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Functional overview

3.13

Timers

The medium-density STM8AL313x/4x/6x and STM8AL3L4x/6x devices contain one
advanced control timer (TIM1), two 16-bit general purpose timers (TIM2 and TIM3) and one
8-bit basic timer (TIM4).

All the timers can be served by DMA1.

Table 3 compares the features of the advanced control, general-purpose and basic timers.

Table 3. Timer feature comparison

Timer

Counter

resolution

Counter
type

Prescaler factor

DMA1
request
generation

Capture/compare
channels

Complementary
outputs

TIM1

TIM2
TIM3

16-bit

Any integer

from 1 to 65536 3+1 3

up/down
Any power of 2

from 1 to 128 Yes 2

None

TIM4

Any power of 2

8-bit up from 1 to 32768

3.13.1

3.13.2

3

TIM1 - 16-bit advanced control timer

This is a high-end timer designed for a wide range of control applications. With its
complementary outputs, dead-time control and center-aligned PWM capability, the field of
applications is extended to motor control, lighting and half-bridge driver.

e  16-bit up, down and up/down auto reload counter with 16-bit prescaler

e  Three independent capture/compare channels (CAPCOM) configurable as input
capture, output compare, PWM generation (edge and center aligned mode) and single
pulse mode output.

¢  One additional capture/compare channel which is not connected to an external /0
e  Synchronization module to control the timer with external signals

e Break input to force timer outputs into a defined state

e Three complementary outputs with adjustable dead time

e  Encoder mode

e Interrupt capability on various events (capture, compare, overflow, break, trigger)

16-bit general purpose timers

e 16-bit auto reload (AR) up/down-counter

e  7-bit prescaler adjustable to fixed power of 2 ratios (1...128)

e Two individually configurable capture/compare channels

e PWM mode

e Interrupt capability on various events (capture, compare, overflow, break, trigger)

e  Synchronization with other timers or external signals (external clock, reset, trigger and
enable)

DoclD18474 Rev 8 211123




Pin description STM8AL313x/4x/6x STM8AL3L4x/6x

Figure 5. STM8AL31x6T 32-pin pinout (without LCD)
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Figure 6. STM8BAL3Lx6T 32-pin pinout (with LCD)
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Memory and register map

STMB8AL313x/4x/6x STM8AL3L4x/6x

Table 9. General hardware register map (continued)

Address Block Register label Register name :;f:;
0x00 52E0 TIM4_CRA1 TIM4 control register 1 0x00
0x00 52E1 TIM4_CR2 TIM4 control register 2 0x00
0x00 52E2 TIM4_SMCR TIM4 slave mode control register 0x00
0x00 52E3 TIM4_DER TIM4 DMA1 request enable register 0x00
0x00 52E4 TIM4_IER TIM4 interrupt enable register 0x00
0x00 52E5 Tiva TIM4_SR1 TIM4 status register 1 0x00
0x00 52E6 TIM4_EGR TIM4 event generation register 0x00
0x00 52E7 TIM4_CNTR TIM4 counter 0x00
0x00 52E8 TIM4_PSCR TIM4 prescaler register 0x00
0x00 52E9 TIM4_ARR TIM4 auto-reload register 0x00
0x00 52EA

to Reserved area (21 bytes)
0x00 52FE
0x00 52FF IRTIM IR_CR Infrared control register 0x00
0x00 5300
to Reserved area (64 bytes)
0x00 533F

0x00 5340 ADC1_CR1 ADC1 configuration register 1 0x00
0x00 5341 ADC1_CR2 ADC1 configuration register 2 0x00
0x00 5342 ADC1_CR3 ADC1 configuration register 3 Ox1F
0x00 5343 ADC1_SR ADC1 status register 0x00
0x00 5344 ADC1_DRH ADC1 data register high 0x00
0x00 5345 ADC1_DRL ADC1 data register low 0x00
0x00 5346 ADC1_HTRH ADC1 high threshold register high Ox0F
0x00 5347 ADC1_HTRL ADC1 high threshold register low OxFF
0x00 5348 ADC1_LTRH ADC1 low threshold register high 0x00
0x00 5349 ADC ADC1_LTRL ADC1 low threshold register low 0x00
0x00 534A ADC1_SQR1 ADC1 channel sequence 1 register 0x00
0x00 534B ADC1_SQR2 ADC1 channel sequence 2 register 0x00
0x00 534C ADC1_SQR3 ADC1 channel sequence 3 register 0x00
0x00 534D ADC1_SQR4 ADC1 channel sequence 4 register 0x00
0x00 534E ADC1_TRIGR1 ADC1 trigger disable 1 0x00
0x00 534F ADC1_TRIGR2 ADC1 trigger disable 2 0x00
0x00 5350 ADC1_TRIGR3 ADC1 trigger disable 3 0x00
0x00 5351 ADC1_TRIGR4 ADCH1 trigger disable 4 0x00
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Memory and register map

STMB8AL313x/4x/6x STM8AL3L4x/6x

Table 9. General hardware register map (continued)

Address Block Register label Register name :;f:;
0x00 540C LCD_RAMO LCD display memory 0 0x00
0x00 540D LCD_RAM1 LCD display memory 1 0x00
0x00 540E LCD_RAM2 LCD display memory 2 0x00
0x00 540F LCD_RAM3 LCD display memory 3 0x00
0x00 5410 LCD_RAM4 LCD display memory 4 0x00
0x00 5411 LCD_RAMS LCD display memory 5 0x00
0x00 5412 LCD_RAM®6 LCD display memory 6 0x00
0x00 5413 HeD LCD_RAM7 LCD display memory 7 0x00
0x00 5414 LCD_RAMS8 LCD display memory 8 0x00
0x00 5415 LCD_RAM9 LCD display memory 9 0x00
0x00 5416 LCD_RAM10 LCD display memory 10 0x00
0x00 5417 LCD_RAMM LCD display memory 11 0x00
0x00 5418 LCD_RAM12 LCD display memory 12 0x00
0x00 5419 LCD_RAM13 LCD display memory 13 0x00

0)82805212‘;0 Reserved area (22 bytes)

0x00 5430 Reserved area (1 byte) 0x00
0x00 5431 RI_ICR1 Timer input capture routing register 1 0x00
0x00 5432 RI_ICR2 Timer input capture routing register 2 0x00
0x00 5433 RI_IOIR1 I/O input register 1 undefined
0x00 5434 RI_IOIR2 I/O input register 2 undefined
0x00 5435 RI_IOIR3 I/O input register 3 undefined
0x00 5436 RI_IOCMR1 I/O control mode register 1 0x00
0x00 5437 RI_IOCMR2 I/O control mode register 2 0x00
0x00 5438 R RI_IOCMR3 I/O control mode register 3 0x00
0x00 5439 RI_IOSR1 I/0 switch register 1 0x00
0x00 543A RI_IOSR2 I/0 switch register 2 0x00
0x00 543B RI_IOSR3 I/0 switch register 3 0x00
0x00 543C RI_IOGCR 1/0 group control register 0x3F
0x00 543D RI_ASCR1 Analog switch register 1 0x00
0x00 543E RI_ASCR2 Analog switch register 2 0x00
0x00 543F RI_RCR Resistor control register 1 0x00
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STMS8AL313x/4x/6x STM8AL3L4x/6x Option bytes

Table 13. Option byte description (continued)

Option ] o
byte no. Option description
BOR_ON:
0: Brownout reset off
OPT5 1: Brownout reset on

BOR_TH][3:1]: Brownout reset thresholds. Refer to Table 20 for details on the thresholds
according to the value of BOR_TH bits.

OPTBL[15:0]:

This option is checked by the boot ROM code after reset. Depending on the content of
OPTBL |addresses Ox00 480B, Ox00 480C and 0x8000 (reset vector) the CPU jumps to the
bootloader or to the reset vector. Refer to the UM0560 bootloader user manual for more
details.

3
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Electrical parameters STM8AL313x/4x/6x STM8SAL3L4x/6x

Figure 12. POR/BOR thresholds
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Electrical parameters STM8AL313x/4x/6x STM8SAL3L4x/6x

Table 21. Total current consumption in Run mode (continued)

Symbol | Parameter Conditions Typ Max Unit
fepu =125 kHz | 0.45 0.600)
fcpy = 1 MHz 0.60 0.85()
HSI RC
) fopu=4MHz | 1.10 1.450)
0OSscC.
fopy = 8 MHz 1.90 2.400)
fCPU =16 MHz 3.80 4.90
Al mA
peripherals fopu=125kHz | 030 | 0.450)
Supply OFF, code
| current executed HSE external | fcpy = 1 MHz 0.40 0.55(3)
DDRUN) | in Run from Flash, | clock
; = (3)
mode VDD from (fCPU=fHSE) fCPU 4 MHz 1.15 1.50
1.65V to @) fopu=8MHz | 2.15 2.75)
36V
fopy = 16 MHz | 4.00 4.750)
LSIRC osc. |fcpu = fLs 100 1500)
LSE external
clock P 3) HA
(32.768 cpu = fise 100 120
kHz)(®)

1. CPU executing typical data processing

2. The run from RAM consumption can be approximated with the linear formula:
Ipp(run_from_RAM) = Freq * 90 pA/MHz + 400pA

Guaranteed by characterization results.

Oscillator bypassed (HSEBYP = 1 in CLK_ECKCR). When configured for external crystal, the HSE
consumption (Ipp ysg) Mmust be added. Refer to Table 32.

5. The run from Flash consumption can be approximated with the linear formula:
Ipp(run_from_Flash) = Freq * 195 yA/MHz + 440 pA

6. Oscillator bypassed (LSEBYP = 1 in CLK_ECKCR). When configured for external crystal, the LSE
consumption (Ipp Lsg) must be added. Refer to Table 33.

3
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STMB8AL313x/4x/6x STM8AL3L4x/6x

Electrical parameters

3

Figure 13. Typ IDD(RUN) VS. VDD! fch = 16 MHZ(1)
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1. Typical current consumption measured with code executed from RAM.
Table 22. Total current consumption in Wait mode
Symbol | Parameter Conditions(? Typ Max | Unit
fopu=125kHz | 0.35 | 0.450)
fopu=1MHz | 035 | 0.50)
HSI fcru=4MHz | 0.40 | 0.600)
fcpu=8MHz | 0.50 | 0.60®)
CPU not
clocked, fcpu =16 MHz | 0.70 0.85
aOIIF?:eripheraIs fopu=125kHz | 0.05 | 0.100)
Supply codé executed f =1 MHz 0.10 | 0.20)
Ibp(waity | currentin | from RAM HSE external | °7 mA
Wait mode | with Flashin Ibba clock fepy = 4 MHz 0.20 0.400)
frpy | =f (4)
mode, @ (fcpu=fuse) fepu=8MHz | 040 | 0.65®
Vpp from
165V 1t03.6 V fecpy=16MHz | 0.76 | 1.150)
LSl fepu = fiLsi 0.06 | 0.08%)
LSE®)
external clock - 3
fopy = f 0.05 | 0.07¢)
(32.768 cPU = TLsE
kHz)
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Electrical parameters STM8AL313x/4x/6x STM8SAL3L4x/6x

Note: Rp,: Motional resistance (see crystal specification), L,,: Motional inductance (see crystal
specification), C,,: Motional capacitance (see crystal specification), Co: Shunt capacitance
(see crystal specification), C; 1=C; o=C: Grounded external capacitance

9Im > Imerit
LSE crystal/ceramic resonator oscillator

The LSE clock can be supplied with a 32.768 kHz crystal/ceramic resonator oscillator. All
the information given in this paragraph is based on characterization results with specified
typical external components. In the application, the resonator and the load capacitors have
to be placed as close as possible to the oscillator pins in order to minimize output distortion
and startup stabilization time. Refer to the crystal resonator manufacturer for more details
(frequency, package, accuracy...).

Table 33. LSE oscillator characteristics

Symbol Parameter Conditions Min Typ Max Unit
flae If_ow speed external oscillator _ ) 32.768 ) kHz
requency
Rg Feedback resistor AV =200 mV - 1.2 - MQ
c) Recommended load capacitance () - - 8 - pF
- - - 1.40) HA
Vpp=18V - 450 -
Ipp(Lse) | LSE oscillator power consumption
Vpp=3V - 600 - nA
Vpp=3.6V - 750 -
Im Oscillator transconductance - 3 - - AN
tSU(LSE)(4) Startup time Vpp is stabilized - 1 - S

C=C_4=C_, is approximately equivalent to 2 x crystal C| gap-

2. The oscillator selection can be optimized in terms of supply current using a high quality resonator with a small R, value.
Refer to crystal manufacturer for more details.

Guaranteed by design.

4. tsy(sg)is the startup time measured from the moment it is enabled (by software) to a stabilized 32.768 kHz oscillation.
This value is measured for a standard crystal resonator and it can vary significantly with the crystal manufacturer.

3
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Electrical parameters STM8AL313x/4x/6x STM8SAL3L4x/6x

Table 38. Flash program memory

Symbol Parameter Conditions Min Max Unit

Twe | Temperature for writing and erasing - -40 125 °C

Flash program memory endurance

Nwe (erase/write cycles)(!) Ta=25°C 1000 - cycles
Tp=25°C 40 -

tRET Data retention time e 20 years
A=95° -

1. The physical granularity of the memory is four bytes, so cycling is performed on four bytes even when a write/erase
operation addresses a single byte.

Data memory

Table 39. Data memory

Symbol Parameter Conditions Min Max | Unit
Twe | Temperature for writing and erasing - -40 125 °C
N Data memory endurance Ta=25°C 300 k B

WE ; (1) cycles
(erase/write cycles) To=-40t0 125°C [100k@ | -
5 Tpo=25°C 40)3) | .
t ta retention ti
RET ata retention time TA=55°C PAE) - years

1. The physical granularity of the memory is four bytes, so cycling is performed on four bytes even when a
write/erase operation addresses a single byte.

2. More information on the relationship between data retention time and number of write/erase cycles is
available in a separate technical document.

3. Retention time for 256B of data memory after up to 1000 cycles at 125 °C.

9.3.6 1/0 current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vss or
above VDD (for standard pins) should be avoided during normal product operation. However,
in order to give an indication of the robustness of the microcontroller in cases when
abnormal injection accidentally happens, susceptibility tests are performed on a sample
basis during device characterization.

Functional susceptibility to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/0 pins programmed in floating input mode. While current is injected into
the 1/0 pin, one at a time, the device is checked for functional failures.

The failure is indicated by an out of range parameter: ADC error, out of spec current
injection on adjacent pins or other functional failure (for example reset, oscillator frequency
deviation, LCD levels, etc.).

The test results are given in the following table.

3
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STMB8AL313x/4x/6x STM8AL3L4x/6x

Electrical parameters

NRST pin

Table 45. NRST pin characteristics

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

Symbol Parameter Conditions Min Typ Max Unit
NRST input low level
Vv - (@) - (@)
ILNRST) | yojtage Vss 0.8
NRST input high level
\Y - (M - (1)
HNRST) | \ojtage 1.4 Vbp
IOL =2 mA v
Vv NRST output low level for2.7V=Vpp=36V )
OL(NRST) It 0.4
voltage IOL =1.5mA
for VDD <27V B )
VhysT NRST input hysteresis - 10%Vpp2®) - - mV
NRST pull-up equivalent
R - (1 (@)
PUNRST) | asistor 30 45 60 kQ
VenrsT) | NRST input filtered pulse - - - 50(3)
NRST input not filtered ns
Y, - (3) - -
NFINRST) | pulse 300
1. Guaranteed by characterization results.
2. 200 mV min.
3. Guaranteed by design.
Figure 29. Typical NRST pull-up resistance Rpy vs Vpp
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STMB8AL313x/4x/6x STM8AL3L4x/6x

Electrical parameters

9.3.8 Communication interfaces
SPI1 - Serial peripheral interface
Unless otherwise specified, the parameters given in Table 46 are derived from tests
performed under ambient temperature, fgygc k frequency and Vpp supply voltage
conditions summarized in Section 9.3.1. Refer to 1/0 port characteristics for more details on
the input/output alternate function characteristics (NSS, SCK, MOSI, MISO).
Table 46. SPI1 characteristics
Symbol Parameter Conditions(!) Min Max Unit
f Master mode 0 8
SCK SPI1 clock frequency MHz
Mesck) Slave mode 0 8
msck) | SPIT dlockrise and fal ) Gapacitive load: C = 30 pF - 30
f(SCK)
tSU(NSS)(2) NSS setup time Slave mode 4 x 1fsyscLk -
thnss)® | NSS hold time Slave mode 80 -
tW(SCKH)(z) SCK hi . Master mode,
K high and low time 105 145
tw(sckL)? g fmasTeR = 8 MHZ, fsck= 4 MHz
t ) Master mode 30 -
suMi),) | Data input setup time
tsu(siy Slave mode 3 -
t ) Master mode 15 -
M) ;) | Data input hold time
th(siy Slave mode 0 - ns
ta(so)(z)(3) Data output access time Slave mode - 3x 1/fsyscLk
tdis(so)(z)(4) Data output disable time | Slave mode 30 -
ty(so) @ Data output valid time Slave mode (after enable edge) - 60
@) I Master mode )
tymo) Data output valid time (after enable edge) 20
¢ @) Slave mode 15 )
h(SO) (after enable edge)
Data output hold time
t @) Master mode 1 )
h(MO) (after enable edge)
1. Parameters are given by selecting 10 MHz 1/O output frequency.
2. Values based on design simulation and/or characterization results, and not tested in production.
3. Min time is for the minimum time to drive the output and max time is for the maximum time to validate the data.
4. Min time is for the minimum time to invalidate the output and max time is for the maximum time to put the data in Hi-Z.
1S7 DoclD18474 Rev 8 89/123




STMB8AL313x/4x/6x STM8AL3L4x/6x

Electrical parameters

Figure 34. SPI1 timing diagram - master mode!")
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1.

Measurement points are done at CMOS levels: 0.3 Vpp and 0.7 Vpp.
I2C - Inter IC control interface

Subject to general operating conditions for Vpp, fgygc k: @nd Ta unless otherwise specified.

The STMB8AL I2C interface (12C1) meets the requirements of the Standard 12C
communication protocol described in the following table with the restriction mentioned
below:

Refer to I/O port characteristics for more details on the input/output alternate function
characteristics (SDA and SCL).

Table 47. I2C characteristics

Standard mode 2~(1
2c Fast mode 12c(V)

Symbol Parameter Unit

Min® Max @ Min @ Max (2
twscLL) | SCL clock low time 4.7 - 1.3 -

us
twscLHy | SCL clock high time 4.0 - 0.6 -
oc ev
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STMB8AL313x/4x/6x STM8AL3L4x/6x

Electrical parameters

Table 53. DAC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
VREF+ =3.3V,no
load, middle code - 130 220
| Current consumption on VRgg+ (0x800)
VREF
supply VRer+ = 3.3V, no
load, worst code - 220 350
(0x000)
MA
VDDA =3.3 V, no
load, middle code - 210 320
| Current consumption on Vppa (0x800)
VDDA
SUpp'y VDDA =3.3V, no
load, worst code - 320 520
(0x000)
Ta Temperature range - -40 - 125 °C
R. Resistive load(") () DACOUT buffer ON 5 - - o
Ro Output impedance DACOUT buffer OFF - 8 10
C_ Capacitive load®) - - - 50 pF
DACOUT buffer ON 0.2 - Vppa-0.2
DAC_OUT |DAC_OUT voltage® v
DACOUT buffer OFF 0 - VRrer+ -1LSB
Settling time (full scale: for a 12-
bit input code transition between R = 5k0
tsettling the lowest and the highest input L= ' - 7 12 us
C_ =50 pF
codes when DAC_OUT reaches
the final value +1LSB)
Max frequency for a correct
0 >
Update rate DAC_OUT (@954)) change: R.=5kQ, - - 1 Msps
when small variation of the input C_ <50 pF
code (from code i to i+1LSB).
Wakeup time from OFF state. R = 5k0
twakeup | Input code between lowest and L : ' - 9 15 us
highest possible codes. CL =50 pF
PSRR+ Power supply rejection ratio (to R. 2 5kQ, ) 60 35 4B
VDDA) (static DC measurement) C_ <50 pF

Resistive load between DACOUT and GNDA.

1
2. Output on PFO (48-pin package only).
3. Capacitive load at DACOUT pin.
4

It gives the output excursion of the DAC.

3
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Table 56. ADC1 characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
VA|N on PFO fast
channel 0.43(4)5) - -
Vppa<24V
Vain on PFO fast
o channel 0.22(490) - -
ts Sampling time 2.4V <Vppps36V
Vain on slow channels 0.86@)5) ) )
VDDA < 24 V }JS
VN On slow channels 0.41(4)5) ) )
24V <Vppp<36V
- 12000000 / fopc +t
teonv 12-bit conversion time S
16 MHz 1(4) - -
t Wakeup time from OFF ) ) ) 3
WKUP | state
¢ 6) Time before a new ) ) ) - s
IDLE conversion
¢ Internal reference ) ) ) refer to ms
VREFINT | yoltage startup time Table 49

1. The current consumption through Vrgr is composed of two parameters:
- one constant (max 300 pA)
- one variable (max 400 pA), only during sampling time + 2 first conversion pulses.
So, peak consumption is 300+400 = 700 pA and average consumption is 300 + [(4 sampling + 2) /16] x 400 = 450 pA at
1Msps

2. VRgf. or Vppa must be tied to ground.

3. Guaranteed by design.

4. Minimum sampling and conversion time is reached for maximum Rext = 0.5 kQ.

5. Value obtained for continuous conversion on fast channel.

6. In STM8L05xx, STM8L15xx, STM8L162x, STM8AL31xx, STM8AL3Lxx, STM8AL31Exx and STM8AL3LExx MCU families
reference manual (RM0031), t,p g defines the time between 2 conversions, or between ADC ON and the first conversion.
tipLe is not relevant for this device.
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Package information

3

Table 65. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 8.800 9.000 9.200 0.3465 0.3543 0.3622
D1 6.800 7.000 7.200 0.2677 0.2756 0.2835

D3 - 5.500 - - 0.2165 -
E 8.800 9.000 9.200 0.3465 0.3543 0.3622
E1 6.800 7.000 7.200 0.2677 0.2756 0.2835

E3 - 5.500 - - 0.2165 -

e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -

k 0° 3.5° 7° 0° 3.5° 7°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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VFQFPN32 package information

Figure 47. VFQFPN32 - 32-pin, 5x5 mm, 0.5 mm pitch very thin profile fine pitch quad
flat package outline
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1. Drawing is not to scale.

2. There is an exposed die pad on the underside of the VQFPN package. It is recommended to connect and
solder this backside pad to the PCB ground.
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