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ST72325xx

Table 3. LQFP32/DIP32 Device Pin Description

Pin n° Level Port Main
o .
S | o Pin Name 2 =| 5 Input Output |function Alternate function
o |0 =l 2| & (after
£\ gl 5 |8[2le]elala | resey
g9 |° “|Oo |&|§E|§|o|a
1] 4 [ Vagee® | Analog Reference Voltage for ADC
2 | 5| Vgsa® S Analog Ground Voltage
3 | 6 | PFOOMCO/AINS  [1/0]|Cy X| et | x| x| X |PortFo | Mainclockout | ADC Analog
(fosc/z) Input 8
4 | 7 | PF1 (HS)/BEEP /O|Ct| HS | X eil X | X | Port F1 | Beep signal output
PF4/OCMP1_A/ Timer A Output | ADC Analog
518 a0 VO | Cr XX X | X | X | PortF4 Compare 1 Input 10
6 | 9 | PF6 (HS)/ICAP1_A |I/O|Cy| HS | X | X X | X | Port F6 | Timer A Input Capture 1
PF7 (HS)/ .
7 110 EXTCLK_A /O|Cy| HS | X X | X | Port F7 | Timer A External Clock Source
PCO/OCMP2_B/ Timer B Output | ADC Analog
8111 AN12 VO | Cr XX X| X X | PortCO | o bare 2 Input 12
PC1/OCMP1_B/ Timer B Output | ADC Analog
91121 AIN13 VO | Cr XX X | X | X | PortC1 Compare 1 Input 13
10 | 13 | PC2 (HS)/ICAP2_B |I/O|Ct+| HS | X | X X | X | Port C2 | Timer B Input Capture 2
11 | 14 | PC3 (HS)/ICAP1_B |I/O|Ct| HS | X | X X | X | Port C3 | Timer B Input Capture 1
PC4/MISO/ICCDA- SPI Master In/
12|15 TA /0| Ct X | X X | X | PortC4 Slave Out Data ICC Data Input
13 | 16 | PC5/MOSI/AIN{4 | 1/0 | Ct X | X X | X | X |portcs | SPIMasterOut/| ADC Analog
Slave In Data Input 14
14 | 17 | PC6/SCK/ICCCLK |1/O|Ct X|X X | X | Port C6 | SPI Serial Clock L)Cﬁpﬁiock
15| 18 | PC7/SS/AIN1S  |1/0 | Cy X | X X | X | X | Portcy | SP!ISlave Select| ADC Analog
(active low) Input 15
16 | 19 | PA3 (HS) I/O|Ct| HS | X ei0 X | X | Port A3
17 | 20 | PA4 (HS) IO|Cr|HS | X | X X | X | Port A4
18 | 21 | PA6 (HS)/SDAI I/O|Cr| HS | X T Port A6 | I12C Data V)
19 | 22 | PA7 (HS)/SCLI I/O|Ct| HS | X T Port A7 | I°C Clock ")
Must be tied low. In flash programming
mode, this pin acts as the programming
20 | 23 | Vpp/ ICCSEL | voltage input Vpp. See Section 12.9.2 for
more details. High voltage must not be ap-
plied to ROM devices
21| 24 | RESET I/0 | Ct Top priority non maskable interrupt.
22 | 25 | Vgg 5® S Digital Ground Voltage
23 [ 26 | 0SC29 I/0 Resonator oscillator inverter output
o4 | 27 | 0sC1d) | .Externallclock input or Resonator oscillator
inverter input
25 | 28 | Vpp 5% S Digital Main Supply Voltage
26 | 29 | PEO/TDO /0| Ct X | X X | X | Port EO | SCI Transmit Data Out
27 | 30 | PE1/RDI /0| Ct X | X X | X | Port E1 | SCI Receive Data In
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6.3 RESET SEQUENCE MANAGER (RSM)

6.3.1 Introduction

The reset sequence manager includes three RE-
SET sources as shown in Figure 15:

m External RESET source pulse

m Internal LVD RESET (Low Voltage Detection)
m Internal WATCHDOG RESET

These sources act on the RESET pin and it is al-
ways kept low during the delay phase.

The RESET service routine vector is fixed at ad-
dresses FFFEh-FFFFh in the ST7 memory map.

The basic RESET sequence consists of 3 phases
as shown in Figure 14:

m Active Phase depending on the RESET source

m 256 or 4096 CPU clock cycle delay (selected by
option byte)

m RESET vector fetch

The 256 or 4096 CPU clock cycle delay allows the
oscillator to stabilise and ensures that recovery
has taken place from the Reset state. The shorter
or longer clock cycle delay should be selected by
option byte to correspond to the stabilization time
of the external oscillator used in the application
(see section 14.1 on page 181).

The RESET vector fetch phase duration is 2 clock
cycles.

Figure 15. Reset Block Diagram

Figure 14. RESET Sequence Phases

RESET

INTERNAL RESET FETCH
256 or 4096 CLOCK CYCLES VECTOR

Active Phase

Caution: When the ST7 is unprogrammed or fully
erased, the Flash is blank and the RESET vector
is not programmed.

For this reason, it is recommended to keep the
RESET pin in low state until programming mode is
entered, in order to avoid unwanted behavior.

6.3.2 Asynchronous External RESET pin

The RESET pin is both an input and an open-drain
output with integrated Ry weak pull-up resistor.
This pull-up has no fixed value but varies in ac-
cordance with the input voltage. It can be pulled
low by external circuitry to reset the device. See
“CONTROL PIN CHARACTERISTICS” on
page 162 for more details.

A RESET signal originating from an external
source must have a duration of at least t, rgTL)in in
order to be recognized (see Figure 16). This de-
tection is asynchronous and therefore the MCU
can enter reset state even in HALT mode.

Vbp

Filter

RESET - [

L

> INTERNAL
RESET

PULSE —/i WATCHDOG RESET

GENERATOR
LVD RESET

4
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SYSTEM INTEGRITY MANAGEMENT (Cont'd)
6.4.2 Auxiliary Voltage Detector (AVD)

The Voltage Detector function (AVD) is based on
an analog comparison between a Vit aypy and
Vit4(avp) reference value and the Vpp main sup-
ply or the external EVD pin voltage level (Vgyp).
The V1. reference value for falling voltage is lower
than the V1, reference value for rising voltage in
order to avoid parasitic detection (hysteresis).

The output of the AVD comparator is directly read-
able by the application software through a real
time status bit (AVDF) in the SICSR register. This
bit is read only.

Caution: The AVD function is active only if the
LVD is enabled through the option byte.

6.4.2.1 Monitoring the Vpp Main Supply

This mode is selected by clearing the AVDS bit in
the SICSR register.

The AVD voltage threshold value is relative to the
selected LVD threshold configured by option byte
(see section 14.1 on page 181).

If the AVD interrupt is enabled, an interrupt is gen-
erated when the voltage crosses the Vit avp) or
Vit-(avp) threshold (AVDF bit toggles).

In the case of a drop in voltage, the AVD interrupt
acts as an early warning, allowing software to shut
down safely before the LVD resets the microcon-
troller. See Figure 18.

The interrupt on the rising edge is used to inform
the application that the Vpp warning state is over.

If the voltage rise time t,,, is less than 256 or 4096
CPU cycles (depending on the reset delay select-
ed by option byte), no AVD interrupt will be gener-
ated when V|1, (avp) is reached.

If t,,, is greater than 256 or 4096 cycles then:

— If the AVD interrupt is enabled before the
Vit+(avp) threshold is reached, then 2 AVD inter-
rupts wilf be received: the first when the AVDIE
bit is set, and the second when the threshold is
reached.

— Ifthe AVD interrupt is enabled after the Vi, (avp
threshold is reached then only one AVD interrupg
will occur.

Figure 18. Using the AVD to Monitor Vpp (AVDS bit=0)

A VDD .
Early Warning Interrupt
(Power has dropped, MCU not
not yet in reset)
Vhyst
Vivavo)f - - - - - -\ 7 T - I """""""""""
Vitavp)p == == === - N "t m s
ViTsuo)f - - - - - - - - - e I
Vit - - - oo oo N N t VOLTAGE RISE TIME
N -
AVDF bit 0 N 1 X RESET VALUE Y1 K 0
AVD INTERRUPT ' : ' '
REQUEST L L
IF AVDIE bit = 1 I L L L
- INTERRUPT PROCESS . . INTERRUPT PROCESS
LVD RESET : | ,
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POWER SAVING MODES (Cont'd)
8.4.2.1 Halt Mode Recommendations

— Make sure that an external event is available to
wake up the microcontroller from Halt mode.

— When using an external interrupt to wake up the
microcontroller, reinitialize the corresponding I/0O
as “Input Pull-up with Interrupt” before executing
the HALT instruction. The main reason for this is
that the I/O may be wrongly configured due to ex-
ternal interference or by an unforeseen logical
condition.

— For the same reason, reinitialize the level sensi-
tiveness of each external interrupt as a precau-
tionary measure.

— The opcode for the HALT instruction is Ox8E. To
avoid an unexpected HALT instruction due to a
program counter failure, it is advised to clear all
occurrences of the data value Ox8E from memo-

4

ry. For example, avoid defining a constant in
ROM with the value Ox8E.

— As the HALT instruction clears the interrupt mask
in the CC register to allow interrupts, the user
may choose to clear all pending interrupt bits be-
fore executing the HALT instruction. This avoids
entering other peripheral interrupt routines after
executing the external interrupt routine corre-
sponding to the wake-up event (reset or external
interrupt).

Related Documentation

AN 980: ST7 Keypad Decoding Techniques, Im-
plementing Wake-Up on Keystroke

AN1014: How to Minimize the ST7 Power Con-
sumption

AN1605: Using an active RC to wakeup the
ST7LITEO from power saving mode
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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 35. 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
fosco
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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WATCHDOG TIMER (Cont’d)
10.1.4 How to Program the Watchdog Timeout

Figure 2 shows the linear relationship between the
6-bit value to be loaded in the Watchdog Counter
(CNT) and the resulting timeout duration in milli-
seconds. This can be used for a quick calculation
without taking the timing variations into account. If

Figure 36. Approximate Timeout Duration

more precision is needed, use the formulae in Fig-
ure 3.

Caution: When writing to the WDGCR register, al-
ways write 1 in the T6 bit to avoid generating an
immediate reset.

3F

38 F — — — — —

0 F — — — — — — — —

CNT Value (hex.)

00 |

28 F— — — — — — — — — —

20 F————— — — — — —

8- —-—"—= - _Z_

0 Fr———— 2= — = —

g+ — X — ——— —— —

1.5 18 34 50

65 82 98 114 128

Watchdog timeout (ms) @ 8 MHz. fogca

4
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ON-CHIP PERIPHERALS (Cont'd)
10.3.2 Functional Description

Counter

The free running 8-bit counter is fed by the output
of the prescaler, and is incremented on every ris-
ing edge of the clock signal.

It is possible to read or write the contents of the
counter on the fly by reading or writing the Counter
Access register (ARTCAR).

When a counter overflow occurs, the counter is
automatically reloaded with the contents of the
ARTARR register (the prescaler is not affected).

Counter clock and prescaler
The counter clock frequency is given by:

foounTer = finput / 26€1201
The timer counter’s input clock (fiypyT) feeds the
7-bit programmable prescaler, which selects one
of the 8 available taps of the prescaler, as defined
by CC[2:0] bits in the Control/Status Register
(ARTCSR). Thus the division factor of the prescal-
er can be set to 2" (wheren =0, 1,..7).

This fynpyT frequency source is selected through
the EXCL bit of the ARTCSR register and can be
either the fopy or an external input frequency fexT.

The clock input to the counter is enabled by the
TCE (Timer Counter Enable) bit in the ARTCSR
register. When TCE is reset, the counter is
stopped and the prescaler and counter contents
are frozen. When TCE is set, the counter runs at
the rate of the selected clock source.

Figure 40. Output compare control

Counter and Prescaler Initialization

After RESET, the counter and the prescaler are
cleared and f|NPUT = fcpu.

The counter can be initialized by:

— Writing to the ARTARR register and then setting
the FCRL (Force Counter Re-Load) and the TCE
(Timer Counter Enable) bits in the ARTCSR reg-
ister.

— Writing to the ARTCAR counter access register,

In both cases the 7-bit prescaler is also cleared,
whereupon counting will start from a known value.

Direct access to the prescaler is not possible.

Output compare control

The timer compare function is based on four differ-
ent comparisons with the counter (one for each
PWMx output). Each comparison is made be-
tween the counter value and an output compare
register (OCRXx) value. This OCRXx register can not
be accessed directly, it is loaded from the duty cy-
cle register (PWMDCRXx) at each overflow of the
counter.

This double buffering method avoids glitch gener-
ation when changing the duty cycle on the fly.

Bl I I S I S I

RTARR=FDh I

X FDh >.< FEh X FFh >

1
COUNTER< FDh X FEh

. X .
X frn X Fon X Fen X Frn

OCRx FDh

PWMDCRXx FDh X

PWMx

4
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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 44. 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

68/197

4




ST72325xx

16-BIT TIMER (Cont'd)
10.4.3.3 Input Capture

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

The two 16-bit input capture registers (IC1R and
IC2R) are used to latch the value of the free run-
ning counter after a transition is detected on the
ICAP/ pin (see Figure 5).

MS Byte
ICHR |

LS Byte
ICLLR |

ICIR |

IC/R register is a read-only register.

The active transition is software programmable
through the IEDGI bit of Control Registers (CRJ).

Timing resolution is one count of the free running
counter: (fopy/CC[1:0]).

Procedure:

To use the input capture function select the follow-
ing in the CR2 register:

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

— Select the edge of the active transition on the
ICAP2 pin with the IEDG2 bit (the ICAP2 pin
must be configured as floating input or input with
pull-up without interrupt if this configuration is
available).

And select the following in the CR1 register:

— Set the ICIE bit to generate an interrupt after an
input capture coming from either the ICAP1 pin
or the ICAP2 pin

— Select the edge of the active transition on the
ICAP1 pin with the IEDG1 bit (the ICAP1pin must
be configured as floating input or input with pull-
up without interrupt if this configuration is availa-
ble).

4

When an input capture occurs:
— ICFibit is set.

— The ICR register contains the value of the free
running counter on the active transition on the
ICAP/ pin (see Figure 6).

— Atimer interrupt is generated if the ICIE bit is set
and the | bit is cleared in the CC register. Other-
wise, the interrupt remains pending until both
conditions become true.

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

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

Notes:

1. After reading the ICHR register, transfer of
input capture data is inhibited and ICF/ will
never be set until the ICILR register is also
read.

2. The ICR register contains the free running
counter value which corresponds to the most
recent input capture.

3. The two input capture functions can be used
together even if the timer also uses the two out-
put compare functions.

4.In One Pulse mode and PWM mode only Input
Capture 2 can be used.

5. The alternate inputs (ICAP1 and ICAP2) are
always directly connected to the timer. So any
transitions on these pins activates the input
capture function.

Moreover if one of the ICAP/ pins is configured
as an input and the second one as an output,
an interrupt can be generated if the user tog-
gles the output pin and if the ICIE bit is set.
This can be avoided if the input capture func-
tion jis disabled by reading the IC/HHR (see note
1).

6. The TOF bit can be used with interrupt genera-
tion in order to measure events that go beyond
the timer range (FFFFh).
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16-BIT TIMER (Cont'd)
Notes:

1.

After a processor write cycle to the OC/HR reg-
ister, the output compare function is inhibited
until the OCILR register is also written.

. If the OCJE bit is not set, the OCMP;j pin is a

general I/O port and the OLVLi/ bit will not
appear when a match is found but an interrupt
could be generated if the OCIE bit is set.

.In both internal and external clock modes,

OCFi and OCMPi are set while the counter
value equals the OCiR register value (see Fig-
ure 8 for an example with fcp/2 and Figure 9
for an example with fcpy/4). This behavior is
the same in OPM or PWM mode.

. The output compare functions can be used both

for generating external events on the OCMP/
pins even if the input capture mode is also
used.

. The value in the 16-bit OC/R register and the

OLVi bit should be changed after each suc-
cessful comparison in order to control an output
waveform or establish a new elapsed timeout.

Figure 51. Output Compare Block Diagram

Forced Compare Output capability

When the FOLV/ bit is set by software, the OLVL/
bit is copied to the OCMPi pin. The OLV; bit has to
be toggled in order to toggle the OCMPi pin when
it is enabled (OCJE bit = 1). The OCFi bit is then
not set by hardware, and thus no interrupt request
is generated.

The FOLVL/ bits have no effect in both One Pulse
mode and PWM mode.

16 BIT FREE RUNNING 0C1E|0c2E cet | cco
COUNTER
16-bit i ‘ ’ (Control Register 2) CR2
* ‘ (Control Register 1) CR1
OUTPUT COMPARE OCIE FoLv2| FoLvioLvL2 oLvLi [ Laten ¢
CIRCUIT > {1 OCMP1
. | Pin
16-bit 16-bit ”
v < LaLoh {1 OCMP2
OC1R Register v v — Pin
OCF1 OCF2| o0 0 0
OC2R Register

(Status Register) SR
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16-BIT TIMER (Cont'd)
Figure 54. One Pulse Mode Timing Example

ICtR - - -X 01F8 X 2ED3

COUNTER  O1F8 XFFFCXFFFDXFFFEX:// :><2EDO>< 2ED1><2E02>@(FFFCXFFFD

2ED3

capt |
OCMPA oLVL2 | OLVL1 OoLVL2

compare1

Note: IEDG1 =1, OC1R = 2EDOh, OLVL1 =0, OLVL2 =1

Figure 55. Pulse Width Modulation Mode Timing Example with 2 Output Compare Functions

COUNTER 34E2><FFFCXFFFD><FFFE><:’; :><2EDO><2ED1X2ED2>< XaaE2 Y(FFFC
ocmpt | oviz | OLVL1 OLVL2

compare2 comparel compare2

Note: OC1R = 2EDOh, OC2R = 34E2, OLVL1 =0, OLVL2 = 1

Note: On timers with only one Output Compare register, a fixed frequency PWM signal can be generated
using the output compare and the counter overflow to define the pulse length.

4
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16-BIT TIMER (Cont'd)
10.4.7 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|OLVL1

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.

86/197

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
OCA1R register and the OC1E bit is set in the CR2
register.
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SERIAL COMMUNICATIONS INTERFACE (Cont'd)
Figure 63. SCI Block Diagram

Write Read (DATA REGISTER) DR
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CLOCK CHARACTERISTICS (Cont'd)
12.5.5 Clock Security System (CSS)

Symbol Parameter Conditions Min Typ Max Unit
fsrosc Safe Oscillator Frequency ") 3 MHz
Note:
1. Data based on characterization results.
12.5.6 PLL Characteristics
Symbol Parameter Conditions Min Typ Max Unit
fosc PLL input frequency range 2 4 MHz
A fepy/ fopy | Instantaneous PLL jitter Y fosc = 4 MHz. 0.7 2 %

Note:

1. Data characterized but not tested.
The user must take the PLL jitter into account in the application (for example in serial communication or

sampling of high frequency signals). The PLL jitter is a periodic effect, which is integrated over several
CPU cycles. Therefore the longer the period of the application signal, the less it will be impacted by the

PLL jitter.

Figure 78 shows the PLL jitter integrated on application signals in the range 125kHz to 4MHz. At frequen-
cies of less than 125KHz, the jitter is negligible.

Figure 78. Integrated PLL Jitter vs signal frequency1

+/-Jitter (%)
12
1 - —— Max
—A—Typ
0.8
0.6
0.4
0.2
O T T T T T
4MHz 2MHz 1MHz 500kHz 250 kHz 125 kHz
Application Frequency

Note 1: Measurement conditions: fopy = 8MHz.
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12.11 COMMUNICATION INTERFACE CHARACTERISTICS

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

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

Figure 90. SPI Slave Timing Diagram with CPHA=0 °

SS inpuT /
\ l
!
CPHA=0 | ! ! L
CPOL=0 I I | |

-
2
z | I I | |
¥ | CPHA=0 I I I
3 | cpoL=1 [ | |
| ||t(SCKH)|I I I I
Wi
I taso)y | | twseky ' tyso I th(so) m I tais(so)
! ., — ti(scK) -
| {
MISO ouTPUT  see note 2 'Y mseout X BIT6OUT * LSB OUT S see
note 2
>< L /// ><
tsusy | thesi)
- = >
! | ///
MOSI \npuT ><><><><>< MSB IN >< ,, BITIN >< LSBIN ><XXXXX
7/

Notes:
1. Data based on design simulation and/or characterisation results, not tested in production.

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

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

4
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COMMUNICATION INTERFACE CHARACTERISTICS (Cont'd)

12.11.2 I2C - Inter IC Control Interface

Subject to general operating conditions for Vpp,
fopys @nd Tp unless otherwise specified.

Refer to I/O port characteristics for more details on
the input/output alternate function characteristics
(SDAI and SCLI). The ST7 I2C interface meets the
requirements of the Standard I°C communication
protocol described in the following table.

Standard mode I1°C | Fast mode 1°C® ]
Symbol Parameter Unit
Min Y Max Min Y Max
twscLy | SCL clock low time 4.7 1.3
s
twscLr) | SCL clock high time 4.0 0.6 H
tsuspa) | SDA setup time 250 100
thspa) | SDA data hold time 0% 02 900 %
%(spA) | SDA and SCL rise time 1000 |20+0.1C,| 300 | ns
tr(scL)
%(spA) | SDA and SCL fall time 300 20+0.1C, | 300
tfscu)
thsta) | START condition hold time 4.0 0.6
s
tsusta)y | Repeated START condition setup time 4.7 0.6 #
tsusto) | STOP condition setup time 4.0 0.6 us
tw(sTo:sTA)| STOP to START condition time (bus free) 4.7 1.3 us
Cp Capacitive load for each bus line 400 400 pF
Figure 93. Typical Application with I2C Bus and Timing Diagram *
Voo Voo
4.7kQ % 4.7kQ 1000 SDAI
& A "N\,‘N\i
I2C BUS 100Q sCLI
. Wi ST72XXX
. [REPEATED START]
N
t ot .
///; Su(Sl/i); W(STO:STA) [START]
SDA ! /'/ >< >< //; ! ! !
e el | : —\
tf(SDA) 1 1(SDA) | tsu(SDA) th(SDA) | — [ :
thsta)  twisckH) twisckr) tscky  Ysck) u‘;;sm)

Notes:

1. Data based on standard I2C protocol requirement, not tested in production.
2. The device must internally provide a hold time of at least 300ns for the SDA signal in order to bridge the undefined

region of the falling edge of SCL.

3. The maximum hold time of the START condition has only to be met if the interface does not stretch the low period of

SCL signal.

4. Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.
5. At 4MHz fcpy, max.1C speed (400kHz) is not achievable. In this case, max. 12C speed will be approximately 260KHz.
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PACKAGE MECHANICAL DATA (Cont'd)

Figure 105. 32-Pin Low Profile Quad Flat Package

D
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O
HEHHHHE

H

f £>

At~
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Dim.
Min | Typ | Max [ Min Typ | Max

A 1.60 0.0630
A1 [ 0.05 0.15 {0.0020 0.0059
A2 | 1.35|1.40 | 1.45|0.0531|0.0551|0.0571
b |0.30|0.37 | 0.45 (0.0118(0.0146|0.0177
C |0.09 0.20 |{0.0035 0.0079
D 9.00 0.3543
D1 7.00 0.2756
E 9.00 0.3543
E1 7.00 0.2756

0.80 0.0315
0 0° | 85°| 7° 0° 3.5° 7°
L |0.45(0.60|0.75 [{0.0177|0.0236|0.0295
L1 1.00 0.0394

Number of Pins

N 32

Note T.” Values in inches are converted from mm
and rounded to 4 decimal digits.
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14.4 ST7 APPLICATION NOTES
Table 32. ST7 Application Notes

IDENTIFICATION | DESCRIPTION

APPLICATION EXAMPLES

AN1658 SERIAL NUMBERING IMPLEMENTATION

AN1720 MANAGING THE READ-OUT PROTECTION IN FLASH MICROCONTROLLERS

AN1755 A HIGH RESOLUTION/PRECISION THERMOMETER USING ST7 AND NE555

AN1756 CHOOSING A DALI IMPLEMENTATION STRATEGY WITH ST7DALI

AN1812 A HIGH PRECISION, LOW COST, SINGLE SUPPLY ADC FOR POSITIVE AND NEGATIVE IN-

PUT VOLTAGES

EXAMPLE DRIVERS

AN 969 SCI COMMUNICATION BETWEEN ST7 AND PC

AN 970 SPI COMMUNICATION BETWEEN ST7 AND EEPROM

AN 971 [2C COMMUNICATION BETWEEN ST7 AND M24CXX EEPROM

AN 972 ST7 SOFTWARE SPI MASTER COMMUNICATION

AN 973 SCI SOFTWARE COMMUNICATION WITH A PC USING ST72251 16-BIT TIMER

AN 974 REAL TIME CLOCK WITH ST7 TIMER OUTPUT COMPARE

AN 976 DRIVING A BUZZER THROUGH ST7 TIMER PWM FUNCTION

AN 979 DRIVING AN ANALOG KEYBOARD WITH THE ST7 ADC

AN 980 ST7 KEYPAD DECODING TECHNIQUES, IMPLEMENTING WAKE-UP ON KEYSTROKE

AN1017 USING THE ST7 UNIVERSAL SERIAL BUS MICROCONTROLLER

AN1041 USING ST7 PWM SIGNAL TO GENERATE ANALOG OUTPUT (SINUSOID)

AN1042 ST7 ROUTINE FOR I2C SLAVE MODE MANAGEMENT

AN1044 MULTIPLE INTERRUPT SOURCES MANAGEMENT FOR ST7 MCUS

AN1045 ST7 S/W IMPLEMENTATION OF [2C BUS MASTER

AN1046 UART EMULATION SOFTWARE

AN1047 MANAGING RECEPTION ERRORS WITH THE ST7 SCI PERIPHERALS

AN1048 ST7 SOFTWARE LCD DRIVER

AN1078 PWM DUTY CYCLE SWITCH IMPLEMENTING TRUE 0% & 100% DUTY CYCLE

AN1082 DESCRIPTION OF THE ST72141 MOTOR CONTROL PERIPHERALS REGISTERS

AN1083 ST72141 BLDC MOTOR CONTROL SOFTWARE AND FLOWCHART EXAMPLE

AN1105 ST7 PCAN PERIPHERAL DRIVER

AN1129 PWM MANAGEMENT FOR BLDC MOTOR DRIVES USING THE ST72141

AN1130 AN INTRODUCTION TO SENSORLESS BRUSHLESS DC MOTOR DRIVE APPLICATIONS
WITH THE ST72141

AN1148 USING THE ST7263 FOR DESIGNING A USB MOUSE

AN1149 HANDLING SUSPEND MODE ON A USB MOUSE

AN1180 USING THE ST7263 KIT TO IMPLEMENT A USB GAME PAD

AN1276 BLDC MOTOR START ROUTINE FOR THE ST72141 MICROCONTROLLER

AN1321 USING THE ST72141 MOTOR CONTROL MCU IN SENSOR MODE

AN1325 USING THE ST7 USB LOW-SPEED FIRMWARE V4.X

AN1445 EMULATED 16-BIT SLAVE SPI

AN1475 DEVELOPING AN ST7265X MASS STORAGE APPLICATION

AN1504 STARTING A PWM SIGNAL DIRECTLY AT HIGH LEVEL USING THE ST7 16-BIT TIMER

AN1602 16-BIT TIMING OPERATIONS USING ST7262 OR ST7263B ST7 USB MCUS

AN1633 DEVICE FIRMWARE UPGRADE (DFU) IMPLEMENTATION IN ST7 NON-USB APPLICATIONS

AN1712 GENERATING A HIGH RESOLUTION SINEWAVE USING ST7 PWMART

AN1713 SMBUS SLAVE DRIVER FOR ST7 12C PERIPHERALS

AN1753 SOFTWARE UART USING 12-BIT ART

(574
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Table 32. ST7 Application Notes

IDENTIFICATION | DESCRIPTION

AN1947 ST7MC PMAC SINE WAVE MOTOR CONTROL SOFTWARE LIBRARY

GENERAL PURPOSE

AN1476 LOW COST POWER SUPPLY FOR HOME APPLIANCES

AN1526 ST7FLITEO QUICK REFERENCE NOTE

AN1709 EMC DESIGN FOR ST MICROCONTROLLERS

AN1752 ST72324 QUICK REFERENCE NOTE

PRODUCT EVALUATION

AN 910 PERFORMANCE BENCHMARKING

AN 990 ST7 BENEFITS VS INDUSTRY STANDARD

AN1077 OVERVIEW OF ENHANCED CAN CONTROLLERS FOR ST7 AND ST9 MCUS
AN1086 U435 CAN-DO SOLUTIONS FOR CAR MULTIPLEXING

AN1103 IMPROVED B-EMF DETECTION FOR LOW SPEED, LOW VOLTAGE WITH ST72141
AN1150 BENCHMARK ST72 VS PC16

AN1151 PERFORMANCE COMPARISON BETWEEN ST72254 & PC16F876

AN1278 LIN (LOCAL INTERCONNECT NETWORK) SOLUTIONS

PRODUCT MIGRATION

AN1131 MIGRATING APPLICATIONS FROM ST72511/311/214/124 TO ST72521/321/324
AN1322 MIGRATING AN APPLICATION FROM ST7263 REV.B TO ST7263B

AN1365 GUIDELINES FOR MIGRATING ST72C254 APPLICATIONS TO ST72F264

AN1604 HOW TO USE ST7MDT1-TRAIN WITH ST72F264

AN2200 GUIDELINES FOR MIGRATING ST7LITE1X APPLICATIONS TO ST7FLITE1XB
PRODUCT OPTIMIZATION

AN 982 USING ST7 WITH CERAMIC RESONATOR

AN1014 HOW TO MINIMIZE THE ST7 POWER CONSUMPTION

AN1015 SOFTWARE TECHNIQUES FOR IMPROVING MICROCONTROLLER EMC PERFORMANCE
AN1040 MONITORING THE VBUS SIGNAL FOR USB SELF-POWERED DEVICES

AN1070 ST7 CHECKSUM SELF-CHECKING CAPABILITY

AN1181 ELECTROSTATIC DISCHARGE SENSITIVE MEASUREMENT

AN1324 CALIBRATING THE RC OSCILLATOR OF THE ST7FLITEO MCU USING THE MAINS
AN1502 EMULATED DATA EEPROM WITH ST7 HDFLASH MEMORY

AN1529 EXTENDING THE CURRENT & VOLTAGE CAPABILITY ON THE ST7265 VDDF SUPPLY
AN1530 éggURATE TIMEBASE FOR LOW-COST ST7 APPLICATIONS WITH INTERNAL RC OSCILLA-
AN1605 USING AN ACTIVE RC TO WAKEUP THE ST7LITEO FROM POWER SAVING MODE
AN1636 UNDERSTANDING AND MINIMIZING ADC CONVERSION ERRORS

AN1828 PIR (PASSIVE INFRARED) DETECTOR USING THE ST7FLITE05/09/SUPERLITE
AN1946 SENSORLESS BLDC MOTOR CONTROL AND BEMF SAMPLING METHODS WITH ST7MC
AN1953 PFC FOR ST7MC STARTER KIT

AN1971 ST7LITEO MICROCONTROLLED BALLAST

PROGRAMMING AND TOOLS

AN 978 ST7 VISUAL DEVELOP SOFTWARE KEY DEBUGGING FEATURES

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

AN1039 ST7 MATH UTILITY ROUTINES

(574

190/197




ST72325xx

KNOWN LIMITATIONS (Cont'd)
15.1.8 Pull-up always active on PE2

The 1/O port internal pull-up is always active on I/O
port E2. As a result, if PE2 is in output mode low
level, current consumption in Halt/Active Halt
mode is increased.

15.1.9 ADC accuracy 16/32K Flash devices

The ADC accuracy in 16/32K Flash Devices devi-
ates from table in section 12.12.3 on page 173 as
follows:

4

Symbol Max Unit
1= 6
IEol 5
IEg! 45 LSB
IEpl
IE, |
195/197




