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POWER OVER ETHERNET VOICE TRANSMISSION 
REFERENCE DESIGN

Relevant Devices
This application note applies to the following devices:
Si3400, C8051F340, and CP2201.

1.  Introduction
Power Over Ethernet is used in many applications where it is not economical or convenient for separate power
cables to exist. It allows 48 V power to be delivered using the same CAT5 Ethernet Cable used for carrying data.
Many security cameras, intercoms, and Voice Over IP telephones benefit greatly by having both power and data
delivered on a single Ethernet cable. This reference design demonstrates the following functions:
� Using Power Over Ethernet to power an embedded system with Ethernet connectivity.
� Implementing Automatic Gain Control and G.711 Sound Compression on a C8051F340.
� Transmitting sound over an Ethernet network.
� Implementing a web browser interface for displaying embedded sensor data.
� Sending E-Mail from the embedded system.
� Remotely updating firmware using a TFTP bootloader.

This application note describes the design of the PoE-VOICE-RD hardware and firmware. Refer to the “PoE Voice
Transmission Reference Design Kit User’s Guide” for step-by-step demonstration instructions.

Figure 1. Power over Ethernet Voice Transmission Reference Design Board
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2.  Hardware Implementation
2.1.  Power Over Ethernet
The reference schematic for the PoE-VOICE-EB is shown at the end of the “PoE Voice Transmission Reference
Design Kit User’s Guide”. 
The Si3400 is a highly integrated solution for Power over Ethernet which complies to IEEE 802.3 (formerly
Ieee802.3af-2003) requirements for providing power via either the Ethernet data pairs or the spare pair in an
Ethernet cable. The Si3400 contains all of the circuitry including input diode bridges, a “hot swap switch” for under
voltage lock out, soft start circuitry and a dc to dc converter and switcher FET. It can deal with the full range of
power specified in IEEE802.3 and is useful for applications requiring as much as 10 watts of regulated power. It
can be adapted for most practical output voltage and current requirements by changing one or two resistors. More
detailed information can be found in the Si3400 data sheet and in Application Note “AN296: Using the Si3400 PoE
PD Controller in Isolated and Non-Isolated Designs”. Reference designs, evaluation boards, and design
spreadsheets are also available. Power Over Ethernet documentation is available from www.silabs.com/PoE.
If you would like to adapt this reference design for other applications, it is lowest risk to use a reference schematic
similar to the evaluation platforms available for the Si3400. If you have more specific requirements, please contact
your local sales representative for design assistance. 

2.2.  Ethernet Connector with PoE Support
The integrated Ethernet connector selected is a Belfuse SI-52004-F. This connector is unique in that in provides
access to the 4 unused wires in the Ethernet cable (used for delivering power) and has a transmit turns ratio of
2.5:1. This allows both the PoE (power) function and the Embedded Ethernet (data) function to be combined into a
single integrated connector.
An alternative to using this connector is to use a standard RJ-45 jack with discrete magnetics. A standard RJ-45
jack provides access to all 8 wires in the Ethernet cable. This alternative method will consume more PCB area than
using an integrated connector.

2.3.  MCU and Ethernet Controller
The MCU and Ethernet Controller section is identical to the circuit used in the CP2201 Evaluation Kit, except a 10-
pin debug header has been added to allow software development. It uses a C8051F340 and CP2201 to provide
the embedded system with Ethernet connectivity. 
If you would like to adapt this reference design for other applications, we recommend Application Note “AN292:
Embedded Ethernet System Design Guide” as a starting point for new Embedded Ethernet designs.

2.4.  Embedded Sensors
The PoE-VOICE-EB contains a light sensor, microphone with amplifier, and uses the on-chip temperature sensor
on the C8051F340 to demonstrate the ability to remotely access sensor data from a web browser.

http://www.silabs.com/PoE
http://www.silabs.com/PoE
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3.  Software Implementation
The software for this reference design was generated using TCP/IP Configuration Wizard version 3.1. The
generated project used to begin application software development contained support for DHCP, Netfinder, TCP,
UDP, HTTP and SMTP. Additional Application code was then added to make the embedded system perform the
functions in the demonstration. For more information about the design process for implementing Embedded
Ethernet, we recommend reading “AN292: Embedded Ethernet System Design Guide”. 

3.1.  ADC Sampling Engine
The interrupt-based ADC Sampling engine has two modes: low-speed multiplexed and high-speed single-channel.
The high-speed mode is used to sample the microphone at 32 kHz, then average the samples for an effective
output word rate of 8 kHz. In this mode, timer 3 overflows are used to schedule conversions and read the samples
from the ADC data register. 
The low speed multiplexed mode is used for sampling the light and temperature sensors. The sampling rate is
300 Hz and oversampling and averaging is used to increase the sample resolution. The output word rate is set to
approximately one sample per second.

3.2.  Automatic Gain Control
When the ADC sampling engine is sampling the microphone, an automatic gain control stage is enabled which
allows the input signal to be digitally amplified by a factor of 2 or 4 based on its peak-to-peak amplitude. A silence
detection stage is also enabled to turn off “digital amplification” when no sound is detected. The thresholds for
determining the various sound levels are located in the “udpsound.h” header file. The source code for the
automatic gain control implementation can be found in “udpsound.c”.

3.3.  G.711 Sound Compression
The human ear detects logarithmic changes in sound, therefore, G.711 uses a logarithmic encoding to compress
10–14 bit sound samples down to an 8-bit stream without any significant loss in sound quality. The portion of the
audio data lost in the compression are the changes which the human ear cannot easily detect.
The reference design software uses a lookup table approach to convert 12-bit samples down to 8-bits. Since the
G.711 lookup table is symmetric for positive and negative values, only 2048 bytes are needed to encode the entire
12-bit range of values. The implementation of G.711 sound compression can be found in “udpsound.c”. 
To decode the 8-bit data stream, a reverse lookup table may be used. Please refer to the G.711 and G.191
recommendations available from the Telecommunication Standardization Sector of the International
Telecommunication Union http://www.itu.int/ITU-T/ for additional information.

3.4.  Sound Transmission over Ethernet
As the ADC sampling engine is capturing a steady stream of samples at 8 kHz, they are being placed into a RAM
buffer. This buffer consists of two identical 251 byte buffers. At any given time, one of the buffers is being filled with
new samples and the other is being transmitted. The buffers switch roles every 32 ms.
For transmitting the sound buffer over an Ethernet network, the reference design software uses a direct UDP
socket. In this application, UDP is more desirable than TCP because packet latency and jitter reduction are more
important than guaranteed packet delivery. 
The UDP socket on the MCU is at port 50000 and accepts the following single-byte ASCII commands:

“S”  - Start packet which will cause the UDP socket to start sending sound data.
“A”  - Acknowledge packet that should be received every second. If a period of 5 seconds passes without

receiving an acknowledge packet, the UDP socket will time out and reset.
“P”  - Pause packet which will cause the UDP socket to stop sending sound data. The socket may be un-

paused by sending another Start packet. 
Note: Only the application which paused the device may unpause it.

“Q”  - Causes the UDP socket to stop sending sound data and reset the socket. A socket reset frees
resources and allows other PCs to connect to the device.

http://www.itu.int/ITU-T/
http://www.itu.int/ITU-T/
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3.5.  Sending the PLOSS Signal
The PLOSS signal is an output from the Si3400 and indicates when PoE power is lost. The value of PLOSS is
appended to each data packet being sent and transmitted as the 251’st byte of the packet. Using the PLOSS
signal, the PC application can determine if the embedded system is powered from PoE or from the auxiliary supply.

3.6.  Web Server Interface
Since the HTTP protocol was enabled in the TCP/IP Configuration Wizard when the project was being generated,
the embedded system will automatically respond to requests from a web browser. The default web page generated
by the TCP/IP Configuration Wizard is a simple “Hello World” page. This simple web page was replaced by a set of
web pages and a CGI script to allow viewing sensor data and sending e-mail from a web browser. The web pages
are very similar to the ones used in the CP2201EK and described in “AN292: Embedded Ethernet System Design
Guide”.
One difference between this reference design and the method described in AN292 is that some of the web pages
are stored in the CP220x Flash memory. This 8 kB Flash memory can store up to 8 kB of “web server content” and
is accessible by the virtual file system. An example project showing how to load web pages into the CP220x Flash
is provided in the software examples directory. See Section “5. Accessing the Software” for more information.

3.7.  TFTP Bootloader
A TFTP bootloader was added to the system to allow remote firmware updating. This is the same bootloader used
for the CP2201EK and turns the embedded system into a TFTP server. Refer to the readme.txt in the bootloader
source code for information on how to use the bootloader in your Embedded Ethernet application.

4.  Using the PoE-VOICE-EB for Software Development
The PoE-VOICE-EB Reference Design Board can be used as a hardware platform for complete software
development. The output of the TCP/IP Configuration Wizard is targeting the standard Target Board + AB4
Ethernet Development Board hardware. To use the output of the TCP/IP Configuration Wizard with the PoE-
VOICE-EB, four initialization routines need to be modified. The simplest method is to replace the following four
routines with their equivalent routines found in the PoE_VOICE_Init.txt file:
� PORT_Init()
� EMIF_Init()
� ether_reset_low()
� ether_reset_high()

To start developing code, you will need to obtain a USB Debug Adapter and Keil Evaluation CD available from the
Silicon Laboratories Website at www.silabs.com. Note that the Keil evaluation CD is limited to 4 kB object code
generation. The TCP/IP Library does not count towards the 4 kB evaluation limit.
The USB Debug Adapter and Keil Evaluation CD are also included in any MCU development kit.

http://www.silabs.com
http://www.silabs.com
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5.  Accessing the Software
Once the software is installed, a new directory named PoE_VOICE_RD will be created in the main
"C:\Silabs\MCU" installation directory.  This directory will contain the following:
� Documentation

z AN312 Power Over Ethernet Voice Transmission Reference Design
z PoE Voice Transmission Reference Design Kit User's Guide
z PoE Voice Transmission Reference Design Kit Quick Start Guide
z Datasheets:

- C8051F34x MCU Family Datasheet
- CP220x Ethernet Controller Datasheet
- Si3400 Power Over Ethernet PD Controller Datasheet

z Power Over Ethernet Design:
- AN296 - Using the Si3400 PoE PD Controller in Isolated and Non-Isolated Designs
- Si3400 Switching Power Supply Calculation Spreadsheet

z Embedded Ethernet Design:
- AN292: Embedded Ethernet System Design Guide
- AN237: TCP/IP Library Programmer's Guide
- Embedded Ethernet Development Kit User's Guide
- CP2201 Evaluation Kit User's Guide
- Ethernet Solutions Guide

� Firmware Image 
z .img format for use with the bootloader
z .hex format for restoring the device to the original state

� Firmware Source Code
z PoE Voice Transmission Demo Source Code (source code for C8051F340 MCU)
z CP220x Flash Programmer Source Code (use for restoring CP220x Flash to original state)
z 'F34x Ethernet Bootloader Source code (can be used as-is in your embedded system)
z Initialization routines for the PoE-VOICE-EB (PoE_VOICE_Init.txt). 

� PC Demo Application Installer
� Helpful Utilities and Command Line Scripts

z SET_DHCP and SET_STATIC batch files for quick PC configuration
z Link to software DHCP server
z HEX2IMG utility for use with the Ethernet Bootloader
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CONTACT INFORMATION
Silicon Laboratories Inc.
4635 Boston Lane
Austin, Texas 78735
Email: MCUinfo@silabs.com
Internet: www.silabs.com

Silicon Laboratories and Silicon Labs are trademarks of Silicon Laboratories Inc.
Other products or brandnames mentioned herein are trademarks or registered trademarks of their respective holders.

The information in this document is believed to be accurate in all respects at the time of publication but is subject to change without notice. 
Silicon Laboratories assumes no responsibility for errors and omissions, and disclaims responsibility for any consequences resulting from 
the use of information included herein. Additionally, Silicon Laboratories assumes no responsibility for the functioning of undescribed features 
or parameters. Silicon Laboratories reserves the right to make changes without further notice. Silicon Laboratories makes no warranty, rep-
resentation or guarantee regarding the suitability of its products for any particular purpose, nor does Silicon Laboratories assume any liability 
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation conse-
quential or incidental damages. Silicon Laboratories products are not designed, intended, or authorized for use in applications intended to 
support or sustain life, or for any other application in which the failure of the Silicon Laboratories product could create a situation where per-
sonal injury or death may occur. Should Buyer purchase or use Silicon Laboratories products for any such unintended or unauthorized ap-
plication, Buyer shall indemnify and hold Silicon Laboratories harmless against all claims and damages. 


	1. Introduction
	Figure 1. Power over Ethernet Voice Transmission Reference Design Board

	2. Hardware Implementation
	2.1. Power Over Ethernet
	2.2. Ethernet Connector with PoE Support
	2.3. MCU and Ethernet Controller
	2.4. Embedded Sensors

	3. Software Implementation
	3.1. ADC Sampling Engine
	3.2. Automatic Gain Control
	3.3. G.711 Sound Compression
	3.4. Sound Transmission over Ethernet
	3.5. Sending the PLOSS Signal
	3.6. Web Server Interface
	3.7. TFTP Bootloader

	4. Using the PoE-VOICE-EB for Software Development
	5. Accessing the Software
	Contact Information


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


