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ST7232A

3 REGISTER & MEMORY MAP

As shown in Figure 5, the MCU is capable of ad-
dressing 64K bytes of memories and I/O registers.

The available memory locations consist of 128
bytes of register locations, up to 384 bytes of RAM
and up to 8 Kbytes of user program memory. The
RAM space includes up to 256 bytes for the stack
from 0100h to O1FFh.

Figure 5. Memory Map

The highest address bytes contain the user reset
and interrupt vectors.

IMPORTANT: Memory locations marked as “Re-
served” must never be accessed. Accessing a re-
served area can have unpredictable effects on the
device.

. 0080h
. ' Short Addressin
0000k HW Registers \ g
(see Table 2) , RAM (zero page)
007Fh . O00FFh
0080h ) « 0100h
RAM ' : 256 Bytes Stack
v __! O1FFh
(384 Bytes) , i 0200h
047Fh : ! Reserved
0480h . 027Fh
Reserved ' or 047Fh
E000h ) .-
Program Memory : : E000h
EEDFh (4K or 8K) D oo 8 KBytes
FFEOh Interrupt & Reset Vectors ! 4 Kbytes
FFFFh (see Table 8) | FFFF
/4 13/157




ST7232A

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

. (SeeNoted) """ " 77 } ] { ICC CONNECTOR
- (See caution) HE10 CONNECTOR TYPE
;
' 8|[6] [4][2
! 21 (6] [+ [2] APPLICATION
, A RESET SOURCE
! See Note 2
! H}‘ 10kQ N
APPLICATION Cui N
POWER SUPPLY See Note 1
r APPLICATION
= Vo
) &
g 3
ST7 w
0
Q
Q

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
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classical RC network with R>1K or a reset man-
agement IC with open drain output and pull-up re-
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.

Caution: External clock ICC entry mode is man-
datory. Pin 9 must be connected to the OSC1 or
OSCIN pin of the ST7 and OSC2 must be ground-
ed.

4




ST7232A

FLASH PROGRAM MEMORY (Cont’d)

4.5 ICP (In-Circuit Programming)

To perform ICP the microcontroller must be
switched to ICC (In-Circuit Communication) mode
by an external controller or programming tool.

Depending on the ICP code downloaded in RAM,
Flash memory programming can be fully custom-
ized (number of bytes to program, program loca-
tions, or selection serial communication interface
for downloading).

When using an STMicroelectronics or third-party
programming tool that supports ICP and the spe-
cific microcontroller device, the user needs only to
implement the ICP hardware interface on the ap-
plication board (see Figure 7). For more details on
the pin locations, refer to the device pinout de-
scription.

4.6 IAP (In-Application Programming)

This mode uses a BootLoader program previously
stored in Sector 0 by the user (in ICP mode or by
plugging the device in a programming tool).

This mode is fully controlled by user software. This
allows it to be adapted to the user application, (us-
er-defined strategy for entering programming
mode, choice of communications protocol used to
fetch the data to be stored, etc.). For example, it is

possible to download code from the SPI, SCI, USB
or CAN interface and program it in the Flash. IAP
mode can be used to program any of the Flash
sectors except Sector 0, which is write/erase pro-
tected to allow recovery in case errors occur dur-
ing the programming operation.

4.7 Related Documentation

For details on Flash programming and ICC proto-
col, refer to the ST7 Flash Programming Refer-
ence Manual and to the ST7 ICC Protocol Refer-
ence Manual.

4.7.1 Register Description
FLASH CONTROL/STATUS REGISTER (FCSR)

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

7 0

0 0 0 0 0 0 0 0

This register is reserved for use by Programming
Tool software. It controls the Flash programming
and erasing operations.

Table 4. Flash Control/Status Register Address and Reset Value

Address Register
(Hex.) Label 7 6 5 4 3 2 1 0
FCSR
0029h Reset Value 0 0 0 0 0 0 0 0
[71 19/157
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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 1_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
36/157 ﬁ
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I/0 PORTS (Cont’d)
Figure 27. I/0 Port General Block Diagram

REGISTER ALTERNATE 1
! OUTPUT —— N
ACCESS _V':E P-BUFFER
» (see table below)
Y 0
] AN é'l:lTAEBFI‘_'\éATE PULL-UP
) : (see table below)
: ; PRI ) ) ) *4[ Vbp
ol oon |- —
i . CONDITION T oo
oK OR [—
> ! .
3 ™~ f implemented @_ﬂ:
W 1
®| . ORSEL ! - —
% : N-BUFFER — DIODES
' ' (see table below)
,DDRSEL |
.‘ )/ . ANALOG
: : \ CMOS INPUT
! ' SCHMITT
\DDS/EL g K j TRIGGER
\\ 7 0
N ! ALTERNATE
L | N INPUT
EXTERNAL _
INTERRUPT
SOURCE (eiy)
Table 10. I/O Port Mode Options
Di
Configuration Mode Pull-Up P-Buffer lodes
to VDD to VSS
Input Floating wlth/wlthout Interrupt Off Off
Pull-up with/without Interrupt On
On
Push-pull Off On On
Output Open Drain (logic level) Off
True Open Drain NI NI NI (see note)

Legend: NI - notimplemented
Off - implemented not activated
On - implemented and activated

4

Note: The diode to Vpp is not implemented in the
true open drain pads. A local protection between
the pad and Vgg is implemented to protect the de-
vice against positive stress.
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I/0 PORTS (Cont’d)
9.5.1 1/0 Port Implementation

The I/O port register configurations are summa-

rised as follows.

PA3, PB3, PF2 (without pull-up)

MODE DDR OR
Standard Ports floating input 0 0
PA5:4, PC7:0, PD5:0, floating interrupt input 0 1
PE1:0, PF7:6, 4 open drain output 1 0
MODE DDR OR push-pull output 1 1
floating input 0 0
pull-up input 0 1 True Open Drain Ports
open drain output 1 0 PA7:6
push-pull output 1 1 TIODE SoR
Interrupt Ports floating input 0
PB4, PB2:0, PF1:0 (with pull-up) open drain (high sink ports) 1
MODE DDR OR
floating input 0 0
pull-up interrupt input 0 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
Port B PB3 floating floating interrupt open drain push-pull
PB4, PB2:0 floating pull-up interrupt open drain push-pull
Port C PC7:0 floating pull-up open drain push-pull
Port D PD5:0 floating pull-up open drain push-pull
Port E PE1:0 floating pull-up open drain push-pull
PF7:6, 4 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
46/157 ﬁ
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16-BIT TIMER (Cont'd)
Figure 33. Timer Block Diag

ram

|

ST7 INTERNAL BUS

!

fcpu
—\ MCU-PERIPHERAL INTERFACE |
2 A A A 4 ﬂ‘ A ? ?
8 high 8 low
8-bit 8 48 8 48 8 48 8 48
buffer < < < <
16 v Vv \ A 4
12 OUTPUT || OUTPUT INPUT INPUT
Ly 1 Ly SCUNTER 11 cOMPARE | | COMPARE || CAPTURE || CAPTURE
8 REGISTER REGISTER | | REGISTER || REGISTER | | REGISTER
1 ° 1 2
EXTCLK ALTERNATE —
pin COUNTER
% Zﬁ REGISTER > 16 16
i16
CC[1:0]
| TIMER INTERNAL BUS |
161/ 16
v
OVERFLOW
OUTPUT COMPARE _»| EDGE DETECT  |¢——0 ICAP1
DETECT CIRCUIT CIRCUIT1 :
CIRCUIT pin
|
i 6 —»{ EDGE DETECT |¢—{1 jcap2
CIRCUIT2 oin
>
LATCH1 [ 5 OCMP1
v Vv i v > pin
ICF1{OCF1| TOF [ICF2|OCF2TIMD| O 0 »5
(FontroI/Status Registeg o| LATCH2 [—P»L1OCMP2
cs > )
| pin
I 1 |
ITOIEIFOLV2|FOLV1|OLVL2|IEDG1|OLVL1 OC1E|[OC2E| OPM [PWM | CC1 | CCO [IEDG2|EXEDG

TIMER INTERRUPT

(Control Register 1) CR1

(Control Register 2) CR2

Note: If IC, OC and TO interrupt requests have separate vectors
then the last OR is not present (See device Interrupt Vector Table)

4
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16-BIT TIMER (Cont'd)
10.3.3.4 Output Compare

In this section, the index, i, may be 1 or 2 because
there are 2 output compare functions in the 16-bit
timer.

This function can be used to control an output
waveform or indicate when a period of time has
elapsed.

When a match is found between the Output Com-
pare register and the free running counter, the out-
put compare function:

— Assigns pins with a programmable value if the
OCIE bit is set

— Sets a flag in the status register
— Generates an interrupt if enabled

Two 16-bit registers Output Compare Register 1
(OC1R) and Output Compare Register 2 (OC2R)
contain the value to be compared to the counter
register each timer clock cycle.

MS Byte
OCHR |

LS Byte
OCILR |

OCR |

These registers are readable and writable and are
not affected by the timer hardware. A reset event
changes the OCIR value to 8000h.

Timing resolution is one count of the free running
counter: (fcpu/ocir:o)-

Procedure:

To use the output compare function, select the fol-
lowing in the CR2 register:

— Set the OCE bit if an output is needed then the
OCMPi pin is dedicated to the output compare i
signal.

— Select the timer clock (CC[1:0]) (see Table 16
Clock Control Bits).

And select the following in the CR1 register:

— Select the OLVLibit to applied to the OCMPi pins
after the match occurs.

— Set the OCIE bit to generate an interrupt if it is
needed.

When a match is found between OCRI register
and CR register:

— OCFi bit is set.
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— The OCMP/ pin takes OLVL. bit value (OCMP/
pin latch is forced low during reset).

— A timer interrupt is generated if the OCIE bit is
set in the CR1 register and the | bit is cleared in
the CC register (CC).

The OCIR register value required for a specific tim-
ing application can be calculated using the follow-
ing formula:

Aocr= At-fery
PRESC
Where:
At = Output compare period (in seconds)
fcru = CPU clock frequency (in hertz)

PRESc = Timer prescaler factor (2, 4 or 8 de-
pending on CC[1:0] bits, see Table 16
Clock Control Bits)

If the timer clock is an external clock, the formula
is:

A OCRR = At » fEXT

Where:
At = Output compare period (in seconds)
fext = External timer clock frequency (in hertz)

Clearing the output compare interrupt request (i.e.
clearing the OCF; bit) is done by:

1. Reading the SR register while the OCFi bit is
set.

2. An access (read or write) to the OCILR register.

The following procedure is recommended to pre-

vent the OCFi bit from being set between the time
it is read and the write to the OCIR register:

— Write to the OCIHR register (further compares
are inhibited).

— Read the SR register (first step of the clearance
of the OCFi bit, which may be already set).

— Write to the OCILR register (enables the output
compare function and clears the OCF; bit).

4
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16-BIT TIMER (Cont'd)
10.3.3.5 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 OLVLA1 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 16
Clock Control Bits).

j One pulse mode cycle
ICR1 = Counter
When R
event occurs OCMP1 =0OLVL2
on ICAP1 Counter is reset
to FFFCh
ICF1 bit is set
When
Counter L » OCMP1 = OLVL1
]

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.

4

Clearing the Input Capture interrupt request (i.e.
clearing the ICFj 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 OC1R register value required for a specific
timing application can be calculated using the fol-
lowing formula:

tof -
OCR Value = ——Y9 5
PRESC
Where:
t = Pulse period (in seconds)

fcpu = CPU clock frequency (in hertz)

PRESC = Timer prescaler factor (2, 4 or 8 depend-
ing on the CC[1:0] bits, see Table 16
Clock Control Bits)

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 42).

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.If OLVL1=0OLVL2 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.

6. In Flash devices, Timer A OCF2 bit is forced by
hardware to 0.

65/157




ST7232A

16-BIT TIMER (Cont'd)

Table 17. 16-Bit Timer Register Map and Reset Values

Address Register

(Hex.) Lgbel 7 6 5 4 3 2 1 0
Timer A: 32 | CR1 ICIE OCIE TOIE FOLV2 FOLVA1 OoLvL2 IEDGH1 OLVL1
Timer B: 42 | Reset Value 0 0 0 0 0 0 0 0
Timer A: 31 | CR2 OC1E OC2E OPM PWM CCHt CCo IEDG2 EXEDG
Timer B: 41 | Reset Value 0 0 0 0 0 0 0 0
Timer A: 33 | CSR ICF1 OCF1 TOF ICF2 OCF2 TIMD - -
Timer B: 43 | Reset Value X X X X X 0 X X
Timer A: 34 | IC1HR MSB LSB
Timer B: 44 | Reset Value X X X X X X X X
Timer A: 35 | IC1LR MSB LSB
Timer B: 45 | Reset Value X X X X X X X X
Timer A: 36 | OC1HR MSB LSB
Timer B: 46 | Reset Value 1 0 0 0 0 0 0 0
Timer A: 37 | OC1LR MSB LSB
Timer B: 47 | Reset Value 0 0 0 0 0 0 0 0
Timer A: 3E | OC2HR MSB LSB
Timer B: 4E | Reset Value 1 0 0 0 0 0 0 0
Timer A: 3F | OC2LR MSB LSB
Timer B: 4F | Reset Value 0 0 0 0 0 0 0 0
Timer A: 38 | CHR MSB LSB
Timer B: 48 | Reset Value 1 1 1 1 1 1 1 1
Timer A: 39 | CLR MSB LSB
Timer B: 49 | Reset Value 1 1 1 1 1 1 0 0
Timer A: 3A | ACHR MSB LSB
Timer B: 4A | Reset Value 1 1 1 1 1 1 1 1
Timer A: 3B | ACLR MSB LSB
Timer B: 4B | Reset Value 1 1 1 1 1 1 0 0
Timer A: 3C | IC2HR MSB LSB
Timer B: 4C | Reset Value X X X X X X X X
Timer A: 3D | IC2LR MSB LSB
Timer B: 4D | Reset Value X X X X X X X X
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ST7232A

SERIAL PERIPHERAL INTERFACE (Cont'd)

— SS: Slave select:
This input signal acts as a ‘chip select’ to let
the SPI master communicate with slaves indi-
vidually and to avoid contention on the data
lines. Slave SS inputs can be driven by stand-
ard I/O ports on the master MCU.

10.4.3.1 Functional Description

A basic example of interconnections between a
single master and a single slave is illustrated in
Figure 45.

The MOSI pins are connected together and the
MISO pins are connected together. In this way
data is transferred serially between master and
slave (most significant bit first).

Figure 45. Single Master/ Single Slave Application

The communication is always initiated by the mas-
ter. When the master device transmits data to a
slave device via MOSI pin, the slave device re-
sponds by sending data to the master device via
the MISO pin. This implies full duplex communica-
tion with both data out and data in synchronized
with the same clock signal (which is provided by
the master device via the SCK pin).

To use a single data line, the MISO and MOSI pins
must be connected at each node (in this case only
simplex communication is possible).

Four possible data/clock timing relationships may
be chosen (see Figure 48) but master and slave
must be programmed with the same timing mode.

MASTER SLAVE
MSBit — LSBit MSBit —— LSBit
8-BIT SHIFT REGISTER 4—[]MISO MISO {1 8-BIT SHIFT REGISTER
|7 A A “
MoS! MOSI
SPI
CLOCK SCK SCK L,

GENERATOR _
Agio +5V

V\‘ Not used if SS is managed

e by software

4

77/157




ST7232A

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 51).

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.
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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 52).

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 seti.e. before writing the next byte in the SCIDR.

4




ST7232A

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
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12.2 ABSOLUTE MAXIMUM RATINGS

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

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

Symbol Ratings Maximum value Unit
Vpp - Vss Supply voltage 6.5
Vpp - Vgs Programming Voltage 13 y
Vi 1&2) Input Voltage on true open drain pin Vgs-0.31t06.5
Input voltage on any other pin Vgs-0.3 to Vpp+0.3
IAVppyl and 1AVgg,| | Variations between different digital power pins 50 v
m
[Vssa - Vssyl Variations between digital and analog ground pins 50
\ Electro-static discharge voltage (Human Body Model
ESD(HBM) — 9 ge ( - y ) see Section 12.7.3 on page 127
VESD(MM) Electro-static discharge voltage (Machine Model)

12.2.2 Current Characteristics

Symbol Ratings Maximum value Unit
oD '(I'chlzjlré::)rrs?nt into Vpp power lines 32-pin devices 75 mA
lyss '(I'S?;zil)%lfrrent out of Vgg ground lines 32-pin devices 75 mA

Output current sunk by any standard I/O and control pin 25

lio Output current sunk by any high sink 1/O pin 50
Output current source by any I/0Os and control pin -25

Injected current on Vpp pin +5

Injected current on RESET pin 5 mA

Iingpiny 2 & Injected current on OSC1 and OSC2 pins +5
Injected current on Flash device pin PBO +5

Injected current on any other pin %) &6) +5

Shngeiny 2 Total injected current (sum of all I/O and control pins) % +25

Notes:

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

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

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

4. Negative injection disturbs the analog performance of the device. See note in “ADC Accuracy” on page 140.

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

5. When several inputs are submitted to a current injection, the maximum Zljnpin) is the absolute sum of the positive
and negative injected currents (instantaneous values). These results are based on characterisation with Iy pin) maxi-
mum current injection on four 1/O port pins of the device.

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

4
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CONTROL PIN CHARACTERISTICS (Cont'd)

Figure 74. RESET pin protection

,____
|
|
|
|
a

USER
EXTERNAL
RESET
CIRCUIT

"Recommended for EMC

Required

L — — — — — —

|47

Vbp
%/ Ron
Filter

ST72XXX

INTERNAL
RESET

N

PULSE
GENERATOR

»

WATCHDOG

1. The reset network protects the device against parasitic resets.
2. The output of the external reset circuit must have an open-drain output to drive the ST7 reset pad. Otherwise the device

can be damaged when the ST7 generates an internal reset (watchdog).

3. Whatever the reset source is (internal or external), the user must ensure that the level on the RESET pin can go below
the V|_max. level specified in Section 12.9.1 . Otherwise the reset will not be taken into account internally.

4. Because the reset circuit is designed to allow the internal RESET to be output in the RESET pin, the user must ensure

that the current sunk on the RESET pin (by an external pull-up for example) is less than the absolute maximum value
specified for IyyreseT) in Section 12.2.2 on page 114.
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12.10 TIMER PERIPHERAL CHARACTERISTICS

Subject to general operating conditions for Vpp, fogc, and Tp unless otherwise specified.

Refer to I/O port characteristics for more details on the input/output alternate function characteristics (out-
put compare, input capture, external clock, PWM output...).

Data based on design simulation and/or characterisation results, not tested in production.
12.10.1 16-Bit Timer

Symbol Parameter Conditions Min Typ Max Unit
twacar)yin | Input capture pulse time 1 tcpu
- 2 tcpu
tres(Pwm) | PWM resolution time Ty 250 o~
fext | Timer external clock frequency 0 fopu/4 MHz
fowm | PWM repetition rate 0 fopu/4 MHz
Respywm | PWM resolution 16 bit
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12.11 COMMUNICATION INTERFACE CHARACTERISTICS

12.11.1 SPI - Serial Peripheral Interface

Subject to general operating conditions for Vpp, fcpy, and Tx unless otherwise specified. Data based on
design simulation and/or characterisation results, not tested in production.

When no communication is on-going the data output line of the SPI (MOSI in master mode, MISO in slave
mode) has its alternate function capability released. In this case, the pin status depends on the I/O port
configuration. Refer to I/0 port characteristics for more details on the input/output alternate function char-
acteristics (SS, SCK, MOSI, MISO).

Symbol Parameter Conditions Min Max Unit
Master fcpu/1 28 fcpu/4
fcpy=8MHz | 0.0625 2
1/ISCK SPI clock frequency CPY MHz
c(SCK) Slave f - 0 fcp4u/2
CPU= z
tr(SCK) SPI clock rise and fall time see /O port pin description
f(SCK)
tsuss) | SS setup time Slave 120
th(SS) SS hold time Slave 120
EW<SCKH> SCK high and low time gﬁfr 19000
W(SCKL)
tts“(M') Data input setup time glz\slfr 188
su(Sl)
ns
tth("’”) Data input hold time I\SAI:\S/fr 188
h(Sl)
ta(so) Data output access time Slave 0 120
tyis(s0) Data output disable time Slave 240
t Data output valid time 90
V(SO) P , Slave (after enable edge)
th(so) Data output hold time 0
t Data output valid time 0.25
v(MO) P . Master (before capture edge) tcpu
thmo) Data output hold time 0.25

Figure 76. SPI Slave Timing Diagram with CPHA=0 ")
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Notes:
1. Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.
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Table 30. ST7 Application Notes

IDENTIFICATION

DESCRIPTION

AN 983 KEY FEATURES OF THE COSMIC ST7 C-COMPILER PACKAGE

AN 985 EXECUTING CODE IN ST7 RAM

AN 986 USING THE INDIRECT ADDRESSING MODE WITH ST7

AN 987 ST7 SERIAL TEST CONTROLLER PROGRAMMING

AN 988 STARTING WITH ST7 ASSEMBLY TOOL CHAIN

AN 989 GETTING STARTED WITH THE ST7 HIWARE C TOOLCHAIN

AN1039 ST7 MATH UTILITY ROUTINES

AN1064 WRITING OPTIMIZED HIWARE C LANGUAGE FOR ST7

AN1106 TRANSLATING ASSEMBLY CODE FROM HCO05 TO ST7

AN1446 USING THE ST72521 EMULATOR TO DEBUG A ST72324 TARGET APPLICATION
AN1478 PORTING AN ST7 PANTA PROJECT TO CODEWARRIOR IDE

AN1575 ON-BOARD PROGRAMMING METHODS FOR XFLASH AND HDFLASH ST7 MCUS
AN1576 IN-APPLICATION PROGRAMMING (IAP) DRIVERS FOR ST7 HDFLASH OR XFLASH MCUS
AN1635 ST7 CUSTOMER ROM CODE RELEASE INFORMATION

AN1754 DATA LOGGING PROGRAM FOR TESTING ST7 APPLICATIONS VIA ICC

AN1796 FIELD UPDATES FOR FLASH BASED ST7 APPLICATIONS USING A PC COMM PORT

SYSTEM OPTIMIZATION

AN1711

SOFTWARE TECHNIQUES FOR COMPENSATING ST7 ADC ERRORS

4
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15 KNOWN LIMITATIONS

15.1 ALL FLASH AND ROM DEVICES

15.1.1 Safe Connection of OSC1/0SC2 Pins

The OSC1 and/or OSC2 pins must not be left un-
connected otherwise the ST7 main oscillator may
start and, in this configuration, could generate an
fosc clock frequency in excess of the allowed
maximum (>16MHz.), putting the ST7 in an un-
safe/undefined state. Refer to Section 6.2 on page
24.

15.1.2 Unexpected Reset Fetch

If an interrupt request occurs while a "POP CC" in-
struction is executed, the interrupt controller does
not recognise the source of the interrupt and, by
default, passes the RESET vector address to the
CPU.

Workaround

To solve this issue, a "POP CC" instruction must
always be preceded by a "SIM" instruction.

15.1.3 Clearing active interrupts outside
interrupt routine

When an active interrupt request occurs at the
same time as the related flag is being cleared, an
unwanted reset may occur.

Note: clearing the related interrupt mask will not
generate an unwanted reset

Concurrent interrupt context

The symptom does not occur when the interrupts
are handled normally, i.e.

when:

— The interrupt flag is cleared within its own inter-
rupt routine

— The interrupt flag is cleared within any interrupt
routine

— The interrupt flag is cleared in any part of the
code while this interrupt is disabled

If these conditions are not met, the symptom can
be avoided by implementing the following se-
quence:

Perform SIM and RIM operation before and after
resetting an active interrupt request.

Example:
SIM
reset interrupt flag
RIM
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Nested interrupt context:

The symptom does not occur when the interrupts
are handled normally, i.e.

when:

— The interrupt flag is cleared within its own inter-
rupt routine

— The interrupt flag is cleared within any interrupt
routine with higher or identical priority level

— The interrupt flag is cleared in any part of the
code while this interrupt is disabled

If these conditions are not met, the symptom can

be avoided by implementing the following se-
quence:

PUSH CC
SIM
reset interrupt flag
POP CC
15.1.4 16-bit Timer PWM Mode

In PWM mode, the first PWM pulse is missed after
writing the value FFFCh in the OC1R register
(OC1HR, OC1LR). It leads to either full or no PWM
during a period, depending on the OLVL1 and
OLVL2 settings.

15.1.5 SCI Wrong Break duration
Description

A single break character is sent by setting and re-
setting the SBK bit in the SCICR2 register. In
some cases, the break character may have a long-
er duration than expected:

- 20 bits instead of 10 bits if M=0
- 22 bits instead of 11 bits if M=1.

In the same way, as long as the SBK bit is set,
break characters are sent to the TDO pin. This
may lead to generate one break more than expect-
ed.

Occurrence

The occurrence of the problem is random and pro-
portional to the baudrate. With a transmit frequen-
cy of 19200 baud (fCPU=8MHz and SCI-
BRR=0xC9), the wrong break duration occurrence
is around 1%.

Workaround

If this wrong duration is not compliant with the
communication protocol in the application, soft-
ware can request that an Idle line be generated
before the break character. In this case, the break
duration is always correct assuming the applica-
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