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Block diagram

3

Block diagram

Figure 1. STM8AF6213/23/23A/26 block diagram
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1. Legend: ADC (Analog-to-digital converter), beCAN (Controller area network), BOR (Brownout reset),
I2C (Inter-integrated circuit multimaster interface),IWDG (Independent window watchdog), LINUART (Local interconnect
network universal asynchronous receiver transmitter), POR (Power on reset), SPI (Serial peripheral interface), SWIM
(Single wire interface module), USART (Universal synchronous asynchronous receiver transmitter), Window WDG
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STM8AF6213/23/23A/26 Product overview
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Analog-to-digital converter (ADC1)

The STM8AF6213, STM8AF6223, STM8AF6223A and STM8AF6226 products contain a
10-bit successive approximation A/D converter (ADC1) with up to 7 external and 1 internal
multiplexed input channels and the following main features:

¢ Input voltage range: 0 to Vpp

e Input voltage range: 0 to Vppa

e  Conversion time: 14 clock cycles

e Single and continuous and buffered continuous conversion modes

e Buffer size (n x 10 bits) where n = number of input channels

e  Scan mode for single and continuous conversion of a sequence of channels
e Analog watchdog capability with programmable upper and lower thresholds
e Internal reference voltage on channel AIN7

e Analog watchdog interrupt

e  External trigger input

e  Trigger from TIM1 TRGO

e End of conversion (EOC) interrupt

Additional AIN12 analog input is not selectable in ADC scan mode or with analog watchdog.
Values converted from AIN12 are stored only into the ADC_DRH/ADC_DRL registers.

Internal bandgap reference voltage

Channel AIN7 is internally connected to the internal bandgap reference voltage. The internal
bandgap reference is constant and can be used, for example, to monitor Vpp. Itis
independent of variations in Vpp and ambient temperature Tp.

Communication interfaces

The following communication interfaces are implemented:

e LINUART: Full feature UART, synchronous mode, SPI master mode, Smartcard mode,
IrDA mode, single wire mode, LIN2.2 capability

e  SPI: full and half-duplex, 8 Mbit/s
e [2C: up to 400 Kbit/s

Some peripheral names differ between the datasheet and STM8S series and STM8AF
series 8-bit microcontrollers reference manual, RM0016 (see Table 4).

Table 4. Communication peripheral naming correspondence

. . Peripheral name in reference manual
Peripheral name in datasheet (RM0016)
LINUART UART4
DoclD025118 Rev 6 19/109




Product overview

STM8AF6213/23/23A/26

4.14.1 LINUART

Main features

1 Mbit/s full duplex SCI

SPI emulation

High precision baud rate generator
Smartcard emulation

IrDA SIR encoder decoder

LIN mode

Single wire half duplex mode

LIN mode

Master mode:
LIN break and delimiter generation

LIN break and delimiter detection with separate flag and interrupt source for read back
checking.

Slave mode:

Autonomous header handling — one single interrupt per valid header
Mute mode to filter responses

Identifier parity error checking

LIN automatic resynchronization, allowing operation with internal RC oscillator (HSI)
clock source

Break detection at any time, even during a byte reception
Header errors detection:

20/109

Delimiter too short

Synch field error

Deviation error (if automatic resynchronization is enabled)
Framing error in synch field or identifier field

Header time-out

3
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Pinout and pin description

STM8AF6213/23/23A/26

Table 7. STM8AF6223A TSSOP20 pin description (continued)

Input Output
o RS Main Default | Alternate
o : o 2 | x - function
7] Pin name Type | € s = c | © function alternate
2 12| 2|%| 8|9 | & |(afterreset) | function |3fterremar
- s 2 | £ | & o | O | [option bit]
= < | 2°
g | T
Analog
PDG6/ AIN6/ input 6/
3 LINUART RX I/0 X X| X|HS|03| X | X Port D6 LINUART -
datareceive
4 NRST 110 - X - - - - - Reset -
5 | PA1/OSCIN® | 1o | X | x| x| - |o1| x| x| portat | Resonator .
crystal in
6 | PA2OSCOUT | O | X | X | x| - |o1| x| x| Portaz | Resonator/ .
crystal out
7 VSS - - - - - - - Digital ground -
8 VCAP - - - - - - - 1.8 V regulator capacitor -
9 VDD - - - - - - - Digital power supply -
Timer 1 -
10 F;TBI?\;I f‘éﬁ,\?{* W | x| -| x| -]o1|1®] - Port B5 I2C data | break input
- [AFRA4]
ADC
PB4/12C_SCL ) ) @) | external
11 [ADC_ETR] I/0 X X o1 |T Port B4 12C clock trigger
[AFRA4]
Timer 1 -
PB1/ inverted
12 TIM1_CH2N/ I/0 X | X X|HS| 03| X | X Port B1 channel -
AIN1 2/Analog
input 1
Timer 1 -
PRO/ inverted
13 TIM1_CH1N/AINO /0 X X X |HS| O3] X X Port BO channel -
1/Analog
input 0
Timer 1 - Analog
PC4/ TIM1_CH4/ channel 4 input 2
14 | CLK_CCO/AIN2/ I/0 X X| X|HS|03| X | X Port C4 | /configurabl | [AFR2]Time
TIM1_CHZ2] e clock r 1 channel
output 2 [AFR7]
Timer 5
15 Fzgﬁ’\gp'c—ﬁﬁ'( o | x | x| x|Hs| o3| x| x| Potcs | SPiclock | channel1
- [AFRO]
26/109 DoclD025118 Rev 6 Kys




STM8AF6213/23/23A/26

Memory and register map

Table 11. General hardware register map (continued)

Address Block Register label Register name :t:::;
0x00 5200 SPI_CR1 SPI control register 1 0x00
0x00 5201 SPI_CR2 SPI control register 2 0x00
0x00 5202 SPI_ICR SPI interrupt control register 0x00
0x00 5203 SPI_SR SPI status register 0x02
0x00 5204 SP! SPI_DR SPI data register 0x00
0x00 5205 SPI_CRCPR SPI CRC polynomial register 0x07
0x00 5206 SPI_RXCRCR SPI Rx CRC register OxFF
0x00 5207 SPI_TXCRCR SPI Tx CRC register OxFF
Oéggg’ gcz)g;o Reserved area (8 byte)

0x00 5210 12C_CR1 12C control register 1 0x00
0x00 5211 12C_CR2 12C control register 2 0x00
0x00 5212 I2C_FREQR 12C frequency register 0x00
0x00 5213 12C_OARL I12C own address register low 0x00
0x00 5214 12C_OARH 12C own address register high 0x00
0x00 5215 Reserved area (1 byte)

0x00 5216 12C_DR 12C data register 0x00
0x00 5217 12C 12C_SR1 12C status register 1 0x00
0x00 5218 I2C_SR2 12C status register 2 0x00
0x00 5219 I2C_SR3 12C status register 3 0x00
0x00 521A I2C_ITR 12C interrupt control register 0x00
0x00 521B 12C_CCRL I12C clock control register low 0x00
0x00 521C 12C_CCRH 12C clock control register high 0x00
0x00 521D I2C_TRISER I2C TRISE register 0x02
0x00 521E 12C_PECR I2C packet error checking register 0x00

0)82805 %12;::0 Reserved area (17 byte)
"_l DoclD025118 Rev 6 37/109




Memory and register map STM8AF6213/23/23A/26

6.2.2 CPU/SWIM/debug module/interrupt controller registers

Table 12. CPU/SWIM/debug module/interrupt controller registers

Address Block Register label Register name ;‘:3;
0x00 7F00 A Accumulator 0x00
0x00 7F01 PCE Program counter extended 0x00
0x00 7F02 PCH Program counter high 0x00
0x00 7F03 PCL Program counter low 0x00
0x00 7F04 XH X index register high 0x00
0x00 7F05 | cPu(® XL X index register low 0x00
0x00 7F06 YH Y index register high 0x00
0x00 7F07 YL Y index register low 0x00
0x00 7F08 SPH Stack pointer high 0x03
0x00 7F09 SPL Stack pointer low OxFF
0x00 7FO0A CCR Condition code register 0x28

Ogggg ';gg;o Reserved area (85 byte)
0x00 7F60 CPU CFG_GCR Global configuration register 0x00
0x00 7F70 ITC_SPR1 Interrupt software priority register 1 OxFF
0x00 7F71 ITC_SPR2 Interrupt software priority register 2 OxFF
0x00 7F72 ITC_SPR3 Interrupt software priority register 3 OxFF
0x00 7F73 ITC_SPR4 Interrupt software priority register 4 OxFF
0x00 7F74 e ITC_SPR5 Interrupt software priority register 5 OxFF
0x00 7F75 ITC_SPR6 Interrupt software priority register 6 OxFF
0x00 7F76 ITC_SPR7 Interrupt software priority register 7 OxFF
0x00 7F77 ITC_SPRS8 Interrupt software priority register 8 OxFF
0)(()?(807 ';;E;;O Reserved area (2 byte)
0x00 7F80 SWIM SWIM_CSR SWIM control status register 0x00
032807 52;;0 Reserved area (15 byte)
42/109 DoclD025118 Rev 6 "_l




STM8AF6213/23/23A/26

Memory and register map

Table 12. CPU/SWIM/debug module/interrupt controller registers (continued)

Address Block Register label Register name ;gf:;
0x00 7F90 DM_BK1RE DM breakpoint 1 register extended byte OxFF
0x00 7F91 DM_BK1RH DM breakpoint 1 register high byte OxFF
0x00 7F92 DM_BK1RL DM breakpoint 1 register low byte OxFF
0x00 7F93 DM_BK2RE DM breakpoint 2 register extended byte OxFF
0x00 7F94 DM_BK2RH DM breakpoint 2 register high byte OxFF
0x00 7F95 DM DM_BK2RL DM breakpoint 2 register low byte OxFF
0x00 7F96 DM_CR1 DM debug module control register 1 0x00
0x00 7F97 DM_CR2 DM debug module control register 2 0x00
0x00 7F98 DM_CSR1 DM debug module control/status register 1 0x10
0x00 7F99 DM_CSR2 DM debug module control/status register 2 0x00
0x00 7F9A DM_ENFCTR DM enable function register OxFF

0)8?(807 ';?:3;0 Reserved area (5 byte)
1. Accessible by debug module only
"_l DoclD025118 Rev 6 43/109




Electrical characteristics

STM8AF6213/23/23A/26

56/109

Figure 9. fcpumax Versus Vpp
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Table 27. Operating conditions at power-up/power-down
Symbol Parameter Conditions Min Typ Max Unit
Vpp rise time rate - 2(1) - oo
tvop us/V
Vpp fall time rate@ - 2(1) - oo
tremp Reset release delay Vpp rising - - 1.7 ms
Power-on reset
- 1)
Virs threshold(®) 2.6 2.7 285 v
Brown-out reset
- (1
Vir- threshold 25 265 28
Brown-out reset
VHYSBOR) | hysteresis - ; 70" - mv

Guaranteed by design.

Reset is always generated after a ty;
minimum operating voltage (Vpp min

mp delay. The application must ensure that Vpp is still above the
E) when the ttg)p delay has elapsed.

There is inrush current into Vpp present after device power on to charge Cgxt capacitor. This inrush energy
depends from Cgxt capacitor value. For example, a Cgxr of 1uF requires Q=1 pF x 1.8V = 1.8 pC.

DoclD025118 Rev 6
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STM8AF6213/23/23A/26 Electrical characteristics

Current consumption curves

The following figures show typical current consumption measured with code executing in

RAM.
Figure 11. Typ Ipprun) VS- Vpp HSE user external clock, fopy = 16 MHz
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Electrical characteristics

STM8AF6213/23/23A/26

9.3.3 External clock sources and timing characteristics

HSE user external clock

Subject to general operating conditions for Vpp and Ty.

Table 39. HSE user external clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
fuse_ext #:;alrj :r)::;rnal clock source ) 0 ) 16 MHz
VHSEH“) \(/)osltgg\; input pin high level ) 0.7 x Vpp - |Vpp+0.3V
VHSEL(1) \?oslt;:g\; input pin low level ) Vs ) 0.3 x Vpp v
ILEAK_HSE Susrrilr:\: input leakage Vss<ViN<Vpp -1 - +1 HA

1. Guaranteed by characterization results.

Figure 17. HSE external clock source
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Electrical characteristics STM8AF6213/23/23A/26

Table 45. Flash program memory

Symbol Parameter Condition Min Max Unit
Twe Temperature for writing and erasing - -40 150 °C
Flash program memory endurance ChE o )
NWE | (erasefwrite cycles)) Ta=25°C 1000 cycles
Tpo=25°C 40 -
tReT Data retention time years
Tpn=55°C 20 -

1. The physical granularity of the memory is 4 byte, so cycling is performed on 4 byte even when a
write/erase operation addresses a single byte.

Table 46. Data memory

Symbol Parameter Condition Min Max Unit
Twe | Temperature for writing and erasing - -40 150 °C

Data memory endurance(V) Ta=25°C 300 k B

Nwe . cycles
(erase/write cycles) Tp=-40°Cto 125°C | 100 k@ -
5 To=25°C 40®) -

treT ata retention time years
To=55°C 206) | .

1. The physical granularity of the memory is 4 byte, so cycling is performed on 4 byte 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.

70/109 DoclD025118 Rev 6
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Electrical characteristics STM8AF6213/23/23A/26

Figure 35. Recommended reset pin protection
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9.3.8 SPI serial peripheral interface

Unless otherwise specified, the parameters given in Table 52 are derived from tests
performed under ambient temperature, fyasTER frequency and Vpp supply voltage

conditions. tMASTER = 1/fMASTER'

Refer to I/O port characteristics for more details on the input/output alternate function
characteristics (NSS, SCK, MOSI, MISO).

Table 52. SPI characteristics

Symbol Parameter Conditions(") Min Max Unit
Master mode 0 8
fsck SPI clock frequency MHz
1esck) Slave mode 0 6
tsck) | SPI clock rise and fall time Ca_pacmve load: - 25
tf(SCK) C=30 pF
tsu(NSS)(Z) NSS setup time Slave mode 4 * t\ASTER -
thnss)? | NSS hold time Slave mode 70 -
(2)
ttW(SCKH>(2) SCK high and low time | Master mode tsck/2 - 15 |tgck/2 + 15
Ww(SCKL)
t (2) Master mode 5 -
suMl)., | Data input setup time
tsu(s Slave mode 5 -
ns
(2) Master mode 7 -
th("’”)(z) Data input hold time
th(si) Slave mode 10 -
ta(so)(2)(3) Data output access time | Slave mode - 3* tMASTER
tdis(so)(z)(4) Data output disable time | Slave mode 25 -
@) I Slave mode )
ty(so) Data output valid time (after enable edge) 65
@) I Master mode )
tymo) Data output valid time (after enable edge) 36

3
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STM8AF6213/23/23A/26 Electrical characteristics

Table 52. SPI characteristics (continued)

Symbol Parameter Conditions(" Min Max Unit
@) Slave mode )
th(so) (after enable edge) 27
Data output hold time ns
t @) Master mode 1 )
h(MO) (after enable edge)

1. Parameters are given by selecting 10 MHz 1/O output frequency.
Values based on design simulation and/or characterization results, and not tested in production.

Min time is for the minimum time to drive the output and the max time is for the maximum time to validate
the data.

4. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put
the data in Hi-Z.

Figure 36. SPI timing diagram - slave mode and CPHA =0
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1.

3

Measurement points are made at CMOS levels: 0.3 Vpp and 0.7 Vpp.
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Electrical characteristics

9.3.9

3

I2C interface characteristics

Table 53. I2C characteristics

Standard mode I2C | Fast mode 12C(1)
Symbol Parameter Unit
Min(2 Max(? Min@ | Max(@
tW(SCLL) SCL clock low time 4.7 - 1.3 -
us
tW(SCLH) SCL clock hlgh time 4.0 - 0.6 -
tsuispa) | SDA setup time 250 - 100 -
th(SDA) SDA data hold time 0(3) 3450 0(4) 900(3)
t(SDA) | SDA and SCL rise time - 1000 - 300 | NS
tyscu)
%SDA) | SDA and SCL fall time - 300 - 300
tiscy)
thsta) | START condition hold time 4.0 - 0.6 -
tsusTa) | Repeated START condition setup time 4.7 - 0.6 -
tsyisto) | STOP condition setup time 4.0 - 0.6 - s
¢ STOP to START condition time 47 13
W(STO:STA) (bus free) . - . -
Pulse width of spikes suppressed by (5)
tsp the input filter 0 50 0 50 ns
Cp Capacitive load for each bus line - 400 - 400 pF

fyasTER, MUst be at least 8 MHz to achieve max fast I°C speed (400 kHz)

2. Data based on standard 12C protocol requirement, not tested in production

The maximum hold time of the start condition has only to be met if the interface does not stretch the low

time

4. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge the
undefined region of the falling edge of SCL

5. The minimum width of the spikes filtered by the analog filter is above tgp(max)

DoclD025118 Rev 6
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Electrical characteristics

9.3.10

3

10-bit ADC characteristics

Subject to general operating conditions for Vpp, fyuasTer, and Ta unless otherwise

specified.
Table 54. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vpp=3t0o 5.5V 1 - 4
fanc |ADC clock frequency MHz
Vpp=4.5t055V 1 - 6
Vv Conversion voltage ) v ) v Vv
AN | range(! SS DD
Vv Internal bandgap Ven =310 5.5V @ | 122 @) Vv
BGREF | reference voltage DD ' 1.19 ' 1.25
Internal sample and hold
Canc capacitor ) ) 3 ) PF
f = 4MHz - 0.75 -
ts(™ | Minimum sampling time ADC
fADC =6 MHz - 0.5 - us
tstag | Wakeup time from standby - - 7 -
Minimum total conversion fanc = 4 Hz 35 us
tcony | time including sampling fapc = 6 MHz 2.33
time, 10-bit resolution
- 14 1fapc

1. During the sample time the input capacitance Cxy (3 pF max) can be charged/discharged by the external
source. The internal resistance of the analog source must allow the capacitance to reach its final voltage
level within tg. After the end of the sample time tg, changes of the analog input voltage have no effect on
the conversion result. Values for the sample clock tg depend on programming.

2. Tested in production.

DoclD025118 Rev 6
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STM8AF6213/23/23A/26 Electrical characteristics

Electromagnetic interference (EMI)

Based on a simple application running on the product (toggling 2 LEDs through the 1/O
ports), the product is monitored in terms of emission. This emission test is in line with the
norm IEC 61967-2 which specifies the board and the loading of each pin.

Table 58. EMI data

Conditions
()
Symbol | Parameter Monitored Max fuse/fcpu Unit
General conditions
frequency band |16 MHz/ | 16 MHz/
8 MHz | 16 MHz
Vop =5V, 0.1 MHz to 30 MHz 5 5
Peak level Ta=25°C, 30 MHz to 130 MHz 4 5 dBuV
SEmI LQFP32 package
conforming to 130 MHz to 1 GHz 5 5
EMI level IEC 61967-2 — 25 25 | level

1. Guaranteed by characterization results.

Absolute maximum ratings (electrical sensitivity)

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

Electrostatic discharge (ESD)

Electrostatic discharges (one positive then one negative pulses 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). One model
can be simulated: Human body model. This test conforms to the JESD22-A114A/A115A
standard. For more details, refer to the application note AN1181.

Table 59. ESD absolute maximum ratings

Maxi
Symbol Ratings Conditions Class vallun;(l:;n Unit
Electrostatic discharge voltage | Tp=25°C, conforming to

VESD(HBM) | (Human body model) JESD22-A114 3A | 4000

Vv Electrostatic discharge voltage | Ta=25°C, conforming to 3 500 Vv
ESD(CDM) | (Charge device model) JESD22-C101

Vv Electrostatic discharge voltage | Ta=25°C, conforming to B 200
ESD(MM) | (Machine model) JESD22-A115

1. Guaranteed by characterization results.
Kys DoclD025118 Rev 6 89/109




STM8AF6213/23/23A/26 Package information

Table 62. TSSOP20 — 20-lead thin shrink small outline, 6.5 x 4.4 mm, 0.65 mm pitch,
package mechanical data (continued)

millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
k 0° - 8° 0° - 8°
aaa - - 0.100 - - 0.0039

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

2. Dimension “D” does not include mold flash, protrusions or gate burrs. Mold flash, protrusions or gate burrs
shall not exceed 0.15mm per side.

3. Dimension “E1” does not include interlead flash or protrusions. Interlead flash or protrusions shall not
exceed 0.25mm per side.

Figure 46. TSSOP20 — 20-lead thin shrink small outline, 6.5 x 4.4 mm, 0.65 mm pitch,
package footprint

0.25

' 6.

11i

oooon s

0.25

7.10 4.40 — -+ —

(NNLININE

0.40 0.65

YA_FP_VA

1. Dimensions are expressed in millimeters.

3
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Package information STM8AF6213/23/23A/26

Device marking

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which depend on supply chain operations, are
not indicated below.

Figure 47. TSSOP20 marking example (package top view)

Standard ST logo |

Product
identification” " —

T XXXXXXXXX

Date code | Revision code

Y Ww 4

Pin 1 identifier —_|

MS38373V1

1. Parts marked as “ES” or “E” are not yet qualified and therefore not approved for use in production. ST is not
responsible for any consequences resulting from such use. In no event will ST be liable for the customer
using any of these engineering samples in production. ST’s Quality department must be contacted prior to
any decision to use these engineering samples to run a qualification activity.

3
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10.4

10.4.1

10.4.2

3

Thermal characteristics

The maximum chip junction temperature (T j,5x) Must never exceed the values given in
Table 26: General operating conditions.

Tymax: iN degrees Celsius, may be calculated using the following equation:

TJmax = TAmax + (PDmax X ®JA)

Where:
—  Tamax is the maximum ambient temperature in °C
—  O)a is the package junction-to-ambient thermal resistance in © C/W
—  Pbmax is the sum of Pi\tmax and Pjomax (Pbmax = PiNTmax + Pi/omax)
—  PiNTmax is the product of Ipp and Vpp, expressed in Watts. This is the maximum
chip internal power.
—  Pjomax represents the maximum power dissipation on output pins
Where:
Pomax = Z (VoL*loL) + Z((Vbp-Von)*lon),
taking into account the actual Vg, /Ig and Von/loy of the 1/Os at low and high level
in the application.
Table 64. Thermal characteristics(!)
Symbol Parameter Value Unit
Thermal resistance junction-ambient 110
TSSOP20 - 4 x 4 mm
Thermal resistance junction-ambient R
a LQFP 32-7 x 7 mm €0 cw
Thermal resistance junction-ambient TBD
VFQFPN32 -5 x5 mm

1. Thermal resistances are based on JEDEC JESD51-2 with 4-layer PCB in a natural convection
environment.

Reference document

JESD51-2 integrated circuits thermal test method environment conditions - natural
convection (still air). Available from www.jedec.org.

Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the order code (see
Section 11: Ordering information).

The following example shows how to calculate the temperature range needed for a given
application.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2017 STMicroelectronics — All rights reserved
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