Introduction

Specifications for this project indicate that the Ethernet Integrity Analyzer (EIA) would be powered from one of three sources: Power-over-Ethernet (PoE) if available on the link; a DC input supply or, if neither is detected, batteries. Thus, one of our EIA integrity tests is to diagnose the Ethernet cable’s power content. When PoE is detected, it will be the EIA’s first option for power. If the Ethernet cable has no PoE capability, a wall adapter will solely supply power to the EIA. Back-up rechargeable batteries are also available to power the EIA if both the PoE and the wall adapter options are absent. Benefits Benefits       

Power-over-Ethernet  (PoE)
PoE employs Ethernet to obtain the ability of delivering 48 VDC and transmitting data simultaneously over a single copper Ethernet cable. There are two primary elements in order to implement PoE. The first element is the power sourcing equipment (PSE), which can be the LAN switch or via external source power delivered over Ethernet. The second element is the powered device (PD), which is the end device that accepts and uses power from the Ethernet cable for its operation. 
To detect Power-over-Ethernet, Design Team 7 employed Texas Instruments TPS2376-H (IEEE 802.3af PoE HIGH POWER PD CONTROLLER.) (See Fig. 1.) The Power Sourcing Equipment (PSE) is a device that will inject power in a PoE setup. According to the IEEE 802.3af, the maximum allowed continuous output power per such device is 15.40 Ω. On the other hand, a Powered Device (PD) is a device that is powered by the PSE. Wireless access points, IP cameras, and IP phones are some examples of powered devices. Thus, if an RJ-45 cable is connected to the PSE, the PSE will inject voltage and approximately 15W of power over the Ethernet cable. The RJ-45 cable has eight wires. Four of these wires (1, 2, 3, and 6) are used for data transmitting only. Therefore, voltage will be applied to the other four wires (4, 5, 7, and 8) since they are unused wires on every Ethernet cable. The injected RJ-45 is connected to the PoE PD that will detect power and transmit data to their appropriate destination. (See Fig. 2)  In order for them to be completely operational, both the PSE and the Power-over-Ethernet Power Device (PoE PD) must be interacting constantly. 
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The process for safely providing power over an Ethernet cable when a PD is connected, and then removing power if it is disconnected, is defined in the IEEE 802.3af specification. The process consists of three states: detection, classification, and operation. The PSE periodically probes the cable with low voltage, looking for a 25 kW signature. For safety, if the cable is not properly terminated, it is not powered. During this state, detection, power levels are low so that not to cause damage to devices that do not support PoE technology. If a valid PD signature is present during detection, then the classification state begins. In the classification state, the PSE inquires about the PD’s amount of power. With that power, the PSE will determine if the device is consuming more power than it should. Fig. 3 shows the operational states as a function of PD input voltage range as defined in IEEE 802.3af.
The PD input is typically an RJ-45 connector. It is important to notice that the PD input requirements and the PSE output requirements are different. That is to account for voltage drops in the cable. While The IEEE 802.3af specifies a cable resistance of 20  to derive the voltage limits at the PD from the PSE output requirements, CAT-5 infrastructure will meet a 12.5 (The IEEE 802.3af PSE allows voltage of either polarity between the two spare pairs. Therefore, our team inserted bridge diodes in our design to provide reverse input polarity protection.


PoE DETECTION and CLASSIFICATION

The 25 k( PD signature is measured by applying two voltages between 2.7 V to 10.1 V, that are at least 1 V apart, to the PD's PI and measuring the current. Then, the resistance is calculated based on the voltage difference to the current difference. Detection only occurs if the resistance value fall in the range of 23.75 k( to 26.25 k(. Therefore, the team selected three resistors: 1.5 k(, 27 k(, and 560( and they were connected in series. This combination provided an accurate resistance value for the detection phase. The TPS2376-H is in detection mode whenever the supply voltage is below the lower classification threshold. In addition, the TPS2376-H will only be able to detect PoE if, and only if, the parallel combination of RDET and RUVLO equals to 24.9 k(. Thus, we selected RDET to be 25 k( and RUVLO to be 190 k(. The DET pin was pulled to VSS during detection resulting in current flowing through RDET to VSS and producing the detection signature. 
The classification process begins by applying a voltage between 14.5 V and 20.5 V, for about 75 ms, to the input of the PD. Therefore, a fixed current would be drown that is set by RCLASS. An 802.3af PSE measures the PD current to determine which of the five available classes (Table 1) that the PD is signaling. For our design, the team decided on using class 3, as it best would suit the design’s current range. The total current drawn from the PSE during classification is the sum of bias currents and current through RCLASS. The TPS2376-H disconnects RCLASS at voltages above the classification range to avoid excessive power dissipation (Fig. 3 and Fig. 4). 


PoE UNDERVOLTAGE LOCKOUT (UVLO)

The TPS2376-H incorporates an undervoltage lockout (UVLO) circuit that monitors line voltage to determine when to apply power to the downstream load and allow the PD to power up. The IEEE 802.3af specification dictates a maximum PD turn on voltage of 42 V and a minimum turn-off voltage of 30 V (Fig. 4). The UVLO pin provides the flexibility to adjust the turn on and turn off to the IEEE 802.3af limits, or a custom set. Design the turn-on for 39.5 V if a design which uses the IEEE 802.3af limits is desired. [2]
Fig. 1: TPS2376-H Typical Application Circuit Referenced from [2]
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Fig. 2: PSE and PoE PD Connections





Fig. 3: IEEE 802.3 PD Voltage Limits Referenced from [2]








Fig. 4: Thresholds Voltages Referenced from [2]











