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Introduction

Many existing Ethernet devices are being converted from
wall-adapter power sources to utilize the newly released
IEEE 802.3af Power-over-Ethernet (PoE) standard. Power-
system efficiency formerly was not much of an issue with
a wall adapter—but PoE changes that. Applications whose

DC/DC converter and application circuits. Calculations
yielding the results in Table 1 assume that the PSE output
(44 V minimum) is connected through 20 Q of cable into a
PD. The PD front end has a transformer (1 Q total, with

Table 1. Analysis of PoE distribution and front-end losses

functional circuits begin to draw power in the 10-W range PARAMETERS MIN TYp MAX
need close control of their power usage. This article helps P_SE F’”tp_”t v) i a“ — o7
the designer determine how much power is available when Distribution resistance () — — 2
an application operates from a PoE source. Source power (W) — — 154
First we will determine the net power available once the PD average current (A) — — 0.35
functions required by the 802.3af standard are performed. Constants
Then a method of modeling the usual DC/DC converters to Diode forward drop (V) _ 0.8 _
cqmpute the power.available for the applicgtions circuits ‘ Transformer resistance () — — 1
will be presente.d, with two example topol(?gles for Fomparl— PD-controller switch resistance () — 1 —
son. The modeling procegs allows the deagper tq 1de.nt.1fy PD-controller bias power (A) — 0.0012 —
topology and technology issues before the first circuit is
dgsigned. In this discgssipn, application circgits are con- L0SS SOURCE LOSS AVAILABLE POWER
sidered to be everything in the powered device (PD) (w) (w)
except the PoE front end and DC/DC converters. 15.40%*
PoE front-end losses Distribution 2.45 12.95
. . . . . Input diode 0.56 12.39
Figure 1 is a basic block diagram that shows the intercon- I : 006 TRT
nection of the power-source equipment (PSE) through the nput trans ormer : -
PD-controller switch 0.12 12.21
*An edited version of this article was published December 3, 2003, on PD-controller bias 0.04 1216
:_Pl_arlezA_nallo_g._ctlng an KE Times online community. **Total PoE power available
Figure 1. Basic PoE block diagram
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0.5 Q each side to the center tap), a full-wave bridge, and
a hot-swap controller (or PD controller) with a 1-Q switch
(FET) in series.

There is a maximum of 12.16 W available for PD func-
tional circuits. The 802.3af standard defines the 2.45-W
worst-case cable loss, and the input diode bridge dominates
the additional front-end losses of 0.78 W.

Modeling of power-conversion stage

Simple modeling techniques allow the designer to under-
stand the effects of different topology and technology
choices before an actual design is done. Simple efficiency
assumptions give quick, qualitative results to allow topology
comparison and optimization. The end results will be only
as good as the assumptions, so the designer should always
allow some margin by specifying the available power below
these results.

First, let’s look at the baseline of a single-stage conver-
sion to one output voltage. A single 3.3-V output converter
at 90% efficiency will yield an available output power of
0.9 x12.16 = 10.9 W. Although the 90% efficiency may be
viewed as optimistic, it does provide a baseline for compar-
ison to other topologies.

Next we will estimate the output power available from a
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existing appliance design that had a 12-V wall adapter,
which was replaced with a 48-V to 12-V front end.
Topology 2 attempts to maximize the available power.

To evaluate the model, start at the right-most regulators,
calculating their loss and total input power, and then use
these results to evaluate the next regulator to the left. For
simplification, assume 90% efficiency for a switcher and no
bias current for linear regulators. These calculations are
summarized for the regulator types as follows.

Definitions

Iy = application load current

PH\]TI\Iext_St&lge = power drawn by a downstream converter
or linear regulator

Linear regulator stage

Four = (VOUT xIour ) +PIN_ Next_Stage
P
_ ouT
Pn=Vin X5,
OUT
Poss =Piv —Four

Switching regulator stage

more complex power supply. A simple modeling technique P =(V. xI +P
is used to study how the topology and technology for each out ( ouTrout ) IN_Next _Stage
regulator affect output power. Output voltages of +5 V at _ POUT
02A,33Vat2A,25Vat0.25A,and 1.8V at 0.25 A are IN™ Efficiency
assumed. These add up to a reasonable 9.6 W. PLoss = PIN _POUT
Figure 2 shows two possible supply architectures and
technology choices. Topology 1 represents adaptation of an
Figure 2. Alternative supply topologies
Topology 1 Topology 2
(Midrail Design)
48V to 12V -V to 5- 5V at 48-V to 3.3V 6V to 5V 5V at
Swittzher 12L\ilnttf:af v A gvr;ﬁfl;\e/r Lin:ar 0.2 Z
o 33Vat
2A
12-V to 3.3-V 3.3-Vto 2.5-V 25-Vto18V| 18Vat t 3.3-Vto 2.5-V 2.5-Vto 1.8-V 1.8V at
Switcher Linear Linear 0.25A Switcher Linear 0.25A
25Vat
0.25A
33Vat 25V at
2A 0.25A
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Table 2. Topology 1 model
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ADDITIONAL | COMPUTED
OUTPUT | prguraTor | INPUT | REGULATOR | APPLICATION OUTPUT INPUT STAGE
MODEL COMPONENTS VOLTAGE VOLTAGE | EFFICIENCY CURRENT LOSS
TYPE LOAD POWER
(V) V) (%) (A) (W) W) (W)
1.8 Linear 25 — 0.25 0.00 0.63 0.18
Chain 1 25 Linear 33 90 0.25 0.63 1.65 0.40
33 Switcher 12 90 1.83 1.65 8.54 0.85
Chain 2 5 Linear 12 — 0.2 0.00 2.40 1.40
First-stage input power — Switcher 48 90 0 10.94 12.16 1.22
Total loss 4.05
Apparent efficiency = 67%
Available output power =811 W
Table 3. Topology 2 model
ADDITIONAL | COMPUTED
OUTPUT | prguraTor | INPUT | REGULATOR | APPLICATION OUTPUT INPUT STAGE
MODEL COMPONENTS VOLTAGE VOLTAGE | EFFICIENCY CURRENT LOSS
TYPE LOAD POWER
V) V) (%) (A) (W) (W) (w)
1.8 Linear 25 — 0.25 0.00 0.63 0.18
Chain 1 25 Switcher 3.3 90 0.25 0.63 1.39 0.14
33 — — 100 2.532 1.39 9.74 0.00
Chain 2 5 Linear 6 — 0.2 0.00 1.20 0.20
First-stage input power — Switcher 48 90 0 10.94 12.16 1.22
Total loss 1.73
Apparent efficiency = 86%
Available output power = 10.43 W

Using data in Table 2, let’s go through the calculations
for the Topology 1 model shown in Figure 2. Looking at
the lower branch, Chain 1, data in Table 2, start with the
1.8-V regulator’s input power and loss; notice that there is
no next-stage power. The 2.5-V regulator is computed
similarly, with the output power now comprised of the
0.25 A to the load multiplied by 2.5 V, plus the 1.8-V
regulator’s input power previously computed. The 3.3-V
switching regulator’s input power is the total output power
divided by the efficiency of this stage (0.9%). The power
loss of the 3.3-V regulator is still the input power minus
the output power. The upper branch is computed in a like
manner with the Chain 2 data. The 48-V to 12-V regulator’s
parameters are calculated like those of the 3.3-V regulator,
where the total output power is the sum of the upper-
and lower-branch input powers. To get a handle on the
topology’s performance, the individual losses are summed
and the apparent efficiency is computed as

Total _Losses

Effici =1- .
taency Input _Power

The available output power in Table 2 is the input power
minus all the computed individual losses.

Topology 1’s input power exceeds the amount available.
To provide a more interesting result, the 3.3-V load shown
was adjusted until the input power was 12.16 W. Bold values
in Table 2 reflect the reduction of the 3.3-V supply load
from 2 A to 1.83 A.
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Topology 2 is modeled with data in Table 3 much as
Topology 1, with a small wrinkle. A dummy 3.3-V regulator
is modeled with an efficiency of 1 for proper totaling of
the power and loss.

The efficiency of 90% used for the 48-V to 3.3-V converter
in Topology 2 is a fairly optimistic number for a practical,
synchronous output-rectifier circuit.

Conclusion

After the 802.3af standard functions are considered,
12.16 W is the maximum power available for other
electronics, including regulator losses.

The effects of topology and technology choices for PoE
applications are quite startling. Topology 1 makes only
8.11 W available to the application’s circuits, while Topology 2
makes 10.43 W available. This is an increase of 28%. The
baseline single-output converter provided 10.9 W, so all
the processing represented by the additional three outputs
in Topology 2 cost only 0.47 W! Using a diode output con-
verter (85% efficiency) instead of a synchronous rectifier
for the 3.3-V converter drops the available power by 0.61 W.

This modeling technique allows the designer to calcu-
late available output power rapidly based on topology and
technology choices. The designer can use this information
to trade off available power, complexity, and cost.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve
the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at
any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before
placing orders and should verify that such information is current
and complete. All products are sold subject to Tl's terms and
conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the
specifications applicable at the time of sale in accordance with Tl's
standard warranty. Testing and other quality control technigues are
used to the extent Tl deems necessary to support this warranty.
Except where mandated by government requirements, testing of
all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer
product design. Customers are responsible for their products and
applications using Tl components. To minimize the risks
associated with customer products and applications, customers
should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or
implied, is granted under any Tl patent right, copyright, mask work
right, or other Tl intellectual property right relating to any
combination, machine, or process in which Tl products or services
are used. Information published by Tl regarding third-party
products or services does not constitute a license from Tl to use
such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party
under the patents or other intellectual property of the third party, or a
license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is
permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations,
and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or
liable for such altered documentation.

Resale of Tl products or services with statements different from or
beyond the parameters stated by Tl for that product or service
voids all express and any implied warranties for the associated Tl
product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other
Texas Instruments products and application solutions:

Products
Amplifiers . amplifier.ti.com |
Data Converters :&:aﬁ_;é:é:lﬁl}ft?efﬁjcf)fn: !
DSP 1 dsp.ti.com |
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Logic Tlogic.ti.com |
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,microcontroller.ti.com :

Power Mgmt
Microcontrollers

Applications

Audio www.ti.com/audio!
Automotive parww.ti.com/automotive |
Broadband ‘www.ti.com/broadband ;
Digital control \www.ti.com/digitalcontrol 1
Military \www.ti.com/military '
Optical Networking  iwww.ti.com/opticalnetwork
Telephony www.ti.com/telephony |
Video & Imaging  www.ti.com/video; _
Wireless www.ti.com/wireless |

T Worldwide Technical Support

Internet
Tl Semiconductor Product Information Center Home Page

LSupportfi.com |

Tl Semiconductor KnowledgeBase Home Page
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Product Information Centers

Americas
Phone +1(972) 644-5580 Fax +1(972) 927-6377
Internet/Email support.fi.com/sc/pic/americas. iim 1
Europe, Middle East, and Africa
Phone
Belgium (English) +32 (0) 27 45 54 32 Netherlands (English) +31 (0) 546 87 95 45
Finland (English)  +358 (0) 9 25173948 Russia +7 (0) 95 7850415
France +33(0)13070 1164 Spain +34 902 35 40 28
Germany +49 (0) 8161 80 33 11 Sweden (English) +46 (0) 8587 555 22
Israel (English) 1800 949 0107 United Kingdom +44 (0) 1604 66 33 99
Italy 800791137
Fax +49) (0) 8161 80 2045
Internet 1support.5i.com/sc/pic/edra:Htm
Japan
Fax
International +81-3-3344-5317 Domestic 0120-81-0036
Internet/Email
International 1'support.{7.com/sc/pic/japan.ftm !
Domestic L WWW.ij.C0.jp/pic 1
Asia
Phone
International +886-2-23786800
Domestic Toll-Free Number Toll-Free Number
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Safe Harbor Statement: This publication may contain forward-
looking statements that involve a number of risks and
uncertainties. These “forward-looking statements” are intended
to qualify for the safe harbor from liability established by the
Private Securities Litigation Reform Act of 1995. These forward-
looking statements generally can be identified by phrases such
as Tl or its management “believes,” "“expects,” “anticipates,”
“foresees,” “forecasts,” “estimates” or other words or phrases
of similar import. Similarly, such statements herein that describe
the company's products, business strategy, outlook, objectives,
plans, intentions or goals also are forward-looking statements.
All such forward-looking statements are subject to certain risks
and uncertainties that could cause actual results to differ
materially from those in forward-looking statements. Please
refer to Tl's most recent Form 10-K for more information on the
risks and uncertainties that could materially affect future results
of operations. We disclaim any intention or obligation to update
any forward-looking statements as a result of developments
occurring after the date of this publication.

Trademarks: All trademarks are the property of their
respective owners.
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