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USB Interface Devices

 Used as a bridge between communications interfaces
 Examples: USB to UART, USB to SMBus\I2C

 Can upgrade legacy devices and speed time to market
 No USB expertise required
 No low level driver development required
 Easiest way to add USB to an existing system with minimal system redesign

Embedded 
MCU
Serial 

Interface

Universal 
Serial Bus 

Host

Typical USB to UART Bridge Example

Presenter
Presentation Notes
USB bridge devices became popular when the laptop computer stopped providing standard DB9 connectors for an RS232 com port.  Instead laptops were adding USB connections.  Many devices in existence were reliant on the RS232 interface and users had to find a way to interface to their hardware.  The USB to RS232 bridge was developed so that users can still use the same host application software and hardware that was already in place.  The bridge devices are supported by a host side driver.  The driver repackages the com port data from the host application and sends it to a driver that accesses the USB software stack.  Standard RS232 physical data was now communicated via the USB.  The bridge device converted the USB data back to the RS232 format to interface to the existing hardware.
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 Fixed function USB to UART bridges provide the easiest method for 
upgrading legacy RS-232 systems with USB

 Requires no firmware or driver development

 Host application software remains unchanged since it still accesses a standard com port

 Uses custom virtual com port driver (provided by Silicon Labs) to pass data from the com 
port to the USB low level stack

 Requires a driver installation step

USB Virtual Com Port (VCP) Bridges

HyperTerminal Example Opening a Virtual Com Port

Looks like a 
Standard Com Port

Presenter
Presentation Notes
One method used to bridge the com port data is to use a custom driver that gets installed prior to using the bridge.  This method is the easiest to use since there are no host side application modifications required. From a software perspective there is no difference between the Virtual Com Port (VCP)  and a standard com port. The VCP driver method does require an installation step since these drivers are not part of the operating system.  Silicon Labs provides a VCP driver that can be freely downloaded and distributed.  
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USB Human Interface Device (HID) Bridges

 Performs bridging between USB and 
another communications interfaces 
such as UART or SMBus\I2C

 HID is a defined USB class that 
operating systems support natively
 The end customer does not need to install 

drivers

 The HID class definition is flexible 
enough to accommodate many 
different kinds of USB designs

 Requires no driver install since it 
uses the HID class

 Host applications use an API to 
access the low level HID driver

HID Representation

Presenter
Presentation Notes
An alternative method to the VCP driver for bridging the com port data is to use a driver that is included as part of the operating system.  The HID class driver was originally intended for user input devices such as mice and keyboards, however, the driver can pass any data that conforms to the standard.  With this in mind, we can use this driver to bridge data between the host application  via the USB HID class driver and the UART on the MCU.  Unlike the VCP driver that could use legacy applications that opened com ports, the HID driver requires the host application to use an API (provided by Silicon Labs) to access the USB.  Although the HID application software is a little more involved than using legacy application code for the com port, for the user it is much simpler due to the fact that there is no driver install step required.
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Single-Chip USB to UART Bridge Diagram

UART 
I/F

(Modem)

VBUS

D–

D+

CP21xx

Voltage 
Regulator

USB 
Function 
Controller

*1024 B
EEPROM

UART

48 MHz
Oscillator
(0.25%)

TX Buffer

RX Buffer

USB
Transceiver

Custom baud rates 
Stores VID, PID

Security lock function

No external resistors

Allows bus powered 
operation

Buffers enable high-
speed UART

No external crystal
LED drive capability

GPIO

*CP2102, CP2103 and CP2104

UART
CP2105

UART 
I/F

(Modem)

Presenter
Presentation Notes
Here is a block diagram of a USB to UART bridge device.  With Silicon Labs devices there are no external components required to communicate via USB as everything is integrated.  Some protection diodes on D+/D- and VBUS are recommended to help make systems more robust against ESD events.
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USB Solutions Features and Benefits

RegulatorCrystalResistorsEEPROM

 VCP and HID drivers enable device operation as USB to UART 
bridge devices

USBXpress development kit provides a complete host and 
device software solution 

No USB protocol or host device driver expertise is required

CP21xx

CP21xx Features Customer Benefit

HID-USB support (CP2110 and CP2112)
• No driver installation required 
• Seamless compatibility with most operating 

systems 

Highly integrated solution 

• Reduces BOM cost by eliminating
• Quartz crystal 
• External memories

• Reduces PCB space 

Production ready royalty-free drivers
• Shortens time to market
• Reduces software development expertise 

requirements 

Presenter
Presentation Notes
Crystal-less operation: External crystal is not required to operate USB full speed; Silicon labs patented clock recovery feature enables USB full speed to properly operate using the internal oscillator, delivering significant savings and space.In-system programming memory: enables to customize USB vendor ID, product ID, product string description, power descriptor, device release number, interface string, device serial number and GPIO configuration without the need of an external memory. This memory is on time programmable and sizes varies depending on product. Small pin package: The CP21xx devices were specifically targeted for  small 4 mm x 4 mm packages to meet the tight space constraint requirements necessary to enable portable solutions or to minimize the  area impact when upgrading legacy serial peripherals to USB. On chip voltage regulator enables USB self-powered applications.  The CP2101/2/3 can provide up to 100 mA @ 3.3V and the CP2104/05/11/12 supplies 3.45 V to power a complete application.HID USB: CP2110 and CP2112 connectivity bridges were specifically designed to support the HID-USB class specification which is natively supported in most operating systems. This means that companion CDs with driver information or high-maintenance download sites are no longer needed. In addition, HID-USB provides seamless compatibility with most operating systems which eliminates the product delays typically associated with solving compatibility issues thus maximizing time to market and minimizing design effort. 
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USB Software Support
 Fixed-function driver support

 Full royalty-free drivers for Windows, MAC OS, and Linux
• VCP, USBXpress
• WHQL certified

 Full HID compliance 

 Host Support Software 
 VCP

• Enables existing host applications using  com                                                         
port interfaces to be used without modification

 HID
• USB HID API to simplify host application development

 USBXpress
• Allows implementation of USB applications without USB                

expertise
• Royalty-free, customizable Windows certified device driver

CP21xxEK

Presenter
Presentation Notes
Silicon Labs provides a wide range of software solutions that support the fixed function bridge devices as well as standalone USB MCUs to enable USB connectivity.  The first solution is to enable USB connectivity with the fixed function device drivers for standard VCP operation using the CP210x devices.  These drivers are provided free of charge, are royalty free and can be customized to go through the Windows certification process.  Other fixed function devices can use the standard HID drivers already included in Windows, MAC OS and Linux.  The available dlls support the Windows and MAC operating systems.An additional option is to use the Silicon Labs custom drivers called USBXpress.  This solution provides the Windows drivers as well as the Windows API for the host application as well as a firmware API for the general purpose USB MCUs.  No driver development is required when using USBXpress.
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Silicon Labs USB Connectivity Bridge Solutions

USB to UART
CP2104

USB to DUAL UART
CP2105

HID-USB to UART
CP2110

HID-USB to 
SMBus\I2C

CP2112

USB Crystal-less operation
Fully integrated USB transceiver
In-circuit programming memory
Small packages Royalty-free VCP drivers

USB Express 

Fully Complaint HID-USB 
operation

 CP21xx enable USB connectivity to be easily added to any application

 Highly integrated solutions reduce cost, simplify design and shorten 
development time 

 USB expertise is NOT required

 HID-USB solutions provide the ultimate “plug and play” experience   

Presenter
Presentation Notes
The latest additions to Silicon Labs’ industry-leading Smart Interface family are the CP2104, CP2105, CP2110 and CP2112 connectivity bridges. These devices extend our portfolio to include cost-sensitive USB to UART, USB to Dual UART, HID-USB to UART and HID-USB to SMBus\I2C bridge solutions. Common to all these devices are royalty-free software driver suites, crystal-less operation, in-system programming memory and small �4 mm x 4 mm packages that in combination reduce cost, simplify design and shorten development time. In addition, Silicon Labs is uniquely positioned to be the only supplier able to offer HID-USB to UART and SMBus\I2C solutions (CP2110 and CP2112). Capitalizing on our USB leadership, HID-USB class solutions have been added to the smart interface family, eliminating the need for drivers, offering seamless compatibility with most operating systems and delivering significant savings and time to market advantages.           
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CP2104 Product Overview

 Royalty-free VCP drivers
 USBXpress support
 RS-485 mode support
 QFN24 packages

 CP2104 USB to UART bridge
 USB 2.0 compliant; full speed  
 Crystal-less operation
 UART baud rates: 300 bps to 2 Mbps
 In-system programming memory (1024 B)
 4 GPIO support

Add 4.7uF cap for PROM programming

Presenter
Presentation Notes
The CP2104 is a highly-integrated USB-to-UART Bridge Controller providing a simple solution for updating RS-232/RS-485 designs to USB using a minimum of components and PCB space. The CP2104 includes a USB 2.0 full-speed function controller, USB transceiver, oscillator, one-time programmable ROM and asynchronous serial data bus (UART) with full modem control signals in a compact 4 mm x 4 mm QFN-24 package The on-chip one-time programmable ROM may be used to customize the USB vendor ID, product ID, product description string, power descriptor, device release number, device serial number and port configuration as desired for OEM applications.Royalty-free Virtual COM Port (VCP) device drivers provided by Silicon Labs allow a CP2104-based product to appear as a COM port to PC applications. The CP2104 UART interface implements all RS-232/RS-485 signals, including control and handshaking signals, so existing system firmware does not need to be modified. The device also features up to four GPIO signals that can be user-defined for status and control information. Support for I/O interface voltages down to 1.8 V is provided via a VIO pin. In many existing RS-232 designs, all that is required to update the design from RS-232 to USB is to replace the RS-232 level-translator with the CP2104. Direct access driver support is available through the Silicon Labs USBXpress driver set. See www.silabs.com/interface for the latest application notes and product support information for the CP2104.An evaluation kit for the CP2104 (Part Number: CP2104EK) is available. It includes a CP2104-based USB-to- UART/RS-232 evaluation board, a complete set of VCP device drivers, USB and RS-232 cables and full documentation.
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CP2105 Product Overview

 CP2105 USB to DUAL UART bridge
 USB 2.0 compliant; full speed  
 Crystal-less operation
 RS-485 mode support
 Up to 5 GPIO support
 Royalty free VCP drivers

 USBXpress support
 Enhanced UART baud rates: 300 bps to  

2Mbps
 Standard UART baud rates: 2400 bps to 

921600 bps
 In-system programming memory (296 B)
 QFN24 packages

Add 4.7uF cap 
for PROM 

programming

Presenter
Presentation Notes
The CP2105, like the CP2104, is a highly-integrated USB-to-UART bridge controller providing a simple solution for updating RS-232 designs to USB using a minimum of components and PCB space. The CP2105 includes all of the features of the CP2104 and adds a second UART interface.  The same VCP drivers that are downloaded for free from the website are used to interface to these devices.  User can also customize the USB vendor ID, product ID, product description string, power descriptor, device release number, interface strings, device serial number and GPIO configuration as desired for OEM applications using the on-chip one-time programmable ROM.An evaluation kit for the CP2105 (Part Number: CP2105EK) is available. It includes a CP2105-based USB-to- UART/RS-232 evaluation board, a complete set of VCP device drivers, USB and RS-232 cables and full documentation.
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 HID fully compliant 
 RS-485 mode support
 QFN24 packages

CP2110 Product Overview

 CP2110 HID-USB to UART bridge
 USB 2.0 compliant; full speed  
 Crystal-less operation
 UART baud rates: 300 bps to 1Mbps
 In-system programming memory (343 B)
 10 GPIO support

Add 4.7uF cap for 
PROM programming

Presenter
Presentation Notes
The next device in the family is the CP2110.  The CP2110 has the same features as the CP2104, however, the CP2110 uses the standard USB HID device class which is natively supported by most operating systems. A custom driver does not need to be installed for this device. Windows applications communicate with the CP2110 through a Windows DLL which is provided by Silicon Labs. The interface specification for the CP2110 is also available to enable development of an API for any operating system that supports HID.The CP2110 UART interface implements all RS-232 signals, including control and hardware handshaking, so existing system firmware does not need to be modified. The UART capabilities of the CP2110 include baud rate support from 300 to 1 Mbps, hardware flow control, support for 5-8 data bits, five types of parity and RS-485 support. The device also features a total of 10 GPIO signals that are user-defined for status and control information. Six of the GPIO signals support alternate features including hardware flow control (RTS and CTS), a configurable clock output (24 MHz to 47 kHz), RS-485 transceiver control and TX and RX LED toggle. Support for I/O interface voltages down to 1.8 V is provided via a VIO pin.An evaluation kit for the CP2110 (Part Number: CP2110EK) is available. It includes a CP2110-based USB-to- UART/RS-232 evaluation board, Windows DLL and test application, USB and RS-232 cables and full documentation.
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CP2110 HID Development Flow

 The CP2110 is an HID class device
 HIDs communicate with a USB host through the use of reports

• AN434 is a specification for the reports supported by the CP2110 and describes the 
configurable parameters

 HID host applications use API calls to transfer data via the defined reports
• AN433 defines the host API functions

AN434: Report Specification AN433: API Specification

Presenter
Presentation Notes
The HID class driver is part of most operating systems.  In order to use the HID class for the host application most often developers need to download the Windows DDK.  With the Silicon Labs solution a library is provided that encompasses the HID API and the Windows DDK is not required.  Two application notes for the CP2110 development flow using the HID class are provided.  The first is AN434 with covers the report formats for the data that is bundled in the USB frames.  The second application note is AN433 that defines the API  functions used by the host application to transfer data to the device.  Application notes can be found on the Silicon Labs website at www.silabs.com/products/mcu/Pages/ApplicationNotes.aspx.
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CP2112 Product Overview

 CP2112 HID-USB to SMBus\I2C/I²C 
bridge
 USB 2.0 complaint; Full Speed  
 Crystal-less operation
 SMBus\I2C / I²C configuration options support
 8 GPIO support

 HID fully complaint 
 In system programming memory (194 B) 
 QFN24 Packages

Add 4.7uF cap for 
PROM programming

Presenter
Presentation Notes
The CP2112 is a highly-integrated HID USB-to-SMBus\I2C Bridge providing a simple solution for controlling SMBus\I2C slave devices with USB and using a minimum of components and PCB space. The CP2112 includes a USB 2.0 full-speed function controller, USB transceiver, oscillator and a one-time programmable ROM in a compact 4 mm x 4 mm QFN-24 package.  Like the CP2110, the device is customizable with vendor specific IDs and strings.  The CP2112 uses the standard USB HID device class, which is natively supported by most operating systems. A custom driver does not need to be installed for this device. Windows applications communicate with the CP2112 through a Windows DLL, which is provided by Silicon Labs. The interface specification for the CP2112 is also available to enable development of an API for any operating system that supports HID.The CP2112 SMBus\I2C interface includes the SDA and SCL signals needed for SMBus\I2C communication and is configurable. The configurable options include the clock speed, read/write timeouts, retry counter timeout, SCL low timeouts and a 7-bit device address. The CP2112 will only ACK the 7-bit device address assigned to it but will not respond to any read/write requests. External pull-up resistors are needed for the SCL and SDA signals.The device also features a total of eight GPIO signals. The GPIO signals are controlled through USB and can be configured as Input/Output and Open-Drain/Push-Pull. Three of the GPIO signals support alternate features including a configurable clock output (48 MHz to 94 kHz) and TX and RX LED toggle. Support for I/O interface voltages down to 1.8 V is provided via a VIO pin.An evaluation kit for the CP2112 (Part Number: CP2112EK) is available. It includes a CP2112-based HID USB-to- SMBus\I2C evaluation board, Windows DLL and test application, USB cable and full documentation.
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CP2112 HID Development Flow

 The CP2112 is an HID class device
 HIDs communicate with a USB host through the use of reports

• AN495 is a specification for the reports supported by the CP2112 and describes the 
configurable parameters

 HID host applications use API calls to transfer data via the defined reports
• AN496 defines the host API functions

AN495: Report Specification AN496: API Specification

Presenter
Presentation Notes
As mentioned the CP2112 uses the HID class drivers  like the CP2110.  Remember, the HID class driver is part of most operating systems.  In order to use the HID class for the host application most often developers need to download the Windows DDK.  With the Silicon Labs solution a library is provided that encompasses the HID API and the Windows DDK is not required.  Two application notes for the development flow using the HID class are provided.  The first is AN495 with covers the report formats for the data that is bundled in the USB frames.  The second application note (AN496) defines the API  functions used by the host application to transfer data to the device.  
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Example HID Host Application

 Example API calls shown for retrieving device information
 APIs are part of the precompiled SLABHIDtoSMBus\I2C library as shown
 The host application calls functions to perform all communications with the 

device via USB 

Host API Call Examples

Presenter
Presentation Notes
Here is a copy of a function from the CP2112 host application used to retrieve data from the device.  These are example API calls available in the library provided.  The highlighted example is used to get the device part number and illustrates how a developer could use the API in their own application.
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HID SMBus\I2C Example for CP2112

 Transfer  SMBus\I2C data using 
USB HID 
 Highlights functions in the API defined 

by AN496: CP2112 HID USB To 
SMBus\I2C API Specification

 Example read using the tool
 Connect to the device
 Type the slave address and then click 

read request
 Check the status by clicking get/write 

transfer status and verify it completed
 Click get read response 
 Click force read response until you get 

all of your data

Presenter
Presentation Notes
The CP2112 device bridges data between USB and SMBus\I2C.  Silicon Labs provides example applications to highlight the operation of the device.  The HIDtoSMBus\I2C Example application highlights the operation of the API functions.  For example, the Data Transfer tab in the GUI provides the ability to transfer data between the host and an SMBus\I2C slave device.  The steps shown above illustrate how to use the tool.  The slave address can be entered and the data transferred using the Read Request, Get Read/Write Transfer Status, Read Response and Force Read Response API buttons.  Each of these buttons have a corresponding API call defined in AN496.
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CP210x Customization Options

 CP210x drivers (using AN220, Windows only)
 Product and company strings
 VID and PID
 Filenames and installation locations

 CP210x/CP211x device
 EEPROM/EPROM settings (VID, PID, Serial Number, etc)
 Baud rate aliasing and timeouts (CP2102/3 only) (AN205)
 GPIO and Port Configuration (CP2103 only) (AN223)
 Silicon Labs programming option available (1k min. order)

 Request a PID—1 per product
 For use with Silicon Labs VID
 Free-of-charge
 Contact MCU applications for more information:  

http://www.silabs.com/RequestPID
 Ensures two CP210x drivers will not conflict

Presenter
Presentation Notes
The drivers can be customized with proprietary information specific to each company using the drivers.  In order to customize the drivers a Vendor ID (VID) and Product ID (PID) are required.  The VID is typically provided by the USB Implementers Forum.  However, a PID can be requested from Silicon Labs that customers can use along with the Silicon Labs VID.   There are several utilities provided by Silicon Labs to modify the device and the installers.  The most common application notes used are AN144 and AN220.  The AN144 and associated software provides the capability to modify the contents of the nonvolatile memory of the devices.   AN220 provides the instructions necessary to modify the driver installer and the INI file that becomes specific to the end customer.  The application not also comes with associated software (AN220SW) that provides a GUI to walk through the customization process.  Once complete, the driver can be submitted to Microsoft for WHQL certification.  The steps following show an example of the AN220 customization process.
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USB Driver Customization (1 of 5)

 Download AN220 and the software for both USBXpress and VCP driver
https://www.silabs.com/products/mcu/Pages/ApplicationNotes.aspx

 Customize the fields (VCP shown)

https://www.silabs.com/products/mcu/Pages/ApplicationNotes.aspx�
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USB Driver Customization (2 of 5)

Select the target Windows version

Enter customer specific data in the associated fields (Silicon Labs 
data shown)
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USB Driver Customization (3 of 5)

 Verify the install will cover all devices 
 Able to add or remove devices for install

 Enter the VID and PID for the selected devices
 VID obtained from USB.org or use the Silicon Labs VID and assigned PID
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USB Driver Customization (4 of 5)

 Clicking “Next” moves through the 
configuration process

 The customization driver installer files 
can be stored in any directory 
 User then runs the saved installer
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USB Driver Customization (5 of 5)

 Summary of selections can be identified at the end of the 
configuration process
 Can go back and modify settings if required

Fianl Screen with Complete Settings
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USB Driver Customization Files

Presenter
Presentation Notes
The customization provides a new installer.  When downloading the drivers from the web there is a two step process for installing the VCP drivers.  The first step is an install of the actual driver installer and then the driver installer would be run after being extracted.  In the example above the installer shown in our CustomCP210xDriverInstall directory is the actual installer for the driver that was created via the AN220 GUI.  Once the actual driver has been installed you will see the driver files in the directory selected.  The INF file will also be modified to reflect the entries in the GUI.
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CP210x Device Customization

 Download AN144 for basic EEPROM/EPROM settings (VID, PID, etc.)
https://www.silabs.com/products/mcu/Pages/ApplicationNotes.aspx

Must be checked 
for VID/PID setting 
to be programmed

Should be adjusted 
for the application

For customer’s 
use

Doesn’t need to match 
the driver

CP210x Set IDs GUI

Presenter
Presentation Notes
Here is an example of the Set IDs GUI that enable customization of certain parameters within the device itself.  For example, if a PID was obtained from Silicon Labs you would edit the device contents using this GUI.  Just select the check box of the parameters requiring modification and select the Program Device button.

https://www.silabs.com/products/mcu/Pages/ApplicationNotes.aspx�
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CP2110 Set IDs

 Utility to program device CP2110 device configuration
 One time programmable configuration

• Can lock device programming
 Automatically scans for connected devices
 Populates fields when user selects the connected device

Presenter
Presentation Notes
Similar to the GUI from the previous slide the CP2110 has a Set IDs utility as well.
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CP2112 Set IDs

 Utility to program device configuration
 One time programmable configuration

• Each configuration parameter can only be programmed once
 Can lock device programming
 Automatically scans for connected devices
 Populates fields when user selects the connected device

CP2112 Set IDs GUI

Presenter
Presentation Notes
Similar to the GUI from the previous slide the CP2112 has a Set IDs utility as well.
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WHQL Certification

 WHQL stands for Windows Hardware Quality Labs
 Benefits:

 Removes warnings in versions supported by Windows
 Driver installs when device is connected without Add New Hardware wizard

(no user interaction)

 Once drivers are customized (even just VID/PID changed), the original
WHQL certification is lost; the customized drivers have to be recertified
with Microsoft WHQL

 Contact MCU support for latest information on WHQL certification
procedure

 Check out the knowledgebase article that instructs how to proceed with
certification

http://cp-siliconlabs.kb.net/article.aspx?article=89180&p=4120

Presenter
Presentation Notes
We covered Windows certification previously and we show it here again.  In order to start the certification process users would have to obtain a Winqual account.  At that point Silicon Labs can add them as a “reseller’ of the driver they are interested in using.  A knowledgebase article exists that provides the guidelines to follow when certifying the drivers.

http://portal.knowledgebase.net/display/2n/articleDirect/index.asp?aid=89180&r=0.1087�
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CP21xx Development Kits

 CP21xxEK evaluation kits 
 Complete evaluation and customization of 

the CP21xx USB connectivity bridges
 USB, serial cable(s) 
 Documentation
 Downloadable Windows, Mac and Linux 

drivers

F340

CP2201

Device Orderable 
development kit MSRP

CP2104 CP2104EK $29.00 USD
CP2105 CP2105EK $39.00 USD
CP2110 CP2110EK $39.00 USD
CP2112 CP2112EK $29.00 USD

Presenter
Presentation Notes
Simple development kits are available to evaluate the bridge devices.  Check out the website for links for documentation on the operation and use of these devices.
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CP21xx Evaluation Kits

 Each device has its own evaluation kit
 Allows for  complete evaluation and 

customization of the CP21xx bridges
• Includes Windows, Mac and Linux drivers 
• USB and serial cable(s) 
• Full documentation

F340

CP2201

Device Orderable 
Development Kit MSRP

CP2104 CP2104EK $29.00 USD
CP2105 CP2105EK $39.00 USD
CP2110 CP2110EK $39.00 USD
CP2112 CP2112EK $29.00 USD

Available Now !

Presenter
Presentation Notes
Simple development kits are available to evaluate the bridge devices.  Check out the website for links for documentation on the operation and use of these devices.
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Summary 

 These new CP21xx products expand on our market-leading 
portfolio of existing USB bridge devices

• CP2104 USB to UART
• CP2104 USB to Dual UART
• CP2110 HID-USB to UART
• CP2112 HID-USB to SMBus\I2C

 Compelling features that are unmatched by any competitor
• USB crystal-less operation
• In-system programming memory
• Small packages
• Complete development ecosystem that includes royalty-free driver suites

 HID-USB solutions are only offered by Silicon Labs (CP2110 and 
CP2112)

• No need for driver installation
• Seamless compatibility with most operating systems
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