cleared by the
same software sequence.

Break Characters

Setting the SBK bit loads the shift register with a
break character. The break frame length depends
on the M bit (see Figure 2.).

As long as the SBK bit is set, the SCI send break
frames to the TDO pin. After clearing this bit by
software the SCI insert a logic 1 bit at the end of
the last break frame to guarantee the recognition
of the start bit of the next frame.

Idle Characters

Setting the TE bit drives the SCI to send an idle
frame before the first data frame.

Clearing and then setting the TE bit during a trans-
mission sends an idle frame after the current word.

Note: Resetting and setting the TE bit causes the
data in the TDR register to be lost. Therefore the
best time to toggle the TE bit is when the TDRE bit
is set, that is, before writing the next byte in the
SCIDR.
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)

Framing Error
A framing error is detected when:

— The stop bit is not recognized on reception at the
expected time, following either a de-synchroni-
zation or excessive noise.

— A break is received.
When the framing error is detected:
— the FE bit is set by hardware

— Data is transferred from the Shift register to the
SCIDR register.

— No interrupt is generated. However this bit rises
at the same time as the RDRF bit which itself
generates an interrupt.

The FE bit is reset by a SCISR register read oper-
ation followed by a SCIDR register read operation.

10.5.4.4 Conventional Baud Rate Generation

The baud rate for the receiver and transmitter (Rx
and Tx) are set independently and calculated as
follows:

fepu fcpu

T™X=—— Rx=—o—
(16.PR).TR (16.PR)-RR

with:

PR =1, 3, 4 or 13 (see SCP[1:0] bits)
TR=1,2,4,8, 16, 32, 64,128

(see SCT[2:0] bits)

RR=1,2,4,8, 16, 32, 64,128

(see SCRJ2:0] bits)

All these bits are in the SCIBRR register.

Example: If fopy is 8 MHz (normal mode) and if
PR =13 and TR=RR =1, the transmit and re-
ceive baud rates are 38400 baud.

Note: The baud rate registers MUST NOT be
changed while the transmitter or the receiver is en-
abled.

10.5.4.5 Extended Baud Rate Generation

The extended prescaler option gives a very fine
tuning on the baud rate, using a 255 value prescal-
er, whereas the conventional Baud Rate Genera-
tor retains industry standard software compatibili-
ty.

The extended baud rate generator block diagram
is described in the Figure 3.

The output clock rate sent to the transmitter or to
the receiver is the output from the 16 divider divid-
ed by a factor ranging from 1 to 255 set in the SCI-
ERPR or the SCIETPR register.

96/164

Note: the extended prescaler is activated by set-
ting the SCIETPR or SCIERPR register to a value
other than zero. The baud rates are calculated as
follows:

f f
CPU Rx = CPU

16.ERPR*(PR*RR)

T™X=———
16.ETPR*(PR*TR)

with:

ETPR =1,..,255 (see SCIETPR register)

ERPR = 1,.. 255 (see SCIERPR register)
10.5.4.6 Receiver Muting and Wake-up Feature

In multiprocessor configurations it is often desira-
ble that only the intended message recipient
should actively receive the full message contents,
thus reducing redundant SCI service overhead for
all non addressed receivers.

The non addressed devices may be placed in
sleep mode by means of the muting function.

Setting the RWU bit by software puts the SCI in
sleep mode:

All the reception status bits can not be set.
All the receive interrupts are inhibited.

A muted receiver may be awakened by one of the
following two ways:

— by Idle Line detection if the WAKE bit is reset,
— by Address Mark detection if the WAKE bit is set.

Receiver wakes-up by Idle Line detection when
the Receive line has recognized an Idle Frame.
Then the RWU bit is reset by hardware but the
IDLE bit is not set.

Receiver wakes-up by Address Mark detection
when it received a “1” as the most significant bit of
a word, thus indicating that the message is an ad-
dress. The reception of this particular word wakes
up the receiver, resets the RWU bit and sets the
RDRF bit, which allows the receiver to receive this
word normally and to use it as an address word.

CAUTION: In Mute mode, do not write to the
SCICR2 register. If the SCl is in Mute mode during
the read operation (RWU = 1) and a address mark
wake up event occurs (RWU is reset) before the
write operation, the RWU bit is set again by this
write operation. Consequently the address byte is
lost and the SCI is not woken up from Mute mode.

4
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)

10.5.4.7 Parity Control

Parity control (generation of parity bit in transmis-
sion and parity checking in reception) can be ena-
bled by setting the PCE bit in the SCICR1 register.
Depending on the frame length defined by the M
bit, the possible SCI frame formats are as listed in
Table 1.

Table 20. Frame Formats

M bit PCE bit SCI frame
0 0 | SB | 8 bit data | STB |
0 1 | SB | 7-bit data | PB | STB |
1 0 | SB | 9-bit data | STB |
1 1 | SB | 8-bit data PB | STB |
Legend: SB = Start Bit, STB = Stop Bit,
PB = Parity Bit

Note: In case of wake up by an address mark, the
MSB bit of the data is taken into account and not
the parity bit

Even parity: the parity bit is calculated to obtain
an even number of “1s” inside the frame made of
the 7 or 8 LSB bits (depending on whether M is
equal to 0 or 1) and the parity bit.

Example: data = 00110101; 4 bits set => parity bit
is 0 if even parity is selected (PS bit = 0).

Odd parity: the parity bit is calculated to obtain an
odd number of “1s” inside the frame made of the 7
or 8 LSB bits (depending on whether M is equal to
0 or 1) and the parity bit.

Example: data = 00110101; 4 bits set => parity bit
is 1 if odd parity is selected (PS bit = 1).

Transmission mode: If the PCE bit is set then the
MSB bit of the data written in the data register is
not transmitted but is changed by the parity bit.

Reception mode: If the PCE bit is set then the in-
terface checks if the received data byte has an

4

even number of “1s” if even parity is selected
(PS =0) or an odd number of “1s” if odd parity is
selected (PS = 1). If the parity check fails, the PE
flag is set in the SCISR register and an interrupt is
generated if PIE is set in the SCICR1 register.

10.5.4.8 SCI Clock Tolerance

During reception, each bit is sampled 16 times.
The majority of the 8th, 9th and 10th samples is
considered as the bit value. For a valid bit detec-
tion, all the three samples should have the same
value otherwise the noise flag (NF) is set. For ex-
ample: If the 8th, 9th and 10th samples are 0, 1
and 1 respectively, then the bit value is “1”, but the
Noise Flag bit is set because the three samples
values are not the same.

Consequently, the bit length must be long enough
so that the 8th, 9th and 10th samples have the de-
sired bit value. This means the clock frequency
should not vary more than 6/16 (37.5%) within one
bit. The sampling clock is resynchronized at each
start bit, so that when receiving 10 bits (one start
bit, 1 data byte, 1 stop bit), the clock deviation
must not exceed 3.75%.

Note: The internal sampling clock of the microcon-
troller samples the pin value on every falling edge.
Therefore, the internal sampling clock and the time
the application expects the sampling to take place
may be out of sync. For example: If the baud rate
is 15.625 Kbaud (bit length is 64ps), then the 8th,
9th and 10th samples are at 28us, 32us and 36us
respectively (the first sample starting ideally at
Ops). But if the falling edge of the internal clock oc-
curs just before the pin value changes, the sam-
ples would then be out of sync by ~4us. This
means the entire bit length must be at least 40pus
(36ps for the 10th sample + 4ps for synchroniza-
tion with the internal sampling clock).
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)

DATA REGISTER (SCIDR)
Read/Write
Reset Value: Undefined

Contains the Received or Transmitted data char-
acter, depending on whether it is read from or writ-
ten to.

7 0

DR7 | DR6 | DR5 | DR4 | DR3 | DR2 | DR1 | DRO

The Data register performs a double function (read
and write) since it is composed of two registers,
one for transmission (TDR) and one for reception
(RDR).

The TDR register provides the parallel interface
between the internal bus and the output shift reg-
ister (see Figure 1.).

The RDR register provides the parallel interface
between the input shift register and the internal
bus (see Figure 1.).

BAUD RATE REGISTER (SCIBRR)
Read/Write
Reset Value: 0000 0000 (00h)

7 0

SCP1 | SCPO | SCT2 | SCT1 | SCTO | SCR2 | SCR1 | SCRO

Bits 7:6 = SCP[1:0] First SCI Prescaler
These 2 prescaling bits allow several standard
clock division ranges:

PR Prescaling factor SCP1 SCPO
1 0 0
3 0 1
4 1 0
13 1 1

4

Bits 5:3 = SCT[2:0] SCI Transmitter rate divisor
These 3 bits, in conjunction with the SCP1 & SCP0O
bits define the total division applied to the bus
clock to yield the transmit rate clock in convention-
al Baud Rate Generator mode.

TR dividing factor SCT2 SCT1 SCTO
1 0 0 0
2 0 0 1
4 0 1 0
8 0 1 1
16 1 0 0
32 1 0 1
64 1 1 0
128 1 1 1

Bits 2:0 = SCR[2:0] SCI Receiver rate divisor.
These 3 bits, in conjunction with the SCP[1:0] bits
define the total division applied to the bus clock to
yield the receive rate clock in conventional Baud
Rate Generator mode.

RR Dividing factor SCR2 SCR1 SCRO
1 0 0 0
2 0 0 1
4 0 1 0
8 0 1 1
16 1 0 0
32 1 0 1
64 1 1 0
128 1 1 1
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10.6 10-BIT A/D CONVERTER (ADC)

10.6.1 Introduction

The on-chip Analog to Digital Converter (ADC) pe-
ripheral is a 10-bit, successive approximation con-
verter with internal sample and hold circuitry. This
peripheral has up to 16 multiplexed analog input
channels (refer to device pin out description) that
allow the peripheral to convert the analog voltage
levels from up to 16 different sources.

The result of the conversion is stored in a 10-bit
Data Register. The A/D converter is controlled
through a Control/Status Register.

Figure 57. ADC Block Diagram

10.6.2 Main Features

10-bit conversion

Up to 16 channels with multiplexed input
Linear successive approximation

Data register (DR) which contains the results
Conversion complete status flag

On/off bit (to reduce consumption)

The block diagram is shown in Figure 57.

fcpu ~ DIV 4 f
ADC
~|DIV2 /T
EOC GPEEDADON| 0 | CH3 | cH2 | cH1 | cHo | ADCCSR
4
AINO A y
AIN1 —» —
. ANALOG ANALOG TO DIGITAL
. MUX CONVERTER
AINx—>[:|—
i;
ADCDRH Do | D8 | D7 | D6 | D5 | D4 | D3 | D2
=
ADCDRL olo|lo|lo| o] o |Di]|Do
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INSTRUCTION SET OVERVIEW (Cont'd)

11.2 INSTRUCTION GROUPS

The ST7 family devices use an Instruction Set
consisting of 63 instructions. The instructions may

be subdivided into 13 main groups as illustrated in
the following table:

Load and Transfer LD CLR

Stack operation PUSH POP RSP

Increment/Decrement INC DEC

Compare and Tests CP TNZ BCP

Logical operations AND OR XOR CPL NEG

Bit Operation BSET BRES

Conditional Bit Test and Branch BTJT BTJF

Arithmetic operations ADC ADD SuUB SBC MUL

Shift and Rotates SLL SRL SRA RLC RRC SWAP SLA
Unconditional Jump or Call JRA JRT JRF JP CALL | CALLR | NOP | RET
Conditional Branch JRxx

Interruption management TRAP WFI HALT IRET

Condition Code Flag modification SIM RIM SCF RCF

Using a pre-byte

The instructions are described with one to four op-
codes.

In order to extend the number of available op-
codes for an 8-bit CPU (256 opcodes), three differ-
ent prebyte opcodes are defined. These prebytes
modify the meaning of the instruction they pre-
cede.

The whole instruction becomes:

PC-2 End of previous instruction

PC-1 Prebyte

PC opcode

PC+1 Additional word (0 to 2) according

to the number of bytes required to compute the ef-
fective address

4

These prebytes enable instruction in Y as well as
indirect addressing modes to be implemented.
They precede the opcode of the instruction in X or
the instruction using direct addressing mode. The
prebytes are:

PDY 90 Replace an X based instruction
using immediate, direct, indexed, or inherent ad-
dressing mode by a Y one.

PIX 92 Replace an instruction using di-
rect, direct bit, or direct relative addressing mode
to an instruction using the corresponding indirect
addressing mode.

It also changes an instruction using X indexed ad-
dressing mode to an instruction using indirect X in-
dexed addressing mode.

P1Y 91 Replace an instruction using X in-
direct indexed addressing mode by a Y one.
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INSTRUCTION SET OVERVIEW (Cont'd)

Mnemo Description Function/Example Dst Src 1 0| N|Z | C
JRULE | Jumpif (C+Z=1) Unsigned <=
LD Load dst <= src reg, M M, reg N z
MUL Multiply XA=X*A AXY | XY, A 0
NEG Negate (2's compl) neg $10 reg, M N| Z]|C
NOP No Operation
OR OR operation A=A+M A M N Z
POP Pop from the Stack PopP 19 e9 M

pop CC CcC M I 0| N| Z | C
PUSH Push onto the Stack push Y M reg, CC
RCF Reset carry flag C=0 0
RET Subroutine Return
RIM Enable Interrupts 11:0 = 10 (level 0) 1 0
RLC Rotate left true C C<=A<=C reg, M Z C
RRC Rotate right true C C=>A=>C reg, M N|Z|C
RSP Reset Stack Pointer S = Max allowed
SBC Substract with Carry A=A-M-C A M N|Z ]| C
SCF Set carry flag C=1 1
SIM Disable Interrupts 11:0 = 11 (level 3) 1 1
SLA Shift left Arithmetic C<=A<=0 reg, M N Z C
SLL Shift left Logic C<=A<=0 reg, M N Z | C
SRL Shift right Logic 0=>A=>C reg, M 0| Z]|C
SRA Shift right Arithmetic A7=>A=>C reg, M N|Z|C
SuB Substraction A=A-M A M N|Z ]| C
SWAP | SWAP nibbles A7-A4 <=> A3-A0 reg, M N | Z
TNZ Test for Neg & Zero tnz Ibl1 N Z
TRAP S/W trap S/W interrupt 1 1
WFI Wait for Interrupt 1 0
XOR Exclusive OR A=AXORM A M N | Z

ﬁ 115/164




ST72324Jx ST72324Kx

OPERATING CONDITIONS (Cont’d)

12.4 LVD/AVD CHARACTERISTICS

12.4.1 Operating Conditions with Low Voltage Detector (LVD)
Subject to general operating conditions for Ty

Symbol Parameter Conditions Min Typ Max Unit
VD level = High in option byte 40" 4.2 4.5
Vi) R/esstrigfase threshold VD level = Med. in option byte?| 3557 | 375 | 4.0
VD level = Low in option byte®) | 2.95"7 | 3.15 | 3.35"
] VD level = High in option byte 3.8 4.0 4257 v
Vir.wvo) R/esstfaglﬁnera“on threshold VD level = Med. in option byte?| 3.357 | 355 | 3.75"
VD level = Low in option byte? | 2.8") 3.0 3.151
Vhys(vp) | LVD voltage threshold hysteresis ) VitLvD)ViT-(LVD) 150 200 250 mV
Vtpor Vpp rise time ") 6us/V 100ms/V
ty(vDD) Filtered glitch delay on Vpp ) Not detected by the LVD 40 ns
Notes:

1. Data based on characterization results, not tested in production.
2. If the medium or low thresholds are selected, the detection may occur outside the specified operating voltage range.

12.4.2 Auxiliary Voltage Detector (AVD) Thresholds
Subject to general operating conditions for Ty

Symbol Parameter Conditions Min Typ Max Unit
VD level = High in optionbyte | 44" | 46 4.9
10 AVDF flag toggle threshold gh I option by J .
VIT+(AVD) (Vpp rise) VD level = Med. in option byte | 3.95 415 4.4
b VD level = Low in option byte | 34" | 36 | 3.8" v
VD level = High in option byte 4.2 44 | 465"
0=1 AVDF flag toggle threshold - - ) )
ViT-(AVD) (Vpp fall) VD level = Med. in option byte | 3.75 4.0 4.2
bb VD level = Low in option byte 3.2 3.4 36"
Vhys(AVD) AVD voltage threshold hystereSiS V|T+(AVD)_V|T-(AVD) 200 mV
Voltage drop between AVD flag set R
AVIT- and LVD reset activated Vir-(avo) Vir-(Lvo) 450 mv
1. Data based on characterization results not tested in production.
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ADC CHARACTERISTICS (Cont'd)

12.13.1 Analog Power Supply and Reference
Pins

Depending on the MCU pin count, the package
may feature separate Vagrgr and Vggp analog
power supply pins. These pins supply power to the
A/D converter cell and function as the high and low
reference voltages for the conversion. In some
packages, Varer and Vggp pins are not available
(refer to Section 2 on page 8). In this case the an-
alog supply and reference pads are internally
bonded to the Vpp and Vgg pins.

Separation of the digital and analog power pins al-
low board designers to improve A/D performance.
Conversion accuracy can be impacted by voltage
drops and noise in the event of heavily loaded or
badly decoupled power supply lines (see Section
12.13.2 General PCB Design Guidelines).

12.13.2 General PCB Design Guidelines

To obtain best results, some general design and
layout rules should be followed when designing
the application PCB to shield the noise-sensitive,
analog physical interface from noise-generating
CMOS logic signals.

— Use separate digital and analog planes. The an-
alog ground plane should be connected to the

Figure 86. Power Supply Filtering

digital ground plane via a single point on the
PCB.

— Filter power to the analog power planes. It is rec-
ommended to connect capacitors, with good high
frequency characteristics, between the power
and ground lines, placing 0.1uF and optionally, if
needed 10pF capacitors as close as possible to
the ST7 power supply pins and a 1 to 10pF ca-
pacitor close to the power source (see Figure
86).

— The analog and digital power supplies should be
connected in a star network. Do not use a resis-
tor, as VaRgr is used as a reference voltage by
the A/D converter and any resistance would
cause a voltage drop and a loss of accuracy.

— Properly place components and route the signal
traces on the PCB to shield the analog inputs.
Analog signals paths should run over the analog
ground plane and be as short as possible. Isolate
analog signals from digital signals that may
switch while the analog inputs are being sampled
by the A/D converter. Do not toggle digital out-
puts on the same |/O port as the A/D input being
converted.

1 to 10uF

ST7
DIGITAL NOISE

+ FILTERING

Vbp

L

POWER
SUPPLY
SOURCE

EXTERNAL
NOISE
FILTERING

ST72XXX
0.1uF | Vss
1
—l_ Vbp
0.1uF | Varer
1
—l_ Vssa
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PACKAGE MECHANICAL DATA (Cont'd)
Figure 90. 42-Pin Plastic Dual In-Line Package, Shrink 600-mil Width

mm inches
Dim.
Min | Typ | Max | Min | Typ | Max
A 5.08 0.200
A1 | 0.51 0.020

A2 [3.05]|3.81(4.57|0.120|0.150(0.180
b |0.38|0.46 | 0.56 [0.015|0.018(0.022
b2 |0.89|1.02 | 1.14 |0.035|0.040(0.045

b2 b |e

D

AR AR AR AR ¢ |0.23]0.25]0.38[0.009/0.010[0.015

36.58]36.83(37.08[1.440(1.450(1.460

—+°" E [15.24 16.00{0.600 0.630

D CAGEPLANE [ Eq [12.70[13.72]14.48|0.500]0.540[0.570
e 1.78 0.070
eA 15.24 0.600

U UL OO OO UL O eC eB 18.54 0.730

B,
eC 1.52 0.000 0.060

L |2.54(3.30|3.56 |0.100({0.130|0.140
Number of Pins
N 42

Figure 91. 32-Pin Plastic Dual In-Line Package, Shrink 400-mil Width

DIm. mm inches
£ oC Min | Typ | Max | Min | Typ | Max
A | 3.56 | 3.76 | 5.08 |0.140(0.148]0.200
H \ ol A = A1 | 0.51 0.020
[, A2 |3.05 356 | 4.57 |0.120{0.140|0.180
AJ . b | 0.36|0.46 | 0.58 |0.014(0.018(0.023
E1 b1 | 0.76 | 1.02 | 1.40 |0.030|0.040|0.055
0o b 2 ¢ 22 C |0.20|0.25 | 0.36 {0.008]0.010|0.014
D D |27.43 28.45(1.080|1.100{1.120
MOt U E |9.91(10.41(11.05(0.390{0.410|0.435
E1 | 7.62 | 8.89 | 9.40 |0.300(0.350(0.370
e 1.78 0.070
D eA 10.16 0.400
eB 12.70 0.500
FIIVITININI IV IR eC 1.40 0.055
L |2.54(3.05]|3.810.100({0.120|0.150
Number of Pins
N 32

4
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13.3 SOLDERING INFORMATION

In order to meet environmental requirements, ST
offers these devices in ECOPACK® packages.
These packages have a lead-free second level in-
terconnect. The category of second level intercon-
nect is marked on the package and on the inner
box label, in compliance with JEDEC Standard
JESD97. The maximum ratings related to solder-
ing conditions are also marked on the inner box la-
bel.

ECOPACK is an ST trademark. ECOPACK®
specifications are available at www.st.com.

4
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17 REVISION HISTORY

Table 31. Revision History

Date Revision Description of Changes

Merged ST72F324 Flash with ST72324B ROM datasheet.

Vt POR max modified in Section 12.4 on page 119

Added Figure 78 on page 137

05-May-2004 2.0 Modified Vaggg min in “10-BIT ADC CHARACTERISTICS” on page 142
Modified | INJ for PBO in Section 12.9

Added “Clearing active interrupts outside interrupt routine” on page 159
Modified “32K ROM DEVICES ONLY” on page 164

Removed Clock Security System (CSS) throughout document

Added notes on ST72F324B 8K/16K Flash devices in Table 1 and Table 27
Corrected MCO description in Table 1 and Section 10.2

Modified VIPOR in Section 12.4 on page 119

Static current consumption modified in Section 12.9 on page 133

Updated footnote and Figure 77 and Figure 78 on page 137

Modified Soldering information in Section 13.3

Updated Section 14 on page 150

Added Table 27

Modified Figure 7 and note 4 in “FLASH PROGRAM MEMORY” on page 17
Added limitation on ICC entry mode with 39 pulses to “KNOWN LIMITATIONS” on
page 159

Added Section 16 on page 162 for ST72F324B 8K/16K Flash devices
Modified “Internal Sales Types on box label” in Table 29

30-Mar-2005 3

08-Nov-2005 4 Removed information on ST72F324B and ROM devices (now in separate datasheet)

Changed status to “Not for new design”
04-Apr-2008 5 Added “External interrupt missed” in “KNOWN LIMITATIONS” on page 159
Removed information on automotive versions (now in separate datasheet)
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