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PIN DESCRIPTION (Cont'd)
Figure 3. 32-Pin SDIP Package Pinout

(HS) PB4 [ 1 )ei3 32 PB3
AINO/PDO [ 2 ei2 (31 PBO
AIN1/PD1 [] 3 30 PE1/RDI
Vager [] 4 29 PEO/TDO
Vssa [] 5 28 Vpp_2
MCO/AIN8/PFO [ | 6 27 0scCH
i1
BEEP/(HS)PF1 [ 7 | © o] 0sCc2
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ICAP1_A/(HS)PF6 [] 9 24 RESET
EXTCLK_A/ (HS) PF7 [] 10 23 Vpp/ ICCSEL
AIN12/0CMP2_B/PCO [ 11 20 PA7 (HS)
AIN13/OCMP1_B/PC1 [ 12 21 PA6 (HS)
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ICAP1_B/(HS) PC3 [] 14 eio (19 PA3 (HS)
ICCDATA/ MISO / PC4 [ 15 18 PC7/SS/AIN15
AIN14/MOSI/PC5 [] 16 17 PC6/ SCK / ICCCLK
(HS) 20mA high sink capability
eix associated external interrupt vector
Figure 4. 32-Pin TQFP 7x7 Package Pinout
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FLASH PROGRAM MEMORY (Cont’d)

4.4 ICC Interface

ICC needs a minimum of 4 and up to 6 pins to be
connected to the programming tool (see Figure 7).
These pins are:

— RESET: device reset
— Vgg: device power supply ground

Figure 7. Typical ICC Interface

— ICCCLK: ICC output serial clock pin

— ICCDATA: ICC input/output serial data pin

— ICCSEL/Vpp: programming voltage

— OSC1(or OSCIN): main clock input for exter-
nal source (optional)
APRea iire 7, Note 5 *1e" SuppY (option

PROGRAMMING TOOL

‘ ICC CONNECTOR |

A
ICC Cable

APPLICATION BOARD

(SeeNote3) .. _ Lo f]_f ICC CONNECTOR
| , OPTIONAL HE10 CONNECTOR TYPE
' , IN SOME CASES 7 5 3| [1
, | IN SOME CASES |[9]
! [ 10| | 8| | 6| |4 |2
! ! D D D D APPLICATION
, X A RESET SOURCE
! ! See Note 2
' 10kQ S N
APPLICATION CLq S
POWER SUPPLY See Note 1
a
B APPLII/%ATION
2 &
o 3
ST7 cu’.)|
(@)
o

Notes:

1. If the ICCCLK or ICCDATA pins are only used
as outputs in the application, no signal isolation is
necessary. As soon as the Programming Tool is
plugged to the board, even if an ICC session is not
in progress, the ICCCLK and ICCDATA pins are
not available for the application. If they are used as
inputs by the application, isolation such as a serial
resistor has to implemented in case another de-
vice forces the signal. Refer to the Programming
Tool documentation for recommended resistor val-
ues.

2. During the ICC session, the programming tool
must control the RESET pin. This can lead to con-
flicts between the programming tool and the appli-
cation reset circuit if it drives more than 5mA at
high level (push pull output or pull-up resistor<1K).
A schottky diode can be used to isolate the appli-
cation RESET circuit in this case. When using a
classical RC network with R>1K or a reset man-
agement IC with open drain output and pull-up re-
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sistor>1K, no additional components are needed.
In all cases the user must ensure that no external
reset is generated by the application during the
ICC session.

3. The use of Pin 7 of the ICC connector depends
on the Programming Tool architecture. This pin
must be connected when using most ST Program-
ming Tools (it is used to monitor the application
power supply). Please refer to the Programming
Tool manual.

4. Pin 9 has to be connected to the OSC1 or OS-
CIN pin of the ST7 when the clock is not available
in the application or if the selected clock option is
not programmed in the option byte. ST7 devices
with multi-oscillator capability need to have OSC2
grounded in this case.
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CENTRAL PROCESSING UNIT (Cont'd)

Stack Pointer (SP)
Read/Write
Reset Value: 01 FFh

15 8

0 0 0 0 0 0 0 1

7 0

SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO

The Stack Pointer is a 16-bit register which is al-
ways pointing to the next free location in the stack.
It is then decremented after data has been pushed
onto the stack and incremented before data is
popped from the stack (see Figure 9).

Since the stack is 256 bytes deep, the 8 most sig-
nificant bits are forced by hardware. Following an
MCU Reset, or after a Reset Stack Pointer instruc-
tion (RSP), the Stack Pointer contains its reset val-
ue (the SP7 to SPO bits are set) which is the stack
higher address.

Figure 9. Stack Manipulation Example

The least significant byte of the Stack Pointer
(called S) can be directly accessed by a LD in-
struction.

Note: When the lower limit is exceeded, the Stack
Pointer wraps around to the stack upper limit, with-
out indicating the stack overflow. The previously
stored information is then overwritten and there-
fore lost. The stack also wraps in case of an under-
flow.

The stack is used to save the return address dur-
ing a subroutine call and the CPU context during
an interrupt. The user may also directly manipulate
the stack by means of the PUSH and POP instruc-
tions. In the case of an interrupt, the PCL is stored
at the first location pointed to by the SP. Then the
other registers are stored in the next locations as
shown in Figure 9.

— When an interrupt is received, the SP is decre-
mented and the context is pushed on the stack.

— On return from interrupt, the SP is incremented
and the context is popped from the stack.

A subroutine call occupies two locations and an in-
terrupt five locations in the stack area.

CALL Interrupt PUSH Y
Subroutine Event
@ 0100h
SP
SP ’
. Y
CC CC
A A
X X
PCH PCH
SP PCL PCL
_>
PCH PCH PCH
@ 01FFh|_PCL PCL PCL

Stack Higher Address = 01FFh
Stack Lower Address = 0100h

RET
or RSP

POPY IRET

SP

CC

PCH
PCL
PCH
PCL

SP

PCH
PCL

SP
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INTERRUPTS (Contd)

7.7 EXTERNAL INTERRUPT CONTROL REGISTER (EICR)

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

7 0

IS11 | IS10 | IPB | IS21 | 1S20 | IPA 0 0

Bit 7:6 = IS1[1:0] ei2 and ei3 sensitivity
The interrupt sensitivity, defined using the 1S1[1:0]

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

- ei0 (port A3..0)

External Interrupt Sensitivity

bits, is applied to the following external interrupts: IS21 |1S20
- ei2 (port B3..0) IPA bit =0 IPA bit =1
s11 1510 External Interrupt Sensitivity 0 0 Falll(ljr:,g gj,gf & glilig% Ie:\?e?
IPB bit =0 IPB bit =1 0 1 Rising edge only Falling edge only
0 o Falling edge & Rising edge 0 Falling edge only Rising edge only
low level & high level 1 1 Rising and falling edge
0 1 Rising edge only Falling edge only
1 0 Falling edge only Rising edge only
K Rising and falling edge - &it (port F2..0)
- ei3 (port B4) 1S21 | 1S20 External Interrupt Sensitivity
0 0 Falling edge & low level
1S11 |I1S10 External Interrupt Sensitivity 0 1 Rising edge only
0 0 Falling edge & low level 1 0 Falling edge only
0 1 Rising edge only 1 1 Rising and falling edge
1 0 Falling edge only ) .
T Aemewming ke b o oo om0

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

Bit 5 = IPB Interrupt polarity for port B

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

0: No sensitivity inversion

1: Sensitivity inversion
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Bit 2 = IPA Interrupt polarity for port A

This bit is used to invert the sensitivity of the port A
[3:0] external interrupts. It can be set and cleared
by software only when 11 and 10 of the CC register
are both set to 1 (level 3).

0: No sensitivity inversion

1: Sensitivity inversion

Bits 1:0 = Reserved, must always be kept cleared.
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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 + SI
0024h ISPRO 11_3 10_3 1_2 10_2 11_1 10_1
Reset Value 1 1 1 1 1 1 1 1
SPI ei3d ei2
0025h ISPR1 1_7 10_7 11_6 10_6 11_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 11_9 10_9 11_8 10_8
Reset Value 1 1 1 1 1 1 1 1
0027h ISPR3 11_13 10_13 11_12 10_12
Reset Value 1 1 1 1 1 1 1 1
0028h EICR 1S11 IS10 IPB 1S21 1S20 IPA
Reset Value 0 0 0 0 0 0 0 0
ﬁ 39/164
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POWER SAVING MODES (Cont'd)

8.4.2.1 Halt Mode Recommendations — The opcode for the HALT instruction is Ox8E. To
— Make sure that an external event is available to avoid an unexpected HALT instruction due to a
wake up the microcontroller from Halt mode. program counter failure, it is advised to clear all
. . occurrences of the data value 0x8E from memo-
— When using an external interrupt to wake up the ry. For example, avoid defining a constant in
microcontroller, reinitialize the corresponding I/O ROM with the value Ox8E.

as “Input Pull-up with Interrupt” before executin . . .
the HRLT instru%tion. The mgin reason for this ig —As the HALT instruction clears the interrupt mask
that the 1/0 may be wrongly configured due to ex- in the CC register to allow interrupts, the user

ternal interference or by an unforeseen logical may choose to clear all pending interrupt bits be-

condition. fore executing the HALT instruction. This avoids
o . entering other peripheral interrupt routines after
— For the same reason, reinitialize the level sensi- executing the external interrupt routine corre-

4
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Table 14. Watchdog Timer Register Map and Reset Values

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
002Ah WDGCR WDGA T6 T5 T4 T3 T2 T1 TO
Reset Value 0 1 1 1 1 1 1 1
[71 55/164
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10.3 16-BIT TIMER

10.3.1 Introduction

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

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

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

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

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

10.3.2 Main Features
m Programmable prescaler: fp dividedby 2,4 or 8.
m Overflow status flag and maskable interrupt

m External clock input (must be at least 4 times
slower thanthe CPU clock speed) with the choice
of active edge

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

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

The Block Diagram is shown in Figure 35.

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

(574

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

10.3.3 Functional Description
10.3.3.1 Counter

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

Counter Register (CR):

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

— Counter Low Register (CLR) is the least sig-
nificant byte (LS Byte).
Alternate Counter Register (ACR)
— Alternate Counter High Register (ACHR) is
the most significant byte (MS Byte).
— Alternate Counter Low Register (ACLR) is the
least significant byte (LS Byte).
These two read-only 16-bit registers contain the
same value but with the difference that reading the
ACLR register does not clear the TOF bit (Timer
overflow flag), located in the Status register, (SR),
(see note at the end of paragraph titled 16-bit read
sequence).

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

The timer clock depends on the clock control bits
of the CR2 register, as illustrated in Table 16 Clock
Control Bits. The value in the counter register re-
peats every 131072, 262144 or 524288 CPU clock
cycles depending on the CC[1:0] bits.

The timer frequency can be fcpy/2, fopu/4, fopu/8
or an external frequency.

Caution: In Flash devices, Timer A functionality
has the following restrictions:

— TAOC2HR and TAOC2LR registers are write
only

— Input Capture 2 is not implemented

— The corresponding interrupts cannot be used
(ICF2, OCF2 forced by hardware to zero)
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16-BIT TIMER (Cont'd)
10.3.7 Register Description

Each Timer is associated with three control and
status registers, and with six pairs of data registers
(16-bit values) relating to the two input captures,
the two output compares, the counter and the al-
ternate counter.

CONTROL REGISTER 1 (CR1)
Read/Write
Reset Value: 0000 0000 (00h)
7 0

ICIE|OCIE|TOIE|FOLV2|FOLV1|OLVL2{IEDG1|OLVLA1

Bit 7 = ICIE Input Capture Interrupt Enable.

0: Interrupt is inhibited.

1: A timer interrupt is generated whenever the
ICF1 or ICF2 bit of the SR register is set.

Bit 6 = OCIE Output Compare Interrupt Enable.

0: Interrupt is inhibited.

1: A timer interrupt is generated whenever the
OCF1 or OCF2 bit of the SR register is set.

Bit 5 = TOIE Timer Overflow Interrupt Enable.

0: Interrupt is inhibited.

1: A timer interrupt is enabled whenever the TOF
bit of the SR register is set.
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Bit 4 = FOLV2 Forced Output Compare 2.

This bit is set and cleared by software.

0: No effect on the OCMP2 pin.

1:Forces the OLVL2 bit to be copied to the
OCMP2 pin, if the OC2E bit is set and even if
there is no successful comparison.

Bit 3 = FOLV1 Forced Output Compare 1.

This bit is set and cleared by software.

0: No effect on the OCMP1 pin.

1: Forces OLVL1 to be copied to the OCMP1 pin, if
the OC1E bit is set and even if there is no suc-
cessful comparison.

Bit 2 = OLVL2 Output Level 2.

This bit is copied to the OCMP2 pin whenever a
successful comparison occurs with the OC2R reg-
ister and OCXE is set in the CR2 register. This val-
ue is copied to the OCMP1 pin in One Pulse Mode
and Pulse Width Modulation mode.

Bit 1 = IEDG1 Input Edge 1.

This bit determines which type of level transition
on the ICAP1 pin will trigger the capture.

0: A falling edge triggers the capture.

1: A rising edge triggers the capture.

Bit 0 = OLVL1 Output Level 1.

The OLVLA1 bit is copied to the OCMP1 pin when-
ever a successful comparison occurs with the
OC1R register and the OC1E bit is set in the CR2
register.
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ALTERNATE COUNTER HIGH REGISTER
(ACHR)

Read Only

Reset Value: 1111 1111 (FFh)

This is an 8-bit register that contains the high part
of the counter value.

7 0

INPUT CAPTURE 2 HIGH REGISTER (IC2HR)
Read Only
Reset Value: Undefined

This is an 8-bit read only register that contains the
high part of the counter value (transferred by the
Input Capture 2 event).

7 0

MSB LSB

MSB LSB

ALTERNATE COUNTER LOW REGISTER
(ACLR)

Read Only

Reset Value: 1111 1100 (FCh)

This is an 8-bit register that contains the low part of
the counter value. A write to this register resets the
counter. An access to this register after an access
to CSR register does not clear the TOF bit in the
CSR register.

7 0

MSB LSB

4

Note: In Flash devices, this register is not imple-
mented for Timer A.

INPUT CAPTURE 2 LOW REGISTER (IC2LR)
Read Only
Reset Value: Undefined

This is an 8-bit read only register that contains the
low part of the counter value (transferred by the In-
put Capture 2 event).

7 0

MSB LSB

Note: In Flash devices, this register is not imple-
mented for Timer A.
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SERIAL PERIPHERAL INTERFACE (Cont'd)
10.4.4 Clock Phase and Clock Polarity

Four possible timing relationships may be chosen
by software, using the CPOL and CPHA bits (See
Figure 50).

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 50. Data Clock Timing Diagram

Figure 50, 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.

CPHA =1
SCK |
(CPOL = 1) ; ‘ ‘ ‘ ‘ ‘ |
SCK ‘ | ‘ ‘ :
(CPOL = 0) \

MISO ><><><><>< MSBitX Bit 6 >< Bitsx Bit 4 >< Bit3

Bit 2 >< Bit 1 >< LéBitX

(from master) | |

(from slave)

MOSI—WXX MéBitX Bit 6 >( B‘itsx Bjt4>( Bit3 3it2>< Bit 1 X LSBit >~

55 | | 1 |
(to slave) ‘ ! ! I

CAPTURE STROBE | | ’ |

7

SCK Y

(CPOL = 1) i :
SCK ‘ ‘

(CPOL =0) A

MISO >0<><><X MSB|t>< Blt 6

Bit5 >< Bit 4 X B|t3 X

Bitz >< Bit 1 >< LéBitX

(from master)

MOSI 4< MSBn >< B.te >< Bit5>< B|t4 X B|t3 >< Bit 2 X B|t1 X L$B|t XKX}'

(from slave) ;

-

(to slave)

CAPTURE STROBE |

SN

Refer to the Electrical Characteristics chapter.

Note: This figure should not be used as a replacement for parametric information.

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

Mode Description

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

WAIT

SPI registers are frozen.

In HALT mode, the SPlI 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

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
10.4.3.2), make sure the master drives a low level
on the SS pin when the slave enters Halt mode.

10.4.7 Interrupts

10.4.6.1 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.

86/164

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

4
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SERIAL PERIPHERAL INTERFACE (Cont'd)

CONTROL/STATUS REGISTER (SPICSR)
Read/Write (some bits Read Only)
Reset Value: 0000 0000 (00h)

7 0

SPIF | WCOL |OVR | MODF - SOD | SSM | SSI

Bit 7 = SPIF Serial Peripheral Data Transfer Flag
(Read only).
This bit is set by hardware when a transfer has
been completed. An interrupt is generated if
SPIE=1 in the SPICR register. It is cleared by a
software sequence (an access to the SPICSR
register followed by a write or a read to the
SPIDR register).

0: Data transfer is in progress or the flag has been
cleared.

1: Data transfer between the device and an exter-
nal device has been completed.

Note: While the SPIF bit is set, all writes to the
SPIDR register are inhibited until the SPICSR reg-
ister is read.

Bit 6 = WCOL Write Collision status (Read only).
This bit is set by hardware when a write to the
SPIDR register is done during a transmit se-
quence. It is cleared by a software sequence (see
Figure 51).

0: No write collision occurred

1: A write collision has been detected

Bit 5 = OVR SPI Overrun error (Read only).

This bit is set by hardware when the byte currently
being received in the shift register is ready to be
transferred into the SPIDR register while SPIF = 1
(See Section 10.4.5.2). An interrupt is generated if
SPIE = 1in SPICR register. The OVR bit is cleared
by software reading the SPICSR register.

0: No overrun error

1: Overrun error detected

Bit 4 = MODF Mode Fault flag (Read only).

This bit is set by hardware when the SS pin is
pulled low in master mode (see Section 10.4.5.1
Master Mode Fault (MODF)). An SPI interrupt can
be generated if SPIE=1 in the SPICSR register.
This bit is cleared by a software sequence (An ac-
cess to the SPICR register while MODF=1 fol-
lowed by a write to the SPICR register).

0: No master mode fault detected

1: A fault in master mode has been detected
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Bit 3 = Reserved, must be kept cleared.

Bit 2 = SOD SPI Output Disable.

This bit is set and cleared by software. When set, it
disables the alternate function of the SPI output
(MOSI in master mode / MISO in slave mode)

0: SPI output enabled (if SPE=1)

1: SPI output disabled

Bit 1 = SSM SS Management.

This bit is set and cleared by software. When set, it

disables the alternate function of the SPI SS pin

and uses the SSI bit value instead. See Section

10.4.3.2 Slave Select Management.

0: Hardware management (SS managed by exter-
nal pin) o

1: Software management (internal SS signal con-
trolled by SSI bit. External SS pin free for gener-
al-purpose I/O)

Bit 0 = SSI SS Internal Mode.

This bit is set and cleared by software. It acts as a
‘chip select’ by controlling the level of the SS slave
select signal when the SSM bit is set.

0: Slave selected

1: Slave deselected

DATA I/O REGISTER (SPIDR)
Read/Write
Reset Value: Undefined

7 0

D7 D6 D5 D4 D3 D2 D1 DO

The SPIDR register is used to transmit and receive
data on the serial bus. In a master device, a write
to this register will initiate transmission/reception
of another byte.

Notes: During the last clock cycle the SPIF bit is
set, a copy of the received data byte in the shift
register is moved to a buffer. When the user reads
the serial peripheral data I/O register, the buffer is
actually being read.

While the SPIF bit is set, all writes to the SPIDR
register are inhibited until the SPICSR register is
read.

Warning: A write to the SPIDR register places
data directly into the shift register for transmission.

A read to the SPIDR register returns the value lo-
cated in the buffer and not the content of the shift
register (see Figure 46).
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)

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

7 0

R8 T8 SCID M [WAKE| PCE PS PIE

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

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

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

0: SCI enabled

1: SCI prescaler and outputs disabled

Bit 4 = M Word length.

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

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

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

Note: The M bit must not be modified during a data
transfer (both transmission and reception).

4

Bit 3 = WAKE Wake-Up method.

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

0: Idle Line

1: Address Mark

Bit 2 = PCE Parity control enable.

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

0: Parity control disabled

1: Parity control enabled

Bit 1 = PS Parity selection.

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

0: Even parity

1: Odd parity

Bit 0 = PIE Parity interrupt enable.

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

0: Parity error interrupt disabled

1: Parity error interrupt enabled.
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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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11 INSTRUCTION SET

11.1 CPU ADDRESSING MODES

The CPU features 17 different addressing modes

which can be classified in 7 main groups:

Addressing Mode Example
Inherent nop
Immediate Id A#$55
Direct ld A,$55
Indexed Id A,($55,X)
Indirect ld A,([$55],X)
Relative jrne loop

Bit operation bset byte,#5

The CPU Instruction set is designed to minimize
the number of bytes required per instruction: To do

Table 24. CPU Addressing Mode Overview

s0, most of the addressing modes may be subdi-
vided in two sub-modes called long and short:

— Long addressing mode is more powerful be-
cause it can use the full 64 Kbyte address space,
however it uses more bytes and more CPU cy-
cles.

— Short addressing mode is less powerful because
it can generally only access page zero (0000h -
O00FFh range), but the instruction size is more
compact, and faster. All memory to memory in-
structions use short addressing modes only
(CLR, CPL, NEG, BSET, BRES, BTJT, BTJF,
INC, DEC, RLC, RRC, SLL, SRL, SRA, SWAP)

The ST7 Assembler optimizes the use of long and
short addressing modes.

Mode Syntax Destination :c?clgrr‘:;rs Poi(r::;.?ize ?:;tgetsr;
(Hex.)
Inherent nop +0
Immediate Id A,#$55 +1
Short Direct Id A,$10 00..FF +1
Long Direct Id A,$1000 0000..FFFF +2
No Offset Direct Indexed | Id A,(X) 00..FF +0
Short Direct Indexed | Id A,($10,X) 00..1FE +1
Long Direct Indexed | Id A,($1000,X) 0000..FFFF +2
Short Indirect Id A,[$10] 00..FF 00..FF byte +2
Long Indirect Id A,[$10.w] 0000..FFFF | 00..FF word +2
Short Indirect | Indexed | Id A,([$10],X) 00..1FE 00..FF byte +2
Long Indirect | Indexed | Id A,([$10.w],X) 0000..FFFF | 00..FF word +2
Relative Direct jrne loop PC+/-127 +1
Relative Indirect jrme [$10] PC+/-127 00..FF byte +2
Bit Direct bset $10,#7 00..FF +1
Bit Indirect bset [$10],#7 00..FF 00..FF byte +2
Bit Direct Relative | btjt $10,#7,skip 00..FF +2
Bit Indirect | Relative | btjt [$10],#7,skip | 00..FF 00..FF byte +3
110/164 ﬁ




ST72324Jx ST72324Kx

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 Wait For Interrupt (Low Pow-
er Mode)

HALT I\H/;':\)I(tj 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

ELRLC SRL, SRA, RLC, Shift and Rotate Operations

SWAP Swap Nibbles

11.1.2 Immediate

Immediate instructions have two bytes, the first
byte contains the opcode, the second byte con-
tains 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
sub-modes:

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 sub-modes:

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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SUPPLY CURRENT CHARACTERISTICS (Cont'd)
12.5.3 On-Chip Peripherals
TA =25°C fopu=4MHZ.

Symbol Parameter Conditions Typ Unit
Ipprivy | 16-bit Timer supply current Vpp=5.0V 50
Ipp(spiy SPI supply current ?) Vpp=5.0V 400 uA
Iopscly | SCI supply current %) Vpp=5.0V 400
Iopapc) | ADC supply current when converting #) Vpp=5.0V 400

Notes:

1. Data based on a differential Inp measurement between reset configuration (timer counter running at fop/4) and timer
counter stopped (only TIMD bit set). Data valid for one timer.

2. Data based on a differential Ipp measurement between reset configuration (SPI disabled) and a permanent SPI master
communication at maximum speed (data sent equal to 55h). This measurement includes the pad toggling consump-
tion.

3. Data based on a differential Ipp measurement between SCI low power state (SCID=1) and a permanent SCI data trans-
mit sequence.

4. Data based on a differential Ipp measurement between reset configuration and continuous A/D conversions.
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CLOCK AND TIMING CHARACTERISTICS (Cont'd)

. Typical Ceramic Resonators (information for guidance only) CL1|CpLo tsuq
Oscil. 032(:)
Reference® Freq. Characteristic ! [pF]|[pF1| [ms] @
o LP < CSA2.00MG 2MHz Afosc=[#0.5%glerances£0-3%ATa,+0.-3%aging. £X-X%correll | 22 | 22 4
'g MP ';: CSA4.00MG 4MHz Afosc=[#0.5%glerance¥0-3%ATa:+0.8%aging £X-X%ocorrell | 22 | 22 2
g MS % CSA8.00MTZ 8MHz Afosc=[+0.5%olerances+0-5%ATa,£0.3%aging:tX-X%ocorrell | 33 | 33 1
HS|= [ CSA16.00MXZ040% | 16MHz Afosc=[#0.5%glerance:£0-3%ATa:+0.8%aging:2X-X%correll | 33 | 33 | 0.7
Notes:

1. Resonator characteristics given by the ceramic resonator manufacturer.

2. tsy(osc) is the typical oscillator start-up time measured between Vpp=2.8V and the fetch of the first instruction (with a
quick Vpp ramp-up from 0 to 5V (<50us).

3. Resonators all have different characteristics. Contact the manufacturer to obtain the appropriate values of external
components and to verify oscillator performance.

4. 3rd overtone resonators require specific validation by the resonator manufacturer.
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14.4 DEVELOPMENT TOOLS

STMicroelectronics offers a range of hardware
and software development tools for the ST7 micro-
controller family. Full details of tools available for
the ST7 from third party manufacturers can be ob-
tain from the STMicroelectronics Internet site:

= http//:mcu.st.com.

Tools from these manufacturers include C compli-
ers, emulators and gang programmers.

Emulators

Two types of emulators are available from ST for
the ST72324 family:

m ST7 DVP3 entry-level emulator offers a flexible
and modular debugging and programming
solution. SDIP42 & SDIP32 probes/adapters
are included, other packages need a specific
connection kit (refer to Table 28)

m ST7 EMUS3 high-end emulator is delivered with
everything (probes, TEB, adapters etc.) needed
to start emulating the ST72324 family. To
configure it to emulate other ST7 subfamily
devices, the active probe for the STZEMUS can
be changed and the ST7EMUS3 probe is
designed for easy interchange of TEBs (Target
Emulation Board). See Table 28.

In-circuit Debugging Kit

Table 28. STMicroelectronics Development Tools

Two configurations are available from ST:

m STXF521-IND/USB: Low-cost In-Circuit
Debugging kit from Softec Microsystems.
Includes STX-INDART/USB board (USB port)
and a specific demo board for ST72521
(TQFP64)

m STxF-INDART
Flash Programming tools

m ST7-STICK ST7 In-circuit Communication Kit, a
complete software/hardware package for
programming ST7 Flash devices. It connects to
a host PC parallel port and to the target board or
socket board via ST7 ICC connector.

m ICC Socket Boards provide an easy to use and
flexible means of programming ST7 Flash
devices. They can be connected to any tool that
supports the ST7 ICC interface, such as ST7
EMU3, ST7-DVP3, inDART, ST7-STICK, or
many third-party development tools.

Evaluation board

m ST7232x-EVAL with ICC connector for
programming  capability. Provides direct
connection to ST7-DVP3 emulator. Supplied
with daughter boards (core module) for
ST72F321, ST72F324 & ST72F521 (the
ST72F321 & ST72F324 chips are not included)

Emulation Programming
Supported ST7 DVP3 Series ST7 EMU3 series
Products i ICC Socket Board
Emulator Connection kit Emulator Actl\{lt_-::rBobe &
ST72324BJ,
ST72F3244, ST7MDT20-DvP3 | ST7MDT20-T44/
ST72F324BJ bvP ST7MDT20J
’ i ST7MDT20J-TEB | ST7SB20J/xx"
ST723248K, ST7MDT20-T32/ EMUS
ST72F324K, ST7MDT20-DVP3 DVP
ST72F324BK
Note 1: Add suffix /EU, /UK, /US for the power supply of your region.
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