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STMS8AL313x/4x/6x STM8AL3L4x/6x Functional overview

3.2

3.21

3.2.2

3

Central processing unit STM8

Advanced STMS8 core

The 8-bit STM8 core is designed for code efficiency and performance with an Harvard
architecture and a 3-stage pipeline.

It contains six internal registers which are directly addressable in each execution context, 20
addressing modes including indexed indirect and relative addressing, and 80 instructions.

Architecture and registers

e Harvard architecture
e  3-stage pipeline
e  32-bit wide program memory bus - single cycle fetching most instructions

e XandY 16-bit index registers - enabling indexed addressing modes with or without
offset and read-modify-write type data manipulations

e  8-bit accumulator

e 24-bit program counter - 16 Mbyte linear memory space

e  16-bit stack pointer - access to a 64 Kbyte level stack

e  8-bit condition code register - 7 condition flags for the result of the last instruction

Addressing

e 20 addressing modes

¢ Indexed indirect addressing mode for lookup tables located anywhere in the address
space

e  Stack pointer relative addressing mode for local variables and parameter passing

Instruction set

e 80 instructions with 2-byte average instruction size

e Standard data movement and logic/arithmetic functions

e  8-bit by 8-bit multiplication

e  16-bit by 8-bit and 16-bit by 16-bit division

e  Bit manipulation

e Data transfer between stack and accumulator (push/pop) with direct stack access
e Data transfer using the X and Y registers or direct memory-to-memory transfers

Interrupt controller

The medium-density STM8AL313x/4x/6x and STM8AL3L4x/6x feature a nested vectored
interrupt controller:

¢ Nested interrupts with 3 software priority levels

e 32 interrupt vectors with hardware priority

e Up to 40 external interrupt sources on 11 vectors

e Trap and reset interrupts

DoclD18474 Rev 8 15/123




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

4.1 System configuration options

As shown in Table 5: Medium-density STM8AL313x/4x/6x and STM8AL3L4x/6x pin
description, some alternate functions can be remapped on different 1/0 ports by
programming one of the two remapping registers described in the “Routing interface (RI)
and system configuration controller” section in STM8L051/L052 Value Line,
STM8L151/L152, STM8L162, STM8AL31, STM8AL3L MCU lines reference manual
(RM0031).

3
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STM8AL313x/4x/6x STM8AL3L4x/6x Electrical parameters

Table 16. Current characteristics

Symbol Ratings Max. Unit
l\voD Total current into Vpp power line (source) 80
lyss Total current out of Vgg ground line (sink) 80
Outpu.t .current sunk by IR_TIM pin (with high sink LED driver 80
capability)
ho Output current sunk by any other 1/O and control pin 25
Output current sourced by any I/Os and control pin -25 A
Injected current on true open-drain pins (PCO and PC1)(") - 5/+0 "
| Injected current on five-volt tolerant (FT) pins (PA7 and PEO)(1) - 5/+0
NP Injected current on 3.6 V tolerant (TT) pins(") - 5/+0
Injected current on any other pin(® - 5/+5
Z||NJ(p|N) Total injected current (sum of all I/O and control pins)(3) +25

1. Positive injection is not possible on these I/Os. A negative injection is induced by Viy<Vss. lingpiny Must
never be exceeded. Refer to Table 15 for maximum allowed input voltage values.

2. Apositive injection is induced by V\y>Vpp while a negative injection is induced by V|y<Vgs. linypiny must
never be exceeded. Refer to Table 15 for maximum allowed input voltage values.

3. When several inputs are submitted to a current injection, the maximum Xl ypin) is the absolute sum of the
positive and negative injected currents (instantaneous values).

Table 17. Thermal characteristics

3

Symbol Ratings Value Unit
Tste Storage temperature range -65 to +150 oG
T, Maximum junction temperature 150
Table 18. Operating lifetime (OLF)“)
Symbol Ratings Value Unit
OLF Conforming to AEC-Q100 -40to 125 °C Grade 1

1.

For detailed mission profile analysis, please contact the local ST Sales Office.

DoclD18474 Rev 8
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STMB8AL313x/4x/6x STM8AL3L4x/6x

Electrical parameters

9.3.3

3

Supply current characteristics

Total current consumption

The MCU is placed under the following conditions:

e Alll/O pins in input mode with a static value at Vpp or Vgg (no load)

e All peripherals are disabled except if explicitly mentioned.

General conditions for Vpp apply, Ty =-40 °C to 125 °C.

Table 21. Total current consumption in Run mode

Symbol | Parameter Conditions Typ Max Unit
fepu = 125kHz | 0.40 0.55()
fopu = 1 MHz 0.50 0.65C)
HSI RC osc.
fepu=4MHz | 0.75 1.008)
(16 MHz)@ | 7Y
fopu=8MHz | 1.10 1.400)
All fCPU =16 MHz 1.85 2.35
peripherals mA
OFF, fcpu=125kHz | 0.05 | 0.100)
Supply code _ 3)
IpprUN) | CUrrent in executed (I;ilzl:ikexternal fepy = 1 MHz 0.20 0.25
run mode(") | from RAM, (fopu=t fopy = 4 MHz 0.55 0.750)
Vpp from cpU=fHsE)
1.65 V to @ fcpu=8MHz | 1.00 | 1.250)
36V fopy=16MHz | 190 | 2.300)
LSI RC osc.
f =f (3)
(typ. 38 kHz) | CPU ~ LS 40 50
LSE external HA
clock fepu = fLse 40 6003)
(32.768 kHz)
DoclD18474 Rev 8 65/123




Electrical parameters

STMB8AL313x/4x/6x STM8AL3L4x/6x
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Table 22. Total current consumption in Wait mode (continued)

Symbol | Parameter Conditions() Typ | Max |Unit
fCPU =125 kHz 0.38 055(3)
fepu=1MHz | 040 | 0.600)
HSI fepu=4MHz | 050 | 0.65()
fcpu=8MHz | 0.60 | 0.750)
CPU not fCPU =16 MHz 0.80 0.90
clocked, )
all peripherals fecpy = 125kHz | 0.05 | 0.10
Supply. 1 oFF . a3
Ibp(waity | currentin | o4l evecuted | HSE@) fecpu=1MHz | 0.10 | 0.20 mA
Wait mode | from Fash, external clock |fcpu=4MHz | 0.25 | 0450
Vpp from fopy=HSE
1,65V 103.6 V (eru™ 58 Tigey=8MHz | 050 | 0650
fopu=16MHz | 1.00 | 1.20Q)
LSI fepu = fLsi 0.05 | 0.10®)
LSE®)
external clock |fcpu = fLse 0.05 | 0.08®)
(32.768 kHz)
1. All peripherals OFF, Vpp from 1.65 V to 3.6 V, HSI internal RC osc., fcpy = fsyscLk
2. Flash is configured in Ippq mode in Wait mode by setting the EPM or WAITM bit in the Flash_CR1 register.
3. Guaranteed by characterization results.
4. Oscillator bypassed (HSEBYP = 1 in CLK_ECKCR). When configured for external crystal, the HSE

consumption (Ipp ysg) must be added. Refer to Table 32.

consumption (Ipp ysg) Mmust be added. Refer to Table 33.

DoclD18474 Rev 8
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Electrical parameters

STMB8AL313x/4x/6x STM8AL3L4x/6x

Table 24. Total current consumption in low-power wait mode

atVpp=1.65Vto 3.6V

Symbol Parameter Conditions(? Typ Max Unit
To=-40°Ct025°C | 3.00 | 3.302
LSI RC osc. all peripherals 3
To=85°C 440 | 9O
Supply current | (8t 38 kHz) OFF 3
| in Ta=125°C 11.00 | 18® R
DDLPW) | | ow power wait = ° ° 2) H
rode LSE external A oerioherats Tp=-40°Cto25°C| 235 | 2.70
clock®) orr T T, =85°C 3.10 | 3.70®
(32.768 kHz) To=125°C 7.20 |11.002)
1. No floating 1/Os.
2. Guaranteed by characterization results.
3. Tested at 85°C for temperature range A or 125°C for temperature range C.
4. Oscillator bypassed (LSEBYP = 1 in CLK_ECKCR). When configured for external crystal, the LSE consumption
(Ipp Lsg) must be added. Refer to Table 33.
Table 25. Total current consumption and timing in active-halt mode
atVpp=1.65Vto 3.6V
Symbol Parameter Conditions (1) Typ | Max@ | Unit
Tp=-40°Cto25°C 0.90 | 2.10
LCD OFF®) |T,=85°C 1.50 | 3.40
Tpo=125°C 5.10 | 12.00
LCD ON Tpo=-40°Cto25°C 140 | 3.10
(static duty/ "
external Tp=85°C 1.90 | 4.30
(4) _ o
| Supply current in LSIRC Vieo) Ta=125°C 5.50 | 13.00 A
DD(AH) Active-halt mode (at38kHz) |LcDON Tp =-40 °C to 25 °C 1.90 | 4.30
(1/4 duty/ .
external Tp=85°C 240 | 5.40
Vico) ®  |Ta=125°C 6.00 | 15.00
LCD ON Tp=-40°Cto25°C 3.90 | 8.75
(1/4 duty/ .
internal Tp=85°C 4.50 | 10.20
Vico) ®  |Ta=125°C 6.80 | 16.30
70/123 DoclD18474 Rev 8 Kys




STM8AL313x/4x/6x STM8AL3L4x/6x Electrical parameters

Table 25. Total current consumption and timing in active-halt mode
at Vpp =1.65V to 3.6 V (continued)

Symbol Parameter Conditions (1) Typ | Max®® | Unit
Tp=-40°Cto25°C 0.50 1.20
LCD OFF®) |T,=85°C 0.90 | 2.10
Tpo=125°C 4.80 | 11.00
LCD ON Tp=-40°Cto25°C 0.85 1.90
(static duty/
external Tpo=85°C 1.30 3.20
LSE external v ) ~ ;
| Supply current in clock Lc) Ta=125°C 5.00 | 12.00 A
DDAH) | Active-halt mode (32.768 kHz) || cp ON To=-40°Ct025°C | 150 | 2.50 H
) (1/4 duty/
external Tp=85°C 1.80 | 4.20
Vieop) ®  |Ty=125°C 570 | 14.00
LCD ON Tp=-40°Cto25°C 3.40 7.60
(1/4 duty/
internal Tp=85°C 3.90 9.20
Viep)®  |Ty=125°C 6.30 | 15.20
Supply current during
| wakeup time from ) ) ) )
DD(WUFAH) | Active-halt mode 240 mA
(using HSI)
t (9) | Wakeup time from
WU—*('f(')()AH) Active-halt mode to - 4.70 | 7.00
Run mode (using HSI)
us
¢ (@) | Wakeup time from
WU_LSI(AH)" "~ | Active-halt mode to - 150.0 -
(10) Run mode (using LSI)
1. No floating I/O, unless otherwise specified.
2. Guaranteed by characterization results.
3. RTC enabled. Clock source = LSI.
4. RTC enabled, LCD enabled with external V| ¢cp = 3V, static duty, division ratio = 256, all pixels active, no LCD connected.
5. RTC enabled, LCD enabled with external V| _cp, 1/4 duty, 1/3 bias, division ratio = 64, all pixels active, no LCD connected.
6. LCD enabled with internal LCD booster V| ¢p = 3V, 1/4 duty, 1/3 bias, division ratio = 64, all pixels active, no LCD
connected.
7. Oscillator bypassed (LSEBYP = 1 in CLK_ECKCR). When configured for external crystal, the LSE consumption

(Ipp Lsg) must be added. Refer to Table 33.
RTC enabled. Clock source = LSE.

Wakeup time until start of interrupt vector fetch.
The first word of interrupt routine is fetched 4 CPU cycles after ty.

10. ULP=0 or ULP=1 and FWU=1 in the PWR_CSR2 register.

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

Table 29. Current consumption under external reset

Symbol Parameter Conditions Typ Unit
Vpp=1.8V 48
Supply current under All pins are externally _
loD(RST) external reset (1) tied to Vpp Vop=3V 7 bA
VDD =36V 91

1. All pins except PAO, PBO and PB4 are floating under reset. PAO, PBO and PB4 are configured with pull-up under reset.

9.34 Clock and timing characteristics

HSE external clock (HSEBYP =1 in CLK_ECKCR)

Subject to general operating conditions for Vpp and Tp.

Table 30. HSE external clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
External clock source
f (1) - (1)
HSE_ext frequency 1 16 MHz
OSC_IN input pin high level
VHsEH voltage 9 - 0.7 x Vpp - Vbb y
OSC_IN input pin low level
VHSEL voltage putp VSS - 0.3x VDD
Cin(HSE) OSC_IN input capacitance - - 2.6 - pF
OSC_IN input leakage
ILEAK HSE | current P g Vss<ViN<Vpp - - +500 nA

1. Guaranteed by design.

LSE external clock (LSEBYP=1 in CLK_ECKCR)

Subject to general operating conditions for Vpp and Ty.

Table 31. LSE external clock characteristics

Symbol Parameter Min Typ Max Unit
fLSE_ext External clock source frequency - 32.768 - kHz
. . . 0.7 x 1)
V| sEH OSC32_IN input pin high level voltage Ve (1) - Vop
DD \Y,
Vi seL OSC32_IN input pin low level voltage Vgs'" - 0.3 x Vpp'"
Cin(LSE) OSC32_IN input capacitance - 0.6 - pF
|LEAK_LSE OSC32_IN input leakage current - +500 nA

1. Guaranteed by characterization results.

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

Electrical parameters

Figure 16. LSE oscillator circuit diagram
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Internal clock sources

Subject to general operating conditions for Vpp, and Tx.

High speed internal RC oscillator (HSI)

In the following table, data are based on characterization results and are not tested in

production, unless otherwise specified.

Table 34. HSI oscillator characteristics

Symbol

Parameter

Conditions(")

Min

Typ

Max

Unit

fhsi

Frequency

VDD =30V

16

MHz

ACCyg

HSI oscillator
user trimming
accuracy

Trimmed by the application for any Vpp

and T, conditions

HSI oscillator
accuracy (factory
calibrated)

Vpp<1.8V<Vpp <36V,
-40°C<T, <125°C

%

TRIM

HSI user
trimming step(z)

Trimming code # multiple of 16

0.4

Trimming code = multiple of 16

tsu(Hsi)

HSI oscillator
setup time
(wakeup time)

3.7

us

Ipp(HsI)

HSI oscillator
power
consumption

100

MA

Vpp = 3.0V, Ty =-40 to 125 °C unless otherwise specified.

2. The trimming step differs depending on the trimming code. It is usually negative on the codes which are
multiples of 16 (0x00, 0x10, 0x20, 0x30...0xEO). Refer to the AN3101 “STM8L05xxx/15xxx, STM8L162xx
and STM8AL31xx/3Lxx internal RC oscillator calibration” application note for more details.

3. Guaranteed by design.

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

Figure 17. Typical HSI frequency vs Vpp
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Low speed internal RC oscillator (LSI)

In the following table, data are based on characterization results, not tested in production.

Table 35. LS| oscillator characteristics

Symbol Parameter (1) Conditions(" Min Typ Max | Unit
fLsi Frequency - 26 38 56 kHz
tsuesiy | LS oscillator wakeup time - - - 2002 Hs

LSI oscillator frequenc o .
IboLs | i3 quency 0°C<Tp<85°C -12 - 11 %

1. Vpp=1.65V1t03.6V, Ty =-40to 125 °C unless otherwise specified.
2. Guaranteed by design.

3. This is a deviation for an individual part, once the initial frequency has been measured.

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

Electrical parameters

Table 40. I/O current injection susceptibility

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on true open-drain pins 5 +0
(PCO and PC1)
Iy Injected current on all five-volt tolerant (FT) pins -5 +0 mA
Injected current on all 3.6 V tolerant (TT) pins -5 +0
Injected current on any other pin -5 +5

9.3.7 1/0 port pin characteristics
General characteristics
Subject to general operating conditions for Vpp and T, unless otherwise specified. All
unused pins must be kept at a fixed voltage: using the output mode of the 1/O for example or
an external pull-up or pull-down resistor.
Table 41. I/O static characteristics
Symbol Parameter Conditions(1 Min Typ Max Unit
ViL Input low level voltage | Input voltage on all pins Vgs-0.3 - 0.3 xVpp
Input voltage on true open-drain pins @)
(PCO and PC1) with Vpp <2 V - 5.2
0.70 x VDD
Input voltage on true open-drain pins @)
(PCO and PC1) with Vpp 22 V - 55
Input voltage on five-volt tolerant (FT) )
pins (PA7 and PEO) with Vpp < 2 VV - 5.2 Vv
Viy Input high level voltage -
Input voltage on five-volt tolerant (FT) 0.70 x VV @)
pins (PA7 and PEO) with Vpp 22 V ' DD | - 5.5
Ir?put voltage on 3.6 V tolerant (TT) ) 362
pins
. Vpp+0.3¢
Input voltage on any other pin 0.70 x Vpp - :
Schmitt trigger voltage |1/Os - 200 -
Vhys i« (3) - mV
hysteresis True open drain 1/Os - 200 -
Vss =ViN =Vpp . . 50
High sink 1/Os
Vss=Vin=Vpp - -
likg ch)put leakage current True open drain 1/Os 200 nA
Vss = ViN<Vpp
PAOQ with high sink LED driver - - 200
capability
1S7 DoclD18474 Rev 8 81/123




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

Figure 30. Typical NRST pull-up current |, vs Vpp
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The reset network shown in Figure 31 protects the device against parasitic resets. The user
must ensure that the level on the NRST pin can go below the V|_max. level specified in
Table 45. Otherwise the reset is not taken into account internally.

For power consumption sensitive applications, the external reset capacitor value can be
reduced to limit the charge/discharge current. If the NRST signal is used to reset the
external circuitry, attention must be paid to the charge/discharge time of the external
capacitor to fulfill the external devices reset timing conditions. The minimum recommended
capacity is 10 nF.

Figure 31. Recommended NRST pin configuration
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Table 47. I2C characteristics (continued)

Standard mode 21
12c Fast mode 12C(")

Symbol Parameter Unit

Min(® Max @ Min @ Max (@)

tsuispa) | SDA setup time 250 - 100 -
thspa) | SDA data hold time 0 - 0 900
t
"SDA) | SDA and SCL rise time - 1000 - 300 | ns
tyscL)
t
f(SDA) | SDA and SCL fall time - 300 - 300
tiscL)
th(STA) START condition hold time 4.0 0.6 -
Repeated START condition setu
tsu(sTa) timz P 47 - 0.6 -
us
tsysTo) | STOP condition setup time 4.0 - 0.6 -
STOP to START condition time (bus
tw(sTo:sTA) free) 4.7 - 1.3 -
Cy Capacitive load for each bus line - 400 - 400 pF
1. fgyscLk Must be at least equal to 8 MHz to achieve max fast I°C speed (400 kHz).
2. Data based on standard 12C protocol requirements, not tested in production.
For speeds around 200 kHz, the achieved speed can have a + 5% tolerance
For other speed ranges, the achieved speed can have a + 2% tolerance
The above variations depend on the accuracy of the external components used.
Figure 35. Typical application with I2C bus and timing diagram(1)
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1. Measurement points are done at CMOS levels: 0.3 x Vpp and 0.7 x Vpp
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Figure 39. Power supply and reference decoupling (Vgrgg+ not connected to Vppa)
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Figure 40. Power supply and reference decoupling (Vgrgg+ connected to Vppa)
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Electromagnetic interference (EMI)

Based on a simple application running on the product (toggling two LEDs through the 1/O
ports), the product is monitored in terms of emission. This emission test is in line with the
norm IEC61967-2 which specifies the board and the loading of each pin.

Table 62. EMI data (1)

. Max vs.
Symbol Parameter Conditions fr Monr:torid nd Unit
equency ba 16 MHz
VDD =36V 0.1 MHz to 30 MHz -3
Ta=+25°C, 30 MHz to 130 MHz 9 dBuv
Semi Peak level LQFP32
IEC61967-2 EMI Level 2 _

1. Not tested in production.

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 charge device model. This test conforms to the
ANSI/ESDA/JEDEC JS-001, JESD22-A115 and ANSI/ESD S5.3.1.

Table 63. ESD absolute maximum ratings

Maximum

value (M Unit

Symbol Ratings Conditions Class

Electrostatic discharge voltage Ta = *25 °C, conforming

VEsD(HBM) (human body model) SOE/S'\E%VJESS.SQ/ 2 2000
Electrostatic discharge voltage | T = +25 °C, conforming \%
VESD(CDM) (charge device model) to ANSI/ESD S5.3.1 c4aB 500

Electrostatic discharge voltage | T = +25 °C, conforming

VESDMM) | (Machine model) to JESD22-A115 M2 200

1. Guaranteed by characterization results.
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Package information
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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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Table 66. LQFP32 - 32-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 0.300 0.370 0.450 0.0118 0.0146 0.0177

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 - 5.600 - - 0.2205 -

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 - 5.600 - - 0.2205 -

e - 0.800 - - 0.0315 -

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°
ccc - - 0.100 - - 0.0039

1.

Values in inches are converted from mm and rounded to 4 decimal digits.

Figure 45. LQFP32 - 32-pin, 7 x 7 mm low-profile quad flat recommended footprint
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Dimensions are expressed in millimeters.
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