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[bookmark: _Toc38113483]Abstract

The purpose of this project is to create a cross platform application for archery coaches and archers alike. It should help perfect form, track performance, scores and give suggestions on breathing, strength and conditioning techniques. The application should be used as a tool to help enhance the archery performance and be an intuitive, user friendly experience. It should be able to keep a record of scores and heart rate of the archer to set goals that, based on previous performance, are attainable with some extra training.
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[bookmark: _Toc38113486]1. Introduction 
This final report will document the process of developing the BOOSTER Archery Performance Tracking application. BOOSTER is a tracker application for the sport of Archery which allows the user to create an account and securely login, enter and view scores from training sessions, view Breathing and Strength and Conditioning techniques which will aid the archer in their performance. There are many applications similar to the BOOSTER application as discussed in the Research Manual and Functional Specification. There are none, however, that provide the same functionality in a single package as the BOOSTER application does in a cross-platform environment with cloud support for data propagation. The BOOSTER application set out with the aim of improving upon these existing applications by listening to the needs of Archers and creating for the user a comprehensive, intuitive and unique archery application for the modern social, semi-professional and professional archer. 

Section 2 of this document will outline the final submitted project. It will contain a brief overview of the technologies used in the development of this project and a description of each of the application screens and its functionality. This section will also discuss the issues encountered in the development of the project.

Section 3 of this document will explore how the final version of the project compares to the original specification and design. It will define what changed over the development process, including what features or functionalities may have been added in or excluded. This section will also discuss changes to the overall layout of the application, compared to its design in the beginning. 

Section 4 will contain the learning outcomes, both technical and personal, of this project. This section will act as a retrospective of the experience of the developer during the course of the project. It will examine the technical and personal learning outcomes of the developer upon completing this project. 

Section 5 of this document will present an overall review of the completed project, its successes, failures and a description of potential additional functionality that could be added to the application.














[bookmark: _Toc38113487]2. Project Description

The BOOSTER application is built as cross platform application using Xamarin, which utilizes the power of Extensible Application Markup Language (XAML) for the applications Graphical User Interface (GUI) and the C# language for functionality, and Visual Studio as the main development environment. Xamarin has been in development since 2011 and has a large community of developers continuously adding to the extensive open source library collection. Visual Studio has incorporated Xamarin as one of the default development options with access to the extensive library set using the NuGet packages option and provides ongoing support via a wiki page community forum and various YouTube channels.

The GUI for this application was built using XAML, which allows the user interface to be drawn with stylised layout or “blocks.” similar to Hyper Text Markup Language (HTML). This combined with the use of Xamarin allows the application to be developed as a cross platform application accessible to android and apple products.

The backend of the project is a Google Firebase NoSQL real-time database system with an SQLite system for data persistence during times of no internet access. Firebase stores all data sent to it on the cloud in a real-time database allowing for data persistence from one device to another. As Firebase is a non-relational database system, it proved to be ideal for this application as there was no need for a relational database system due to the low coupling of data to be stored. SQLite is small, fast and light and ideal for app development as it is inherently cross platform in itself and comes preinstalled on most modern mobile devices. Both of these databases are created on a new installation of the application on the host device, the SQLite database is updated alongside the Firebase database and, should there be no Internet connection on launch of the application, the SQLite database is used as the main database. On the next launch of the application with internet connection the Firebase database is updated with the contents of the SQLite database.

The wearable has been developed in Arduino code and uses a HC-05 Bluetooth Module to communicate with the BOOSTER application. Two L3G4200D Gyroscopes provide angular data via an Adafruit TCA9548A I2C Multiplexer, which allows for multiple serial device communication along a single serial bus, and an Arduino Pulse sensor provides the wearer's heart rate beats per minute (BPM). All sensors associated with the wearable read analog data, this is then sent via a serial connection on the Arduino UNO to the HC-05 module and transmitted via Bluetooth to the BOOSTER application.
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[bookmark: _Toc38113489]2.1.1 Splash Screen
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	The applications Splash screen that appears on launch of the application.

	Figure 1. Splash Screen
	






















[bookmark: _Toc38113490]2.1.2 Permissions popup
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	The Permissions confirmation that appears on the first launch on the application after the installation. This appears to allow the user to authorise the permissions needed to effectively run the application and all its functionality.

	Figure 2. Permissions popup
	

























[bookmark: _Toc38113491]2.1.3 Registration Screen
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	The application registration screen that allows the user to register their credentials with the application. These credentials are then stored in the Firebase database. The password is added to a randomly generated salt and this resulting string is then hashed using the MD5 cryptographic algorithm. The user can also redirect to the login screen.

	Figure 3. Registration Screen
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	The application login screen that allows the user to securely login to the application. It uses hashed and salted password verification via the Firebase database to authenticate the user credentials. The user can also redirect to the registration screen if they do not have an account.

	Figure 4. Login Screen
	
























[bookmark: _Toc38113493]2.1.5 Login Confirmation Popup
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	The Login Authentication confirmation that displays once a successful login has occurred. Once the user clicks the ok button, they are redirected to the home page. A similar popup appears if the entered credentials are incorrect or do not correspond with an entry in the database.

	Figure 5. Login confirmation popup
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	The Home screen of the application where the user can choose from several options. From here the user can go to the Scores home screen, Set the form via the wearable, Check the heart rate, Look at Breathing and Strength and conditioning techniques.

	Figure 6. Home Screen
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	The options picker is accessed via the Gears image in the top right of most of the screens. It allows the user a quick route back to the home page, to change their password or to logout and be redirected to the login screen of the application.

	Figure 7. Options Picker
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	[image: ]
	The scores main page gives the user access to The Scorecard screen, the View Scores screen and the Export scores option. The Export option will export all scores related to that user to a csv file stored in the  … directory on the host device. The Target and Groups screens have no functionality at present.

	Figure 8. Scores Main Page
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	[image: ]
	The Scorecard Screen allows the user to enter their scores arrow by arrow for each end of the round. A round in archery consists of 10 ends, each end consists of 3 arrows. The subtotal of each end is calculated and added to the subtotal of the previous end to give a running total. The user has the option to save the score as it stands or clear the entire scorecard.

	Figure 9. Scorecard Screen a
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	Example of scores being added and a running subtotal.

	Figure 10. Scorecard Screen b
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	Example of a completed Scorecard

	Figure 11. Scorecard Screen c
	
































[bookmark: _Toc38113498]2.1.10 View Scores Screen
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	The View Scores screen allows the user to select a particular session that they have saved and review the score achieved. The user selects the choose date option, which displays a selection of sessions for them to choose from. Once a session is selected the table is populated with the scores achieved.

	Figure 12. View Scores Screen
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	The session picker displayed when the choose date option is pressed.

	Figure 13. Session Picker
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	Example of a populated View Scores table

	Figure 14. Populated View Scores Screen
	
































[bookmark: _Toc38113499]2.1.11 Breathing Techniques Screen
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	The Breathing Techniques screen which can be updated as patches are applied to the application. These techniques serve to assist the archer in furthering not only their shot cycle technique but also their physical stamina for the sport.

	Figure 15. Breathing Techniques Screen
	
























[bookmark: _Toc38113500]2.1.12 Strength & Conditioning Screen
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	The Strength and Conditioning Techniques Screen displays exercises which the archer can perform to further their physical training for the sport.

	Figure 16. Strength & Conditioning Techniques Screen
	























[bookmark: _Toc38113501]2.1.13 Form Camera View
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	Figure 17. Form Camera View Screen

	The Form Camera View is used to assist in setting the alignment of the archer in their shot cycle. The assistance of another archer or a coach is needed for this step. The body of the camera view may be pressed to pause the feed and allow time for review of the archer’s form, then pressed again to revert to the live view. Once the set button is pressed the user is transferred to the graph view, which allows the archer to view real time data from the wearable to ensure consistent repetition of the desired form.


























[bookmark: _Toc38113502]2.1.14 Device Readings Screen
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	This screen gives a live feed of the data received from the wearable in graph format. 

As the user moves their draw or bow arm the graph reacts to this movement accordingly. Once the user is within the tolerated area, they have repeated their form within tolerance and may shoot the arrow. This aids in building muscle memory through repetitive training with accurate form. 

The users heart rate may be observed in the lowest graph so that the archer may determine if and when to utilise the breathing techniques mentioned earlier.

	Figure 18. Device Readings Screen
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[bookmark: _Toc38113503]2.2 Issues encountered
[bookmark: _Toc38113504]2.2.1 Software Issues
2.2.1.1 Xamarin
Xamarin began as a platform to develop native applications for Android, Apple iOS and Microsoft. The success of the native development with Xamarin stemmed the expanse of Xamarin to include cross platform applications leveraging the power of native Application Programming Interface (API) functionality already existent. This in and of itself has led to a myriad of benefits and problems.  While there are extensive cross platform API libraries available via NuGet packages for Xamarin, many do not lend themselves to intuitive development, have scarce or unusable documentation or simply do not work in the manner intended. 
This combined with the rather steep learning curve of Xamarin’s unique take on the model view view model pattern implementation means that development in Xamarin is simple in some respects, yet very complex and frustrating in others. Some native functionality is relatively simple to implement in a cross-platform manner, for example, firebase or SQLite and general XAML design, can be developed with ease. Utilizing specific native hardware functionality on the other hand takes a lot more time and effort. Most cross-platform APIs available through Xamarin seem to have been developed, rather than specifically for cross platform applications, but as an interface from a cross platform application to currently existing native APIs. Whilst this may have proven to be the simplest and most time effective initially, it has also resulted in an ever-growing number of cross platform APIs that simply do not work. 
Development in the majority of languages generally hinders on the support of an online community which continually develops new functionality and APIs which in turn feed back into the community. When difficulties arise in code during development, often the first place most developers will turn is to an online community for support and advice rather than using the official documentation. Throughout the development of this project one of the greatest challenges was not so much the scarcity of online support and documentation for Xamarin development, but rather to find the useful information in the sea of ever-increasing variations of code that simply do not work. Xamarin's own documentation focuses more on developing with Xamarin as a platform specific development environment rather than cross platform centric. 








[bookmark: _Toc38113505]2.2.2 Hardware Issues
2.2.2.1 Arduino Sensors
During the development of the wearable aspect of this project, multiple variations of the sensor components were used due to issues that arose. The initial versions of the Arduino Pulse sensor that were purchased from amazon, having taken roughly 4 weeks to arrive, ultimately were dead on arrival. Multiple code variants were run on these sensors, to no avail, with individual surface mounted components and PCB bus line testing also completed on the device. The results of these tests were strange, to say the least. It would appear that, whilst all surface mounted components on the device were somewhat genuine and electrically functional, the underlying PCB was simply a round of plastic with no internal or external wire traces but rather these were simply painted on to look genuine. Another version of this device was purchased, at a much greater cost and from a reputable electronics company, which was genuine and worked as intended.

The Adafruit LIS3DH 9axis gyroscopes that were purchased for use in the project also arrived non-functional. Identical tests were carried out on these gyroscopes, as were on the pulse sensor, the results of which were given to the web site from which they were purchased. The website replaced these with the L3G4200D model of gyroscope, unfortunately these gyroscopes measured angular velocity rather than angle in degrees and required further research and code development to achieve the desired functional output.

As these new gyroscopes also shared a common Serial Address for the component and were unable to be reprogrammed, an Adafruit TCA9548A I2C Multiplexer was required to allow concurrent reading of the gyroscopes through a single Arduino UNO development board. This also added additional code refactoring and additional build time to the project.

The HC-05 Bluetooth module that was initially purchased was missing a push button, as advertised, which would allow the module to be put into AT mode. AT mode of this module allows a developer to reprogram the module to act in the manner required, as slave to receive data, as master to transmit data or to act as a transceiver, as well as a myriad of other settings that can be adjusted (See HC-05 Data sheet and AT commands for further settings). A replacement was purchased, which contained the aforementioned push button, allowing for the module to be set to master mode and used as required.
2.2.2.2 Laptop Issues
Initially the development of this project was carried out on a dual boot enabled laptop with 4 Gigabits (GB) of ram and a dual core Central Processing Unit (CPU). This laptop proved insufficient to run Visual Studio, as booting this program took in excess of 10 minutes at its fastest. This combined with the eventual corruption of the Windows OS resulted in the need to update the host machine to a higher specification version. An additional laptop was purchased containing 16 GB of ram and an Intel i5 CPU, which proved sufficient to speedily develop and test the project. 


[bookmark: _Toc38113506]2.2.3 Database Issues
2.2.3.1 SQLite
Whilst the database structure stayed static for the most part, additional fields were added ad hoc to aid in the continuous development of this project.
SQLite was initially used as the main database for the project as its simplistic nature and easily accessed documentation lends itself to the rapid instantiation and use during the early stages of the project. This was then replaced with Firebase to allow cloud storage of the data associated with the project. 

Whilst Firebase documentation states that offline persistence is, by default, initialised for real-time databases, contrary to this, it appears that Xamarin's plugin for Firebase does not contain this functionality at this time. SQLite was therefore used as a temporary database should the host device not have internet access when the application is launched. This required a refactor of the Scores table structure as SQLite does not support Lists. The End scores were therefore concatenated into a ‘,’ delimited string and added to the SQLite database. This string was then recovered and split into a list using the .Split(‘,’).toList() functionality so as to allow use with the already existing functionality to display scores.

Additional coding was required to garner this functionality and the need to update the Firebase database with the contents of the SQLite database on the next launch of the application, with internet access, as well as simultaneously updating the SQLite database with the contents of the Firebase database each time a Firebase Create, Read, Update or Destroy (CRUD) operation is executed, proved a challenge. 
























[bookmark: _Toc38113507]3. Adherence to Specification and Design
In many respects, the BOOSTER application has stayed true to the original design and vision laid out for the application. Much of the core functionality was successfully implemented with some additional minor functionality added. The core functionality of the application fell under 5 headings, Set draw form, Set follow through form, Track scores, Display score progress and Track heart rate. Whilst the set draw form and set follow through form functionalities have changed slightly, explained further later in this section, the track scores, display score progress and track heart rate functionalities were all achieved.

The user can record scores for each round they shoot, and view said scores based on the date and time they were saved, serving two of the applications core functionalities, track scores and display score progress. The user can successfully register with their credentials, with password being salted and hashed using the md5 hashing algorithm, before being saved both locally and to the cloud, providing offline persistence. The user can then login securely whilst both on and offline.
[bookmark: _Toc38113508]3.1 Changes to the design and specification
There were several changes made to specification and design during the development of this project. The biggest change within the application was to the camera view to set the archers' form. The idea to incorporate an overlay on the camera view, to assist with alignment, proved untenable due to the complexity and time required to implement this functionality. As such it was decided to forego the overlay in place of allowing the ability to pause the screen feed to scrutinise the archer’s alignment. 

The vertical form screen, as detailed in the design document, was also abandoned due to the same issue. This was replaced with a graph representation, using the OxyPlot library, of the data retrieved from the wearable as to give a visual indication to the archer of form consistency. The Draw Arm graph represents the angle of the arm drawing the string, the Bow Arm graph represents the arm holding the bow, the Heart Rate graph displays the heart rate of the archer using the wearable. Whilst these have proved to be significant changes to the implementation, this functionality still fulfils the core requirements of the design.

The need for multiple types of user was deemed unnecessary during the evolution of the project, as both Archers and Coaches alike require identical functionality from the application. Whilst there is an argument for allowing Coaches to be assigned to multiple Archers and have the ability to view their data, in this iteration of the application it was deemed frivolous to requirements and time that would have been spent on the implementation of this aspect was allocated to core functionality and wearable build.

The Database design of the application went through numerous alterations. This is due in part to the implementation of a cloud-based NoSQL Firebase real-time database, the need for offline persistence and the merger of said real-time database and an SQLite database, as well as the evolutionary nature of all agile software development projects.


The resulting database design, whilst somewhat simplistic, does garner itself to further expansion and improvements. Figure 19 and 20 show the resulting Firebase and SQLite database schemas respectively.

[image: ][image: ]
Figure 19. Firebase Database schema	                 Figure 20. SQLite Database schema

The GUI of the application has remained true to the original design for the most part. Some slight alterations were made due to XAML limitations within Xamarin and with the exclusion of certain screens, some buttons that were to act as navigation points to these screens have also been removed.
[bookmark: _Toc38113509]3.2 Changes to the Wearable
Initially the project envisioned using the Suunto Movesense wearable device as this was suggested as an ideal platform to use by the project supervisor. It was believed that the developer would be able to easily reprogram the device as needed as the Suunto Movesense advertised this functionality as available to all users. In reality the Suunto Movesense device requires the user to purchase a custom-made programming jig and the associated software package to reprogram the wearable. Whilst the Xamarin Movesense Plugin is available for use, with a large range of functionality, the main issue of the Suunto Movesense wearable device is the sheer inconsistency of Bluetooth connection. During testing of multiple units of the device, it was determined that the Suunto Movesense device would connect to the Movesense showcase application, specifically designed for use with this device, one in ten times. This inconsistency was a determining factor in how the project would move forward from this point.

No suitable alternative wearable device, that was within budget, provided similar functionality and with the ability to be reprogrammed easily, could be acquired within the timeframe. As the developer had experience with electronics from a previous course of study and, wearables in particular, from an innovation challenge completed during their Industrial Placement, it was decided that the developer would make efforts to research an affordable and achievable self-build that would provide all the required functionality of the project. 

There are 5 main factors when determining the best design of a wearable device, Power, Size, Connectivity, Heat and Location. These will each be discussed further in relation to each of the chosen components of the BOOSTER wearable Proof of Concept (POC) that was developed for this project.


[bookmark: _Toc38113510]3.2.1 Development Board
It was determined, by the developer, that an Arduino Uno (see Figure 19) development board would be used as the base for the wearable to work from. A number of factors influenced this decision, firstly as the sensors required to provide the data for the project would generally output an analog signal, the Arduino Uno, due to its multiple analog and digital input pins, would allow for a myriad of input type devices to be utilised. Secondly the Arduino Uno uses a relatively small amount of power, dependent on attached devices and circuitry, and can be powered from a single 9V battery or from a high capacity Li-Ion charge pack. Either of these options would provide a slim, lightweight solution that generates minimal heat and is of small size for a wearable POC. The Arduino Uno also has a downloadable development environment designed specifically for use with Arduino products. This development environment allows for serial connection to the Arduino board, development and upload to the board of the Arduino C language variant and the viewing of data via the serial monitor. For more information on the Arduino Uno, please see the datasheet section of the appendix.

[image: ]
Figure 21. Arduino Uno
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[bookmark: _Toc38113511]3.2.2 Gyroscope
As the angle of the archer's arms was needed to ensure consistent return to form position, gyroscopes would prove to be the best option for this. There are two main variations of Microelectromechanical Systems (MEMS) gyroscopes available on the market, one measures angular velocity of movement and the other measures angle based on a set reference point. Ideally the latter of these would have been used for this project as it would provide the required measurement with little to no additional code required. Unfortunately, this particular type of gyroscope was not available from local suppliers at the time of purchase and would have required a lead time of several weeks to acquire one. As the angular velocity gyroscopes were available, and through research it was determined that the data required for the project could be garnered from this type of sensor with some additional code development, the L3G4200D 3 axis gyroscope was chosen. This gyroscope provides angular velocity readings in the X, Y and Z axis (see Figure 20).
 [image: ] 
Figure 22. L3G4200D Axis
Two of these gyroscopes were to be used during the development of the wearable, one on the wrist of the bow arm and one on the forearm of the draw arm, as such communication between the gyroscopes and the development board became a concern. As these particular gyroscopes have identical serial addresses, communication simultaneously between both sensors and the development board was not possible. Furthermore, as they shared a common serial address concurrent communication was not possible either. Thus, the TCA9548A Multiplexer was used to allow concurrent data retrieval from the gyroscope sensors, with this data then sent to the development board via a single serial connection to the multiplexer. This did require some additional coding and testing to ensure the correct operation of the gyroscopes via the multiplexer. For more information on the L3G4200D Gyroscope to the TCA95481 Multiplexer, please see the Datasheets section of the appendix.
[image: ]	 [image: ]
Figure 23. L3G4200D 3-axis gyroscope 	      Figure 24. TCA9548A Multiplexer



[bookmark: _Toc38113512]3.2.3 Pulse sensor
The pulse sensor used for the project is a VMA340 Pulse sensor for Arduino which is a plug and play module that provides analog output. A small amount of code was required to provide the Beats per Minute (BPM) of the wearer and is sent directly to the development board via an analog input pin. This is a low energy device with a small physical footprint that produces little to no heat output. Its size allowed it to be positioned on the index finger of the bow hand without becoming a hindrance to the archer.
[image: ]
Figure 25. VMA340 Pulse sensor
[bookmark: _Toc38113513]3.2.4 Connectivity
As reliability of the connection was needed for the project, the developer chose to use a HC-05 Bluetooth module as they had previous experience with this device. The HC-05 allows for a large range of configurations. The developer had the ability to put the HC-05 Bluetooth module into AT mode, which allowed the setting of registers to alter the role of the module to that of a master unit. This allowed for the transmission of data unidirectionally from the HC-05 to the host device of the application. The Bluetooth module, being of small size, was attached to the case of the Arduino to reduce the overall footprint of the wearable, without hindering the performance of the Bluetooth connection. During testing, the reliability of the connection from this module to the host device was seen as it successfully connects to the application 100% of the time. For further information about the HC-05 Bluetooth module and AT mode, see the Datasheets section of the appendix.
[image: ]
Figure 26. HC-05 Bluetooth Module









[bookmark: _Toc38113514]3.2.5 Circuit design
Below is the circuit design that was created by the developer, using Fritzing circuit design software, for the BOOSTER wearable. The connections to the pulse sensor and gyroscopes have been extended for the physical build. The multiplexer was mounted on the breadboard which was in turn attached to the case of the development board. This reduced the overall footprint of the circuitry making it viable as a wearable device POC.

[image: ]
Figure 27. BOOSTER Wearable circuit design















[bookmark: _Toc38113515]4. Learning Outcomes
[bookmark: _Toc38113516]4.1 Technical
During the development of this project, several new technologies and programming languages were unfamiliar to the developer and as such a level of upskilling was required. The technologies for this project were intentionally chosen as they were unfamiliar and as such would greatly increase the learning outcomes of this project. The new technologies used to develop the BOOSTER application are discussed below.
[bookmark: _Toc38113517]4.1.1 Xamarin
Xamarin is an open source extension of the .NET platform which provides tools and libraries specifically for the development of cross platform applications. Xamarin began as a platform specific development tool to develop native applications for Android, Apple iOS and Microsoft. 

Xamarin expanded to include Xamarin Forms, a cross-platform applications development tool, leveraging the power of native API functionality. It uses an extensible markup language, known as XAML, to build dynamic mobile applications with a C# code behind providing functionality to the applications. It incorporates platform specific libraries which allow access to platform specific API. Applications built in Xamarin leverage native hardware acceleration and perform ahead-of-time (AOT) compilation to reduce start up time and increase performance. Xamarin allows applications to be written on either PC or Mac and utilise the platform native GUI elements via a shared application code written in C# / XAML. Xamarin provides the ability to directly invoke Objective-C, Java, C and C++ libraries giving the power of multi-language code and libraries and the ability to utilise a wide array of third-party code along with the extensive .NET infrastructure. 

Whilst development with Xamarin Forms has been slated as the next step in the future of cross platform development using a unified language base, in reality there is a long way to go and many, many issues to be worked out before this statement is tenable. Documentation for Xamarin Forms needs to be refactored and updated as well as the NuGet packages available requiring review and oversite. Many of the packages trialed during the course of this project either did not contain the functionality as stated or utilised now deprecated functionality making them unusable.












[bookmark: _Toc38113518]4.1.2 Firebase
The Google Firebase real-time database proved to be relatively simple to use, with extensive documentation and tutorial videos available. The Xamarin Forms Firebase plugin utilises much of the same structure as the standalone Firebase using, in most cases, the same underlying API to access the cloud storage system. However, where Firebase contains offline persistence, up to 10Mb of data storage, as default, the Xamarin Firebase Plugin does not yet contain this functionality. This resulted in the need to develop a parallel SQLite database to run alongside the Firebase cloud storage to enable offline persistence. 

Xamarin sources provided a lot of clear, if not varied, documentation and instructions on how to integrate Firebase into the application. On reflection, the BOOSTER application would have benefited greater if Firebase had been integrated into it earlier in its development. This would have allowed for further research into the issue mentioned above and a more ideal solution to be developed. The cross-platform nature of the project also hindered the use of the full functionality and configuration options available from Firebase.
[bookmark: _Toc38113519][bookmark: _GoBack]4.1.3 SQLite
SQLite is a library, based in the C language, that implements a small, fast, self-contained Sequential Query Language (SQL) relational database. SQLite is similar in many ways to other relational database management systems such as SQL with the main difference being that SQLite is specifically designed for use on mobile devices, as such it comes preloaded on the majority of modern mobile devices. Its syntax is nearly identical to execute most operations, such as CRUD operations performed on the database. 

SQLite minimises the data types it accepts to ensure a lightweight structure. SQLite recognises only five data types, Integer, String (Text), Real Numbers, Null Values or a BLOB (Binary Large Object). It does not accept Datetime variables, Lists, Arrays or Boolean values. A List may be serialised into a text string using a library function, then deserialized for use. Another option is the use of a string of values delimited with some specified character, e.g. the “,” character, then this resulting string is split on the chosen character and added back to a list for use once again. Boolean values, true or false, must be converted into an Integer field with a 0 or 1 value. Lists or Image files may also be converted into binary objects and stored in BLOB fields. Extensive documentation exists on various sites online for SQLite, as such general conversions between data types were not overly difficult. However, Xamarin does not provide easily accessible error handling for SQLite databases, thus increasing the difficulty of debugging queries and ensuring correct database setup. As SQLite stores the database in a hidden folder that requires root access on the host device this further adds difficulty in debugging and testing.








[bookmark: _Toc38113520]4.2 Personal
Time management seems to have been a skill that I, the author, have greatly improved upon during this project. To complete all the project's requirements as well as all the assignments and tasks assigned to us for the other modules of the course, I have had to implement strict time limits, both daily and weekly, on how much time to spend on each subject and task. During my time in IT Carlow I have been working part time at weekends, working anywhere from 16 to 24 hours to fund this endeavour. Though I have done both with a small degree of stress, this final year of the course has proved quite challenging to manage my time effectively and efficiently. Learning to optimise my time has become a necessity more so than ever but has resulted in a lifelong skill learnt that will aid me in the future.

With little to no time on the weekends to work on the BOOSTER application or any other work for college, an hour long commute home from the college in the evenings and being the only coach for the IT Carlow Archery Club, the small amounts of time I had in the evenings I used for researching the tasks that I needed to achieve for the following day/week. I would not have been able to achieve as much as I have without regimentally sticking to the time limits I set and utilising every spare minute of the day to some aspect of college work.

The project itself was a difficult task from start to finish not to mention all the other assignments for other modules. To optimise my time, I broke down all tasks into their simplest aspects, then set daily goals to quickly work through these lists and set more abstract weekly goals that would result in the overall task being completed. This allowed me to keep track of my time and how I was spending it. Once task schedules were laid out, they were categorised into order of expected difficulty and a rough estimate of time was given to each. This proved effective to complete the low difficulty tasks first and any time saved was allocated to the most difficult of tasks to allow extra time if needed. This also ensured that I was not being frivolous with my time on any one task. During the year my assessment on the time required to complete a given task became more accurate to my ability.

Organising my time like this was invaluable and, with the use of the Trello application, the creation and management of these tasks proved simple and fast. Adopting this mentality was a shock to the system at first but eventually this managed to keep me on track and up to date the workload for developing the BOOSTER application. I believe I performed to the best of my ability with the time allocated to us and the ambitiousness of the project. The largest disappointment in this project is that if I had taken a slightly different route with the project, or managed my time better sooner, I could have produced a much better version of the BOOSTER application.










[bookmark: _Toc38113521]5. Project Review
This project has been one of the most technically and personally challenging projects I have undertaken, both during my studies and on industrial placement, in terms of size and new technologies and concepts that the author had never implemented before. Overall the BOOSTER project was successful when compared to the original core requirements, design and specification with. The core functionality has been implemented, albeit in a slightly different manner than originally outlined. 
[bookmark: _Toc38113522]5.1 Project Success and Achievements
In its current form, the application completes most of its original intent of enabling a user to record scores, view scores and consistently set the form of an archer. The application allows the user to securely register their credentials with and login to the application, record scores of a given round, view these scores based on date and time of recording. The wearable measures the angle of the gyroscopes and transmits these along with the heart rate to the application via Bluetooth.  The user can view Breathing techniques and Strength and Conditioning exercises to assist with their form and overall fitness for the sport of archery.

The application stores all scores and user credentials on a cloud-based NoSQL database and on an SQLite database local to the host device, this allows for offline persistence of the application, allowing users the same experience of the application whether they have internet access or not. Using a cloud-based database also allows for app persistence through devices, allowing the user to retain all their data from one device to the next.
[bookmark: _Toc38113523]5.2 Project Failures
Due to the Covid19 Lockdown the developer did not have access to an Apple MAC computer to test and develop all the remaining functionality in a cross-platform manner. This resulted in the developer focusing on the android OS functionality and implementing as much as they could in a cross-platform manner.

Initially the project began using the Movesense wearable device and development of code to utilise the API and Xamarin Movesense Plugin was commenced. After extensive trial and error, it was determined that the Movesense was unreliable at best in establishing a Bluetooth connection not only to the BOOSTER application but to the Movesense own showcase application. This resulted in the need to build a wearable, from scratch, as no suitable alternative that was within budget and provided similar functionality could be acquired within the timeframe. This added considerable research, design and build time to the application resulting in a curtailed timeframe for successful development of all functionality required.








The Bluetooth connection from the device to the application has successfully been established, however, the ability of the application to read the data being transmitted from the device is one aspect of the application that was not implemented successfully in time. The APIs available for cross platform Bluetooth connections, whilst available, require an in-depth knowledge of the APIs own code behind to achieve the desired functionality. The developer in this case did not have the required knowledge or experience to successfully implement this functionality and as such decided to try and implement native Bluetooth connection functionality. This was successful, however due to the cross-platform nature of the application already developed, reading the data from a native function to the shared code base was not implemented in time. Given another 2-4 weeks of development time, it is believed that this functionality would be achieved successfully.
The camera overlay intended to be developed proved more complex than initially thought. Documentation about custom renderers in use with camera views could not be found and whatever documentation and resources that were found on custom renderers were simply to change the look and action associated with basic GUI elements, such as buttons or menu layouts. After weeks of exhaustive trial and error, this functionality was abandoned, upon the recommendation of the project supervisor, so not as to hinder further development of the project.
[bookmark: _Toc38113524]5.4 Future Development
There are many features that can be added to the BOOSTER application in future development iterations. As mentioned above, the application would benefit from implementation of the camera overlay to align the archer correctly each time, thus improving consistency of form for the archer. This would take a substantial amount of further research and upskilling about custom renderers but is believed to be achievable. Adding an interactive target face for scoring would greatly increase the appeal of the application to archers. This combined with the ability to view grouping of arrows on the target face would assist the archer in their training and tuning of equipment. Analysis tools could be added to the application to display performance of the archer over a given timeframe. 

The application would also benefit from having some community features. Including a link to a forum page where all registered users of the application could share their experiences, tips and queries, this would make it easier for archers to keep in contact and share knowledge. A redesign and miniaturization of the wearable would benefit the project in providing a slimline lightweight wearable that appeals to the user. This could lend to additional functionality of the wearable, e.g. smart watch functionality, being added to the application to further expand the potential customer base.
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Arduino Uno
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Arduino Uno R2 Front Arduino Uno SMD

Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmega16U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial
converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU mode.

Revision 3 of the board has the following new features:

e 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second one is a
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

e Atmega 16U2 replace the 8U2.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with
previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V



http://www.atmel.com/dyn/resources/prod_documents/doc8161.pdf

http://arduino.cc/en/Hacking/DFUProgramming8U2

http://arduino.cc/en/Main/Boards

http://arduino.cc/en/uploads/Main/ArduinoUno_R3_Front.jpg

http://arduino.cc/en/uploads/Main/ArduinoUno_R3_Back.jpg

http://arduino.cc/en/uploads/Main/ArduinoUno_r2_front.jpg

http://arduino.cc/en/uploads/Main/ArduinoUnoSmd.jpg

http://arduino.cc/en/uploads/Main/ArduinoUnoFront.jpg

http://arduino.cc/en/uploads/Main/ArduinoUnoBack.jpg



Input Voltage (limits) 6-20V

Digital I/0O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 6

DC Current per I/0O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rev3-reference-design.zip (NOTE: works with Eagle 6.0 and newer)
Schematic: arduino-uno-Rev3-schematic.pdf

Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an
ATmega328, but an Atmega8 is shown in the schematic for reference. The pin configuration is identical
on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

e VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

e 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.
3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.
GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

e External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachInterrupt() function for
details.

e PWM:3,5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.




http://arduino.cc/en/uploads/Main/arduino_Uno_Rev3-02-TH.zip

http://arduino.cc/en/uploads/Main/Arduino_Uno_Rev3-schematic.pdf

http://www.arduino.cc/en/Reference/EEPROM

http://arduino.cc/en/Reference/PinMode

http://arduino.cc/en/Reference/DigitalWrite

http://arduino.cc/en/Reference/DigitalRead

http://arduino.cc/en/Reference/AttachInterrupt

http://arduino.cc/en/Reference/AnalogWrite



e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication
using the SPI library.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

e TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

e AREF. Reference voltage for the analog inputs. Used with analogReference().
¢ Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmega328 ports. The mapping for the Atmega8,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows
a .inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports I12C (TWI) and SPI communication. The Arduino software includes a
Wire library to simplify use of the I2C bus; see the documentation for details. For SPI communication,

use the SPI library.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be activated by:

e On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

e On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
load a new firmware. Or you can use the ISP header with an external programmer (overwriting the
DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset



http://arduino.cc/en/Reference/SPI

http://arduino.cc/en/Reference/AnalogReference

http://arduino.cc/en/Reference/Wire
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http://arduino.cc/en/Reference/Wire
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http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1285962838



Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.
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L3G4200D

MEMS motion sensor:

ultra-stable three-axis digital output gyroscope

Features

Three selectable full scales (250/500/2000
dps)

I°C/SPI digital output interface
16 bit-rate value data output
8-bit temperature data output

Two digital output lines (interrupt and data
ready)

Integrated low- and high-pass filters with user-
selectable bandwidth

Ultra-stable over temperature and time
Wide supply voltage: 2.4 V10 3.6 V

Low voltage-compatible 10s (1.8 V)
Embedded power-down and sleep mode
Embedded temperature sensor
Embedded FIFO

High shock survivability

Extended operating temperature range (-40 °C
to +85 °C)

m ECOPACK® RoHS and “Green” compliant

Applications

m Gaming and virtual reality input devices

m Motion control with MMI (man-machine
interface)

m GPS navigation systems
m Appliances and robotics

Preliminary data

T

LGA-16 (4x4x1.1 mm)

Description

The L3G4200D is a low-power three-axis angular
rate sensor able to provide unprecedented
stablility of zero rate level and sensitivity over
temperature and time. It includes a sensing
element and an IC interface capable of providing
the measured angular rate to the external world
through a digital interface (12C/SPI).

The sensing element is manufactured using a
dedicated micro-machining process developed by
STMicroelectronics to produce inertial sensors
and actuators on silicon wafers.

The IC interface is manufactured using a CMOS
process that allows a high level of integration to
design a dedicated circuit which is trimmed to
better match the sensing element characteristics.

The L3G4200D has a full scale of +250/+500/
+2000 dps and is capable of measuring rates with
a user-selectable bandwidth.

The L3G4200D is available in a plastic land grid
array (LGA) package and can operate within a
temperature range of -40 °C to +85 °C.

Table 1. Device summary
Order code Temperature range (°C) Package Packing
L3G4200D -40 to +85 LGA-16 (4x4x1.1 mm) Tray
L3G4200DTR -40 to +85 LGA-16 (4x4x1.1 mm) Tape and reel
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L3G4200D Block diagram and pin description

1 Block diagram and pin description
Figure 1. Block diagram
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The vibration of the structure is maintained by drive circuitry in a feedback loop. The sensing
signal is filtered and appears as a digital signal at the output.

1.1 Pin description

Figure 2. Pin connection
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L3G4200D

Table 2. Pin description
Pin# Name Function
1 vdd_IO Power supply for I/O pins
5 SCL I°C serial clock (SCL)
SPC SPI serial port clock (SPC)
SDA I°C serial data (SDA)
3 SDI SPI serial data input (SDI)
SDO 3-wire interface serial data output (SDO)
4 SDO SPI serial data output (SDO)
SA0 I°C least significant bit of the device address (SAQ)
SPI enable
5 CS I°C/SPI mode selection (1:SPI idle mode / I°C communication
enabled; 0: SPI communication mode / I°C disabled)
6 DRDY/INT2 | Data ready/FIFO interrupt
7 INTH Programmable interrupt
8 Reserved Connect to GND
9 Reserved Connect to GND
10 Reserved Connect to GND
11 Reserved Connect to GND
12 Reserved Connect to GND
13 GND 0V supply
14 PLLFILT Phase-locked loop filter (see Figure 3)
15 Reserved Connect to Vdd
16 Vdd Power supply
Figure 3. L3G4200D external low-pass filter values @
Capacitor for
Low-pass filter
to pin 14 I I ci
1
C2 R2
GND
AM07227v1

a. Pin 14 PLLFILT maximum voltage level is equal to Vdd.

8/42
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L3G4200D Block diagram and pin description

Table 3. Filter values
Parameter Typical value
C1 10 nF
c2 470 nF
R2 10 kQ
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L3G4200D

2 Mechanical and electrical characteristics
2.1 Mechanical characteristics
Table 4. Mechanical characteristics @ Vdd = 3.0 V, T = 25 °C, unless otherwise noted(")
Symbol Parameter Test condition Min. Typ.@ Max. Unit
+250
FS Measurement range User-selectable +500 dps
+2000
FS =250 dps 8.75
So Sensitivity FS =500 dps 17.50 mdps/digit
FS = 2000 dps 70
SoDr tsef:sgir‘gttzr‘;hange VS | From -40 °C to +85 °C +2 %
FS =250 dps +1
DVoff | Digital zero-rate level FS =500 dps +1 dps
FS = 2000 dps +75
ofDr | Zero-rate level change | FS = 250 dps +0.03 dps/°C
vs. temperature(® FS = 2000 dps £0.04 dps/°C
NL Non Iinearity(4) Best fit straight line 0.2 % FS
FS =250 dps 130
DST | Self-test output change |FS =500 dps 200 dps
FS = 2000 dps 530
Rn  |Rate noise density BW =50 Hz 0.03 Sq‘:f(‘zz)
ODR | Digital output data rate 1‘%%//2%%/ Hz
Top gaz::lting temperature -40 +85 °c
1. The product is factory calibrated at 3.0 V. The operational power supply range is specified in Table 5.
2. Typical specifications are not guaranteed.
3. Min/max values have been estimated based on the measurements of the current gyros in production.
4. Guaranteed by design.
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Mechanical and electrical characteristics

2.2 Electrical characteristics
Table 5.  Electrical characteristics @ Vdd =3.0 V, T=25 °C, unless otherwise noted(")
Symbol Parameter Test condition Min. Typ.? Max. Unit
Vdd Supply voltage 2.4 3.0 3.6 \
Vdd_IO | 1/O pins supply voltage® 1.71 Vdd+0.1 %
ldd Supply current 6.1 mA
IddSL Supply current Selectable by digital 15 mA
in Sleep mode(4) |nterface
IddPdn Supply current in Selectable by digital 5 UA
power-down mode interface
Top Operating temperature -40 +85 °c
range

1. The product is factory calibrated at 3.0 V.

2. Typical specifications are not guaranteed.

It is possible to remove Vdd maintaining Vdd_IO without blocking the communication busses, in this condition the
measurement chain is powered off.

4. Sleep mode introduces a faster turn-on time compared to power-down mode.

2.3 Temperature sensor characteristics
Table 6. Temp. sensor characteristics @ Vdd =3.0 V, T=25 °C, unless otherwise noted(!)
Symbol Parameter Test condition Min. Typ.@ Max. Unit
Temperature sensor
TSDr output change vs. -1 °C/digit
temperature
TODR Temperature refresh rate 1 Hz
Top Operating temperature -40 +85 °C
range

1. The product is factory calibrated at 3.0 V.

2. Typical specifications are not guaranteed.
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2.4 Communication interface characteristics

241 SPI - serial peripheral interface

Subject to general operating conditions for Vdd and Top.

Table 7. SPI slave timing values

Value("
Symbol Parameter Unit
Min. Max.

tc(SPC) SPI clock cycle 100 ns
fc(SPC) SPI clock frequency 10 MHz
tsu(CS) CS setup time 5

th(CS) CS hold time 8

tsu(Sl) SDI input setup time 5

th(SI) SDI input hold time 15 ns
tv(SO) SDO valid output time 50

th(SO) SDO output hold time 6
tdis(SO) SDO output disable time 50

1. Values are guaranteed at 10 MHz clock frequency for SPI with both 4 and 3 wires, based on characterization results; not
tested in production.

Figure 4. SPI slave timing diagram(b)
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b. Measurement points are done at 0.2-Vdd_IO and 0.8-Vdd_IO, for both input and output ports.
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2.4.2 I2C - inter IC control interface

Subject to general operating conditions for Vdd and Top.

Table 8.  I°C slave timing values
I2C standard mode(" I2C fast mode (1)
Symbol Parameter Unit
Min Max Min Max
f(SCL) SCL clock frequency 0 100 0 400 kHz
tw(scLy) SCL clock low time 4.7 1.3
ys
tw(sCLH) SCL clock high time 4.0 0.6
tsuisoa) SDA setup time 250 100 ns
th(spa) SDA data hold time 0 3.45 0 0.9 us
tspa) trsc) | SDA and SCL rise time 1000 20 +0.1Cy, @ 300
ns
tispa) tsc) | SDA and SCL fall time 300 20 + 0.1Cy, @ 300
th(s) START condition hold time 4 0.6
Repeated START condition
tsusr) setup time 4.7 0.6
ys
tsusp) STOP condition setup time 4 0.6
t Bus free time between STOP 47 13
WSP:SR) | and START condition : '
1. Data based on standard I°C protocol requirement; not tested in production.
2. Cb = total capacitance of one bus line, in pF.
Figure 5.  I2C slave timing diagram (°)
— REPEATED
START / \" START
///L— Lsu(sr) :
SDA \ / X X > {sesR) START
' ' \ ) / e
P E : v /— N :
—le— e E i \
tisoa) E trsoa) i fouison) thisoa) ¢ L A NS
i ! ! >
i i ! s i tsusp) [ STOP |
R i) i i i
thest)  twscLy tw(scLH) trscy) tiscL) AMO07229v1

c. Measurement points are done at 0.2-Vdd_IO and 0.8-Vdd_IO, for both ports.
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2.5
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Absolute maximum ratings

Any stress above that listed as “Absolute maximum ratings” may cause permanent damage
to the device. This is a stress rating only and functional operation of the device under these
conditions is not implied. Exposure to maximum rating conditions for extended periods may
affect device reliability.

Table 9. Absolute maximum ratings
Symbol Ratings Maximum value Unit
Vdd | Supply voltage -0.3t04.8 \"
Tstg | Storage temperature range -40 to +125 °C
Sg Acceleration g for 0.1 ms 10,000 g
ESD | Electrostatic discharge protection 2 (HBM) kV

This is a mechanical shock sensitive device, improper handling can cause permanent
damage to the part

é This is an ESD sensitive device, improper handling can cause permanent damage to
AL the part

4
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Mechanical and electrical characteristics

2.6

2.6.1

2.6.2

2.6.3

2.7

Terminology

Sensitivity

An angular rate gyroscope is a device that produces a positive-going digital output for
counterclockwise rotation around the sensitive axis considered. Sensitivity describes the
gain of the sensor and can be determined by applying a defined angular velocity to it. This
value changes very little over temperature and time.

Zero-rate level

Zero-rate level describes the actual output signal if there is no angular rate present. The
zero-rate level of precise MEMS sensors is, to some extent, a result of stress to the sensor
and, therefore, the zero-rate level can slightly change after mounting the sensor onto a
printed circuit board or after exposing it to extensive mechanical stress. This value changes
very little over temperature and time.

Stability over temperature and time

Thanks to the unique single driving mass approach and optimized design, ST gyroscopes
are able to guarantee a perfect match of the MEMS mechanical mass and the ASIC
interface, and deliver unprecedented levels of stability over temperature and time.

With Zero rate level and sensitivity performances, up to ten times better than equivalent
products now available on the market, L3G4200D allows the user to avoid any further
compensation and calibration during production for faster time to market, easy application
implementation, higher performances and cost saving.

Soldering information

The LGA package is compliant with the ECOPACK®, RoHS and “Green” standard.
It is qualified for soldering heat resistance according to JEDEC J-STD-020.

Leave “pin 1 Indicator” unconnected during soldering.

Land pattern and soldering recommendations are available at www.st.com/.
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3.1

3.2

3.2.1
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Main digital blocks

Block diagram

Figure 6. Block diagram
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FIFO

The L3G4200D embeds a 32-slot, 16-bit data FIFO for each of the three output channels:
yaw, pitch, and roll. This allows consistent power saving for the system, as the host
processor does not need to continuously poll data from the sensor. Instead, it can wake up
only when needed and burst the significant data out from the FIFO. This buffer can work in
five different modes. Each mode is selected by the FIFO_MODE bits in the
FIFO_CTRL_REG. Programmable watermark level, FIFO_empty or FIFO_Full events can
be enabled to generate dedicated interrupts on the DRDY/INTZ2 pin (configured through
CTRL_REGS), and event detection information is available in FIFO_SRC_REG. The
watermark level can be configured to WTM4:0 in FIFO_CTRL_REG.

Bypass mode

In bypass mode, the FIFO is not operational and for this reason it remains empty. As
illustrated in Figure 7, only the first address is used for each channel. The remaining FIFO
slots are empty. When new data is available, the old data is overwritten.
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Figure 7. Bypass mode
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3.2.2 FIFO mode

In FIFO mode, data from the yaw, pitch, and roll channels are stored in the FIFO. A
watermark interrupt can be enabled (I2_WMK bit in CTRL_REGS3), which is triggered when
the FIFO is filled to the level specified in the WTM 4:0 bits of FIFO_CTRL_REG. The FIFO
continues filling until it is full (32 slots of 16-bit data for yaw, pitch, and roll). When full, the
FIFO stops collecting data from the input channels. To restart data collection, it is necessary
to write FIFO_CTRL_REG back to bypass mode.

FIFO mode is represented in Figure 8.

Figure 8. FIFO mode
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3.2.3 Stream mode

In stream mode, data from yaw, pitch, and roll measurements are stored in the FIFO. A
watermark interrupt can be enabled and set as in FIFO mode. The FIFO continues filling
until full (32 slots of 16-bit data for yaw, pitch, and roll). When full, the FIFO discards the
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L3G4200D

older data as the new data arrives. Programmable watermark level events can be enabled to
generate dedicated interrupts on the DRDY/INT2 pin (configured through CTRL_REGS3).

Stream mode is represented in Figure 9.

Figure 9. Stream mode
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3.24 Bypass-to-stream mode

In bypass-to-stream mode, the FIFO starts operating in bypass mode, and once a trigger
event occurs (related to INT1_CFG register events), the FIFO starts operating in stream

mode (see Figure 10).

Figure 10. Bypass-to-stream mode
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Main digital blocks

3.2.5

3.2.6

Stream-to-FIFO mode

In stream-to-FIFO mode, data from yaw, pitch, and roll measurements are stored in the
FIFO. A watermark interrupt can be enabled on pin DRDY/INT2, setting the 12_WTM bit in
CTRL_REGS, which is triggered when the FIFO is filled to the level specified in the WTM4:0
bits of FIFO_CTRL_REG. The FIFO continues filling until full (32 slots of 16-bit data for yaw,
pitch, and roll). When full, the FIFO discards the older data as the new data arrives. Once a
trigger event occurs (related to INT1_CFG register events), the FIFO starts operating in
FIFO mode (see Figure 11).

Figure 11. Trigger stream mode
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Retrieve data from FIFO

FIFO data is read through the OUT_X, OUT_Y and OUT_Z registers. When the FIFO is in
stream, trigger or FIFO mode, a read operation to the OUT_X, OUT_Y or OUT_Z registers
provides the data stored in the FIFO. Each time data is read from the FIFO, the oldest pitch,
roll, and yaw data are placed in the OUT_X, OUT_Y and OUT_Z registers and both single
read and read_burst (X,Y & Z with auto-incremental address) operations can be used. In
read_burst mode, when data included in OUT_Z_H is read, the system again starts to read
information from addr OUT_X_L.
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Figure 12. L3G4200D electrical connections and external component values
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SCL/SPC J—>

SDA_SDI_SDO ®————P>

Pull-up to be added when I12C interface is used

GND
PLLFILT

AMO07949V1

Power supply decoupling capacitors (100 nF ceramic or polyester +10 pF) should be placed
as near as possible to the device (common design practice).

If Vdd and Vdd_lO are not connected together, power supply decoupling capacitors
(100 nF and 10 pF between Vdd and common ground, 100 nF between Vdd_IO and
common ground) should be placed as near as possible to the device (common design
practice).

The L3G4200D IC includes a PLL (phase locked loop) circuit to synchronize driving and
sensing interfaces. Capacitors and resistors must be added at the PLLFILT pin (as shown in
Figure 12) to implement a second-order low-pass filter. Table 10 summarizes the PLL low-
pass filter component values.

Table 10. PLL low-pass filter component values

Component Value
C1 10nF =10 %
c2 470 nF = 10 %
R2 10kQ+ 10 %

4
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5.1

Digital interfaces

The registers embedded in the L3G4200D may be accessed through both the 1°C and SPI
serial interfaces. The latter may be software-configured to operate either in 3-wire or 4-wire
interface mode.

The serial interfaces are mapped onto the same pins. To select/exploit the I°C interface, the
CS line must be tied high (i.e., connected to Vdd_IO).

Table 11.  Serial interface pin description

Pin name Pin description

SPI enable

CS [2C/SPI mode selection (1:SPI idle mode / I2C communication enabled; 0: SPI
communication mode / I°C disabled)

I2C serial clock (SCL)

SPI serial port clock (SPC)

I2C serial data (SDA)
SDA/SDI/SDO | SPI serial data input (SDI)
3-wire interface serial data output (SDO)

SPI serial data output (SDO)
I°C least significant bit of the device address

SCL/SPC

SDO

I2C serial interface

The L3G4200D I2C is a bus slave. The I°C is employed to write data to registers whose
content can also be read back.

The relevant I°C terminology is given in the table below.

Table 12.  12C terminology

Term Description
Transmitter The device which sends data to the bus
Receiver The device which receives data from the bus
Master The device which initiates a transfer, generates clock signals and terminates a
transfer
Slave The device addressed by the master

There are two signals associated with the I2C bus: the serial clock line (SCL) and the serial
data line (SDA). The latter is a bidirectional line used for sending and receiving the data
to/from the interface. Both lines must be connected to Vdd_IO through an external pull-up
resistor. When the bus is free both the lines are high.

The I2C interface is compliant with fast mode (400 kHz) I2C standards as well as with normal
mode.
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I2C operation

The transaction on the bus is started through a START (ST) signal. A START condition is
defined as a HIGH to LOW transition on the data line while the SCL line is held HIGH. After
this has been transmitted by the master, the bus is considered busy. The next byte of data
transmitted after the start condition contains the address of the slave in the first 7 bits and
the eighth bit tells whether the master is receiving data from the slave or transmitting data to
the slave. When an address is sent, each device in the system compares the first 7 bits after
a start condition with its address. If they match, the device considers itself addressed by the
master.

The slave address (SAD) associated with the L3G4200D is 110100xb. The SDO pin can be
used to modify the least significant bit (LSb) of the device address. If the SDO pin is
connected to the voltage supply, LSb is ‘1’ (address 1101001b). Otherwise, if the SDO pin is
connected to ground, the LSb value is ‘0’ (address 1101000b). This solution permits the
connection and addressing of two different gyroscopes to the same I°C bus.

Data transfer with acknowledge is mandatory. The transmitter must release the SDA line
during the acknowledge pulse. The receiver must then pull the data line LOW so that it
remains stable low during the HIGH period of the acknowledge clock pulse. A receiver which
has been addressed is obliged to generate an acknowledge after each byte of data
received.

The 12C embedded in the L3G4200D behaves like a slave device, and the following protocol
must be adhered to. After the START (ST) condition, a slave address is sent. Once a slave
acknowledge (SAK) has been returned, an 8-bit sub-address is transmitted. The 7 LSb
represent the actual register address while the MSB enables address auto-increment. If the
MSb of the SUB field is 1, the SUB (register address) is automatically incremented to allow
multiple data read/write.

The slave address is completed with a read/write bit. If the bit is ‘1’ (read), a REPEATED
START (SR) condition must be issued after the two sub-address bytes; if the bit is ‘0’ (write)
the master transmits to the slave with the direction unchanged. Table 13 describes how the
SAD-+read/write bit pattern is composed, listing all the possible configurations.

Table 13. SAD+read/write patterns

Command SADI[6:1] SADI[0] = SDO R/W SAD+R/W
Read 110100 0 1 11010001 (D1h)
Write 110100 0 0 11010000 (DOh)
Read 110100 1 1 11010011 (D3h)
Write 110100 1 0 11010010 (D2h)

Table 14. Transfer when master is writing one byte to slave
Master ST SAD + W SuB DATA SP

Slave SAK SAK SAK

4
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Table 17.

Table 15. Transfer when master is writing multiple bytes to slave
Master | ST | SAD+W SUB DATA DATA SP

Slave SAK SAK SAK SAK

Table 16. Transfer when master is receiving (reading) one byte of data from slave
Master | ST |SAD + W SUB SR | SAD +R NMAK | SP

Slave SAK SAK SAK | DATA

Transfer when master is receiving (reading) multiple bytes of data from slave

Master

ST

SAD+W SUB SR | SAD+R MAK MAK NMAK | SP

Slave

SAK SAK SAK | DATA DATA DATA

5.2

Data are transmitted in byte format (DATA). Each data transfer contains 8 bits. The number
of bytes transferred per transfer is unlimited. Data is transferred with the most significant bit
(MSDb) first. If a receiver cannot receive another complete byte of data until it has performed
some other function, it can hold the clock line SCL LOW to force the transmitter into a wait

state. Data transfer only continues when the receiver is ready for another byte and releases
the data line. If a slave receiver does not acknowledge the slave address (i.e., it is not able

to receive because it is performing some real-time function) the data line must be left HIGH
by the slave. The master can then abort the transfer. A LOW to HIGH transition on the SDA
line while the SCL line is HIGH is defined as a STOP condition. Each data transfer must be
terminated by the generation of a STOP (SP) condition.

In order to read multiple bytes, it is necessary to assert the most significant bit of the sub-
address field. In other words, SUB(7) must be equal to 1, while SUB(6-0) represents the
address of the first register to be read.

In the presented communication format, MAK is “master acknowledge” and NMAK is “no
master acknowledge”.

SPI bus interface

The SPI is a bus slave. The SPI allows writing and reading of the device registers. The serial
interface interacts with the external world through 4 wires: CS, SPC, SDI, and SDO.
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Figure 13. Read and write protocol

W DI7 Di6 DI5 DI4 DI3 DIi2 DI1 DIO
MS AD5 AD4 AD3 AD2 AD1 ADO

SDO OO —

DO7 DO6 DO5 DO4 DO3 DO2 DO1 DOO

CS is the serial port enable and is controlled by the SPI master. It goes low at the start of the
transmission and returns to high at the end. SPC is the serial port clock and is controlled by
the SPI master. It is stopped high when CS is high (no transmission). SDI and SDO are,
respectively, the serial port data input and output. These lines are driven at the falling edge
of SPC and should be captured at the rising edge of SPC.

Both the read register and write register commands are completed in 16 clock pulses, or in
multiples of 8 in case of multiple read/write bytes. Bit duration is the time between two falling
edges of SPC. The first bit (bit 0) starts at the first falling edge of SPC after the falling edge
of CS while the last bit (bit 15, bit 23, etc.) starts at the last falling edge of SPC just before
the rising edge of CS.

Bit 0: RW bit. When 0, the data DI(7:0) is written to the device. When 1, the data DO(7:0)
from the device is read. In the latter case, the chip drives SDO at the start of bit 8.

Bit 1: MS bit. When 0, the address remains unchanged in multiple read/write commands.
When 1, the address is auto-incremented in multiple read/write commands.

Bit 2-7: address AD(5:0). This is the address field of the indexed register.
Bit 8-15: data DI(7:0) (write mode). This is the data that is written to the device (MSb first).
Bit 8-15: data DO(7:0) (read mode). This is the data that is read from the device (MSb first).

In multiple read/write commands, further blocks of 8 clock periods are added. When the MS
bit is 0, the address used to read/write data remains the same for every block. When the MS
bit is 1, the address used to read/write data is incremented at every block.

The function and the behavior of SDI and SDO remain unchanged.

SPI read

Figure 14. SPI read protocol
CS \ /

S VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVARRE
S G5 G & 6 B OB 4 BB & BB O B O & O
RW

MS AD5 AD4 AD3 AD2 AD1 ADO

SDO OO Oo—

DO7 D06 DO5 D04 DO3 D02 DO1DO0
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5.2.2

The SPI read command is performed with 16 clock pulses. A multiple byte read command is
performed by adding blocks of 8 clock pulses to the previous one.

Bit 0: READ bit. The value is 1.

Bit 1: MS bit. When 0, do not increment address; when 1, increment address in multiple
reading.

Bit 2-7: address AD(5:0). This is the address field of the indexed register.
Bit 8-15: data DO(7:0) (read mode). This is the data that is read from the device (MSb first).
Bit 16-... : data DO(...-8). Further data in multiple byte reading.

Figure 15. Multiple byte SPI read protocol (2-byte example)

CS

S AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVIRRRS
soi X OO OO OO
-
MS AD5 AD4 AD3 AD2 AD1 ADO

SDO OO0 —

DO7 DO6 DO5 DO4 DO3 DO2 DO1 DO0 DO1HO1H01DO1DO1 DO1M®O9 DO8

SPI write

Figure 16. SPI write protocol

cs \ [
S VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVARE
SDI :)CX:X:X:X:X:X:)CX:X:X:X:X:X:X:X:

DI7 Die DI5 Di4 DI3 DI2 DI1 DIO
MS AD5 AD4 AD3 AD2 AD1 ADO

The SPI write command is performed with 16 clock pulses. A multiple byte write command is
performed by adding blocks of 8 clock pulses to the previous one.

Bit 0: WRITE bit. The value is 0.

Bit 1: MS bit. When 0, do not increment address; when 1, increment address in multiple
writing.

Bit 2 -7: address AD(5:0). This is the address field of the indexed register.
Bit 8-15: data DI(7:0) (write mode). This is the data that is written to the device (MSb first).
Bit 16-... : data DI(...-8). Further data in multiple byte writing.
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Figure 17. Multiple byte SPI write protocol (2-byte example)

cs  \ [
SV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY A
SDI :)DCDDDCDDDCDDDCDCDCDDCDD(:

DI7 Dleé DI5 DI4 DI3 DI2 DI1 DI0 DI15DI14DI13DI12DI11DI10DI9 DI8

MS AD5 AD4 AD3 AD2 AD1 ADO

5.2.3 SPI read in 3-wire mode

3-wire mode is entered by setting the SIM (SPI serial interface mode selection) bitto 1 in
CTRL_REG2.

Figure 18. SPI read protocol in 3-wire mode

cs  \ [

S Y AV AV AVAVAVAVAVAVAVAVAVAVAVAVAY S
SDI/O :)D(:X:X:X:X:DCX:X:X:X:)CX:X:X:

DO7 DO6 DO5 DO4 DO3 DO2 DO1 DOO

MS AD5 AD4 AD3 AD2 AD1 ADO

The SPI read command is performed with 16 clock pulses:
Bit 0: READ bit. The value is 1.

Bit 1: MS bit. When 0, do not increment address; when 1, increment address in multiple
reading.

Bit 2-7: address AD(5:0). This is the address field of the indexed register.
Bit 8-15: data DO(7:0) (read mode). This is the data that is read from the device (MSb first).

The multiple read command is also available in 3-wire mode.

4
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Output register mapping

The table given below provides a listing of the 8 bit registers embedded in the device and

the related addresses:

Table 18. Register address map
Register address
Name Type Default Comment
Hex Binary
Reserved - 00-0E - -
WHO_AM_I r OF 000 1111 | 11010011
Reserved - 10-1F - -
CTRL_REGH1 rw 20 010 0000 | 00000111
CTRL_REG2 rw 21 010 0001 | 00000000
CTRL_REG3 rw 22 010 0010 | 00000000
CTRL_REG4 rw 23 010 0011 | 00000000
CTRL_REG5 rw 24 010 0100 | 00000000
REFERENCE rw 25 010 0101 | 00000000
OUT_TEMP r 26 0100110| output
STATUS_REG r 27 0100111 | output
OUT_X_L r 28 010 1000 | output
OUT_X_H r 29 010 1001 | output
OUT_Y_L r 2A 010 1010| output
OUT_Y_H r 2B 010 1011 | output
OuUT_Z L r 2C 010 1100 | output
OUT_Z H r 2D 0101101 | output
FIFO_CTRL_REG rw 2E 010 1110 | 00000000
FIFO_SRC_REG r 2F 010 1111 | output
INT1_CFG rw 30 011 0000 | 00000000
INT1_SRC r 31 0110001 | output
INT1_TSH_XH rw 32 011 0010 | 00000000
INT1_TSH_XL rw 33 011 0011 | 00000000
INT1_TSH_YH rw 34 011 0100 | 00000000
INT1_TSH_YL rw 35 011 0101 | 00000000
INT1_TSH_zZH rw 36 011 0110 | 00000000
INT1_TSH_ZL rw 37 011 011100000000
INT1_DURATION rw 38 011 1000 | 00000000
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Registers marked as Reserved must not be changed. The writing to those registers may
cause permanent damages to the device.

The content of the registers that are loaded at boot should not be changed. They contain the
factory calibration values. Their content is automatically restored when the device is

powered-up.

4
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7.1

7.2

Register description

The device contains a set of registers which are used to control its behavior and to retrieve
acceleration data. The registers address, made of 7 bits, is used to identify them and to
write the data through serial interface.

WHO_AM_I (OFh)

Table 19. WHO_AM_I register
‘ 1 | 1 ‘ 0 ‘ 1 0 0 1 1

Device identification register.

CTRL_REG1 (20h)

Table 20. CTRL_REG?1 register
‘ DR1 | DRO ‘ BW1 ‘ BWO PD Zen Yen Xen

Table 21. CTRL_REG1 description
DR1-DRO Output Data Rate selection. Refer to Table 22

BW1-BWO Bandwidth selection. Refer to Table 22

Power down mode enable. Default value: 0

PD
(0: power down mode, 1: normal mode or sleep mode)
Zen Z axis enable. Default value: 1
(0: Z axis disabled; 1: Z axis enabled)
Yen Y axis enable. Default value: 1
(0: Y axis disabled; 1: Y axis enabled)
Xen X axis enable. Default value: 1

(0: X axis disabled; 1: X axis enabled)

DR<1:0> is used to set ODR selection. BW <1:0> is used to set Bandwidth selection.

In the following table are reported all frequency resulting in combination of DR / BW bits.

Table 22. DR and BW configuration setting

DR <1:0> BW <1:0> ODR [HZz] Cut-Off
00 00 100 12.5
00 01 100 25
00 10 100 25
00 11 100 25
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Table 22. DR and BW configuration setting (continued)
DR <1:0> BW <1:0> ODR [HZz] Cut-Off

01 00 200 12.5
01 01 200 25
01 10 200 50
01 11 200 70
10 00 400 20
10 01 400 25
10 10 400 50
10 11 400 110
11 00 800 30
11 01 800 35
11 10 800 50
11 11 800 110

Combination of PD, Zen, Yen, Xen are used to set device in different modes (power down /
normal / sleep mode) according with the following table.

Table 23. Power mode selection configuration
Mode PD Zen Yen Xen

Power down |0 - - -

Sleep 1 0 0 0

Normal 1 - - -
CTRL_REG2 (21h)

Table 24. CTRL_REG2 register
| o™ | o | Wpmt | HPM1 | HPCF3 | HPCF2 | HPGF1 | HPCFO

1.

Value loaded at boot. This value must not be changed

Table 25. CTRL_REG2 description

HPM1- High Pass filter Mode Selection. Default value: 00
HPMO Refer to Table 26

HPCF3- High Pass filter Cut Off frequency selection
HPCFO Refer to Table 28
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Table 26. High pass filter mode configuration
HPMA1 HPMO High Pass filter Mode
0 0 Normal mode (reset reading HP_RESET_FILTER)
0 1 Reference signal for filtering
1 0 Normal mode
1 1 Autoreset on interrupt event
Table 27. High pass filter cut off frecuency configuration [Hz]
HPCF3 ODR= 100 Hz ODR= 200 Hz ODR= 400 Hz ODR= 800 Hz
0000 8 15 30 56
0001 4 8 15 30
0010 2 4 8 15
0011 1 2 4 8
0100 0.5 1 2 4
0101 0.2 0.5 1 2
0110 0.1 0.2 0.5 1
0111 0.05 0.1 0.2 0.5
1000 0.02 0.05 0.1 0.2
1001 0.01 0.02 0.05 0.1
7.4 CTRL_REGS3 (22h)
Table 28. CTRL_REGH register
‘ 11_Int1 | 11_Boot ‘ H_Lactive ‘ PP_OD | I2.DRDY | I2.WTM | 12_ORun | I2_Empty
Table 29. CTRL_REGS3 description
11_Int1 Interrupt enable on INT1 pin. Default value 0. (0: Disable; 1: Enable)
11_Boot Boot status available on INT1. Default value 0. (0: Disable; 1: Enable)
H_Lactive Interrupt active configuration on INT1. Default value 0. (0: High; 1:Low)
PP_OD Push- Pull / Open drain. Default value: 0. (0: Push- Pull; 1: Open drain)
12_DRDY Date Ready on DRDY/INT2. Default value 0. (0: Disable; 1: Enable)
12_WTM FIFO Watermark interrupt on DRDY/INT2. Default value: 0. (0: Disable; 1: Enable)
12_ORun FIFO Overrun interrupt on DRDY/INT2 Default value: 0. (0: Disable; 1: Enable)
12_Empty FIFO Empty interrupt on DRDY/INT2. Default value: 0. (0: Disable; 1: Enable)
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7.5 CTRL_REG4 (23h)

Table 30. CTRL_REGA4 register
‘ BDU ‘ BLE ‘ FS1 ‘ FSO - STH ‘ STO ‘ SIM ‘

Table 31. CTRL_REG4 description

BDU Block Data Update. Default value: 0
(0: continous update; 1: output registers not updated until MSB and LSB
reading)
BLE Big/Little Endian Data Selection. Default value 0.
(0: Data LSB @ lower address; 1: Data MSB @ lower address)
FS1-FSO Full Scale selection. Default value: 00
(00: 250 dps; 01: 500 dps; 10: 2000 dps; 11: 2000 dps)
ST1-STO Self Test Enable. Default value: 00

(00: Self Test Disabled; Other: See Table)

SIM SPI Serial Interface Mode selection. Default value: 0
(0: 4-wire interface; 1: 3-wire interface).

Table 32. Self test mode configuration

ST1 STO Self test mode
0 0 Normal mode
0 1 Self test 0 (+)(")
1 0 -
1 1 Self test 1 (-)(

1. DST sign (absolute value in Table 4)

7.6 CTRL_REGS5 (24h)

Table 33. CTRL_REGS register
‘ BOOT ‘ FIFO_EN ‘ - | HPen ‘INT1_SeI1‘ INT1_Sel0 ‘ Out_Sel1 ‘ Out_Sel0

Table 34. CTRL_REGS5 description

BOOT Reboot memory content. Default value: 0

(0: normal mode; 1: reboot memory content)
FIFO_EN FIFO enable. Default value: 0

(0: FIFO disable; 1: FIFO Enable)
HPen High Pass filter Enable. Default value: 0

(0: HPF disabled; 1: HPF enabled. See Figure 20)
INT1_Sel1- INT1 selection configuration. Default value: 0
INT1_Sel0 (See Figure 20)
Out_Sel1- Out selection configuration. Default value: 0
Out_Sell (See Figure 20

4
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Figure 19. INT1_Sel and Out_Sel configuration block diagram
Out_Sel <1:0>
» 00 C~e o 1
» 01 - DataReg ,
- - IIIIIn
» 0 1 FIFO
—>| LPF2 »19) 82163
ADC — LPF1 HPE ropf 1
HPen INT1_Sel <1:0>
|10
o . Interrupt |
| nterrup |
> 01>, generator |
»o00 777 )
AMO07949V2
Table 35. Out_Sel configuration setting
Hpen OUT_SEL1 OUT_SELO Description
Data in DataReg and FIFO are non-high-
X 0 0 )
pass-filtered
Data in DataReg and FIFO are high-pass-
X 0 1 .
filtered
0 1 X Data in DataReg and FIFO are low-pass-
filtered by LPF2
1 1 x Data in DataReg and FIFO are high-pass and
low-pass-filtered by LPF2
Table 36. INT_SEL configuration setting
Hpen INT_SEL1 INT_SEL2 Description
Non-high-pass-filtered data are used for
X 0 0 . .
interrupt generation
X 0 1 High-pass-filtered data are used for interrupt
generation
0 1 . Low-pass-filtered data are used for interrupt
generation
High-pass and low-pass-filtered data are
1 1 X . .
used for interrupt generation
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7.7 REFERENCE/DATACAPTURE (25h)

Table 37. REFERENCE register
‘ Ref7 ‘ Ref6 ‘ Ref5 ‘ Ref4 ‘ Ref3 ‘ Ref2 ‘ Ref1 Ref0 ‘

Table 38. REFERENCE register description

‘ Ref 7-Ref0 | Reference value for Interrupt generation. Default value: 0 ‘

7.8 OUT_TEMP (26h)

Table 39. OUT_TEMP register
‘ Temp7 ‘ Temp6 ‘ Temp5 ‘ Temp4 Temp3 ‘ Temp2 ‘ Temp1 TempO ‘

Table 40. OUT_TEMP register description
‘ Temp7-TempO | Temperature data. ‘

7.9 STATUS_REG (27h)

Table 41. STATUS_REG register
‘ZYXOR| ZOR ‘ YOR ‘ XOR ZYXDA ZDA YDA XDA

Table 42. STATUS_REG description

X, Y, Z -axis data overrun. Default value: 0
ZYXOR | (0: no overrun has occurred; 1: new data has overwritten the previous one before it was

read)
ZOR Z axis data overrun. Default value: 0

(0: no overrun has occurred; 1: a new data for the Z-axis has overwritten the previous one)
YOR Y axis data overrun. Default value: 0

(0: no overrun has occurred; 1: a new data for the Y-axis has overwritten the previous one)
XOR X axis data overrun. Default value: 0

(0: no overrun has occurred; 1: a new data for the X-axis has overwritten the previous one)

ZYXDA | X, Y, Z -axis new data available. Default value: 0
(0: a new set of data is not yet available; 1: a new set of data is available)

ZDA Z axis new data available. Default value: 0
(0: a new data for the Z-axis is not yet available; 1: a new data for the Z-axis is available)

YDA Y axis new data available. Default value: 0
(0: a new data for the Y-axis is not yet available;1: a new data for the Y-axis is available)

XDA X axis new data available. Default value: 0
(0: a new data for the X-axis is not yet available; 1: a new data for the X-axis is available)
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710  OUT X L (28h), OUT_X_H (29h)

X-axis angular rate data. The value is expressed as two’s complement.

711  OUT_Y_L (2Ah), OUT_Y_H (2Bh)

Y-axis angular rate data. The value is expressed as two’s complement.

712  OUT_Z_L (2Ch), OUT_Z_H (2Dh)

Z-axis angular rate data. The value is expressed as two’s complement.

713 FIFO_CTRL_REG (2Eh)

Table 43. REFERENCE register
‘FMZ ‘FM1 |F|v|o ‘WTM4 ‘WTMS ‘WTM2 |WTM1 ‘WTMO ‘

Table 44. REFERENCE register description
FM2-FMO FIFO mode selection. Default value: 00 (see Table)

WTM4-WTMO | FIFO threshold. Watermark level setting

Table 45. FIFO mode configuration

FM2 FM1 FMO FIFO mode
0 0 0 Bypass mode
0 0 1 FIFO mode
0 1 0 Stream mode
0 1 1 Stream-to-FIFO mode
1 0 0 Bypass-to-Stream mode

714  FIFO_SRC_REG (2Fh)

Table 46. FIFO_SRC register
‘WTM ‘OVRN ‘EMPTY ‘FSS4 ‘FSSS |F882 |FSS1 ‘FSSO ‘

Table 47. FIFO_SRC register description

WTM Watermark status. (0: FIFO filling is lower than WTM level; 1: FIFO filling is equal
or higher than WTM level)

OVRN Overrun bit status.
(0: FIFO is not completely filled; 1:FIFO is completely filled)
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Table 47. FIFO_SRC register description (continued)

EMPTY FIFO empty bit.
( 0: FIFO not empty; 1: FIFO empty)
FSS4-FSS1 FIFO stored data level

7.15  INT1_CFG (30h)

Table 48. INT1_CFG register
‘ ANDKNR| LIR ‘ ZHIE ‘ ZLIE YHIE YLIE XHIE XLIE

Table 49. INT1_CFG description

AND/OR combination of Interrupt events. Default value: 0
(0: OR combination of interrupt events 1: AND combination of interrupt events

AND/OR

Latch Interrupt Request. Default value: 0
LIR (0: interrupt request not latched; 1: interrupt request latched)
Cleared by reading INT1_SRC reg.

Enable interrupt generation on Z high event. Default value: 0

ZHIE (0: disable interrupt request; 1: enable interrupt request on measured accel. value
higher than preset threshold)

Enable interrupt generation on Z low event. Default value: 0

ZLIE (0: disable interrupt request; 1: enable interrupt request on measured accel. value
lower than preset threshold)

Enable interrupt generation on Y high event. Default value: 0

YHIE (0: disable interrupt request; 1: enable interrupt request on measured accel. value
higher than preset threshold)

Enable interrupt generation on Y low event. Default value: 0

YLIE (0: disable interrupt request; 1: enable interrupt request on measured accel. value
lower than preset threshold)

Enable interrupt generation on X high event. Default value: 0

XHIE (0: disable interrupt request; 1: enable interrupt request on measured accel. value
higher than preset threshold)

Enable interrupt generation on X low event. Default value: 0

XLIE (0: disable interrupt request; 1: enable interrupt request on measured accel. value
lower than preset threshold)

Configuration register for Interrupt source.

7.16  INT1_SRC (31h)

Table 50. INT1_SRC register
‘ 0 | IA ‘ ZH ‘ zL YH YL XH ‘ XL ‘

4
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L3G4200D Register description

Table 51. INT1_SRC description

A Interrupt active. Default value: 0
(0: no interrupt has been generated; 1: one or more interrupts have been generated)

ZH Z high. Default value: 0 (0: no interrupt, 1: Z High event has occurred)

ZL Z low. Default value: 0 (0: no interrupt; 1: Z Low event has occurred)

YH Y high. Default value: 0 (0: no interrupt, 1: Y High event has occurred)

YL Y low. Default value: 0 (0: no interrupt, 1: Y Low event has occurred)

XH X high. Default value: 0 (0: no interrupt, 1: X High event has occurred)

XL X low. Default value: 0 (0: no interrupt, 1: X Low event has occurred)

Interrupt source register. Read only register.

Reading at this address clears INT1_SRC IA bit (and eventually the interrupt signal on INT1
pin) and allows the refreshment of data in the INT1_SRC register if the latched option was
chosen.

717  INT1_THS_XH (32h)

Table 52. INT1_THS_XH register
‘ - |THSX14 ‘ THSX13 ‘ THSX12 | THSX11 | THSX10 | THSX9 ‘ THSX8 ‘

Table 53. INT1_THS_XH description
‘ THSX14 - THSX9 ‘Interruptthreshold. Default value: 0000 0000 |

7.18 INT1_THS_XL (33h)

Table 54. INT1_THS_XL register
‘ THSX7 | THSX6 ‘ THSX5 ‘ THSX4 | THSX3 | THSX2 | THSX1 ‘ THSX0 ‘

Table 55. INT1_THS_XL description
‘ THSX7 - THSXO0 ‘Interruptthreshold. Default value: 0000 0000 |

7.19  INT1_THS_YH (34h)

Table 56. INT1_THS_YH register
‘ - |THSY14 ‘ THSY13 ‘ THSY12 | THSY11 | THSY10 | THSY9 ‘ THSYS ‘

Table 57. INT1_THS_YH description
‘ THSY14 - THSY9 ‘Interruptthreshold. Default value: 0000 0000 |
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7.20

7.21

7.22

7.23

38/42

INT1_THS_YL (35h)

Table 58. INT1_THS_YL register

‘ THSR7 | THSY6 ‘ THSY5 ‘ THSY4 | THSY3 | THSY2 | THSY1 | THSYO ‘
Table 59. INT1_THS_YL description

‘ THSY7 - THSYO |Interruptthresho|d. Default value: 0000 0000 ‘
INT1_THS_ZH (36h)

Table 60. INT1_THS_ZH register

‘ - | THSZ14 ‘ THSZ13 ‘ THSZ12 | THSZ11 | THSZ10 | THSZ9 | THsz8 ‘
Table 61. INT1_THS_ZH description

‘ THSZ14 - THSZ9 |Interruptthresho|d. Default value: 0000 0000 ‘
INT1_THS_ZL (37h)

Table 62. INT1_THS_ZL register

‘ THSZ7 | THSZ6 ‘ THSZ5 ‘ THSZ4 | THSZ3 | THSz2 | THSz1 | THszo ‘
Table 63. INT1_THS_ZL description

‘ THSZ7 - THSZ0 |Interruptthresho|d. Default value: 0000 0000 ‘
INT1_DURATION (38h)

Table 64. INT1_DURATION register

‘ WAIT | D6 ‘ D5 ‘ D4 D3 D2 D1 DO

Table 65. INT1_DURATION description

WAIT WAIT enable. Default value: 0 (0: disable; 1: enable)

D6 - DO Duration value. Default value: 000 0000

D6 - DO bits set the minimum duration of the Interrupt event to be recognized. Duration

steps and maximum values depend on the ODR chosen.
WAIT bit has the following meaning:

Wait =’0’: the interrupt falls immediately if signal crosses the selected threshold
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Register description

Wait =’1’: if signal crosses the selected threshold, the interrupt falls only after the duration
has counted number of samples at the selected data rate, written into the duration counter

register.

Figure 20. Wait disabled

Rate
(dps)

e Wait-bit = ‘0’ > Interrupt disabled as soon as condition
is no more valid (ex: Rate value below threshold)

Duration value is the same used to validate interrupt

Rate
1 Threshold
Counter
Duration
o i I~ Value
Interrupt .: A e
al
I—I‘ ‘ I » Disabled
: | b t(n)
Figure 21. Wait enabled
Wait-bit = ‘1’ > Interrupt disabled after duration
sample (sort of hysteresis)
Rate
(dps)
0 Rate
Threshold
Counter
L Duration
Value
Interrupt “Wait”
i Enabled
—s! —s! tn)
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Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at www.st.com.

ECOPACK is an ST trademark.

Figure 22. LGA-16: mechanical data and package dimensions

Dimensions
Ref. mm QOutline and
Min. Typ. Max. mechanical data

Al 1.100

A2 0.855

A3 0.200

d 0.300

D1 3.850 4.000 4150

E1 3.850 4.000 4150

L2 1.950 |

M 0.100 fil

N1 0.650 ——

Nz 0975

P1 1.750

P2 1525 LGA 16L (4x4x1.1mm)
T 0499 Land Grid Array Package
T2 0.300

k 0.050
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Revision history
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Revision history

Table 66. Document revision history

description.

Date Revision Changes
01-Apr-2010 1 Initial release.
03-Sep-2010 2 Complete datasheet review.
95-Dec-2010 3 Inserted Section 6: Output register mapping and Section 7: Register
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TCA9548A Low-Voltage 8-Channel I°C Switch with Reset
1 Features 3 Description

« 1-to-8 Bidirectional translating switches
« 12C Bus and SMBus compatible
» Active-low reset input

e Three address pins, allowing up to eight
TCA9548A devices on the I1°C bus

+ Channel selection through an I°C Bus, in any
combination

» Power up with all switch channels deselected
* Low Rgy switches

» Allows voltage-level translation between 1.8-V,
2.5-V, 3.3-V, and 5-V buses

» No glitch on power up
e Supports hot insertion
e Low standby current

» Operating power-supply voltage range of
1.65Vto55V

* 5-V Tolerant inputs
» 0-to 400-kHz Clock frequency

» Latch-up performance exceeds 100 mA Per JESD
78, class Il

» ESD Protection exceeds JESD 22
— +2000-V Human-body model (A114-A)
— 200-V Machine model (A115-A)
— +1000-V Charged-device model (C101)

2 Applications

* Servers
* Routers (telecom switching equipment)
» Factory Automation

« Products with I1°C slave address conflicts (such as
multiple, identical temperature sensors)

The TCA9548A device has eight bidirectional
translating switches that can be controlled through
the I1°C bus. The SCL/SDA upstream pair fans out to
eight downstream pairs, or channels. Any individual
SCn/SDn channel or combination of channels can be
selected, determined by the contents of the
programmable control register. These downstream
channels can be used to resolve I°C slave address
conflicts. For example, if eight identical digital
temperature sensors are needed in the application,
one sensor can be connected at each channel: 0-7.

The system master can reset the TCA9548A in the
event of a time-out or other improper operation by
asserting a low in the RESET input. Similarly, the
power-on reset deselects all channels and initializes
the I°C/SMBus state machine. Asserting RESET
causes the same reset and initialization to occur
without powering down the part. This allows recovery
should one of the downstream I°C buses get stuck in
a low state.

The pass gates of the switches are constructed so
that the VCC pin can be used to limit the maximum
high voltage, which is passed by the TCA9548A.
Limiting the maximum high voltage allows the use of
different bus voltages on each pair, so that 1.8-V, 2.5-
V or 3.3-V parts can communicate with 5-V parts,
without any additional protection. External pullup
resistors pull the bus up to the desired voltage level
for each channel. All I/O pins are 5-V tolerant.

Device Information®

PART NUMBER | PACKAGE BODY SIZE (NOM)
TSSOP (24) 7.80 mm x 4.40 mm

TCA9548A
VQFN (24) 4.00 mm x 4.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Application Diagram

12C or SMBus
Master

(processor)
RESET

TCA9548A

Channel 0
Slaves Ao, A1...An

Slaves Bo, B1...Bn

Slaves Co, C1...Cn

Channel 7

Slaves Ho, H1...Hn

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

PW Package
24-Pin TSSOP RGE Package
Top View 24-Pin \(QFN
Top View
( o ) -
n (] 24 | ] vece @ T 2 ;‘3 é g
NI 23 ] spa ( T T T T T 17 ™
@) [ T DR N A |
RESET (| 3 22 | ] scL s 2 3 5 8 @
sbo (| 4 21 [ a2 spo [ 11 ,————————-— N 18| oA
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Thermal |
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sp3 (] 10 15 |_] sbs N~ o o 2 T
S 1 [ sos R
aND (] 12 13 [ ] sp4 8 38 2 3 & 38
” o 5 ® o o0 Not to scale
. J
Not to scale
Pin Functions
PIN
NAME T(SPS\NO)P (ggg) TYPE DESCRIPTION
A0 1 22 | Address input 0. Connect directly to V¢ or ground
Al 2 23 | Address input 1. Connect directly to V¢ or ground
A2 21 18 | Address input 2. Connect directly to V¢ or ground
GND 12 9 — Ground
RESET 3 24 | Active-low reset input. Connect to Ve or Vppuw™® through a pull-up resistor, if not used
SDO 4 1 110 Serial data 0. Connect to Vppyo™® through a pull-up resistor
SCO 5 2 110 Serial clock 0. Connect to Vppyo™® through a pull-up resistor
SD1 6 3 110 Serial data 1. Connect to Vppy; ® through a pull-up resistor
sc1 7 4 110 Serial clock 1. Connect to Vppy; Y through a pull-up resistor
SD2 8 5 110 Serial data 2. Connect to Vppy,® through a pull-up resistor
sc2 9 6 110 Serial clock 2. Connect to Vppy,™® through a pull-up resistor
SD3 10 7 110 Serial data 3. Connect to Vppys™® through a pull-up resistor
SC3 11 8 110 Serial clock 3. Connect to Vppys™® through a pull-up resistor
SD4 13 10 110 Serial data 4. Connect to Vppys® through a pull-up resistor
sc4 14 11 110 Serial clock 4. Connect to Vppys™® through a pull-up resistor
SD5 15 12 110 Serial data 5. Connect to Vppys® through a pull-up resistor
SC5 16 13 110 Serial clock 5. Connect to Vppys™® through a pull-up resistor
SD6 17 14 110 Serial data 6. Connect to Vppys™® through a pull-up resistor
SC6 18 15 110 Serial clock 6. Connect to Vppys™® through a pull-up resistor
SD7 19 16 110 Serial data 7. Connect to Vppy7® through a pull-up resistor
sc7 20 17 110 Serial clock 7. Connect to Vppy7 ™ through a pull-up resistor
SCL 22 19 110 Serial clock bus. Connect to Vppyyu™ through a pull-up resistor
SDA 23 20 110 Serial data bus. Connect to Vppuyu™® through a pull-up resistor
VCC 24 21 Power Supply voltage

(1) Vppux is the pull-up reference voltage for the associated data line. Vppyy is the master 12C reference voltage and Vppyo-Vppu7 are the

slave channel reference voltages.
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6 Specifications

6.1 Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vee Supply voltage -0.5 7 \%
\V Input voltage @ -0.5 7 v
I Input current -20 20 mA
lo Output current -25 mA
Icc Supply current -100 100 mA
Tstg Storage temperature —65 150 °C
T; Max Junction Temperature Vec 536V 130 °C
Vec €55V 90
(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.
6.2 ESD Ratings
VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001® +2000
V(esp) Electrostatic discharge - — \Y
Charged-device model (CDM), per JEDEC specification JESD22-C101? +1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
MIN MAX | UNIT
40°C<Tp<85°C 1.65 55
Vee Supply voltage \%
85°C<Tp=s125°C 1.65 3.6
) ) SCL, SDA 0.7 x Ve 6
Viy High-level input voltage p— \%
A2-A0, RESET 0.7%xVee Ve +05
) SCL, SDA -05  0.3xVcc
Vi Low-level input voltage p— \%
A2-A0, RESET -0.5 0.3 x Ve
) ] 3.6V <Vccs55V -40 85
Ta Operating free-air temperature °C
1.65V<Vcc <36V —40 125
6.4 Thermal Information
TCA9548A
THERMAL METRIC® PW (TSSOP) RGE (VQFN) UNIT
24 PINS 24 PINS
Roia Junction-to-ambient thermal resistance 108.8 57.2 °CIW
Roactop) Junction-to-case (top) thermal resistance 54.1 62.5 °C/IW
RgiB Junction-to-board thermal resistance 62.7 34.4 °C/IW
YT Junction-to-top characterization parameter 10.9 3.8 °C/W
Vi Junction-to-board characterization parameter 62.3 34.4 °C/W
Roacbot) Junction-to-case (bottom) thermal resistance N/A 155 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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6.5 Electrical Characteristics®

Vee = 1.65 V to 5.5 V, over recommended operating free-air temperature ranges supported by Recommended Operating
Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP®  MAX| UNIT
VpoRR Power-on reset voltage, Vcc rising | No load, V, = Vg or GND®) 1.2 15| VvV
Vpore ;‘I’I‘i’;’]‘g@?” reset voltage, Vec No load, V, = Ve or GND® 0.8 1 v
5V 3.6
45Vto55V 2.6 4.5
3.3V 1.9
. 3Vto36V 1.6 2.8
Vo(sw) Switch output voltage Viesw) = Vees Iswout = =100 pA IV s Y
23Vto27V 1.1 2
1.8V 1.1
1.65Vto 195V 0.6 1.25
VOL =04V
loL SDA 1.65V 10 5.5V mA
VOL =06V
SCL, SDA -1 1
SC7-SCO0, SD7-SD0 3 -1 1
I V, = Ve or GND® 1.65Vt055V pA
A2-A0 -1 1
RESET -1 1
55V 50 80
f 400 kH V=V GND®, 15=0 30V 20 3
= z = or s =
SCL | cC o 27V 11 20
. 1.65V 6 10
Operating mode
55V 9 30
f 100 kH V=V GND®, 15=0 30V ° 1
= z = or s =
SCL | cC o 27V 4 8
1.65V 2 4
55V 0.2 2
lec . Vi=GND®), I5=0, -40 C< Tp < 36V 01 2| pA
Low inputs o ! !
85°C 27V 0.1 1
1.65V 0.1 1
55V 0.2 2
Standby mode = =0 -40° 3.6V 0.1 2
y High inputs Vi=Vee, lo=0,-40 C= Ty
85°C 27V 0.1 1
1.65V 0.1 1
3.6V 1 2
Low and High V| =Vccor GND, 1o =0, 85 °C <
Inputs Ta<125°C 21V 0.7 15
1.65V 0.4 1
SCL or SDA input at 0.6 V, - 3 20
- Other inputs at Vcc or GND
Alee Supply-current | g gpa puts &t Vec 1.65V1055V WA
change SCL or SDA input at Vec — 0.6 V, 3 20
Other inputs at Ve or GND®)
A2-A0 3 4
—— V, = Ve or GND®
Ci RESET 1.65Vto55V pF
SCL V, = Ve or GND®), Switch OFF 20 28

(1) For operation between specified voltage ranges, refer to the worst-case parameter in both applicable ranges.
(2) All typical values are at nominal supply voltage (1.8-, 2.5-, 3.3-, or 5-V V), Ta = 25°C.
(3) RESET = V¢ (held high) when all other input voltages, V, = GND.

(4) The power-on reset circuit resets the 12C bus logic with Ve < Vpore-
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Electrical Characteristics® (continued)

Vce = 1.65 V to 5.5 V, over recommended operating free-air temperature ranges supported by Recommended Operating
Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP®  MAX| UNIT
5 |SDA 5 o 20 28
Ciootry © V, = Ve or GND®), Switch OFF 1.65Vt055V pF
SC7-SC0, SD7-SD0 5.5 75
45V1t055V 4 10 20
Vo=04V,lg=15mA
_ _ 3Vt036V 5 12 30
Ron Switch-on resistance 23V1027YV p s 5 Q
. 0 Z.
Vo=04V,lg=10 mA
1.65V to 1.95 V 10 25 70

(5) Cio(on) depends on internal capacitance and external capacitance added to the SCn lines when channels(s) are ON.

6.6 I°C Interface Timing Requirements
over recommended operating free-air temperature range (unless otherwise noted) (see Figure 5)

MN | MAX UNIT
STANDARD MODE
foql I2C clock frequency 0 100| kHz
tsch I2C clock high time 4 us
teel 12C clock low time 4.7 s
tsp 12C spike time 50 ns
tsds I2C serial-data setup time 250 ns
tsdh I2C serial-data hold time oW s
tier 12C input rise time 1000 ns
tict 12C input fall time 300 ns
tocf 12C output (SDn) fall time (10-pF to 400-pF bus) 300 ns
touf I2C bus free time between stop and start 4.7 us
tsts I2C start or repeated start condition setup 4.7 us
tsth I2C start or repeated start condition hold 4 us
tsps I2C stop condition setup 4 s
tydL(Data) Valid-data time (high to low)® SCL low to SDA output low valid 1 s
tydH(Data) Valid-data time (low to high)® SCL low to SDA output high valid 0.6 s
tvd(ack) Valid-data time of ACK condition é)chig:ﬂ;)fL?TgﬁCL low 1 us
Cp I2C bus capacitive load 400 pF
FAST MODE
fsal 12C clock frequency 0 400 kHz
tsch I2C clock high time 0.6 s
tscl I2C clock low time 1.3 s
tsp 12C spike time 50 ns
tsds I2C serial-data setup time 100 ns
tsdh I2C serial-data hold time ow ps
tier 12C input rise time 20+ O'lc(:g'} 300 ns
tics 12C input fall time 20+ 0'1((:3*} 300 ns
toct 12C output (SDn) fall time (10-pF to 400-pF bus) 20+ O'lc(:g'} 300 ns

(1) A device internally must provide a hold time of at least 300 ns for the SDA signal (referred to the V|4 min of the SCL signal), to bridge
the undefined region of the falling edge of SCL.

(2) Data taken using a 1-kQ pull-up resistor and 50-pF load (see Figure 6)

(3) C, = total bus capacitance of one bus line in pF
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I2C Interface Timing Requirements (continued)

over recommended operating free-air temperature range (unless otherwise noted) (see Figure 5)

MIN MAX UNIT
touf I2C bus free time between stop and start 1.3 us
tsts I2C start or repeated start condition setup 0.6 us
tsth I2C start or repeated start condition hold 0.6 us
tsps I2C stop condition setup 0.6 us
tydlL (Data) Valid-data time (high to low)® SCL low to SDA output low valid us
tydH(Data) Valid-data time (low to high)® SCL low to SDA output high valid 0.6 us
tvd(ack) Valid-data time of ACK condition gchﬂgg&IJL?rlgVECL low 1 us
Cp I2C bus capacitive load 400 pF

6.7 Reset Timing Requirements
over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER MIN MAX | UNIT
tw) Pulse duration, RESET low 6 ns
tREC(STA) Recovery time from RESET to start 0 ns

6.8 Switching Characteristics
over recommended operating free-air temperature range, C, < 100 pF (unless otherwise noted) (see Figure 5)
PARAMETER (II?\‘RP%'\% (OU-I';'(;UT) MIN MAX | UNIT
t.a @ Propagation delay time Ron =209, C, =15 pF SDA or SCL SDn or SCn 03 ns
Ron =20 Q, C_ =50 pF 1
te @ RESET time (SDA clear) RESET SDA 500| ns

(1) The propagation delay is the calculated RC time constant of the typical ON-state resistance of the switch and the specified load

capacitance, when driven by an ideal voltage source (zero output impedance).

(2) tsis the propagation delay measured from the time the RESET pin is first asserted low to the time the SDA pin is asserted high,

signaling a stop condition. It must be a minimum of ty, .
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6.9 Typical Characteristics

800 1.8
— Voo = 5.5V
700 | =/ Ve =3.3V 1.6
Vee = 1.65V
600 < 14
=
500 3 1.2
’>\ o
=
gj 400 gz 1 /
o °
= 300 5 0.8
/ 5)
200 28 06
100 | 04 ; —— 25°C (Room Temperature)
- — 85°C
— -40°C
0 / 0.2 ‘
0 2 4 6 8 10 12 1.5 2 25 3 3.5 4 4.5 5 5.5
loL (MA) Vee (V)
Figure 1. SDA Output Low Voltage (Vo) vs Load Current Figure 2. Standby Current (Icc) vs Supply Voltage (Vcc) at
(loL) at Three V¢ Levels Three Temperature Points
6 30
—— 25°C (Room Temperature)
5.8 — 85°C \
5.6 -40° 25 \
5.4
20
L 52 J \
£ 5 2 15 >
o =z
o —~—
g 48 ~— & iy S gy et
46 . 10
. ‘\
4.4 5 —— 25°C (Room Temperature)
4.0 — 85°C
-40°C
4 0
0o 05 1 15 2 25 3 35 4 45 5 55 0O 05 1 15 2 25 3 35 4 45 5 55
Vee (V) Vee (V)
Figure 3. Slave Channel (SCn/SDn) Capacitance (Cio(orr)) VS Figure 4. On-Resistance (Roy) Vs Supply Voltage (Vcc) at
Supply Voltage (Vcc) at Three Temperature Points Three Temperatures
\
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7 Parameter Measurement Information

DUT

L
C_=50 pF
(see Note A)

R, =1kQ

VCC
SDA

SDA LOAD CONFIGURATION

Three Bytes for Complete

i# Device Programming >i
|
Stop Start |Address R/W Data Data Stop
Condition [ Condition | Bit7 [Address| o ¢4 | Address| gy g Azﬁ;‘ Bit7 | eee | Bit0 | Condition
(P) (S) (MSB) ! ! (LSB) (MSB) (LSB) (P)
tscl Ih_ﬁl— tsch
—————— 0.7 xV,
scL /_\ N / e
} } e I 0.3 x V.
te b M| I e
t 4 ter | |
b —h ROl LA e tuoun D €= | |
’ - ]la—— — 0.7xV,
SDA | / | | e
I : K | | \—— 0.3xV
—» e > et Rl 7GR L_
L t., Repeat Start st
> o
Start or Condition Condition
Repeat Start
Condition
VOLTAGE WAVEFORMS
BYTE DESCRIPTION
1 I’C address
2,3 P-port data

A. C_includes probe and jig capacitance.

B. Allinputs are supplied by generators having the following characteristics: PRR < 10 MHz, Z5 = 50 Q, t/ty <30 ns.

C. Not all parameters and waveforms are applicable to all devices.

Figure 5. 1°C Load Circuit and Voltage Waveforms
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Parameter Measurement Information (continued)

Vee
RL=1kQ
DA
DUT S

C|_ =50 pF
(see Note A)

SDA LOAD CONFIGURATION

Start
ScL \ /_\ /_\ / ACK or Read Cycle
(¢

—\ >
SDA
——7/ ——————————— e —————— — «/——-0.3 Vee

|
| &P treser

2)
RESET f———r —————————————————————— N/ Vo
—p trec

Pty
(C |
) [
SDn, SCn |
¢ | r 0.3 Vcc
) i
l&——>— treseT
A. C_includes probe and jig capacitance.
B. Allinputs are supplied by generators having the following characteristics: PRR < 10 MHz, Z5 = 50 Q, t/ty <30 ns.
C. |/Os are configured as inputs.
D. Not all parameters and waveforms are applicable to all devices.
Figure 6. Reset Load Circuit and Voltage Waveforms
Copyright © 2012-2019, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Links: TCA9548A



http://www.ti.com/product/tca9548a?qgpn=tca9548a

http://www.ti.com

http://www.ti.com/product/tca9548a?qgpn=tca9548a

http://www.ti.com/feedbackform/techdocfeedback?litnum=SCPS207G&partnum=TCA9548A



13 TEXAS
INSTRUMENTS
TCA9548A

SCPS207G —MAY 2012—REVISED NOVEMBER 2019 www.ti.com

8 Detailed Description

8.1 Overview

The TCA9548A is an 8-channel, bidirectional translating 1°C switch. The master SCL/SDA signal pair is directed
to eight channels of slave devices, SC0/SD0O-SC7/SD7. Any individual downstream channel can be selected as
well as any combination of the eight channels.

The device offers an active-low RESET input which resets the state machine and allows the TCA9548A to
recover must one of the downstream 1°C buses get stuck in a low state. The state machine of the device can
also be reset by cycling the power supply, V¢, also known as a power-on reset (POR). Both the RESET function
and a POR cause all channels to be deselected.

The connections of the 1°C data path are controlled by the same I°C master device that is switched to
communicate with multiple 1°C slaves. After the successful acknowledgment of the slave address (hardware
selectable by A0, Al, and A2 pins), a single 8-bit control register is written to or read from to determine the
selected channels.

The TCA9548A may also be used for voltage translation, allowing the use of different bus voltages on each
SCn/SDn pair such that 1.8-V, 2.5-V, or 3.3-V parts can communicate with 5-V parts. This is achieved by using
external pull-up resistors to pull the bus up to the desired voltage for the master and each slave channel.
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8.2 Functional Block Diagram

SCo
SC1
SC2
SC3
SC4
SC5
SC6
SC7
SDo
SD1
SD2
SD3
SD4
SD5
SD6

SD7

GND

vcc
RESET

SCL
SDA

TCA9548A

5

7

1l

9

17

11

14

16

18

20

10

13

15

17

19

24

Switch Control Logic

Reset Circuit

22

A

23

Input Filter

E—

I’C Bus Control

A1

21

A2
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8.3 Feature Description

The TCA9548A is an 8-channel, bidirectional translating switch for 1°C buses that supports Standard-Mode (100
kHz) and Fast-Mode (400 kHz) operation. The TCA9548A features I1°C control using a single 8-bit control register
in which each bit controls the enabling and disabling of one of the corresponding 8 switch channels for I1°C data
flow. Depending on the application, voltage translation of the I1°C bus can also be achieved using the TCA9548A
to allow 1.8-V, 2.5-V, or 3.3-V parts to communicate with 5-V parts. Additionally, in the event that communication
on the 1°C bus enters a fault state, the TCA9548A can be reset to resume normal operation using the RESET pin
feature or by a power-on reset which results from cycling power to the device.

8.4 Device Functional Modes

8.4.1 RESET Input

The RESET input is an active-low signal that may be used to recover from a bus-fault condition. When this signal
is asserted low for a minimum of ty, , the TCA9548A resets its registers and I°C state machine and deselects all
channels. The RESET input must be connected to V¢ through a pull-up resistor.

8.4.2 Power-On Reset

When power is applied to the VCC pin, an internal power-on reset holds the TCA9548A in a reset condition until
Vcc has reached Vpogg. At this point, the reset condition is released, and the TCA9548A registers and I°C state
machine are initialized to their default states, all zeroes, causing all the channels to be deselected. Thereafter,
Ve must be lowered below Vpgogrr to reset the device.

8.5 Programming

8.5.1 I°C Interface

The TCA9548A has a standard bidirectional 1°C interface that is controlled by a master device in order to be
configured or read the status of this device. Each slave on the I°C bus has a specific device address to
differentiate between other slave devices that are on the same 1°C bus. Many slave devices require configuration
upon startup to set the behavior of the device. This is typically done when the master accesses internal register
maps of the slave, which have unique register addresses. A device can have one or multiple registers where
data is stored, written, or read.

The physical I°C interface consists of the serial clock (SCL) and serial data (SDA) lines. Both SDA and SCL lines
must be connected to V¢ through a pull-up resistor. The size of the pull-up resistor is determined by the amount
of capacitance on the I°C lines. (For further details, see the I°C Pull-up Resistor Calculation application report.
Data transfer may be initiated only when the bus is idle. A bus is considered idle if both SDA and SCL lines are
high after a STOP condition (See Figure 7 and Figure 8).
The following is the general procedure for a master to access a slave device:
1. If a master wants to send data to a slave:

— Master-transmitter sends a START condition and addresses the slave-receiver.

— Master-transmitter sends data to slave-receiver.

— Master-transmitter terminates the transfer with a STOP condition.
2. If a master wants to receive or read data from a slave:

— Master-receiver sends a START condition and addresses the slave-transmitter.

— Master-receiver sends the requested register to read to slave-transmitter.

— Master-receiver receives data from the slave-transmitter.
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Programming (continued)

— Master-receiver terminates the transfer with a STOP condition.

START Data Transfer

Condition

STOP
Condition

Figure 7. Definition of Start and Stop Conditions

SDA line stable while SCL line is high

SDA

Byte: 1010 1010 ( OxAAh )

Figure 8. Bit Transfer

8.5.2 Device Address
Figure 9 shows the address byte of the TCA9548A.

Slave Address

1 1 1 0 |A2 | A1 ] A0 |[RW
/\
Fixed Hardware
Selectable

Figure 9. TCA9548A Address
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Programming (continued)

The last bit of the slave address defines the operation (read or write) to be performed. When it is high (1), a read
is selected, while a low (0) selects a write operation.

Table 1 shows the TCA9548A address reference.

Table 1. Address Reference

INPUTS 2

0 Al 0 1“C BUS SLAVE ADDRESS
L L L 112 (decimal), 70 (hexadecimal)
L L H 113 (decimal), 71 (hexadecimal)
L H L 114 (decimal), 72 (hexadecimal)
L H H 115 (decimal), 73 (hexadecimal)
H L L 116 (decimal), 74 (hexadecimal)
H L H 117 (decimal), 75 (hexadecimal)
H H L 118 (decimal), 76 (hexadecimal)
H H H 119 (decimal), 77 (hexadecimal)

8.5.3 Bus Transactions

Data must be sent to and received from the slave devices, and this is accomplished by reading from or writing to
registers in the slave device.

Registers are locations in the memory of the slave which contain information, whether it be the configuration
information or some sampled data to send back to the master. The master must write information to these
registers in order to instruct the slave device to perform a task.

While it is common to have registers in 1°C slaves, note that not all slave devices have registers. Some devices
are simple and contain only 1 register, which may be written to directly by sending the register data immediately
after the slave address, instead of addressing a register. The TCA9548A is example of a single-register device,
which is controlled via I°C commands. Since it has 1 bit to enable or disable a channel, there is only 1 register
needed, and the master merely writes the register data after the slave address, skipping the register number.

8.5.3.1 Writes

To write on the I°C bus, the master sends a START condition on the bus with the address of the slave, as well
as the last bit (the R/W bit) set to 0, which signifies a write. The slave acknowledges, letting the master know it is
ready. After this, the master starts sending the control register data to the slave until the master has sent all the
data necessary (which is sometimes only a single byte), and the master terminates the transmission with a STOP
condition.

There is no limit to the number of bytes sent, but the last byte sent is what is in the register.
Figure 10 shows an example of writing a single byte to a slave register.
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Master controls SDA line

Slave controls SDA line

Write to one register in a device

Device (Slave) Address (7 bits) Control Register (8 bits)

A
( A ( A

S|1]1|1]0]|A2(A1l|AOC| O | A |B7|B6(B5|B4|B3|B2(B1(BO| A | P

START R/W=0 ACK ACK STOP
Figure 10. Write to Register

8.5.3.2 Reads

Reading from a slave is very similar to writing, but the master sends a START condition, followed by the slave
address with the R/W bit set to 1 (signifying a read). The slave acknowledges the read request, and the master
releases the SDA bus but continues supplying the clock to the slave. During this part of the transaction, the

master becomes the master-receiver, and the slave becomes the slave-transmitter.

The master continues to send out the clock pulses, but releases the SDA line so that the slave can transmit data.
At the end of every byte of data, the master sends an ACK to the slave, letting the slave know that it is ready for
more data. Once the master has received the number of bytes it is expecting, it sends a NACK, signaling to the

slave to halt communications and release the bus. The master follows this up with a STOP condition.
Figure 11 shows an example of reading a single byte from a slave register.

Master controls SDA line

Slave controls SDA line

Device (Slave) Address (7 bits) Control Register (8 bits)

AL
( ) ([ N

S|1|1|1|]0|A2(A1(A0| 1| A |B7|B6|B5|B4|B3|(B2(B1|BO|NA| P
START R/W=1 ACK NACK STOP
Figure 11. Read from Control Register
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8.5.4 Control Register

Following the successful acknowledgment of the address byte, the bus master sends a command byte that is
stored in the control register in the TCA9548A (see Figure 12). This register can be written and read via the 1°C
bus. Each bit in the command byte corresponds to a SCn/SDn channel and a high (or 1) selects this channel.
Multiple SCn/SDn channels may be selected at the same time. When a channel is selected, the channel
becomes active after a stop condition has been placed on the I°C bus. This ensures that all SCn/SDn lines are in
a high state when the channel is made active, so that no false conditions are generated at the time of
connection. A stop condition always must occur immediately after the acknowledge cycle. If multiple bytes are
received by the TCA9548A, it saves the last byte received.

Channel Selection Bits (Read/Write)

I B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO I

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

Channel 7

Figure 12. Control Register

Table 2 shows the TCA9548A Command Byte Definition.

Table 2. Command Byte Definition

CONTROL REGISTER BITS
COMMAND
B7 B6 B5 B4 B3 B2 B1 BO
0 Channel 0 disabled
X X X X X X X
Channel 0 enabled
Channel 1 disabled
X X X X X X X
Channel 1 enabled
Channel 2 disabled
X X X X X X X
Channel 2 enabled
0 Channel 3 disabled
X X X X X X X
Channel 3 enabled
Channel 4 disabled
X X X X X X X
Channel 4 enabled
0 Channel 5 disabled
X X X X X X X
Channel 5 enabled
0 Channel 6 disabled
X X X X X X X
Channel 6 enabled
Channel 7 disabled
X X X X X X X
Channel 7 enabled
No channel selected, power-up/reset
0 0 0 0 0 0 0 0 default state
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8.5.5 RESET Input

The RESET input is an active-low signal that may be used to recover from a bus-fault condition. When this signal
is asserted low for a minimum of t, , the TCA9548A resets its registers and I°C state machine and deselects all
channels. The RESET input must be connected to V¢ through a pull-up resistor.

8.5.6 Power-On Reset

When power (from 0 V) is applied to V¢, an internal power-on reset holds the TCA9548A in a reset condition
until Ve has reached Vpog. At that point, the reset condition is released and the TCA9548A registers and 1°C
state machine initialize to their default states. After that, Vcc must be lowered to below Vpor and then back up to
the operating voltage for a power-reset cycle.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

Applications of the TCA9548A contain an 1°C (or SMBus) master device and up to eight 1°C slave devices. The
downstream channels are ideally used to resolve I1°C slave address conflicts. For example, if eight identical
digital temperature sensors are needed in the application, one sensor can be connected at each channel; 0-7.
When the temperature at a specific location needs to be read, the appropriate channel can be enabled and all
other channels switched off, the data can be retrieved, and the I°C master can move on and read the next
channel.

In an application where the 1°C bus contains many additional slave devices that do not result in I°C slave address
conflicts, these slave devices can be connected to any desired channel to distribute the total bus capacitance
across multiple channels. If multiple switches are enabled simultaneously, additional design requirements must
be considered (see the Design Requirements section and Detailed Design Procedure section).

9.2 Typical Application
Figure 13 shows an application in which the TCA9548A can be used.
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Typical Application (continued)

Vppum=1.65Vto 55V

1

SDA
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Vee

T24
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Master

RESET

VCC
SDA
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RESET

TCA9548A
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A0
GND

SDo
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SC1

SD2
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SD3
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SD4
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SD5
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17
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=
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Pin numbers shown are for the PW package.

Figure 13. Typical Application Schematic
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Typical Application (continued)
9.2.1 Design Requirements

A typical application of the TCA9548A contains one or more data pull-up voltages, Vppyx, one for the master
device (Vppym) @and one for each of the selectable slave channels (Vppyo — Vppy7)- In the event where the master
device and all slave devices operate at the same voltage, then Vppym = Vppux = VCC. In an application where
voltage translation is necessary, additional design requirements must be considered to determine an appropriate
Vcc voltage.

The A0, Al, and A2 pins are hardware selectable to control the slave address of the TCA9548A. These pins may
be tied directly to GND or V¢ in the application.

If multiple slave channels are activated simultaneously in the application, then the total I5, from SCL/SDA to
GND on the master side is the sum of the currents through all pull-up resistors, R.

The pass-gate transistors of the TCA9548A are constructed such that the V¢ voltage can be used to limit the
maximum voltage that is passed from one I°C bus to another.

Figure 14 shows the voltage characteristics of the pass-gate transistors (note that the graph was generated using
data specified in the Electrical Characteristics table). In order for the TCA9548A to act as a voltage translator, the
Vpass Voltage must be equal to or lower than the lowest bus voltage. For example, if the main bus is running at 5
V and the downstream buses are 3.3 V and 2.7 V, V55 must be equal to or below 2.7 V to effectively clamp the
downstream bus voltages. As shown in Figure 14, Vp,sgmax 1S 2.7 V when the TCA9548A supply voltage is 4 V
or lower, so the TCA9548A supply voltage could be set to 3.3 V. Pull-up resistors then can be used to bring the
bus voltages to their appropriate levels (see Figure 13).

9.2.2 Detailed Design Procedure

Once all the slaves are assigned to the appropriate slave channels and bus voltages are identified, the pull-up
resistors, R, for each of the buses need to be selected appropriately. The minimum pull-up resistance is a
function of Vppyx, VoL max): @nd lo. as shown in Equation 1:

Rominy = Vopux — VoL(max)
p(min

lor )

The maximum pull-up resistance is a function of the maximum rise time, t, (300 ns for fast-mode operation, fsc, =
400 kHz) and bus capacitance, C, as shown in Equation 2:

tl’

Romax) = =———o———
Pimax) ™ 0 8473 x C,,

@

The maximum bus capacitance for an 1°C bus must not exceed 400 pF for fast-mode operation. The bus
capacitance can be approximated by adding the capacitance of the TCA9548A, Ci,orr), the capacitance of wires,
connections and traces, and the capacitance of each individual slave on a given channel. If multiple channels are
activated simultaneously, each of the slaves on all channels contribute to total bus capacitance.
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Typical Application (continued
9.2.3 Application Curves

)
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(fscL =100 kHz, t, = 1 ps) (fscL = 400 kHz, t; = 300 ns)
Figure 14. Pass-Gate Voltage (Vpass) Vs Supply Voltage Figure 15. Maximum Pull-Up Resistance (Rpmax)) VS Bus
(Vcc) at Three Temperature Points Capacitance (Cp)
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Figure 16. Minimum Pullup Resistance (Rymin)) vS Pullup Reference Voltage (Vppyx)

VOL = O'Z*VDPUX! IOL =2 mA when VDPUX <2V
VOL =04V, IOL =3 mA when VDPUX >2V
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10 Power Supply Recommendations

The operating power-supply voltage range of the TCA9548A is 1.65 V to 5.5 V applied at the VCC pin. When the
TCA9548A is powered on for the first time or anytime the device must be reset by cycling the power supply, the
power-on reset requirements must be followed to ensure the 1°C bus logic is initialized properly.

10.1 Power-On Reset Requirements

In the event of a glitch or data corruption, TCA9548A can be reset to its default conditions by using the power-on
reset feature. Power-on reset requires that the device go through a power cycle to be completely reset. This

reset also happens when the device is powered on for the first time in an application.

A power-on reset is shown in Figure 17.

Vee

A

| Time to Re-Ramp

|
«— Vec fr M +—— Veo RT —>

Vcc is Lowered Below the POR Threshold, Then Ramped Back Up to V¢

Figure 17. Power-On Reset Waveform

P> Time

Table 3 specifies the performance of the power-on reset feature for TCA9548A for both types of power-on reset.

Table 3. Recommended Supply Sequencing and Ramp Rates®

PARAMETER MIN MAX | UNIT
Vee T Fall time See Figure 17 1 100 ms
Vee Rt Rise time See Figure 17 0.1 100 ms
Time to re-ramp (when V¢ drops below Vporeminy — 50 mV or .
Vce TRR when Ve drops to GND) See Figure 17 40 us
Level that V¢ can glitch down to, but not cause a functional )
Vee_eH disruption when Ve gw = 1 us See Figure 18 12 v
Vee ow Glitch WEjth that does not cause a functional disruption when See Figure 18 10 us
- Vee_eh = 0.5 X Ve

(1) All supply sequencing and ramp rate values are measured at Ty = 25°C

Glitches in the power supply can also affect the power-on reset performance of this device. The glitch width
(Vec_ew) and height (Ve gn) are dependent on each other. The bypass capacitance, source impedance, and
device impedance are factors that affect power-on reset performance. Figure 18 and Table 3 provide more

information on how to measure these specifications.

Vee

A | |
| |
| |
| |

VCC_GH* 7777777777777 | — — — - - —
| |
| | > Time
| |
— Vec_ow—
Figure 18. Glitch Width and Glitch Height
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Vpor IS critical to the power-on reset. Vpog is the voltage level at which the reset condition is released and all the
registers and the 12C/SMBus state machine are initialized to their default states. The value of Vpog differs based
on the V¢ being lowered to or from 0. Figure 19 and Table 3 provide more details on this specification.

> Time

> Time

Figure 19. Vpor
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11 Layout

11.1 Layout Guidelines

For PCB layout of the TCA9548A, common PCB layout practices must be followed but additional concerns
related to high-speed data transfer such as matched impedances and differential pairs are not a concern for 1°C
signal speeds. It is common to have a dedicated ground plane on an inner layer of the board and pins that are
connected to ground must have a low-impedance path to the ground plane in the form of wide polygon pours and
multiple vias. By-pass and de-coupling capacitors are commonly used to control the voltage on the VCC pin,
using a larger capacitor to provide additional power in the event of a short power supply glitch and a smaller
capacitor to filter out high-frequency ripple.

In an application where voltage translation is not required, all Vppyx Voltages and V¢ could be at the same
potential and a single copper plane could connect all of pull-up resistors to the appropriate reference voltage. In
an application where voltage translation is required, Vppym and Vppyo — Vppu7, May all be on the same layer of
the board with split planes to isolate different voltage potentials.

To reduce the total 1°C bus capacitance added by PCB parasitics, data lines (SCn and SDn) must be a short as
possible and the widths of the traces must also be minimized (for example, 5-10 mils depending on copper
weight).

11.2 Layout Example

LEGEND

7% Partial Power Plane
.2 (innerlayer)

To I°C Master
] Goppy Pour ok
QO Via to Power Plane
"3 Via to GND Plane

Voo

By-pass/de-coupling

g

= oo i1 Vioeum
Lo T 5
o GND Vee |
[} o ]
£ /
g 1 PW package 24 5
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s Al feas 23 3
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RESET |3 22 g
@
- sbo |4 ~
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S 2 2
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Figure 20. Layout Schematic
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

For related documentation see the following:

* 12C Bus Pull-Up Resistor Calculation

* Maximum Clock Frequency of I12C Bus Using Repeaters
» Introduction to Logic

* Understanding the I12C Bus

» Choosing the Correct 12C Device for New Designs

* TCA9548AEVM User's Guide

12.2 Receiving Notification of Documentation Updates

To receive natification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Support Resources

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect TI's views; see TI's Terms of Use.

12.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TCA9548AMRGER ACTIVE VQFN RGE 24 3000 Green (RoHS NIPDAU Level-2-260C-1 YEAR  -40to 85 PW548A
& no Sh/Br)
TCA9548APWR ACTIVE TSSOP PW 24 2000 Green (RoHS NIPDAU Level-1-260C-UNLIM -40 to 85 PW548A
& no Sh/Br)
TCA9548ARGER ACTIVE VQFN RGE 24 3000 Green (RoHS NIPDAU Level-2-260C-1 YEAR  -40to 85 PW548A
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TCA9548A :
o Automotive: TCA9548A-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TCA9548AMRGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q1
TCA9548APWR TSSOP PW 24 2000 330.0 16.4 6.95 | 8.3 1.6 8.0 16.0 Q1
TCA9548ARGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TCA9548AMRGER VQFN RGE 24 3000 367.0 367.0 35.0
TCA9548APWR TSSOP PW 24 2000 367.0 367.0 38.0
TCA9548ARGER VQFN RGE 24 3000 367.0 367.0 35.0
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0024A

SMALL OUTLINE PACKAGE

E 6.2 TYP
PIN 1 INDEX AREA
22x[0.65
] — == o
[ e
] 1
| 1
| 1 i
T — I—
| 1
| 1
| 1
| 1
(] — jzgi —t
B J 45 Fﬂ 24% 939

.19
4.3
S % [o10 [c[Als]

J

’ : GAGE PLANE
./ \
\ 1

]

;i
\\&,,/\ (0.15) TYPj ‘ I
SEE DETAIL A g Xl

\\.

DETAIL A
TYPICAL

4220208/A 02/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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EXAMPLE BOARD LAYOUT

PWO0O024A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
24X (1.5) S\(KLMM
! | ‘ (R0.05) TYP
o | ot
|
|
|
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X
SOLDER MASK METAL METAL UNDER /—SOLDER MASK
OPENING‘\ SOLDER MASK\ OPENING
EXPOSED METAL :\ 777777,7,}EXPOSED METAL
*H‘* 0.05 MAX *j 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS

4220208/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O024A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

24X (0.45) |

R

SYMM

ORRE

[any
w

24X (1.5) SYMM
! j ‘ T ¢ (R0.05) TYP
| ‘
|
|
|
|
|
|
|
4
|
|
|
|
|
|
|
|
|

-

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220208/A 02/2017

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4204104/H

13 TEXAS
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PACKAGE OUTLINE
RGE0024C VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

WA
o

PIN 1 INDEX AREA /

1 MAX
% Y R Y e SEATING PLANE
0.05
0.00 i 2X[2.5 i
‘ [12.1£01 —= |
(0.2) TYP
7l l12 ﬂ
x5 Ju uid U
1D | -
= | -
2X A,,:l,f‘f,f, ‘,21 ,,,,,,, (; | __SYMM
) | -
) | -
Il i
= { — 18 {
vt~ (] [T 1 24X Q39
(OPTIONAL) 24 | 19 0.1M|C|A[B
SYMM {b'—‘—’—LHJ
o 24x080 0.05M |C

0.30

4224376 / A 07/2018

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RGE0024C VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

24X (0.6)

|
|
|
24X (0.24) ‘
{1 !
TQB & ﬂj
20X (0.5) |

51 b

(0.8)
(QO_I._ZY)PVIA/C] P——-+ —1— —
0 =
(R0.05) ‘ |
piah i Eata ~

|
—| 2X(0.8) |~
SYMM

¢

LAND PATTERN EXAMPLE
SCALE: 20X

0.07 MAX 0.07 MIN
ALL AROUND ﬂ - / METAL jh ALL AROUND
i (1 soLpermask

1l OPENING
{

™.__ SOLDER MASK )\ METAL UNDER

OPENING - SOLDER MASK

NON SOLDER MASK
DEFINED SOLDER MASK

(PREFERRED) DEFINED
SOLDER MASK DETAILS

4224376 /A 07/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments
literature number SLUA271 (www.ti.com/lit/slua271).
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
RGE0024C VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

(0.19)

1

4X ([J0.94)
24 19

T |
F |
| | |
24X (0.58) f<_l_. B*B{*B»B«B»T ,,,,,,, _
24X (0. 24) \
20X (0.5) fEJVB

=3 i 1)
SY(E/IM @(g»?\e}cpi (3.8)
| } C;D (0.57)
| TYP
0 1

P HRN=E]
& EJ BT[} d BL **********

L4 57)

SYMM TYP

¢

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

80% PRINTED COVERAGE BY AREA
SCALE: 20X

4224376/ A 07/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations..
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www.ti.com
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated
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Pulsesensor_Datasheet.pdf
WORLD FAMOUS ELECTRONICS lic.

www.pulsesensor.com

PULSE SENSOR
EASY TO USE HEART RATE SENSOR & KIT

General Description

Features

The Pulse Sensor is the original low-cost optical
heart rate sensor (PPG) for Arduino and other
microcontrollers. It's designed and made by World
Famous Electronics, who actively maintain extensive
example projects and code at:
www.pulsesensor.com

e Includes Kit accessories for high-quality
sensor readings
Designed for Plug and Play

Works with any MCU with an ADC
Works with 3 Volts or 5 Volts
Well-documented Arduino library

Small size and embeddable into wearables

Supply Current

Absolute Maximum Ratings Min Typ Max Unit
Operating Temperature Range -40 +85 °C
Input Voltage Range 3 55 \
Output Voltage Range 0.3 Vdd/2 Vdd Vv

3 4 mA

Pulse Sensor
Kit Contents (

Matching
Ear Clip

Velcro
Finger
Strap

Color Coded 24 inch
Cable, with Male
Header Pins

Pulse Sensor Optical Heart Rate Monitor

“PulseSensor.com” is a registered trademarks of World Famous Electronics LLC. NY, USA

1/2
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Physical Dimensions PCB inch(mm)

0.625 (15.8)

— ~—— 0.150 (3.6)

I

Light Sensor Circuit

Cable Specs

e Length 610 mm (24 inches)
e 26 Gauge
e PVC Insulation, Ribbon Style
e Male Header Termination
o Black Wire = GND

o Red Wire =Vdd
o Purple Wire = Pulse Signal

05HI|

Pulse Sensor is certified as Open Source with the Open Source Hardware Association US000075

“PulseSensor.com” is a registered trademarks of World Famous Electronics LLC. NY, USA
2/2
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Tech Support: info@iteadstudio.com

HC-05

-Bluetooth to Serial Port Module

Overview

HC-05 module is an easy to use Bluetooth SPP (Serial Port Protocol) module, designed for
transparent wireless serial connection setup.

Serial port Bluetooth module is fully qualified Bluetooth V2.0+EDR (Enhanced Data Rate) 3Mbps
Modulation with complete 2.4GHz radio transceiver and baseband. It uses CSR Bluecore
04-External single chip Bluetooth system with CMOS technology and with AFH(Adaptive
Frequency Hopping Feature). It has the footprint as small as 12.7mmx27mm. Hope it will simplify
your overall design/development cycle.

Specifications

Hardware features

Typical -80dBm sensitivity

Up to +4dBm RF transmit power

Low Power 1.8V Operation ,1.8 to 3.6V I/0
PIO control

UART interface with programmable baud rate
With integrated antenna

With edge connector

HC-05 Bluetooth module iteadstudio.com 06.18.2010
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Software features

® Default Baud rate: 38400, Data bits:8, Stop bit:1,Parity:No parity, Data control: has.
Supported baud rate: 9600,19200,38400,57600,115200,230400,460800.
® Given arising pulse in PIOO, device will be disconnected.

Status instruction port PIO1: low-disconnected, high-connected;

® PIO10 and PIO11 can be connected to red and blue led separately. When master and slave
are paired, red and blue led blinks 1time/2s in interval, while disconnected only blue led
blinks 2times/s.

® Auto-connect to the last device on power as default.

® Permit pairing device to connect as default.

® Auto-pairing PINCODE:”0000" as default

® Auto-reconnect in 30 min when disconnected as a result of beyond the range of connection.
Hardware

12. Tmm

Ty

ry [N
crs |

RS I
pou_cLx N
peM_ouT I
pev_in N
PCM_SYNC [N
A00 N
4o N
RESET |
3.3V
GND

1

o

3

S
HHHHHHE

1

BEERERRE $1.5mm

1.Imm Fs—

10. 5mm

-

—

L
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PIN Name | PIN Pad type Description Note
=
13
GND 21 VSS Ground pot
22
33 Integrated 3.3V (+) supply with
‘ 12 3.3V On-chip linear regulator output
vee N
within 3.15-3.3V
AlO0 9 Bi-Directional | Programmable input/output line
AlO1 10 Bi-Directional | Programmable input/output line
Bi-Directional | Programmable input/output line,
PIO0 23 : " e
RX EN control output for LNA(f fitted)
Bi-Directional | Programmable input/output line,
PIO1 24 _ . i
TX EN control output for PA(f fitted)
P102 25 | Bi-Directional | Programmable input/output line
PIO3 26 | Bi-Directional | Programmable input/output line
P104 27 Bi-Directional | Programmable input/output line
PI1O5 28 | Bi-Directional | Programmable input/output line
P106 29 | Bi-Directional | Programmable input/output line
P107 30 | Bi-Directional | Programmable input/output line
PI1OS 31 Bi-Directional | Programmable input/output line
P109 32 | Bi-Directional | Programmable input/output line
PIO10 33 Bi-Directional | Programmable input/output line
PI1O11 34 | Bi-Directional | Programmable input/output line
HC-05 Bluetooth module iteadstudio.com 06.18.2010
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CMOS input with  Reset if low.input debouncde so

weak internal must be low for >5MS to cause
pull-up a reset

CMOS output,

tri-stable with o .
UART RTS 4 . UART request to send, active low
o weak internal

RESETB 11

pull-up
CMOS input
with weak

UART CTS | 3

: UART clear to send, active low
internal

pull-down

CMOS input

with weak . P .

UART _RX 2 ; UART Data input
= internal

pull-down

CMOS output,

Tri-stable with
UART TX 1 3 UART Data output
E= weak internal

pull-up
CMOS input
with weak
SPI_MOSI 17 .
- internal
pull-down

Serial peripheral interface data

input

CMOS input
with weak
SPI_CSB 16 :

. internal
pull-up
CMOS input

with weak
SPI CLK 19 . Serial peripheral interface clock
- internal
pull-down
CMOS input
with weak
SPI_MISO 18 .
- internal

pull-down

Chip select for serial peripheral
interface, active low

Serial peripheral interface data
Output

USB_- 15 | Bi-Directional

HC-05 Bluetooth module iteadstudio.com

06.18.2010
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USB_+ 20 | Bi-Directional

NC 14

PCM_CLK 5 | Bi-Directional | Synchronous PCM data clock

PCM_OUT 6 | CMOS output | Synchronous PCM data output

PCM_IN 7 CMOS Input | Synchronous PCM data input

PCM_SYNC | 8 | Bi-Directional | Synchronous PCM data strobe

AT command Default:

How to set the mode to server (master):

1. Connect PIO11 to high level.

2. Power on, module into command state.

3. Using baud rate 38400, sent the “AT+ROLE=1\r\n” to module, with “OK\r\n”
means setting successes.

4. Connect the PIO11 to low level, repower the module, the module work as server
(master).

AT commands: (all end with \r\n)
1. Test command:

AT OK -
2. Reset
AT+RESET OK -

3. Get firmware version

AT+VERSION? +VERSION:<Param> Param : firmware version
OK

Example:

AT+VERSION?\r\n

+VERSION:2.0-20100601

OK

HC-05 Bluetooth module iteadstudio.com 06.18.2010
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4. Restore default

AT+ORGL OK -
Default state:
Slave mode, pin code :1234, device name: H-C-2010-06-01 ,Baud 38400bits/s.

5. Get module address

AT+ADDR? +ADDR:<Param> Param: address of Bluetooth
OK module

Bluetooth address: NAP: UAP : LAP

Example:

AT+ADDR?\r\n

+ADDR:1234:56:abcdef

OK

6. Set/Check module name:

AT+NAME=<Param> OK Param: Bluetooth module
AT+NAME? +NAME:<Param> name
OK (/FAIL) (Default :HC-05)

Example:

AT+NAME=HC-05\r\n set the module name to “HC-05"
OK

AT+NAME=ITeadStudio\r\n

OK

AT+NAME?\r\n

+NAME: ITeadStudio

OK

7. Get the Bluetooth device name:

AT+RNAME?<Param1> 1. +NAME:<Param2> Param1,Param 2 : the address
OK of Bluetooth device
2. FAIL

Example: (Device address 00:02:72:0d:22:24, name: ITead)
AT+RNAME? 0002, 72, 0d2224\r\n

+RNAME:ITead

OK

8. Set/Check module mode:

AT+ROLE=<Param> OK Param:
AT+ ROLE? +ROLE:<Param> 0- Slave

HC-05 Bluetooth module iteadstudio.com 06.18.2010
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OK

1-Master
2-Slave-Loop

9. Set/Check device class

AT+CLASS=<Param>

OK

AT+ CLASS?

1. +CLASS:<Param>

OK
2. FAIL

Param: Device Class

10. Set/Check GIAC (General Inquire Access Code)

AT+IAC=<Param> 1.0K Param: GIAC
2. FAIL (Default : 9e8b33)
AT+IAC +lAC:<Param>
OK
Example:
AT+IAC=9e8b3f\r\n
OK
AT+IAC?\r\n
+IAC: 9e8b3f
OK

11. Set/Check -- Query access patterns

AT+INQM=<Param>,<Param2>, | 1.0K Param:
<Param3> 2. FAIL 0——inquiry_mode_standard
AT+ INQM? +INQM : <Param>,<Param2>, | 1——inquiry_mode_rssi
<Param3> Param2: Maximum number of
OK Bluetooth devices to respond
to
Param3:
Timeout (1-48 1.28s to
61.44s)
Example:
AT+INQM=1,9,48\r\n
OK
AT+INQM\r\n
+INQM:1, 9, 48
OK
HC-05 Bluetooth module iteadstudio.com 06.18.2010
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12. Set/Check PIN code:

AT+PSWD=<Param> OK
AT+ PSWD? +PSWD : <Param>
OK

Param: PIN code
(Default 1234)

13. Set/Check serial parameter:

AT+UART=<Param>,<Param2>,<

Param3>

OK

Param1: Baud
Param2: Stop bit

AT+ UART?

+UART=<Param>,<Param2>,

<Param3>

OK

Param3: Parity

Example:
AT+UART=115200, 1,2,\r\n
OK

AT+UART?
+UART:115200,1,2

OK

14. Set/Check connect mode:

Param:

AT+CMODE=<Param> OK
AT+ CMODE? + CMODE:<Param>
OK

0 - connect fixed address

1 - connect any address

2 - slave-Loop

15. Set/Check fixed address:

AT+BIND=<Param> OK Param: Fixed address
AT+ BIND? + BIND:<Param> (Default

OK 00:00:00:00:00:00)
Example:

AT+BIND=1234, 56, abcdef\r\n

OK

AT+BIND?\r\n
+BIND:1234:56:abcdef
OK

16. Set/Check LED I/O

AT+POLAR=<Paraml,<Param2>

OK

Param1:

AT+ POLAR?

+ POLAR=<Param1>,<Param2>
OK

0- PIO8 low drive LED
1- PIO8 high drive LED

HC-05 Bluetooth module

iteadstudio.com
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Parama2:
0- PIO9 low drive LED
1- P109 high drive LED

17. Set PIO output

AT+PlO=<Param1>,<Param2>

Paraml: PIO number
Param2: PIO level

0- low

1- high

Example:

1. PI0O10 output high level
AT+PI0=10, 1\r\n

OK

18. Set/Check — scan parameter

AT+IPSCAN=<Param1>,<Param2 | OK Paraml: Query time

> <Param3>,<Param4> interval

AT+IPSCAN? +IPSCAN:<Param1>,<Param2>,<P | Param2: Query duration
aram3>,<Param4> Param3: Paging interval
OK Param4: Call duration

Example:

AT+IPSCAN =1234,500,1200,250\r\n

OK

AT+IPSCAN?

+IPSCAN:1234,500,1200,250

19. Set/Check — SHIFF parameter

AT+SNIFF=<Param1>,<Param2>, | OK

<Param3>,<Param4>

Paraml: Max time
Param2: Min time

AT+ SNIFF? +SNIFF:<Param1>,<Param2>,<Par
am3>,<Param4>

OK

Param3: Retry time
Param4: Time out

20. Set/Check security mode

AT+SENM=<Param1>,<Param2> | 1. OK

2. FAIL

Param1:
0——sec_modeO+off

AT+ SENM? + SENM:<Param1>,<Param2>

1——sec_model+non_se
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OK cure
2——sec_mode2_service
3——sec_mode3_link
4——sec_mode_unknow
n

Param2:
0——hci_enc_mode_off
1——hci_enc_mode_pt_t
o_pt
2——nhci_enc_mode_pt_t

o_pt_and_bcast

21. Delete Authenticated Device

AT+PMSAD=<Param> OK Param:
Authenticated Device
Address

Example:

AT+PMSAD =1234,56,abcdef\r\n

OK

22. Delete All Authenticated Device

AT+ RMAAD OK -

23. Search Authenticated Device

AT+FSAD=<Param> 1. OK Param: Device address
2. FAIL

24. Get Authenticated Device Count

AT+ADCN? +ADCN: <Param> Param: Device Count
OK

25. Most Recently Used Authenticated Device

AT+MRAD? + MRAD: <Param> Param: Recently
oK Authenticated Device
Address

26. Get the module working state
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AT+ STATE? + STATE: <Param> Param:

OK “INITIALIZED”
“READY”
“PAIRABLE”
“PAIRED”
“INQUIRING”
“CONNECTING”
“CONNECTED”
“DISCONNECTED”
“NUKNOW”

27. Initialize the SPP profile lib

AT+INIT 1.0K -
2. FAIL

28. Inquiry Bluetooth Device

AT+INQ +INQ: <Paraml>, <Param2>, Param1: Address
<Param3> Param2: Device Class
Param3 : RSSI Signal
OK strength

Example:

AT+INIT\r\n

OK

AT+IAC=9e8b33\r\n

OK

AT+CLASS=0\r\n
AT+INQM=1,9,48\r\n
At+INQ\r\n
+INQ:2:72:D2224,3E0104,FFBC
+INQ:1234:56:0,1F1F,FFC1
+INQ:1234:56:0,1F1F,FFCO
+INQ:1234:56:0,1F1F,FFC1
+INQ:2:72:D2224,3F0104,FFAD
+INQ:1234:56:0,1F1F,FFBE
+INQ:1234:56:0,1F1F,FFC2
+INQ:1234:56:0,1F1F,FFBE
+INQ:2:72:D2224,3F0104,FFBC
OK

28. Cancel Inquiring Bluetooth Device

AT+ INQC OK -
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29. Equipment Matching

AT+PAIR=<Param1>,<Param2> | 1. OK Param1: Device Address
2. FAIL Param2: Time out

30. Connect Device

AT+LINK=<Param> 1. OK Param: Device Address
2. FAIL

Example:
AT+FSAD=1234,56,abcdef\r\n
OK
AT+LINK=1234,56,abcdef\r\n
OK

31. Disconnect

AT+DISC 1. +DISC:SUCCESS Param: Device Address

oK

2. +DISC:LINK_LOSS
oK

3. +DISC:NO_SLC
oK

4. +DISC:TIMEOUT
oK

5. +DISC:ERROR
oK

32. Energy-saving mode

AT+ENSNIFF=<Param> OK Param: Device Address

33. Exerts Energy-saving mode

AT+ EXSNIFF =<Param> oK Param: Device Address
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