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ST72321BRx, ST72321BARx ST72321BJx, ST72321BKXx

Pin n° Level Port Main
P .
3|38 Pin Name S| 5 Input Output |function Alternate function
ala|o Fl2| & (after
£| 3 |8 3|=|®|a|a | reset
2|29 =6 |g|g|E|5|o|a )
23| - | - |Vpp s S Digital Main Supply Voltage
24| - | - |Vss 3 S Digital Ground Voltage
Main clock | ADC Ana-
25| 15| 3 | PFO/MCO/AIN8S I/0 | Ct X | eil X | X | X |PortFO log
out (foso/Z) I
nput 8
26 |16 | 4 | PF1 (HS)/BEEP I/O|Cy| HS | X eil X | X | Port F1 | Beep signal output
27 |17 | - | PF2 (HS) I/O|Cr| HS | X eil X | X | Port F2
Timer A Out- | ADC Ana-
28| - | - | PF3/OCMP2_A/AIN9 | I/O | Ct X[ X X | X | X |Port F3 | put Compare | log
2 Input 9
Timer A Out- | ADC Ana-
29|18 | 5 PF4/OCMP1_A/ I/0 | Ct X | X X | X | X | PortF4 | put Compare | log
AIN10
1 Input 10
Timer A Input | ADC Ana-
30| - | - | PF5/ICAP2_A/AIN11 | I/O | Ct X | X X | X | X |PortF5 P log
Capture 2
Input 11
31|19 | 6 | PF6 (HS)/ICAP1_A |I/O|Cy| HS | X | X X | X | Port F6 | Timer A Input Capture 1
32|20 | 7 | PF7 (HSYEXTCLK_A|1/0 |Cr| HS | X | X X | X | PortF7 | Jmer A Extemal Glock
33|21 | - |Vppo S Digital Main Supply Voltage
34122 | - |Vsgo S Digital Ground Voltage
Timer B Out- | ADC Ana-
3523 | 8 PCO/OCMP2_B/ /0| Ct X[ X X | X | X | PortCO | put Compare | log
AIN12
2 Input 12
Timer B Out- | ADC Ana-
36|24 | 9 PC1/0CMP1_B/ /0| Ct X | X X | X | X | Port C1 | put Compare | log
AIN13
1 Input 13
37 |25|10 | PC2 (HS)/ICAP2. B |I/O|Ct| HS | X | X X | X | Port C2 | Timer B Input Capture 2
38|26 |11 | PC3 (HS)/ICAP1_B |I/O|Cy| HS | X | X X | X | Port C3 | Timer B Input Capture 1
SPI Master In ICC Data
39 | 27 | 12 | PC4/MISO/ICCDATA | I/0O | Ct X | X X | X | Port C4 |/ Slave Out Inout
Data P
SPI Master | ADC Ana-
40 | 28 | 13 | PC5/MOSI/AIN14 /0| Ct X | X X | X | X |PortC5 | Out/SlaveIn | log
Data Input 14
41|29 | 14 | PC6/SCK/ICCCLK |10 | Cy X | x X | X | Portce | SP!Serial | ICC Clock
Clock Output
L SPI Slave Se-| ADC Ana-
42 | 30 | 15 | PC7/SS/AIN15 /0| Ct X | X X | X | X | Port C7 | lect (active log
low) Input 15
43| - | - | PAO /0| Ct X | ei0 X | X | Port AO
44| - | - | PA1 /0| Ct X | ei0 X | X | Port A1
45| - | - | PA2 /0| Ct X | ei0 X | X | Port A2
46 | 31 | 16 | PA3 (HS) I/O|Cr| HS | X ei0 X | X | Port A3
47 132 | - | Vpp 1 S Digital Main Supply Voltage
12/187 IS77




ST72321BRx, ST72321BARx ST72321BJx, ST72321BKXx

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
16/187 IS73
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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.
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. 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
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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
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I/0 PORTS (Cont'd)

9.5.1 I/0 Port Implementation MODE DDR OR
The I/O port register configurations are summa- floating input 0 0
rised as follows. floating interrupt input 0 1
Standard Ports open drain output 1 0
PA5:4, PCT:0, PD7:0, PE7:3, push-pull output ! !
PE1:0, PF7:3,
MODE DDR OR True Open Drain Ports
floating input 0 0 PA7:6
pull-up input 0 1 MODE DDR
open drain output 1 0 floating input 0
push-pull output 1 1 open drain (high sink ports) 1
Interrupt Ports Pull-Up Input Port PE2
PA2:0, PB6:5, PB4, PB2:0, PF1:0 (with pull-up) TiODE SoR T OR
MODE DDR OR pull-up input 0 X
floating input 0 0 open drain output* 1 0
pull-up interrupt input 0 1 push-pull output* 1 1
open drain output 1 0
push-pull output 1 1
Table 12. Port Configuration
. Input Output
Port Pin name OR=0 | OR=1 OR=0 | OR=1
PA7:6 floating true open-drain
Port A PA5:4 floating pull-up open drain push-pull
PA3 floating floating interrupt open drain push-pull
PA2:0 floating pull-up interrupt open drain push-pull
PB7, PB3 floating floating interrupt open drain push-pull
Port B PB6:5, PB4, floati o . i
PB2:0 oating pull-up interrupt open drain push-pull
Port C PC7:0 floating pull-up open drain push-pull
Port D PD7:0 floating pull-up open drain push-pull
Port E PE7:3, PE1:0 floating pull-up open drain push-pull
PE2 pull-up input only open drain* push-pull*
PF7:3 floating pull-up open drain push-pull
Port F PF2 floating floating interrupt open drain push-pull
PF1:0 floating pull-up interrupt open drain push-pull

*Pull-up always activated on PE2.

50/187
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10 ON-CHIP PERIPHERALS

10.1 WATCHDOG TIMER (WDG)

10.1.1 Introduction

The Watchdog timer is used to detect the occur-
rence of a software fault, usually generated by ex-
ternal interference or by unforeseen logical condi-
tions, which causes the application program to
abandon its normal sequence. The Watchdog cir-
cuit generates an MCU reset on expiry of a pro-
grammed time period, unless the program refresh-
es the counter's contents before the T6 bit be-
comes cleared.

10.1.2 Main Features
m Programmable free-running downcounter
m Programmable reset

m Reset (if watchdog activated) when the T6 bit
reaches zero

m Optional reset on  HALT
(configurable by option byte)

m Hardware Watchdog selectable by option byte

instruction

10.1.3 Functional Description

The counter value stored in the Watchdog Control
register (WDGCR bits T[6:0]), is decremented
every 16384 fogco cycles (approx.), and the
length of the timeout period can be programmed
by the user in 64 increments.

Figure 33. Watchdog Block Diagram

If the watchdog is activated (the WDGA bit is set)
and when the 7-bit timer (bits T[6:0]) rolls over
from 40h to 3Fh (T6 becomes cleared), it initiates
a reset cycle pulling the reset pin low for typically
30ps.

The application program must write in the
WDGCR register at regular intervals during normal
operation to prevent an MCU reset. This down-
counter is free-running: it counts down even if the
watchdog is disabled. The value to be stored in the
WDGCR register must be between FFh and COh:

— The WDGA bit is set (watchdog enabled)

— The T6 bit is set to prevent generating an imme-
diate reset

— The T[5:0] bits contain the number of increments
which represents the time delay before the
watchdog produces a reset (see Figure 2. Ap-
proximate Timeout Duration). The timing varies
between a minimum and a maximum value due
to the unknown status of the prescaler when writ-
ing to the WDGCR register (see Figure 3).

Following a reset, the watchdog is disabled. Once
activated it cannot be disabled, except by a reset.

The T6 bit can be used to generate a software re-
set (the WDGA bit is set and the T6 bit is cleared).

If the watchdog is activated, the HALT instruction
will generate a Reset.

RESET
fosce
MCC/RTC
r—— - - 7T — — — — 1
| | WATCHDOG CONTROL REGISTER (WDGCR)
DIV 64 WDGA T6 | 75 | T4 | T3 | T2 | T1 | TO
| |
| | 6-BIT DOWNCOUNTER (CNT) |
A
| |
| 12-BIT MCC |
| RTC COUNTER | WDG PRESCALER
TB[1:0] bits DIV 4
| LR 9B emoosa | =
L _11_ o 5 o _Rﬂlste_l’)
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ON-CHIP PERIPHERALS (Cont'd)

Input capture function

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

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

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

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

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

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

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

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

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

Figure 42. Input Capture Timing Diagram

External interrupt capability

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

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

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

B I Y W 0 N O B

P LA LA

COUNTER (" o1n X o2h X oah X oan X osh X oeh X orh »

ARTICx PIN /

A INTERRUPT

CFx FLAG

xxh X

04h

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

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

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

Procedure:
To use One Pulse mode:

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

2. Select the following in the CR1 register:

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

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

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

3. Select the following in the CR2 register:

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

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

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

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

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

78/187

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

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

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

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

fcpy = CPU clock frequency (in hertz)

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

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

Where:
t

fext

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

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

Notes:

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

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

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

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

5. When One Pulse mode is used OC1R is dedi-
cated to this mode. Nevertheless OC2R and
OCF2 can be used to indicate a period of time
has been elapsed but cannot generate an out-
put waveform because the level OLVL2 is dedi-
cated to the One Pulse mode.

(574
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SERIAL PERIPHERAL INTERFACE (Cont'd)
10.5.4 Clock Phase and Clock Polarity

Four possible timing relationships may be chosen
by software, using the CPOL and CPHA bits (See
Figure 58).

Note: The idle state of SCK must correspond to
the polarity selected in the SPICSR register (by
pulling up SCK if CPOL=1 or pulling down SCK if
CPOL=0).

The combination of the CPOL clock polarity and
CPHA (clock phase) bits selects the data capture
clock edge

Figure 58. Data Clock Timing Diagram

Figure 58, shows an SPI transfer with the four
combinations of the CPHA and CPOL bits. The di-
agram may be interpreted as a master or slave
timing diagram where the SCK pin, the MISO pin,
the MOSI pin are directly connected between the
master and the slave device.

Note: If CPOL is changed at the communication
byte boundaries, the SPI must be disabled by re-
setting the SPE bit.
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SCK | ' ‘ :
(CPOL = 0) Y

Bit3 >< Bit 2 X
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MISO W M:SBit>< BiltG X B|t5 >< Bi:t4 ><
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MOSW MSBltX Bl'tB X B‘ItSX

Bit 4

e

Bit 1 X LSBit

(from slave)

=T

|
|
|

SEDE >
I

(to slave)

CAPTURE STROBE

CPHA =0

SCK Y

(CPOL = 1) .

SCK
(CPOL =0) A

MISO WXX MSB|t>< B|t6

Bit 5 X Bit 4 >< Bita X

Bitz >< Bit 1 X LéBitX

(from master)

MOSI ‘<

MSBlt X Bit 6 X Bit5>< Bit 4 X Bit3 >< B|t2><

B|t1 X L$B|t XM*

S

(to slave)

(from slave) ;
u— f |

CAPTURE STROBE ‘

[
1]

Refer to the Electrical Characteristics chapter.

Note: This figure should not be used as a replacement for parametric information.
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SERIAL PERIPHERAL INTERFACE (Cont'd)
10.5.5 Error Flags
10.5.5.1 Master Mode Fault (MODF)
Master mode fault occurs when the master device
has its SS pin pulled low.
When a Master mode fault occurs:

— The MODF bit is set and an SPI interrupt re-

quest is generated if the SPIE bit is set.

— The SPE bit is reset. This blocks all output
from the device and disables the SPI periph-
eral.

— The MSTR bit is reset, thus forcing the device
into slave mode.

Clearing the MODF bit is done through a software
sequence:

1. A read access to the SPICSR register while the
MODF bit is set.

2. A write to the SPICR register.

Notes: To avoid any conflicts in an application
with multiple slaves, the SS pin must be pulled
high during the MODF bit clearing sequence. The
SPE and MSTR bits may be restored to their orig-
inal state during or after this clearing sequence.
Hardware does not allow the user to set the SPE
and MSTR bits while the MODF bit is set except in
the MODF bit clearing sequence.

10.5.5.2 Overrun Condition (OVR)

An overrun condition occurs, when the master de-
vice has sent a data byte and the slave device has

not cleared the SPIF bit issued from the previously
transmitted byte.

When an Overrun occurs:

— The OVR bit is set and an interrupt request is
generated if the SPIE bit is set.

In this case, the receiver buffer contains the byte
sent after the SPIF bit was last cleared. A read to
the SPIDR register returns this byte. All other
bytes are lost.

The OVR bit is cleared by reading the SPICSR
register.

10.5.5.3 Write Collision Error (WCOL)

A write collision occurs when the software tries to
write to the SPIDR register while a data transfer is
taking place with an external device. When this
happens, the transfer continues uninterrupted;
and the software write will be unsuccessful.

Write collisions can occur both in master and slave
mode. See also Section 10.5.3.2 Slave Select
Management.

Note: a "read collision" will never occur since the
received data byte is placed in a buffer in which
access is always synchronous with the MCU oper-
ation.

The WCOL bit in the SPICSR register is set if a
write collision occurs.

No SPI interrupt is generated when the WCOL bit
is set (the WCOL bit is a status flag only).

Clearing the WCOL bit is done through a software
sequence (see Figure 59).

Figure 59. Clearing the WCOL bit (Write Collision Flag) Software Sequence

R PICSR
1st Step ead SPICS
/ RESULT
2nd Step SPIF =0
Read SPIDR WCOL=0

Clearing sequence after SPIF = 1 (end of a data byte transfer)

Clearing sequence before SPIF = 1 (during a data byte transfer)

Read SPICSR
1st Step
' RESULT tNot.e: :Nri(tjin% to tr;e_ SFftu?jR regis;
er Instead oOf reading It does no
2nd Step Read SPIDR || WCOL=0 |  reset the WCOL bit

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 PERIPHERAL INTERFACE (Cont'd)

Table 20. SPI Register Map and Reset Values

Address Register

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

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

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

0023h SPICSR SPIF WCOL OVR MODF SOD SSM SSli
Reset Value 0 0 0 0 0 0 0 0
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)

10.6.4.2 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.

102/187

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 COMMUNICATION INTERFACE (Cont'd)
Table 23. SCI Register Map and Reset Values

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
0050h SCISR TDRE TC RDRF IDLE OVR NF FE PE
Reset Value 1 1 0 0 0 0 0 0
0051h SCIDR MSB LSB
Reset Value X X X X X X X X
0052h SCIBRR SCP1 SCPO SCT2 SCT1 SCTO SCR2 SCRi1 SCRO
Reset Value 0 0 0 0 0 0 0 0
0053h SCICR1 R8 T8 SCID M WAKE PCE PS PIE
Reset Value X 0 0 0 0 0 0 0
0054h SCICR2 TIE TCIE RIE ILIE TE RE RwWU SBK
Reset Value 0 0 0 0 0 0 0 0
SCIERPR MSB LSB
0055h Reset Value 0 0 0 0 0 0 0 0
SCIPETPR MSB LSB
0057h Reset Value 0 0 0 0 0 0 0 0
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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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INSTRUCTION SET OVERVIEW (Cont'd)

11.1.1 Inherent

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

tion for the CPU to process the operation.

Inherent Instruction

Function

NOP No operation

TRAP S/W Interrupt

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

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

RCF Reset Carry Flag

RSP Reset Stack Pointer

LD Load

CLR Clear

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

TNZ Test Negative or Zero

CPL, NEG 1 or 2 Complement

MUL Byte Multiplication

SLL, SRL, SRA, RLC,
RRC

Shift and Rotate Operations

SWAP

Swap Nibbles

11.1.2 Immediate

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

operand value.

Immediate Instruction Function
LD Load

CP Compare

BCP Bit Compare

AND, OR, XOR Logical Operations

ADC, ADD, SUB, SBC

Arithmetic Operations

4

11.1.3 Direct

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

The direct addressing mode consists of two sub-
modes:

Direct (short)

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

Direct (long)

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

dressing space, but requires 2 bytes after the op-
code.

11.1.4 Indexed (No Offset, Short, Long)

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

The indirect addressing mode consists of three
submodes:

Indexed (No Offset)

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

Indexed (Short)

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

Indexed (long)

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

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

11.1.5 Indirect (Short, Long)

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

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

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

Indirect (long)

The pointer address is a byte, the pointer size is a
word, thus allowing 64 Kbyte addressing space,
and requires 1 byte after the opcode.
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COMMUNICATION INTERFACE CHARACTERISTICS (Cont'd)

Figure 90. SPI Slave Timing Diagram with CPHA=1"
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Figure 91. SPI Master Timing Diagram ")
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Notes:
1. Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.

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 of the 1/O port configuration.

4
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DEVICE CONFIGURATION AND ORDERING INFORMATION (Cont’d)

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
STMicroelectronics, which includes the STVD7 in-
tegrated development environment (IDE) with
high-level language debugger, editor, project man-
ager and integrated programming interface.

Table 29. STMicroelectronics Development Tools

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
(core module) for ST72F321, ST72324 &
ST72F521.

m ST7MDT20-EVC/xx! with CAB LQFP64 14x14
socket

m ST7MDT20-EVY/xx'
10x10 socket

with Yamaichi LQFP64

Emulation Programming
Supported ST7 DVP3 Series ST7 EMU3 series
Products i ICC Socket Board
Emulator Connection kit Emulator ACt“fl?:rBObe &

ST72321BAR, ST7MDT20-T6A/
ST72F321BAR DVP R
ST72321BR STIMDT20-Tea/ ST7¥,&J§OM ST7MDT20M-TEB| ST7SB20M/xx"
ST72F321BR ST7MDT20-DVP3 DVP
ST72321BJ, ST7MDT20-T44/ ST7MDT20J- i 1
ST72F321B.J DVP EMUS3 ST7MDT20J-TEB | ST7SB20J/xx
ST72321BK, ) ST7MDT20-T44/ ST7MDT20J- i 1
ST72F321BK ST7MDT20-DVP3 DVP EMUS3 ST7MDT20J-TEB | ST7SB20J/xx

Note 1: Add suffix /EU, /UK, /US for the power supply of your region.
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DEVICE CONFIGURATION AND ORDERING INFORMATION (Cont’d)

Table 30. Suggested List of Socket Types

Device

Socket (supplied with STZMDT20M-
EMU3)

Emulator Adapter (supplied with
ST7MDT20M-EMU3)

LQFP64 14 x14

CAB 3303262

CAB 3303351

LQFP64 10 x10

YAMAICHI IC149-064-*75-*5

YAMAICHI ICP-064-6

LQFP44 10 X10

YAMAICHI IC149-044-*52-*5

YAMAICHI ICP-044-5

LQFP327 X 7

IRONWOOD SF-QFE32SA-L-01

IRONWOOD SK-UGA06/32A-01

14.3.4 Socket and
Information

For information on the type of socket that is sup-
plied with the emulator, refer to the suggested list
of sockets in Table 30.

Note: Before designing the board layout, it is rec-
ommended to check the overall dimensions of the
socket as they may be greater than the dimen-
sions of the device.

For footprint and other mechanical information
about these sockets and adapters, refer to the
manufacturer's datasheet.

Emulator Adapter

4

Related Documentation

AN 978: ST7 Visual Develop Software Key Debug-
ging Features

AN 1938: ST7 Visual Develop for ST7 Cosmic C
toolset users

AN 1940: ST7 Visual Develop for ST7 Assembler
Linker toolset users
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