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Introduction

The ATtiny1624/1626/1627 devices you have received conform functionally to the current device data sheet
(www.microchip.com/DS40002234), except for the anomalies described in this document. The errata described
in this document will likely be addressed in future revisions of the ATtiny1624/1626/1627 devices.

Notes:

This document summarizes all the silicon errata issues from all the silicon revisions, previous and current

Refer to the Device/Revision ID section in the current device data sheet (www.microchip.com/DS40002234)
for more detailed information on Device Identification and Revision IDs for your specific device, or contact
your local Microchip sales office for assistance


https://www.microchip.com/DS40002234
https://www.microchip.com/DS40002234
https://microchip.com

1. Silicon Issue Summary
Legend

- Erratum is not applicable.
X Erratum is applicable.

Peripheral| Short Description

Valid for Silicon
Revision

Rev. E(M

Device IDD Power-Down Current Consumption

Writing the OSCLOCK Fuse in FUSE.OSCCFG to 1" Prevents Automatic Loading of
Calibration Values

ADC ADC Stays Active in Sleep Modes for Low Latency Mode and Free Running Mode
CCL The CCL Must be Disabled to Change the Configuration of a Single LUT
NVMCTRL Wrong Reset Value of NVMCTRL.CTRLA Register

TCA Restart Will Reset Counter Direction in NORMAL and FRQ Mode

TCB CCMP and CNT Registers Act as 16-Bit Registers in 8-Bit PWM Mode

USART Open-Drain Mode Does not Work When TXD Is Configured as Output

Start-of-Frame Detection Can Unintentionally Be Triggered in Active Mode

X X X X X X X X ><><II

Receiver Non-Functional after Detection of Inconsistent Synchronization Field

Note:
1. This revision is the initial release of the silicon.
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2.2,

2.2.1.

2.2.2.

2.3.

2.3.1.

Silicon Errata Issues

Errata Details

- Erratum is not applicable.
X Erratum is applicable.

Device

IDD Power-Down Current Consumption
For material with date code 2045 (manufactured in the year 2020, week 45) or older, the IDD
power-down leakage can exceed the targeted maximum value of 1.5 pA.

Work Around
None.

Affected Silicon Revisions

Rev. E
X

Writing the OSCLOCK Fuse in FUSE.OSCCFG to ‘1’ Prevents Automatic Loading of Calibration
Values

Writing the OSCLOCK fuse in FUSE.OSCCFG to ‘1’ prevents the automatic loading of calibration
values from the signature row. The device will run with an uncalibrated OSC20M oscillator.

Work Around

Do not use OSCLOCK for locking the oscillator calibration value. The oscillator calibration value can
be locked by writing LOCKEN in CLKCTRL.MCLKLOCK to ‘1" when the OSC20M oscillator is used as
the Main Clock source.

Affected Silicon Revisions

Rev. E

ADC - Analog-to-Digital Converter

ADC Stays Active in Sleep Modes for Low Latency Mode and Free Running Mode

If the Low Latency bit (LOWLAT in ADCn.CTRLA) is '1', the ADC stays active when the device enters
Power-Down or Standby sleep modes. If the Free-Running bit (FREERUN in ADCn.CTRLF) is '1",

the ADC continues to run in Standby sleep mode even if the Run in Standby bit (RUNSTDBY in
ADCN.CTRLA) is '0". In both cases, the interrupts will not trigger when the device enters Power-Down
or Standby sleep mode.

Work Around
None.

Affected Silicon Revisions

Rev. E
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2.4. CCL- Configurable Custom Logic

2.4.1. The CCL Must be Disabled to Change the Configuration of a Single LUT

To reconfigure an LUT, the CCL peripheral must first be disabled (write ENABLE in CCL.CTRLA to ‘0").
Writing ENABLE to ‘0" will disable all the LUTs, and affects the LUTs not under reconfiguration.

Work Around
None

Affected Silicon Revisions

Rev. E
X

2.5. NVMCTRL - Nonvolatile Memory Controller

2.5.1. Wrong Reset Value of NVMCTRL.CTRLA Register

In some cases, the reset value of NVMCTRL.CTRLA will not be '0'. Even reserved bits can be read as
'1" after Reset.

Work Around
Ignore the initial value.

Affected Silicon Revisions

Rev. E

2.6. TCA - 16-Bit Timer/Counter Type A

2.6.1. Restart Will Reset Counter Direction in NORMAL and FRQ Mode

When the TCA is configured to a NORMAL or FRQ mode (WGMODE in TCAN.CTRLB is ‘0x0’ or ‘0x1"), a
RESTART command or Restart event will reset the count direction to default. The default is counting
upwards.

Work Around
None.

Affected Silicon Revisions

Rev. E

2.7. TCB - 16-Bit Timer/Counter Type B

2.7.1. CCMP and CNT Registers Act as 16-Bit Registers in 8-Bit PWM Mode

When the TCB is operating in 8-bit PWM mode (CNTMODE in TCBn.CTRLB is ‘0x7’), the low and high
bytes for the CCMP and CNT registers act as 16-bit registers for read and write. They cannot be read
or written independently.

Work Around
Use 16-bit register access. Refer to the data sheet for further information.

Affected Silicon Revisions

Rev. E
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X
2.8. USART - Universal Synchronous and Asynchronous Receiver and Transmitter

2.8.1. Open-Drain Mode Does not Work When TXD Is Configured as Output

When configured as an output, the USART TXD pin can drive the pin high regardless of whether the
Open-Drain mode is enabled or not.

Work Around
Configure the TXD pin as an input by writing the corresponding bit in PORTx.DIR to ‘0’ when using
Open-Drain mode.

Affected Silicon Revisions

Rev. E
X

2.8.2. Start-of-Frame Detection Can Unintentionally Be Triggered in Active Mode

The Start-of-Frame Detection feature enables the USART to wake up from Standby sleep mode
upon data reception. The Start-of-Frame Detector can unintentionally be triggered when the Start-
of-Frame Detection Enable (SFDEN) bit in the USART Control B (USARTN.CTRLB) register is set, and
the device is in Active mode. If the Receive Data (RXDATA) registers are read while receiving new
data, the Receive Complete Interrupt Flag (RXCIF) in the USARTN.STATUS register is cleared. This
triggers the Start-of-Frame Detector and falsely detects the next falling edge as a start bit. When
the Start-of-Frame Detector detects a start condition, the frame reception is restarted, resulting in
corrupt received data. Note that the USART Receive Start Interrupt Flag (RXSIF) always is ‘0’ when in
Active mode. No interrupt will be triggered.

Work Around

Disable Start-of-Frame Detection by writing ‘0’ to the Start-of-Frame Detection Enable (SFDEN) bit
in the USART Control B (USARTN.CTRLB) register when the device is in Active mode. Re-enable it by
writing the bit to ‘1’ before transitioning to Standby sleep mode. This work around depends on a
protocol preventing a new incoming frame when re-enabling Start-of-Frame Detection. Re-enabling
Start-of-Frame Detection, while a new frame is already incoming, will result in corrupted received
data.

Affected Silicon Revisions

Rev. E
X

2.8.3. Receiver Non-Functional after Detection of Inconsistent Synchronization Field

The USART Receiver becomes non-functional when the Inconsistent Synchronization Field Interrupt
Flag (ISFIF) in the Status (USARTN.STATUS) register is set. The ISFIF interrupt flag is set when

the Receiver Mode (RXMODE) bit field in the Control B (USARTN.CTRLB) register is configured to
Generic Auto-Baud (GENAUTO) or LIN Constrained Auto-Baud (LINAUTO) mode, and the received
synchronization frame does not conform to the conditions described in the data sheet. Clearing the
flag does not re-enable the USART Receiver.

Work Around
When the ISFIF interrupt flag is set, disable and re-enable the USART Receiver by first writing a ‘0’
and then a ‘1’ to the Receiver Enable (RXEN) bit in the Control B (USARTN.CTRLB) register.

Affected Silicon Revisions

Rev. E
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3. Data Sheet Clarifications

Note the following typographical corrections and clarifications for the latest version of the device
data sheet (www.microchip.com/DS40002234).

Note: Corrections are shown in bold. Where possible, the original bold text formatting has been
removed for clarity.

3.1. EVSYS - Event Sysytem
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https://www.microchip.com/DS40002234

3.1.1. User Channel MUX

Name: USER
Offset: 0x20 + n*0x01 [n=0..19]

Reset: 0x00

Property: -

A clarification is made in the table of User Channel MUX section. Functional change is shown in bold.

Each event user can be connected to one channel, and several users can be connected to the same
channel. The following table lists all Event System users with their corresponding user ID numbers

and names. The user name is formed by combining USER with Peripheral and Input from the table
below in the following way: USERPERIPHERALINPUT.

Access R/W

Bit 7 6 5 3 2 1 0
| USER[7:0] |
R/W RIW R/W R/W R/W RIW
0 0 0 0 0 0

Reset 0

Bits 7:0 - USER[7:0] User Channel Selection
Configures which Event System channel the user is connected to.

USER Async/Sync

o me
CCL

0x00 LUTOA
0x01 LUTOB
0x02 LUT1A
0x03 LUT1B
0x04 LUT2A
0x05 LUT2B
0x06 LUT3A
0x07 LUT3B
0x08 ADCO START
0x09  EVSYS EVOUTA
0x0A EVOUTB
0x0B EvouTc™h
0x0C  USARTO IRDA
0x0D  USART1 IRDA
0x0E TCAO CNTA
0x0F CNTB
0x10 TCBO CAPT
0x11 COUNT
0x12  TCB1 CAPT
0x13 COUNT
Notes:

Async

Async
Async

Sync
Sync
Both®
Sync

Both®@
Sync

Description

CCL LUTO event input A

CCL LUTO event input B

CCL LUT1 event input A

CCL LUT1 event input B

CCL LUT2 event input A

CCL LUT2 event input B

CCL LUT3 eventinput A

CCL LUT3 event input B

ADC start on event

EVSYS pin output A

EVSYS pin output B

EVSYS pin output C

USARTO IrDA event input

USART1 IrDA event input

Count on event or control count direction
Restart on event or control count direction
Start, stop, capture, restart or clear counter
Count on event

Start, stop, capture, restart or clear counter
Count on event

1. Not all peripheral instances are available for all pin counts. Refer to the Peripherals and
Architecture section for details.

2. Depends on the timer operational mode.

Value Description

0 OFF, No channel is connected to this Event System user

n The event user is connected to CHANNEL(n-1)
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3.2. 1/0 Multiplexing and Considerations

3.2.1. 1/0 Multiplexing

A clarification is made in Table 3-1. PORT Function Multiplexing. The “footnote 4" is also valid for
LUTO-OUT on pin PB4. Functional change is shown in bold.

Table 3-1. PORT Function Multiplexing

£l €| £| Pin ADCO® ACO USARTO USART1 SPIO TWIO TCAO
T | F|Name
QIR | w2
HHE
(o4
o| O
ala
2
23 19 16 10 PAO RESET LUTO-INO
UPDI
24 20 17 11 PA1 AIN1 TXD@W TXD MOSI LUTO-IN1
1 1 18 12 PA2 EVOUTA AIN2 RxD@ RXD MISO LUTO-IN2
2 2 19 13 PA3 EXTCLK AIN3 XCK® XCK SCK WO3 1,W0
3 3 20 14 GND
4 4 1 1 VDD
5 5 2 2 PA AIN4 XDIR® XDIR SS WO04 LUTO-OUT
6 6 3 3 PA5 VREFA AIN5 ouT WO5 o,WOo LUT3-0OUT®
7 7 4 4 PA6 AIN6 AINNO
8 8 5 5 PA7 EVOUTA®  AIN7 AINPO LUT1-OUT
9 PB7 EVOUTB®
10 PB6 AINP3 LUT2-OUT®@
1 9 6 PB5 CLKOUT AIN8 AINP1 w024
12 10 7 PB4 RESET® AIN9 AINN1 WO 1@ LUTO-OUT®
13 11 8 6 PB3 TOSC1 RxD WOQ“ LUT2-OUT
14 12 9 7 PB2 TOSC2 TxD W02 LUT2-IN2
EVOUTB
15 13 10 8 PB1 AIN10 AINP2 XCK SDA WO1 LUT2-IN1
16 14 11 9 PBO AIN1T1 AINN2 XDIR SCL WOO0 LUT2-INO
17 15 12 PCO AIN12 XCK® SCK® 0,Wwo®“ LUT3-INO
18 16 13 PC1 AIN13 RxD® MISO®W LUT1-OUT®
LUT3-IN1
19 17 14 PC2 EVOUTC AIN14 TxD@W MOSI® LUT3-IN2
20 18 15 PC3 AIN15 XDIR@ SS@ WO3“ LUT1-INO
21 PC4 WO4“ 1,WO@“ LUT1-IN1
LUT3-OUT
22 PC5 WQO5@ LUT1-IN2
Notes:

1. Pin names are Pxn type, with xbeing the PORT instance (A, B) and n the pin number. Notation for
signals is PORTx_PINn.

2. All pins can be used for external interrupt where pins Px2 and Px6 of each port have full
asynchronous detection. All pins can be used as event input.

3. AIN[15:8] can not be used as negative ADC input for differential measurements.
Alternative pin location. For selecting an alternative pin location, refer to the PORTMUX section.
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3.3. Electrical Characteristics

3.3.1. 1/0 Pin Characteristics

A clarification of the maximum value of the pull-up resistor is made in Table 33-16 in the Electrical
Characteristics section. Functional change is shown in bold.

Operating conditions:

+ Ta=1[-40, 125]°C

* Vpp =1[1.8, 5.5}V, unless otherwise specified
Table 33-16. I/0 Pin Characteristics

[Symbor | eserption oo Juin—typ Juax—unt

Vi Input low-voltage, except RESET pin as 1/0
Vig Input high-voltage, except RESET pin as I/0
I/ I I/0 pin Input leakage current, except RESET pin as I/0

VoL I/0 pin drive strength
Von I/O pin drive strength
leotal Maximum combined 1/0 sink current per pin group®™

Maximum combined I/0 source current per pin group”

VL Input low-voltage on RESET pin as I/0

Vi Input high-voltage on RESET pin as I/0

Voo I/0 pin drive strength on RESET pin as I/0

Vorz I/O pin drive strength on RESET pin as I/0

trise Rise time

traLL Fall time

Coin I/0 pin capacitance, unless otherwise specified

Cpintosc /O pin capacitance on TOSC pins@®
Conwi /0 pin capacitance on TWI pins@®

CoinAc 1/0O pin capacitance on AC pins®

Crinvrera 170 pin capacitance on ADC VREFA pin

Rp Pull-up resistor

Notes:

1. Pin group x (Px[7:0]). The combined continuous sink/source current for all I/0 ports should not

exceed the limits.

2. This capacitance is valid for pins with this functionality, even when that functionality is unused.

@ MICROCHIP

Vpp = 5.5V, Pin high

Vpp = 5.5V, Pin low

Vpp = 1.8V, lo. = 1.5 mA
Vpp = 3.0V, o, = 7.5 mA
Vpp = 5.0V, lo, =15 mA
Vpp = 1.8V, loy = 1.5 mA
Vpp = 3.0V, loy = 7.5 mA
Vpp = 5.0V, lgy = 15 mA

Voo = 1.8V, I, = 0.1 mA
Vpp = 3.0V, lg. =0.25 mA
Vpp = 5.0V, I, = 0.5 mA
Voo = 1.8V, Igy = 0.1 mA
Vpp = 3.0V, loy = 0.25 mA
Vpp = 5.0V, Iy = 0.5 mA
Vpp = 3.0V, load = 20 pF
Vpp = 5.0V, load = 20 pF
Vpp = 3.0V, load = 20 pF
Vpp = 5.0V, load = 20 pF

PBO and PB1
other AC pins

0.2
0.7 x Voo

44

0.2
0.7 x Voo

44

20

<0.05
<0.05

w o u wun

0.3 x Vpp
Voo + 0.2V

100

100

0.3 x Vpp
Voo + 0.2V
0.36

0.6

1

60

\Y
\Y
HA

mA

< < <

ns

ns

pF
pF
pF
pF

pF
kQ



3.3.2. SPI - Timing Characteristics

A clarification regarding the SPI clock is made in Table 33-18. SPI - Timing Characteristics. Functional
changes are shown in bold.

Table 33-18. SPI - Timing Characteristics(

fsck SCK clock frequency Host

tsck SCK period Host 100 - - ns
tsckw SCK high/low width Host - 0.5 X tscx - ns
tsckr SCK rise time Host - 2.7 - ns
tscke SCK fall time Host - 2.7 - ns
tvis MISO setup to SCK Host - 10 - ns
tMIH MISO hold after SCK Host - 10 - ns
tvos MOSI setup to SCK Host - 0.5 X tscx - ns
tMoH MOSI hold after SCK Host - 1.0 - ns
fssck Client SCK clock frequency Client - - 5 MHz
tssck Client SCK Period Client 6 x tCLK_PER - - ns
tssckw SCK high/low width Client 3 x tcik pER - - ns
tssckr SCK rise time Client - - 1600 ns
tssckE SCK fall time Client - - 1600 ns
tsis MOSI setup to SCK Client 0.0 - - ns
tSIH MOSI hold after SCK Client 3x tCLK_PER = © ns
tsss SS setup to SCK Client - tCLK_PER - ns
tssH SS hold after SCK Client - teuk pErR - ns
tsos MISO setup to SCK Client - 8.0 - ns
tsoH MISO hold after SCK Client - 13 - ns
tsoss MISO setup after SS low Client - 11 - ns
tsosH MISO hold after SS low Client - 8.0 - ns
Note:

1. These parameters are for design guidance only and are not production-tested.
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3.3.3. Programming Time

A clarification of the Programming Time section is made. Table 33-34 has been upgraded from
Programming Times to Memory Programming Specifications in the Electrical Characteristics. Functional

changes are shown in bold.

Table 33-34. Memory Programming Specifications

Symbol _Description ] Min__| Tyt

Data EEPROM Memory Specifications
Ege* Data EEPROM byte endurance

tee ReT Characteristic retention
tee pBC Page Buffer Clear (PBC)
tEE_EEER Full EEPROM Erase (EEER)
tee wp Page Write (WP)

tee erR Page Erase (ER)

tee erwP Page Erase-Write (ERWP)

Program Flash Memory Specifications
Ep* Flash memory cell endurance

teL RET Characteristic retention
VEL_uppl Vpp for Chip Erase operation
teL pBC Page Buffer Clear (PBC)
tFL_CHER Chlp Erase (CHER)

tFL_WP Page Write (WP)

tFL_ER Page Erase (ER)

tFL_ERWP Page Erase/Write (ERWP)
tFL_UPDl Chlp Erase with UPDI

1 Data in the “Typ.” column is at T4 = 25°C and Vpp = 3.0V unless otherwise specified. These parameters are not tested and are

for design guidance only.

* These parameters are characterized but not tested in production.

Note:

100k

10k

VBODLEVELO

(1)

Erase/Write cycles
Year
CLKcpy cycles
ms

Erase/Write cycles
Year
Vv
CLKcpy cycles
ms
ms
ms
ms
ms

-40°C < Tp < +105°C
Ta = 55°C

-40°C < Tp < +105°C
Ta = 55°C

16 KB Flash

1.  The Brown-out Detector (BOD) configured with BODLEVELO is forced ON during Chip Erase. The erase attempt will fail if the
supply voltage Vpp is below Vgop for BODLEVELO.
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4. Document Revision History
Note: The document revision is independent of the silicon revision.

4.1. Revision History

Doc. Date Comments
Rev.

F 03/2026

E 05/2024
D 01/2022
C 06/2021
B 12/2020

@ MICROCHIP

*  Document:
- Editorial updates

+ Added new data sheet clarification:
- EVSYS - Event System:
* User Channel MUX

* Document:
- Editorial updates

* Added new errata:

- Device: Writing the OSCLOCK Fuse in FUSE.OSCCFG to "1’ Prevents Automatic Loading of
Calibration Values

- NVMCTRL: Wrong Reset Value of NVMCTRL.CTRLA Register
- USART: Receiver Non-Functional after Detection of Inconsistent Synchronization Field
+ Added new data sheet clarifications:
- |/0 Multiplexing and Considerations:
+ 1/0 Multiplexing

- Electrical Characteristics:
* 1/0 Pin Characteristics

+ SPI-Timing Characteristics

*  Programming Time

* Added erratum:
- ADC: ADC Stays Active in Sleep Modes for Low Latency Mode and Free Running Mode

+ Updated erratum:
- Device: IDD Power-Down Current Consumption

+ Updated data sheet clarification:
- Removed Fuses - Correct Factory Default Value for Reserved Fuse Bits is ‘1’

Updated errata:
* Device: IDD Power-Down Current Consumption
«  USART: Start-of-Frame Detection Can Unintentionally Be Triggered in Active Mode

+ Silicon revision D not released to production. Silicon revision E is the initial release:
- Removed silicon revision D from Silicon Issues Summary and all Affected Versions tables

- Removed all errata only applicable to silicon revision D

* Added errata:
- Device: IDD Power-Down Current Consumption
- CCL: The CCL Must be Disabled to Change the Configuration of a Single LUT
- TCA: Restart Will Reset Counter Direction in NORMAL and FRQ Mode
- TCB: CCMP and CNT Registers Operate as 16-Bit Registers in 8-Bit PWM Mode
- USART: Open-Drain Mode Does Not Work When TXD is Configured as Output

+ Added data sheet clarification:
- Fuses: Correct Factory Default Value for Reserved Fuse Bits is ‘1’



Revision History (continued)

Doc. Date Comments
Rev.

A 07/2020 Initial document release
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Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-3007-1

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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