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How to Improve the Efficiency of PoE PD 
Systems using a Flyback Converter
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Introduction
Introduced over a decade ago, the need for power over 

Ethernet (PoE) has exploded with the adoption of WiFi, the IoT, 

and 5G. At first glance, it may seem wireless systems have 

no need for a wired Ethernet connection; however, Ethernet is 

quickly becoming the backbone for all three of these wireless 

technologies. In WiFi systems, the wireless access point 

needs a high speed, dedicated connection. Many IoT systems 

need a dependable connection to aggregate data and send 

it back to the main network. Finally, 5G needs small cells 

(also called remote radio units or RRUs) to realize the true 

potential of new technologies like mmWave. Ethernet provides 

a reliable, high speed connection for all of these systems. 

By adding PoE, a single Ethernet cable also provides power, 

eliminating the need to run AC mains to every device. With 

the Ethernet cable supplying power, the next challenge is 

making the PoE powered device (PD) system as efficient as 

possible. By understanding the PoE PD architecture and the 

basics of the flyback converter, designers can make several 

modifications to greatly improve efficiency.

• PoE continues to expand as 
a core technology to power 
wireless designs

• Optimizing the PoE PD is 
critical to driving system 
efficiency

• Simple techniques greatly 
improve the PoE interface 
and dc-dc converter 
efficiency  
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PoE transmits power over the Ethernet cable by injecting ~50 V DC onto the center taps of the Ethernet transformers. Power 

is sent down to either two or four of the twisted pairs in the cable. As shown in Figure 1, the latest IEEE PoE standard, 

802.3bt, uses all four twisted pairs. For more information on the IEEE standard please see the Silicon Labs’ whitepaper 

Understanding the IEEE 802.3bt PoE Standard. A key wrinkle in the IEEE standard is that it allows power from the Ethernet 

switch to be injected in either polarity; therefore, the PD must include rectifier bridges on the input to set the DC polarity for 

the system. Most PoE PD systems require a lower voltage than the ~50 V PoE input and a dc-dc converter is needed to step 

the PoE voltage down to something usable by the system. The PoE input, and the dc-dc converter combine to determine the 

overall efficiency of the PoE PD system.

A Quick PoE PD System Overview

Figure 1: Ethernet cabling contains four twisted pairs of wires. IEEE 802.3af/at powers two of the four twisted pairs, and IEEE 802.3bt powers all four 
twisted pairs for 30 W and above.

IEEE 802.3af/at           2 pairs

IEEE 802.3bt           4 pairs
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The PoE PD consists of the input bridges, to set the input voltage polarity, the PoE interface, to comply with the IEEE 

standard and negotiate power with the PSE, and a dc-dc converter to step down the PoE input voltage. Figure 2 shows these 

three sections. As shown in Table 1, Silicon Labs’ 15 W Si3404 and Si3406, 30 W Si34061, and 71 W Si34071 PD devices 

combine the PoE interface and dc-dc converter to provide a single chip solution. By improving the efficiency of the PoE 

interface portion, the entire system’s efficiency can be improved. Three key techniques for improving the PoE interface are to 

upgrade the input bridges, use external FETs, and power the PD with an aux winding.

A Quick PoE PD System Overview

Table 1 - Silicon Labs PoE PD devices.

Si3404

802.3af/at Type 1
15 Watts, class 1-3

IEEE Standard
Power Output

Features

Package 4x4 mm QFN20

- Internal FETs
- Intergrated dc-dc
- Lowest cost PD

802.3af/at Type 1
15 Watts, class 1-3

5x5 mm QFN24

- Internal FETs
- Intergrated dc-dc
- 15 W, high efficiency

802.3af/at Type 2
30 Watts, class 1-4

5x5 mm QFN24

- Internal/External FETs
- Intergrated dc-dc
- 30 W, high efficiency

802.3af/at Type 3 and 4
71 Watts, class 4-8

5x5 mm QFN32

- External FETs
- Intergrated dc-dc
- Highest power PD

Si3406 Si34061 Si34071

Figure 2: The internal design of a PoE PD interface power supply including the input bridges, PoE interface, and dc-dc converter. 
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One of the biggest gains in efficiency comes from improving the diode bridges; however, it is also the most expensive 

improvement. Most PoE PD systems use silicon diode bridges to define the positive and negative rails. In fact, the Si3406 

and Si34061 integrate silicon diode bridges onto the chip to reduce cost and board space. These internal diode bridges 

handle up to 7 W of power and can be bypassed for higher power designs. An easy upgrade over silicon diodes is to use 

Shockey diodes instead, which have a lower voltage drop. The Si34061 5 V and 12 V evaluation boards (EVBs) demonstrate 

how to use Shockey diodes in a design; however, to maximize efficiency many designers turn to ideal diode bridges, also 

known as FET bridges. In a FET bridge, the diodes are replaced by FETs that are actively controlled by a bridge controller. 

The Si34071 5 V, 71 W EVB shows how to use active FET bridges in a design. While expensive, FET bridges significantly 

improve efficiency and thermals in high power PoE systems.

Upgrade the input bridges

As the name suggests, the power enable FET allows power to the dc-dc converter once the PSE applies power to the PD 

system. The dc-dc converter also requires a switching FET. The Si3404 and Si3406 devices integrate the power enable FET 

(referred to as the “hot swap switch”) and the dc-dc switching FET. This reduces cost and board space but results in greater 

power loss and thermal challenges as the system power increases. Using external FETs, with lower on resistance, both 

reduces power losses and spreads out the heat to improve thermals. The Si34061 supports maximum flexibility with either 

internal or external FETs, automatically detecting and using external FETs when available. The high power, IEEE 802.3bt 

compliant Si34071 supports only external FETs, to ensure efficiency and thermal performance.

Use external FETs with low on resistance

PoE interface devices must be able to operate off of the PoE input voltage; however, the device typically runs more efficiently 

off of a lower voltage rail. Silicon Labs’ Si3404, Si34061, and Si34071 devices all have the ability to be powered from a lower 

voltage aux winding, seamlessly switching between the two to optimize power consumption. In a flyback or forward topology, 

an extra winding can be added to the transformer to generate a low voltage rail to power the PoE PD device. For example, the 

Si3404 consumes ~5 mA of current and uses 250 mW (50 V * 5 mA = 250 mW) when running off of the PoE input; however, if 

it runs off of a 15 V aux winding the Si3404 uses 75 mW (15 V * 5 mA = 75 mW), a 70% reduction in power consumed by the 

PD. While not as dramatic a savings as the FET bridges or external FETs, using the auxiliary input is a simple, low cost way to 

save power. 

The efficiency of the PoE PD interface impacts the overall system, as all the power must flow through this portion of the 

design. Many PoE designs also include a dc-dc converter to step the PoE input voltage down to a voltage usable by the 

system. To truly design an efficient PoE PD, the dc-dc must also operate at maximum efficiency.

Use an aux winding to power the PD device

Improving System Efficiency without Modifying the DC-DC Converter
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Flyback converters are one of the most common dc-dc converters used in PoE systems due to their efficiency, low cost, and 

isolation. A flyback is typically used for systems needing up to 30 W of power. Table 2 lists the PoE flyback converter EVBs available 

from Silicon Labs. Beyond 30 W of power, most designers turn to a forward converter, such as the Si34071 5 V, 71 W EVB, to step 

down the PoE voltage.

As shown in Figure 3, a flyback converter uses a transformer to both transfer power and step down (or even up) the input 

voltage. The transformer in a flyback converter stores most of the energy and it is constructed as two coupled inductors 

with an air gap. This construction is different than a basic, off-the-shelf transformer. Most flyback converter designs use a 

custom transformer to meet efficiency and EMI requirements. Silicon Labs’ flyback converter EVBs are no different, each 

using a custom designed transformer. The user guide for each EVB contains the custom part number and manufacturer’s 

contact information. Be very careful when selecting an alternative transformer to the one used on the evaluation board, as 

the transformer’s characteristics are essential to the operation of the flyback converter. Even a slight difference can cause 

instability or dramatically reduce the efficiency of the converter. Finally, the transformer allows a flyback converter to be 

an isolated dc-dc converter, with the a very high impedance between the primary and secondary side grounds. Isolation 

reduces ground loops and allows the PoE PD device to safely have user accessible ports and grounded data connections, 

such as USB. As with anything safety related, always consult with the relevant safety team or agency. 

Flyback Converter Basics and a Key Efficiency Improvement Technique

Isolated Non-isolated

5 V

7 W Dual Output Flyback

15 W Flyback

30 W High Efficiency Flyback 30 W High Efficiency Flyback

12 V 5 V

7 W Flyback

-

-

-

-

7 W, Class 2

15 W, Class 3

30 W, Class 4

Table 2 - PoE PD Flyback converter EVBs available from Silicon Labs. 

Figure 3: The basic topology of a flyback converter with an optocoupler to provide isolated feedback to the controller.
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The flyback relies on the transformer acting as two coupled inductors. When the FET is “on” (closed) current flows through 

the inductor on the primary side. The inductor on the secondary side does not have any current flow because the secondary 

side diode is reverse biased as illustrated in Figure 4. The transformer’s polarity creates this condition, as the opposite 

polarities cause the secondary side voltage to be the reverse of the primary side. Once the current through the primary side 

inductor reaches a peak value, the controller opens the switch. Figure 5 shows the result. The transformer will try to maintain 

its magnetic flux by inducing a current through the secondary side inductor to forward bias the diode. The inductor’s current 

flow then charges the output capacitor and provides power to the load. Output voltage is primarily determined by the turns 

ratio between the primary and secondary sides of the transformer. When the switch closes, the cycle repeats with the output 

capacitor supplying power to the load when the switch is closed.

Figure 4: Flyback current flow when the switch is closed. Dashed lines represent no current flow.
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Figure 5: Flyback current flow when the switch is open. Dashed lines represent no current flow.

There are many details about the flyback converter that impact stability and efficiency; however, Figure 6 shows a simple way 

to improve efficiency: use a dc-dc controller with a secondary side FET driver. The Si3406, Si34061, and Si34071 all have a 

dedicated pin, SYNCL, to drive the secondary side FET. In this configuration, a FET replaces the secondary side diode. The 

controller turns the FET on when the switch is open and off when the switch is closed. This improves efficiency by eliminating 

the voltage drop across the diode and replacing it with the voltage drop across the FET (on resistance * current flow through 

the FET). In an isolated flyback converter, a pulse transformer is required to transmit the gate drive signal across the isolation 

barrier to the secondary side FET. Depending on the system output voltage and power level, this can boost the efficiency by 

up 5%. The flyback dc-dc converters in the Si34061 5 V and 12 V EVBs use this technique to achieve over 90% efficiency.
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The applications for Power over Ethernet will continue to grow as more and more devices need high-speed connectivity. 

Using a single Ethernet cable to deliver both a high speed, wired data connection and power brings simplicity and improved 

functionality to many wireless systems. Hence, the PoE PD’s efficiency becomes paramount to driving the end device 

efficiency. By leveraging a few key techniques, PoE stands ready to meet the efficiency and power demands of today and 

tomorrow’s WiFi, 5G, and IoT devices. To make those devices a reality, Silicon Labs’ portfolio of industry-leading PSEs and 

PDs stands ready to meet the needs of today and tomorrow’s PoE designs.

Figure 6: Flyback converter with secondary side FET and pulse transformer highlighted in blue.

Interested in learning more about  
how Silicon Labs’ PoE solutions can  
help your business?

Contact Us Today

Charlie Ice is a Senior Product Manager at Silicon Labs focusing on the company’s Power over Ethernet 

(PoE) product line. Charlie joined Silicon Labs in 2018 with more than 10 years managing products in the 

technology industry. His experience includes microcontrollers, digital motor control, digital power supply 

control, and test and measurement equipment. Prior to joining Silicon Labs, Charlie managed the hardware 

resell program at National Instruments after marketing digital motor control MCUs at Texas Instruments and 

Microchip Technology. Charlie holds a Master and Bachelor of Science in Electrical Engineering, both from 

Rice University in Houston, Texas.


