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Description ST72324Bxx

1 Description

The ST72324Bxx devices are members of the ST7 microcontroller family designed for mid-
range applications running from 3.8 to 5.5 V. Different package options offer up to 32 1/0
pins.

All devices are based on a common industry-standard 8-bit core, featuring an enhanced
instruction set and are available with Flash or ROM program memory. The ST7 family
architecture offers both power and flexibility to software developers, enabling the design of
highly efficient and compact application code.

The on-chip peripherals include an A/D converter, two general purpose timers, an SPI
interface and an SClI interface. For power economy, the microcontroller can switch
dynamically into, Slow, Wait, Active-halt or Halt mode when the application is in idle or
stand-by state.

Typical applications include consumer, home, office and industrial products.

Figure 1. Device block diagram
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4.1

4.2

4.3

Flash program memory

Introduction

The ST7 dual voltage High Density Flash (HDFlash) is a non-volatile memory that can be
electrically erased as a single block or by individual sectors and programmed on a byte-by-
byte basis using an external Vpp supply.

The HDFlash devices can be programmed and erased off-board (plugged in a programming
tool) or on-board using ICP (in-circuit programming) or IAP (in-application programming).

The array matrix organization allows each sector to be erased and reprogrammed without
affecting other sectors.

Main features

® 3 Flash programming modes:

— Insertion in a programming tool. In this mode, all sectors including option bytes
can be programmed or erased.

— ICP (in-circuit programming). In this mode, all sectors including option bytes can
be programmed or erased without removing the device from the application board.

— 1AP (in-application programming). In this mode, all sectors, except Sector 0, can
be programmed or erased without removing the device from the application board
and while the application is running.

® ICT (in-circuit testing) for downloading and executing user application test patterns in
RAM

® Readout protection

® Register Access Security System (RASS) to prevent accidental programming or
erasing

Structure

The Flash memory is organized in sectors and can be used for both code and data storage.

Depending on the overall Flash memory size in the microcontroller device, there are up to
three user sectors (see Table 4). Each of these sectors can be erased independently to avoid
unnecessary erasing of the whole Flash memory when only a partial erasing is required.

The first two sectors have a fixed size of 4 Kbytes (see Figure 7). They are mapped in the
upper part of the ST7 addressing space so the reset and interrupt vectors are located in
Sector 0 (FOOOh-FFFFh).

Table 4. Sectors available in Flash devices
Flash size Available sectors
4 Kbytes Sector 0
8 Kbytes Sectors 0, 1
>8 Kbytes Sectors 0, 1, 2
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5.3.2

5.3.3

5.3.4
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Accumulator (A)

The Accumulator is an 8-bit general purpose register used to hold operands and the results
of the arithmetic and logic calculations and to manipulate data.

Index registers (X and Y)

These 8-bit registers are used to create effective addresses or as temporary storage areas
for data manipulation. (The Cross-Assembler generates a precede instruction (PRE) to
indicate that the following instruction refers to the Y register.)

The Y register is not affected by the interrupt automatic procedures.

Program counter (PC)

The program counter is a 16-bit register containing the address of the next instruction to be
executed by the CPU. It is made of two 8-bit registers PCL (Program Counter Low which is
the LSB) and PCH (Program Counter High which is the MSB).

Condition Code register (CC)

The 8-bit Condition Code register contains the interrupt masks and four flags representative
of the result of the instruction just executed. This register can also be handled by the PUSH
and POP instructions. These bits can be individually tested and/or controlled by specific
instructions.

cC Reset value: 111x1xxx
7 6 5 4 3 2 1 0
1 1 11 H 10 N 4 C
R/W R/W R/W R/W R/W R/W R/W R/W
Table 6. Arithmetic management bits
Blt | Name Function
Half carry

This bit is set by hardware when a carry occurs between bits 3 and 4 of the ALU
during an ADD or ADC instructions. It is reset by hardware during the same

4 H instructions.

0: No half carry has occurred.

1: A half carry has occurred.

This bit is tested using the JRH or JRNH instruction. The H bit is useful in BCD
arithmetic subroutines.

Negative
This bit is set and cleared by hardware. It is representative of the result sign of the last
arithmetic, logical or data manipulation. It is a copy of the result 7th bit.
2 N 0: The result of the last operation is positive or null.
1: The result of the last operation is negative (that is, the most significant bit is a logic
1.
This bit is accessed by the JRMI and JRPL instructions.




Interrupts
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Table 21.  Interrupt sensitivity - ei3
IS11 1IS10 External interrupt sensitivity
0 0 Falling edge and low level
0 1 Rising edge only
1 0 Falling edge only
1 1 Rising and falling edge
Table 22. Interrupt sensitivity - ei0
External interrupt sensitivity
1S21 1S20
IPA bit =0 IPA bit =1
0 0 Falling edge and low level Rising edge and high level
0 1 Rising edge only Falling edge only
1 0 Falling edge only Rising edge only
1 1 Rising and falling edge
Table 23. Interrupt sensitivity - eil
1S21 1S20 External interrupt sensitivity
0 0 Falling edge and low level
0 1 Rising edge only
1 0 Falling edge only
1 1 Rising and falling edge
Table 24. Nested interrupts register map and reset values
Address (Hex.) | Register label 7 6 5 4 3 2 1 0
eil ei0 MCC + Sl
0024h ISPRO M3 103 | 12]|102]|M1_1]Il01
reset value 1 1 1 1 1 1 1 1
SPI ei3 ei2
0025h ISPR1 17 | 107 | 16 | 106 | 15 |105 |14 |04
reset value 1 1 1 1 1 1 1 1
AVD SCI Timer B Timer A
0026h ISPR2 11_11 [10_11 [ 11_10 [ 10_10 | 1.9 | 10.9 | 11_8 | 10_8
reset value 1 1 1 1 1 1 1 1
0027h :'2SPeFt{?/alue 1 1 1 1 |1_113 I0_113 |1_112 I0_112
50/193 Kﬁ
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Power saving modes

Introduction

To give a large measure of flexibility to the application in terms of power consumption, four
main power saving modes are implemented in the ST7 (see Figure 23): Slow, Wait (Slow
Wait), Active-halt and Halt.

After a reset the normal operating mode is selected by default (Run mode). This mode
drives the device (CPU and embedded peripherals) by means of a master clock which is
based on the main oscillator frequency divided or multiplied by 2 (fogco)-

From Run mode, the different power saving modes may be selected by setting the relevant
register bits or by calling the specific ST7 software instruction whose action depends on the
oscillator status.

Figure 23. Power saving mode transitions

High

Run

Slow

Wait

Slow Wait

Active Halt

Halt

Low
Power consumption

Slow mode

This mode has two targets:
® To reduce power consumption by decreasing the internal clock in the device,
e To adapt the internal clock frequency (fopy) to the available supply voltage.

Slow mode is controlled by three bits in the MCCSR register: the SMS bit which enables or
disables Slow mode and two CPx bits which select the internal slow frequency (fcpy)-

In this mode, the master clock frequency (fogcs) can be divided by 2, 4, 8 or 16. The CPU
and peripherals are clocked at this lower frequency (fcpy)-

Slow-Wait mode is activated when entering the Wait mode while the device is already in
Slow mode.
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Figure 28. Halt timing overview
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Figure 29. Halt mode flowchart
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WDGHALT is an option bit. See Section 14.1 on page 179 for more details.
Peripheral clocked with an external clock source can still be active.

Only some specific interrupts can exit the MCU from Halt mode (such as external interrupt). Refer to
Table 25: Interrupt mapping for more details.

4. Before servicing an interrupt, the CC register is pushed on the stack. The I[1:0] bits of the CC register are

set to the current software priority level of the interrupt routine and recovered when the CC register is
popped.
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I/O ports
Figure 30. /O port general block diagram
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Table 28. 1/0 port mode options
Diodes
Configuration mode Pull-up P-buffer
to Vpp" | to Ves®
Floating with/without Interrupt off®
Input 7 Off
Pull-up with/without Interrupt Oon o
n
Push-pull On On
Off
Output | Open drain (logic level) Off
True open drain NI NI NI®)

—_

a > @D
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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 device against positive stress.

Off = implemented not activated.

On = implemented and activated.

NI = not implemented
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On-chip peripherals

Figure 34. Exact timeout duration (t.,j, and t;,ax)

WHERE:
tminO = (LSB + 128) X 64 x tOSCZ

tmaxo = 16384 x toscz

toscz =125 ns if fOSCZ =8 MHz
CNT = value of T[5:0] bits in the WDGCR register (6 bits)

MSB and LSB are values from the table below depending on the timebase selected by the TB[1:0] bits in the MCCSR

register
TB1 bit TBO bit
Selected MCCSR timebase MSB LSB
(MCCSR reg.) (MCCSR reg.) :

0 0 2ms 4 59

0 1 4 ms 8 53

1 0 10 ms 20 35

1 1 25ms 49 54
To calculate the minimum Watchdog timeout (tin):

MSB
IF CNT<[T} THEN tin = tming* 16384 x CNTx t o
4CNT 4CNT

ELSE t . = tmino+[16384>< (CNT{

MSB

D+(192+LSB)>< 64 x [

To calculate the maximum Watchdog timeout (tyax):

MSB
IF CNT{T} THEN t . =t .o

ELSEt . =t . o+ [16384 x (CNT{

NOTE: In the above formulae, division results must be rounded down to the next integer value.

+16384 x CNT x t

4CNT
MSB

osc2

4CNT

D+(192+LSB)>< 64 x [

EXAMPLE: With 2ms timeout selected in MCCSR register

MSB ﬂ Xtosc2

MSB ﬂ X osc2

Value of T[5:0] bits in WDGCR register Min. Watchdog timeout (ms) Max. Watchdog timeout (ms)
(Hex.) tmin tmax
00 1.496 2.048
3F 128 128.552
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10.2.2

Caution:

10.2.3

10.2.4
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Clock-out capability

The clock-out capability is an alternate function of an 1/O port pin that outputs the fopy clock
to drive external devices. It is controlled by the MCO bit in the MCCSR register.

When selected, the clock out pin suspends the clock during Active-halt mode.

Real-time clock (RTC) timer

The counter of the real-time clock timer allows an interrupt to be generated based on an
accurate real-time clock. Four different time bases depending directly on fogco are available.
The whole functionality is controlled by four bits of the MCCSR register: TB[1:0], OIE and
OIF.

When the RTC interrupt is enabled (OIE bit set), the ST7 enters Active-halt mode when the
HALT instruction is executed. See Section 8.4: Active-halt and Halt modes on page 54 for
more details.

Beeper

The beep function is controlled by the MCCBCR register. It can output three selectable
frequencies on the Beep pin (I/O port alternate function).

Figure 35. Main clock controller (MCC/RTC) block diagram
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Note:

78/193

External clock

The external clock (where available) is selected if CCO = 1 and CC1 =1 in the CR2 register.

The status of the EXEDG bit in the CR2 register determines the type of level transition on
the external clock pin EXTCLK that will trigger the free running counter.

The counter is synchronized with the falling edge of the internal CPU clock.

A minimum of four falling edges of the CPU clock must occur between two consecutive
active edges of the external clock; thus the external clock frequency must be less than a
quarter of the CPU clock frequency.

Figure 38. Counter timing diagram, internal clock divided by 2
crucoec U UUUUT U

Internal reset —|

g S i o Y Y e

\ FrFoy_ FrFEY FFFFY 0000 Y 0001 Y 0002 Y 0003 |

Counter register

Timer Overflow Flag (TOF) |

Figure 39. Counter timing diagram, internal clock divided by 4

crucoe JUUUUL  JUUTUTUUU

Internal reset —|

Timer clock L J |_|

Counter register FFFCX FFFD i X 0000 X 0001

Timer Overflow Flag (TOF) |

Figure 40. Counter timing diagram, internal clock divided by 8

CPU clock , ;

Internal reset -I

Timer clock I—I ;|

Counter register FFFC X FFFD X 0000

Timer Overflow Flag (TOF)

The MCU is in reset state when the internal reset signal is high, when it is low the MCU is
running.
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Alternate counter low register (ACLR)

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.

ACLR Reset value: 1111 1100 (FCh)
7 6 5 4 3 2 1 0
MSB LSB
RO RO RO RO RO RO RO RO

Input capture 2 high register (IC2HR)

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

1C2HR Reset value: undefined
7 6 5 4 3 2 1 0
MSB LSB
RO RO RO RO RO RO RO RO

Input capture 2 low register (IC2LR)

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

1C2LR Reset value: undefined
7 6 5 4 3 2 1 0
MSB LSB
RO RO RO RO RO RO RO RO
Table 52. 16-bit timer register map and reset values
Address Register
(Hex.) label 7 6 5 4 3 2 1 0
Timer A: 32 |CR1 ICIE OCIE TOIE FOLV2 | FOLV1 OLvL2 | IEDG1 OLVLA
Timer B: 42 Reset value 0 0 0 0 0 0 0 0
Timer A: 31 CR2 OC1E OC2E OPM PWM CC1 CCo IEDG2 | EXEDG
Timer B: 41 Reset value 0 0 0 0 0 0 0 0
Timer A: 33 |CSR ICF1 OCFA1 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
IYI 95/193
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Note:

114/193

Overrun error

An overrun error occurs when a character is received when RDRF has not been reset. Data
can not be transferred from the shift register to the RDR register as long as the RDRF bit is
not cleared.

When a overrun error occurs:

® The OR bitis set.

e The RDR content will not be lost.

® The shift register will be overwritten.

® Aninterrupt is generated if the RIE bit is set and the | bit is cleared in the CCR register.

The OR bit is reset by an access to the SCISR register followed by a SCIDR register read
operation.

Noise error

Oversampling techniques are used for data recovery by discriminating between valid
incoming data and noise. Normal data bits are considered valid if three consecutive samples
(8th, 9th, 10th) have the same bit value, otherwise the NF flag is set. In the case of start bit
detection, the NF flag is set on the basis of an algorithm combining both valid edge
detection and three samples (8th, 9th, 10th). Therefore, to prevent the NF flag from being
set during start bit reception, there should be a valid edge detection as well as three valid
samples.

When noise is detected in a frame:

® The NF flag is set at the rising edge of the RDRF bit.

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

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

The NF flag is reset by a SCISR register read operation followed by a SCIDR register read
operation.

During reception, if a false start bit is detected (for example, 8th, 9th, 10th samples are
011,101,110), the frame is discarded and the receiving sequence is not started for this
frame. There is no RDRF bit set for this frame and the NF flag is set internally (not
accessible to the user). This NF flag is accessible along with the RDRF bit when a next valid
frame is received.

If the application Start bit is not long enough to match the above requirements, then the NF
Flag may get set due to the short Start bit. In this case, the NF flag may be ignored by the
application software when the first valid byte is received.

See also Noise error causes on page 119.
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Using a prebyte

The instructions are described with one to four opcodes.

In order to extend the number of available opcodes for an 8-bit CPU (256 opcodes), three
different prebyte opcodes are defined. These prebytes modify the meaning of the instruction
they precede.

The whole instruction becomes:

PC-2
PC-1
PC
PC+1

End of previous instruction
Prebyte
Opcode

Additional word (0 to 2) according to the number of bytes required to compute the
effective address

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

PDY 90

PIX 92

PIY 91

Replace an X based instruction using immediate, direct, indexed, or inherent
addressing mode by a Y one.

Replace an instruction using direct, direct bit, or direct relative addressing mode
to an instruction using the corresponding indirect addressing mode.

It also changes an instruction using X indexed addressing mode to an instruction
using indirect X indexed addressing mode.

Replace an instruction using X indirect indexed addressing mode by a Y one.
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12.1

12.1.1

12.1.2

12.1.3

12.1.4

Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referred to Vgg.

Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Ty = 25°C and Ty = Tymax (given by
the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics
are indicated in the table footnotes and are not tested in production. Based on
characterization, the minimum and maximum values refer to sample tests and represent the
mean value plus or minus three times the standard deviation (mean +3%).

Typical values

Unless otherwise specified, typical data are based on Ty =25 °C, Vpp = 5 V. They are given
only as design guidelines and are not tested.

Typical curves

Unless otherwise specified, all typical curves are given only as design guidelines and are
not tested.

Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 62.

Figure 62. Pin loading conditions

—| ST7 pin
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12.8.3

Absolute maximum ratings (electrical sensitivity)

Based on two different tests (ESD and LU) using specific measurement methods, the
product is stressed in order to determine its performance in terms of electrical sensitivity.
For more details, refer to the application note AN1181.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts*(n+1) supply pin). Two models
can be simulated: human body model and machine model. This test conforms to the
JESD22-A114A/A115A standard.

Table 104. Absolute maximum ratings

Symbol Ratings Conditions Maximum value(") | Unit

Electrostatic discharge voltage

Vesp(Hem (human body model) 2000
Tp = +25°C v
Vv Electrostatic discharge voltage 750
ESD(CDM) | (charged device model)

1. Data based on characterization results, not tested in production.
Static latch-up

® LU: two complementary static tests are required on 6 parts to assess the latch-up
performance. A supply overvoltage (applied to each power supply pin) and a current
injection (applied to each input, output and configurable 1/0 pin) are performed on each
sample. This test conforms to the EIA/JESD 78 IC latch-up standard.

Table 105. Electrical sensitivities

Symbol Parameter Conditions 'I_'e_st . Class
specification
Tp=+25°C
LU Static latch-up class Tpo=+85°C JESD 78 Il level A
Ta=+125°C

157/193
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Figure 70. Unused I/O pins configured as input(')

Vbb ST7XXX

% 10kQ | Unused 10 port
% 10 kQ Unused /O port
ST7XXX

1. 1/0 can be left unconnected if it is configured as output (0 or 1) by the software. This has the advantage of
greater EMC robustness and lower cost.

Figure 71. Typical Ipy vs. Vpp with Vi = Vgg

35 4 45
vdd(v)

12.9.2 Output driving current

Subject to general operating conditions for Vpp, fcpy, and Ty unless otherwise specified.

Table 107. Output driving current

Symbol Parameter Conditions Min Max Unit
Output low level voltage for a standard 1/O lio=+5mA 1.2
pin when 8 pins are sunk at same time
(see Figure 72) llo=+2 mA 0.5
Vo (" lio = +20 mA
Output low level voltage for a high sink I/O Tp<85°C 1.3
pin when 4 pins are sunk at same time Tao>85°C 1.5
(see Figure 73 and Figure 75) Vpbp =5V v
lio=+8 mA 0.6
||o =-5 mA,
Output high level voltage for an 1/O pin To<85°C Vpp - 1.4
Vor® | when 4 pins are sourced at same time Ta>85°C Vpp - 1.6
(see Figure 74 and Figure 77)
I|O =-2mA VDD -0.7

1. The |, current sunk must always respect the absolute maximum rating specified in Section 12.2.2 and the sum of |, (/O
ports and control pins) must not exceed lygs.

2. The l,p current sourced must always respect the absolute maximum rating specified in Section 12.2.2 and the sum of |,
(/0 ports and control pins) must not exceed lypp. True open drain 1/O pins do not have V.

Ky_l 159/193
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Figure 72. Typical Vo at Vpp = 5 V (standard ports)
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Figure 73. Typical Vo at Vpp =5 V (high-sink ports)
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Figure 74. Typical VoyatVpp=5V
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Figure 81. SPI slave timing diagram with CPHA = 0(")
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Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.

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

Figure 82. SPI slave timing diagram with CPHA = 1(!)
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Measurement points are done at CMOS levels: 0.3xVpp and 0.7xVpp.

2. When no communication is on-going the data output line of the SPI (MOSI in master mode, MISQO in slave
mode) has its alternate function capability released. In this case, the pin status depends on the 1/O port
configuration.

Ky_l 167/193




ST72324Bxx

Electrical characteristics

12.13.3 ADC accuracy

Table 113. ADC accuracy

Max("
Symbol Parameter Conditions Typ | ROM and 32 Kbyte Unit
8/16 Kbyte Flash
Flash

IE7l | Total unadjusted error® 3 4 6

IEgl | Offset error® < 2 3 5

IEgl |Gain error® “7 | CPU in run mode @ fapc 2 MHz| 0.5 3 4.5 LSB

I[Epl | Differential linearity error® >8 2

1 2
IE | |Integral linearity error® 3

1. Data based on characterization results, monitored in production to guarantee 99.73% within + max value from -40°C to

125 °C (x 3o distribution limits).

ADC accuracy vs. negative injection current: Injecting negative current may reduce the accuracy of the conversion being

performed on another analog input. Any positive injection current within the limits specified for ljyy(piny @nd Zliypiny i
Section 12.9 does not affect the ADC accuracy.

Figure 88. ADC accuracy characteristics
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(1) Example of an actual transfer curve.
(2) The ideal transfer curve.
(3) End point correlation line.

Et = Total Unadjusted Error: maximum
deviation between the actual and the ideal
transfer curves.

Eq = Offset Error: deviation between the first
actual transition and the first ideal one.

Eg = Gain Error: deviation between the last
ideal transition and the last actual one.

Ep = Differential Linearity Error: maximum
deviation between actual steps and the ideal
one.

E_ = Integral Linearity Error: maximum
deviation between any actual transition and the
end point correlation line.

< Fp
«—>
1 LSBipeaL
I | I T N A I | »
| | / | | | |
6 7 1021 1023
V AREF

Vin (LSBipEAL)

171/193




