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New Power for Ethernet—The LTC4255
Delivers (Part 1 of a 3-Part Series) by bave Dweliey

Introduction

For vears. data has passed over
Ethernet CAT-5 networks, primarily
to and from servers and warksta-
tions. The IEEE 802.3 group. the
originator of the Ethernet standard,
Is currently at work on an extension
to the standard, known as 802.3al,
which will allow DC power to be deliv-
ered simultaneously over the same
wires.! This promises a whole new
class of Ethernet devices, Including
link-powered IP telephones, wireless
access points, and PDA charging sta-
tions, which do not require additional
AC wiring or external power trans-
formers ("wall warts”). With about
13W of power available, small data
devices can be powered by their
Ethernet connection, free from AC
wall outlets.

Modern Ethernet networks and
traditional telephone systems share
much in common. Both typically send
data or volce over unshielded twisted-
palr connections, and both are
typically connected in a “star” con-
figuration, where each terminal is
connected to a central switch or hub.
One significant difference, however,
1s that traditional phones are usually
powered through the same wire as
their “data™ connection, whereas
Ethernet devices require alocal source
of power, 802.3al changes this, hy
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Figure 1. Delivering power over existing Ethernet
cables using the center tap of the transformer

allowing the central switch to provide
48VDC at up to 13W through the
familiar RJ45 connector. Sophisti-
cated detection and power monitoring
techniques prevent damage to legacy
data-only devices, while still supply-
ing power to newer, Ethernet powered
devices over the CAT-5 wire.

A device that supplies power is
called a PSE (for Power Sourcing
Equipment); a device that draws power
from the wire is called a PD (for Pow-
ered Device). A PSE is typically an
Ethernet switch, router. hub, or other
network switching equipment that is
commonly found in wiring closets or
under desks where CAT-5 cables con-

lJ PSE (Power Sourcing Equipment)—usually a router or hub, but can

also be a midspan

I1 PD (Powered Device]—any device that 1s powered over the Ethernet
by a PSE: can be a phone, a WAP (Wireless Access Polnt) or even a

PDA charger or an exlit sign

1 Midspan—a device that plugs In-line to convert a conventional router
to a PSE; typically powers the spare pairs

lJ Signal Pairs—pairs 1-2 and 3-6 in CAT-5 cable

lJ Signal Pairs—pairs 4-5 and 7-8 in CAT-5 cable

[1 PHY (Physical Layer Interface}—the dilferential transcetver that
transmits and receives data over the link

verge. PDs can take many forms: digl-
tal 1P telephones, wireless network
access points, PDA or nolebook com-
puter docking stations, cell phone
chargers, and HVAC thermostats are
examples of devices that can draw
their power from the network. Virtu-
ally any device that requires a data
connection and can run from 13W or
less can shed its AC power cord or
batteries and operate off the RJ45
connector alone.

This article 1s the first in a three-
part series on Powered Ethernet. This
Issue leatures Part 1, which covers
the power delails of the system. with
a particular focus on the PSE and its
characteristics. Part 2 will cover the
PD In detail, while Part 3 will discuss
the nuances of detection and classifi-
catlon—the mechanism that the
802.3al standard uses o ensure that
PDs recelve power while legacy data-
only devices remaln unpowered.

Delivering Power over
Ethernet Cables

A CAT-5 Ethernet cable contains four
unshielded twisted pairs of 24-gauge
copper wire In a common sheath,
with RJ45 connectors on each end. In
a typical 10BASE-T or 100BASE-TX
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(10/100) network, two of the pairs
(the “signal pairs”) are used lor data
transmission (one for transmit, one
for recetve) and two pairs (the “spare
palrs”) are unused. 1000BASE-T (G-
gabit over Copper) networks use all
four pairs, and are compatible with
most aspects of Powered Ethernet,
although there are some Incompal-
ibilities and some aspects of the
802.3al standard do not explicitly
support 1000BASE-T.

A PSE 1s required to provide a
nominal 48V DC hetween elther the
signal pairs or the spare pairs (but
not both}—see Figure 1. The power 1s
applied as a common mode voltage
difference between the two powered
palrs, typleally by powering the cen-
ter-taps of the isolation transformers
used to couple the differential data
slgnals to the wire. Since Ethernet
datalines are transformer-isolated at
each end of the wire, this 48V poten-
tial difference between the transmit
palr and the recetve pair has no ellect
on the data transcelvers on elther
end. The spare pairs can be tied to-
gether and powered directly (as shown
in Figure 1), or thev can be powered
via transformer center taps in the
same manner as the signal pairs if
compatibility with 1000BASE-T 1s re-
quired.

The 48V supply used to power the
line must he isolated from the PSE
chassis ground to maintain the iso-
lated link between the PSE and the
PD. The IEEE defines two methods of
isolation, named Environment A and
Environment B. Environment A PSEs
must Isolate the 48V supply {rom the
PSE chassls but need not isolate be-
tween adjacent ports. while the more
stringent Environment B requires that
ports be isolated both from the chas-
sis and each other. In keeping with
telecom conventions, the 48VDC sup-
ply 1s often referred to as a -48V
supply: however, since the supply
must be isolated from the chassis,
which end is deemed to be “ground” s
relatively arbitrary.

PSEs are physically located in one
ol two places: either integrated into
data switch/rouler/hub devices, or
as a standalone unit known as a

PSE Power Requirements

1 Outpul 1s -44V to =57V (usually -48V), 1solated from chassis—
Environment A: ports not isolated from each other
Environment B: isolated from chassis and port-to-port

1 15.4W {44V « 350mA) minimum power supply—current limit may

drop as voltage rises.

4 Turn on within 1s after PD is plugged in (single port only)

1 Support £400mA loads for at least 50ms without current llmiting—
Disconnect on overcurrent (>350mA) between 50ms and 75ms
Disconnect on undercurrent (<5bma) between 300ms and 400ms

"midspan” that connects in-line be-
tween an existing data switch and the
PD. An Integrated PSE/switch is al-
lowed to drive either set of pairs, but
typically will drive the signal pairs. A
midspanisrequired to drive the spare
palrs.

PSE Operation

A PSE is required to probe the cable
for the characteristic PD signature
belore applying voltage to the wire. A
valid PD signature consists of a 25k
resistor with up to three diodes In
serles with it, and no more than
0.11uF in parallel. The cable must be
probed with voltages of less than 10V
fo minimize the chance of damaging a
legacy data-only Ethernet device that
may nol be prepared o see 48V be-
tween its terminals. Only after avalid
signature Is detected may the PSE
apply power to the wire,

After detecting a valid signature, a
PSE may optlionally check for a sec-
ond PD classification signature that
indicates the maximum power the PD
will ever draw. This classification sig-
nature appears as one ol several
specific currents drawn by the PD
when probed with a voltage between
15V and 20V. I the PSE opts to clas-
sify the PD, it can use the iInformation
to allocate power from a common
power supply. or even deny power It
finds that the PD is requesting more
than the PSE has available. The en-
tire detection/classification/power up
sequence must be complete within
one second from the time the PD is
first connected to the port.

Once the PSE has detected and
optionally classified the PD and has

decided Lo turn on the power, it must
provide between 44V and 57V (nomil-
nally 48V] to the appropriate pairs on
the cable. The port must be able to
supply at least 400mA for 50ms with-
out current limiting, and must be
able to supply 15.4W (44V « 350mA).
As the port voltage rises, the PSE may
reduce the current limit it allows, as
long as the 15.4W power level is main-
tained. The 15.4W requirement allows
for a PSE operating at the minimum
voltage (44V) to supply the full 12.95W
aPD is allowed to draw, plus the drop
through a worst-case 2002 round-trip
cable at the 350mA maximum con-
tinuous current. The port must limit
output current to below 450mA at all
times to protect against short circuits
on the cable. If the PSE senses an
overcurrent condition for more than
75ms. It must turn the power off.
Once the power is on, the PSE
must keep 1t on as long as the PD
presents a valid power maintenance
signature. This power maintenance
signature consists of two components,
both of which the PD must exhibit: a
minimum DC current draw of at least
10mA. and an AC Impedance lower
than 33kQ at all frequencies from DC
Lo 500Hz. The PSE can opt to monitor
elther or both components of this
signature to determine if the PD 1is
still present. If the PSE senses that
the signature is invalid, it must wait
hetween 300ms and 400ms before
removing power from the line. The
300ms minimum prevents false dis-
connects caused by glitches on the
line or sudden drops in the line volt-
age, and the 400ms maximum
prevents a fleet-fingered technician

LO
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Figure 2. Power control circuitry using LTC4255 quad network power controller

from unplugging a valid PD and con-
necting a legacy device before the PSE
has a chance to turn the power off.

LTC4255 Quad Network
Power Controller
The LTC4255 is a quad -48V power
controller, designed to implement the
power path portion of a PSE device. It
contains complete power management
and switching circultry for four chan-
nels, including -48V Hol Swap™
switching, current inrush contraol,
current limit, and DC disconnect sens-
ing for four ports. Internal status and
control registers allow the LTC4255
to accepl commands and report back
status to the host system via the
industry-standard two-wire 12C™ se-
rial bus protocol. One LTC4255
channel, together with a standard
differential data transceiver [com-
monly knownasa “PHY"), adetection/
classification circuit, and a couple of
external components make a com-
plete powered Ethernet port. The quad
configuration of the LTC4255 makes
it useful in multiport PSEs, such as
powered Ethernet switches or hubs.
The primary function of the
LTC4255 is to control the delivery of
power to the PSE port. It does this by
controlling the gate drive voltage to
an external MOSFET (Figure 2) while
monitoring the output current via

I*C 1s a trademark of Phillps Electronics NV,

sense resistor R1 and the voltage at
the OUT pin. This circuitry serves to
couple the raw -48V supply to the
port in a manner than meets the PD’s
requirements while minimizing dis-
turbances on the backplane.

When 1t receives an 12C bus com-
mand (o turn on a port, the LTC4255
enters a timed startup mode where it
powers up the PD in a mode that
limits inrush current. The internal
power control circultry servos the gate
drive Lo the external MOSFET ta limit
the port current, allowing the voltage
at the porl to rise in a controlled
manner as the PD input capacitance
charges. An Internal timer conirols
the inrush duration, and foldback
current limiting reduces the maxi-
mum current limit when the output
voltage 1s below 30V, minimizing
power dissipation In the external
MOSFET. If the port reaches full voli-
age and the current draw drops below
the current limit before the timer
expires, the LTC4255 assumes the
port turned on normally. It sets the
Power OK bit In the status register
and keeps the MOSFET gate turned
fully ON until a disconnect or fault
event occurs. If the port is still in
current limit when the timer expires,
the LTC4255 assumes there Is some-
thing wrong with the PD, turns off the
power and sets the corresponding
fault bit in the status register.

Current Limit Protection
Once power has ramped up to its final
value and the start-up timer has ex-
pired, the LTC4255 shifts to normal
operation. In normal operation, the
port current should never exceed the
current limit level, Iyyx. The current
limit ecireult monitors the port cur-
rent by watching the voltage across
R1 and reduces the MOSFET gate
voltage as needed to keep the current
below Iyax. When the current drops
below Iyux the gate voltage is re-
stored to the full value to keep the
MOSFET resistance to a minimum.
If the port reenters current limit at
any time after startup, a current limit
timer starts. If this timer expires. the
port 1s turned ofl and the fault bit is
sel In the corresponding power stalus
register. The current limit timer is an
integrating counter that decrements
at a slower rate than it increments,
preventing intermitient current lim-
its from overheating the external
power MOSFET.

DC Disconnect Detection

An additional current monitoring cir-
cult trips when the port current drops
below the minimum allowed level,
signifying that the PD has been un-
plugged or has removed its power
maintenance signature. If the cur-
rent is still below the minimum when

continued on page 15
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LTC4255, continued from page 11

the disconnect timer runs out, the
port power is turned off and the cor-
responding status bit is set. The
LTC4255 monitors the DC compo-
nent of the Power Maintenance
Signature only: additional circuitry is
needed to monitor the AC component
ol the signature if required by the
application.

Conclusion

The LTC4255 provides complete power

control circultry to switch 48V onto

Ethernet wires, greatly simplifying
the design of the power path of PSE
devices. An LTC4255, together with a
standard quad PHY chip, a detec-
tion/classification circult, and a
handful ofexternal components make
[our complete powered Ethernel ports.
Fault protection, startup control, and
disconnect sensing are all performed
by the LTC4255, minimizing external
circuitry. The I2C interface simplifies
monitoring and control of the
LTC4255 by a host syslem.

Part 2 of this series will cover the
details of PD design and show how to
put together the power receiving end
of the link. £F

Notes

U The 802.53af standard is stll n draft form, and
parts of the standard are stll in flux. No product
can yet clalm mll compliance, but compatible
products are already avallable in advance of the
final standard. For the latest infonmation on the
state of the 802, 3af standard or on LTC proclucts
designed to meet the standarid, contact the LTC
Applications department.

For'more information on/parts featured'inithis issue, see

hitp:f/www.linear.com/go/limag
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New Power for Ethernet—Powered
Devices (Part 2 of a 3-Part Series) by bave Dwelley

Introduction

An [EEE 802.3al Powered Ethernet
connection provides both the familiar
10/100/1000MB/s data link and
13W worth of 48V DC power (o a
connected device. Such a device,
known as a PD (for Powered Device),
can be a digital Volce-Over-IP phone,
a network wireless access point, a
PDA charging station, an HVAC
thermostat, or almost any small
Ethernet-connected data device thal
would otherwise be powered by a wall
translormer. A PD need nol use the
data link at all: something as simple
as a cell phone battery charger or an
illuminated exit sign could draw its
power {rom an Ethernet connection.

This article is the second in a three-
part serles on Powered Ethernet. This
issue covers the operation of the PD
in detail. Part 1 appeared in the last
issue of the Linear Technology maga-

zine and covered the power details of

the system, with a focus on the PSE
(Power Sourcing Equipment) and its
characteristics. Part 3 will discuss
the nuances of detection and classifi-
catlon—the mechanism that the
802.3al standard uses to ensure that
PDs receive power while legacy data-
only devices remain unpowered.

Characteristics of a PD

Power arrives at the PD on a standard
CAT-5 network cable via an RJ-45
connector, A CAT -5 wire contains four
twisted pairs of 24-gauge wire (8 con-
ductorsintotal). Two ofthe pairs—the
“slgnal” palrs, al pin pairs (1. 2) and
(3. 6) on the RJ-45 connector, shown
in Figure l—are used for the stan-
dard 10/100 Ethernet transmit and
receive links. The two other pairs—
the “spare” palrs, at pin pairs (4. 5)
and (7, 8) are unused in 10/100 net-
works. 1000BASE-T networks use all
four pairs. 48V appears on the cable
as a difference in the common-mode
voltages between the two signal pairs
or the two spare pairs (bul never

Powered Ethernet Promises to Remove Warts

An excerpt from Part 1 of this series:

For years, data has passed over Ethernet CAT-5 networks, primarily to and
from servers and workstations. The IEEE 802.3 group, the originator of the
Ethernet standard, is currently at work on an extension to the standard,
known as 802.3af, which will allow DC power to be delivered simulta-
neously over the same wires. This promises a whole new class of Ethernet
devices, including [P telephones, wireless access points, and PDA charging
stations, which do not require additional AC wiring or external power

transformers (*wall warts”).

*SIGNAL PAIRS SIGNAL
CAN BE PAIRS
EITHER 40
POLARITY +7 4+
CAT-5 .
CABLE <]
S Ty
—
RJ-45 876542321
COMNECTOR I I
- 4+
4av
SPARE
PAIRS

Figure 1. Signal and spare
pairs on RJ-45 connector

both). The signal pairs are trans-
[ormer-isolated as they enter the PD
to strip the DC oul of the data signal
path; the power is taken lrom center
tapson these transformers and passed
to the PD inpul circuitry, as shown in
Figure 2. The spare pairs may or may
not be transformer isolated.

To be considered an IEEE-802.3af

PD. a device must meet several crite-
ria. APD must be able to accept power
over elther the signal pairs or the
spare palrs, since a PSE Is allowed to
power elther set. This Is tvplcally ac-
complished by diode ORing the two
power Inputs, as shown In Figure 3a.
This circuit has the additional advan-
tage of removing the signature from
the unused set of pairs when the
power 1s applied to the other set, a
requirement of the IEEE spec. PDs
are not allowed to draw power from
both sets of pairs simultaneously.

Diode bridges can be used to imple-
ment auto-polarity; thisis useful since
many CAT-5 cables are wired as cross-
over cables, sovoltage polarity is likely
to arrive reversed instead of forward.
An alternate connection, shown in
Figure 3b, uses single diodes and a
third reverse blased diode to present
an invalid signature when the polar-
ity 1s reversed. This circuit will work
with 802.3al systems, although it will
not be powered if a crossover cable is
used.

All PDs must present a character-
istic 25kQ) signature impedance at
the power inputs when probed with
voltages between 2.8V and 10V. The
signature impedance Is allowed to

3
||E:Tn PHY
—ﬁ_};

OR -*
48V FRON
SIGNAL PAIRS

+ OR -

||E TO PHY

48y FROM
SPARE PAIRS

SIGNAL PAIRS

SPARE PAIRS

y

*SIGNAL PAIRS CAN BE EITHER POLARITY

Figure 2. Deriving power from the cable
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Figure 3a. Autopolarity input circuit
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Figure 3b. Non-autopolarity input circuit

have up to three diodes In series, to
allow for diode-based power steering
and autopolarity eircuits. This signa-
ture 1s an indication to the PSE,
typically the Ethernet switch or hub,
that the device on the end of the wire
is, in fact, a PD, and won't be dam-
aged 1 the PSE applies 48V to it
Older Ethernet devices, such as net-
work interface cards and non-powered
hubs, typically present common-maode
impedances ol around 1500, well
away from the valid PD impedance.
A second, optional signature may
be presented at the terminals when
probed with between 15V and 20V,
This “classification™ signature indi-
cates to the PSE the maximum power
the PD will draw so the PSE can
budget power if it chooses to. The
classification signature appears as a

Table 1. PD power classifications and signature eurrents

Class PD Maximum Power Nominal Classification Signature Current
0 0.44W—12.95W < HmA
1 0.44W-3.84W 10.5mA
2 3.84W-6.49W 18.5mA
3 6.49W—12.95W 28mA
4 Claasrf [I4s E@Eulljt; rﬁgtt héereusseer[; " 40mA

constant current drawn by the PD at
the Input terminals. Table 1 shows
the classes and thelr constant cur-
rent signatures. Classes 1, 2 and 3
are used when the power is known.
Class 0 1s assigned if the PD chooses
not to implement the classification
signature. Class 0 means the PSE
does not know how much power the
PD may draw, although it's generally
wise to budget Class 3 power for such
a PD. Class 4 is reserved [or future
use.

Once the PD has identified itsell to
the PSE, the PSE will apply a voltage
between 44V and 57V to the wire. The
PD now has several obligations. It
should not draw significant load cur-
rent until the terminal voltage rises
above 30V (to avold interfering with
the classification signature), vel it
must be fully operational by the time
the line voltage reaches 42V. It can
never draw more than 350mA or
12.95W continuously, whichever is
less (brief surges to 400mA are al-
lowed under some circumstances). It
needs to operate with as much as 200
of wire in serles with the input, which
can cul the input voltage by as much
as 8V during a 400mA current surge.
This mandates adequate hysteresis

between the turn-on and turn-off

voltages Lo prevent molorboating—

1H4002
La
AT _b'l -L-
LTE425?GHD = W
POWER SMAI39A : T mswrrchG
SOURCING Rolass SIGOISA f— S Rrutlur 4.7,F
EQUIPKENT =ik m'ljlv-f“‘- POWER SUPPLY [,
(PSE) '8 PWRGD SHON 2y
2L GJ‘.D T0 LOGI
-4y Vin Vour -

Figure 4. Typical PD application

oscillating on and off—when the load
is first applied and the mnput voltage
is low. The PD must have an input
capacitance below 180uF to keep the
power-on current surge lo a reason-
ahle level; if this input capacitance is
larger than 180uF. the PD must ac-
tively limit the inrush current to keep
it under 350mA. Finally. the PD must
maintain at least 10mA of current
draw and must maintain an AC im-
pedance of 33k or less to avold being
disconnected.

LTC4257 PD Power Interface
Controller

The LTC4257, shown in Figure 4, is
designed to satisfv the specific de-
mands that the IEEE standard places
on a PD, allowing designers to focus
on overall system design without wor-
rving about compliance. The LTC4257
includes a trimmed 25k signature
reslstance on-board. and a full
classification signature circuit, pro-
dgrammable to classes 0. 1, 2. 3 or 4
with a single external resistor. An on-
chip power MOSFET keeps the PD
circultry disconnected from the line
until the voltage rises above 40V, An
inrush current limiting circuit keeps
the line current below 400mA at all
times, and thermal limiting protects
the eircuit from extreme fault condi-
tions. The only task passed on to the
rest of the PD circuilry is keeping the
continuous power drain under
12.95W (or lower, if Class 1 or 2).
something a switchingregulator, such
as the LTI871, does automatically.
The regulator circuit must also main-
tain the required minimum 10mA
current draw, a requirement usually
met by the quiescent operating cur-
rent of the system. continued on page 27

LO
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LTC4257, continued from page 10

Two additional features add flex-
ibility to LTC4257 designs. An
open-drain PWRGD output indicates
that the voltage drop across the inter-
nal power MOSFET has dropped below
1.5V, indicating that anv input ca-
pacitance has charged, the output
has reached its final value, and 1t 1s
safe to turn on the system. This helps
systems that draw the maximum n-
put power stay below the inrush limits
al turn on. A SIG_DISA input allows

the PD to disable the 25k signature
resistance if desired, allowing it to opt
not to receive power {rom the PSE ifit
is getting it from another source, such
as a wall translormer.

Conclusion

The LTC4257 contains virtually all of

the circultry needed to connect a pow-
ered device to an IEEE 802.3af Power
Over Ethernet nelwork. Signature,
classification, power switching, in-
rush, and fault protection are all

included, thus simplifying the re-
quired circultry between the input
transformers and the PD voltage regu-
lator. The LTC4257 accomplishes all
of this in a space-saving 8-pin SO or
DFN package with only one external
component, a resistor to program the
class current (not needed for class 0).

Part 3 of this serles will cover the
details of detection and classification
from the FSE end of the power net-
work. LF
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New Power for Ethernet—Detection
and Classification (Part 3 of a 3-Part Series)

Introduction

The familiar RJ45 jack has been under
the office desk now for better than a
decade, and has served well as the
data conduit to computers and devices
with NICs [network interface cards).
Now the [EEE 802.3al commitlee is
extending the Ethernet standard to
provide 48V DC power [rom these
same RJ45 jacks, possibly relegating
countless AC adaptors (wall warls) to
the recycle bin.

This is a great leap forward, though
it is not without pitfalls. For instance,
what’s to prevent legacy (non-ethernei-
power-enabled) devices from burning
up when a DC voltage that they were
never designed Lo see appears on the
wire?

The solution lies in the detection
protocol that underlies 802. 3af, which
prevents aPSE [Power Sourcing Equip-
ment) from applying power unless the
device at the end of the wire is positively
identified as an Ethernet-power-ready
PD (Powered Device). This linal article
in a three-part series on Powered
Ethernet covers detection and classi-
fication of PDs. Parts 1 and 2 covered
PSEs and PDs, respectively, and are
available al www.linear.com.

PD Detection

The fundamental defining character-
istic of a PD is the 25k& signature
impedance it must present to the wire
when probed with voltages below 10V
(Figure 1). Legacy network connections
typically are open circuits or have a
150Q common-mode termination net-
work between their terminals. 25k&Q
is chosen to be well away from both
ol these impedances, to minimize the
chance of false detection.

Belore a PSE is allowed to apply
power to the line, it must check for this
signature resistance witha power-lim-
ited probing source. Typically, a PSE
will use one of three probing strategies:
force a small current on the line and

+ * +
FROM TO INTERNAL

CENTER 25k | VLD | CIRCUITRY
TAPS

—e——F -

Figure 1. Simplified PD detection
signature circuitry

measure the resulting voltage; force
a small voltage on the line and mea-
sure the resulting current; or connect
a voltage source to the line through
a known resistance and calculate the
result from the resistive divider.

“Linear Technology has
several product families
available that implement
detection, classification, and
power delivery for both PSE
and PD systems."”

A PD need only present a valid sig-
nature when its terminal voltages are
between 2.8Vand 10V—avalid PD will
pulla maximum of 550pA under these
conditions. Under all circumstances,
the PSE must limit the voltage while
probing an open port to 30V or less, and
limit the current while probing a short

by Dave Dwelley

to 5bmAor less. To keepits internal cir-
cuitry from corrupting the signature, a
PD typically includes a UVLO (Under
Voltage Lock Out) circuit to disconnect
everything but the signature circuitry
from the line below 30V,

To be considered a valid signature,
the PD must look like 25kQ +5% in
parallel with 120nF or less of capaci-
tance. The PSE. in turn, must accept
a somewhat wider range of 19kQ to
26.5kQ to account for parasitic series
and parallel resistances in the system.
The PSE musl reject anything below
15kQ or above 33kQ, or anything with
>10pF across its terminals. Finally, if
aPD decides for some reason it doesn't
want power. it must make ils signa-
ture resistance fall below 12kQ or rise
above 45k to be sure it doesn't get
detected. Figure 2 shows a diagram
showing the resistance accept and
reject bands.

PD Detection Details

The PD signature impedance is allowed
to have a voltage olfsel of up to 1.9V
(typically caused by up to two protec-
tion diodes in series). and a current
offset of up to 10pA (typically caused by
leakage in the PD). These terms compli-
cate the PSE resistance measurement,
since a single V-1 point measurement
will not account for these errors. As a
result, the PSE is required to take at
least two different V-1 points, separated

12k 23.75k  26.25k 45k
PO WILL NOT MAY MAY WILL MNOT
EE DETECTED BE DETECTED BE DETECTED BE DETECTED
\ - -
".\ .f/ I' - -
\ ol 1 -
\ S L L
PSE MUST MAY MAY MUST
REJECT | REJECT REJECT REJECT
15k 10k 265k 33k
1 I I 1 1
1 T T 1 1
10 20 30 40 1]
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Figure 2. Detection resistance bands
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Figure 3. Diode-OR on power inputs

by at least 1V at the PD. It then must
calculate the difference between the
two points to find the true resistive
slope, subtracting out voltage and
current offsets.

CAT-5 cable is also known as UTP,
for Unshielded Twisted Pair. The data
pairs are twisted together, providing
effictive protection from interference,
but the pair-to-pair common mode
signal that the PSE-PD link works on
are not twisted or shielded. and pro-
vide virtuallv norejection of interfering
signals. Since CAT-5 cable is typically
runinceilings. walls, and other spaces
where AC wiring is also present, 50/
60Hz noise can be significant. The PSE
must be able tosuccessfully detect the
25k signature with this line noise
present, which it typically does by
integrating several detection points
or timing the detection points to be
synchronized with the line frequency.
The entire detection process must take
lessthan one second from the time the
PSE is first connected to the port to
the time power is applied, limiting the
total integration time during detection
to a few hundred milliseconds.

We know {rom Part 2 of this series
(Linear Technology V12N4, December
2002, pg. 9] that a PD has two pos-
sible power inputs: the signal pairs
and the spare pairs. A PD must be
prepared to accept power from either
pair. which means it must present the
detectionsignature simultaneously at
each inpul. However, the PD is not al-
lowed to receive power at both inpuis
simultaneously. even in unusual wir-
ing configurations where live PSE ports
appearat both inputs at the same time.
The simplest way for aPD to meet these
requirements is to diode-OR the two
inputs into a single signature resistor
(Figure 3). This has the advantage of

automatically selecting power fromthe
active input. as well as disabling the
signature at the second input when
the first is powered.

The only time this scheme causes
trouble is when both inputs are de-
tecting simultaneously. In this case,
the diodes alternately select one and
then the other input as the detection
probing signals rise and fall. This can
corrupt the signature at each input to
the point where neither PSE detects
successfully. To avoid this problem,
the 802.3al spec requires that a PSE
powering the spare pairs remain idle
for at least two seconds after a lailed
detection [open circuil excepted) to
allow the signal pair PSE to retry
successiully.

PD Classification

Once the PSE has successlully de-
tected a PD. it can oplionally ask
the PD how much power it will draw.
This second classification signature
provides a way for the PSE to estimate
how much power it needs to allocate
to a particular port, since not all PDs
draw the [ull 12.95W allowed by
802 .3al. I'the PSE has a large enough
power supply to provide full power to
all ports simultaneously, it can skip
the classification step. If {more com-
monly) it has limited power available,
it must keep track of how many PDs
are connected and what their power
classification levels are, and stop ac-
cepting PDs when the power budget
is exhausted.

The classification signature is
checked by forcing voltage across, or
current into, the PD to push it into
the 15V-10-20V classification signa-
ture band. Since we have already
established that there is a valid PD

25k SLOPE

0
0 285 w15 =W
VOLTAGE (V)

Figure 4. V-I characteristics of
classification signature

connecled, thisadditional voltage and
current is unlikely to cause damage.
In the classification signature band,
the PD must behave like a constant
current source, with a parallel im-
pedance of 19kQ or higher. The PSE
measures this current and compares it
to a set of fixed values that determine
what class the PD falls into. Table 1
shows the available classes. The volt-
age source used during classification
must be limited to 100mA to avoid
damaging a malfunctioning PD, and it
must not be connected for more than
75ms to keep PD power dissipation
under control. Figure 4 shows how
the PD current behaves as the sys-
tem transitions from Detection mode
to Classification mode.

Power Classes

PDs come in four classes, with a fifth
reserved for future use. Classes 1to 3
designate quarter, halfl, and full power
FDs, respectively, as showninTable 1.
Class 0 is the default if a PD does not
implement class signature circuitry;
a 25kQ signature resistor all by itself
will land in the Class O current range.

o] 14
continuen on page 14

Table 1. IEEE 802.%af Power Classes

PSE Minimum PD Maximum Input Nominal Classification
Class Output Power Power Signature Current
0 15.4W 12.95W <bmA
1 4.0W 3.84W 10.5mA
2 7.0W G.40W 18.5mA
3 15.4W 12.95W 26mA
4 Reserved (Treat as Class 0) 40mA
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Prwered Ethernet, continued jrom page 10
The PSE interprets Class 0 as Class
Unknown (which is usually treated as
Class 3). Class 0 is typically reserved
for extremely simple or low cost PDs
where including classification circuitry
is a burden. Class 4 is reserved for fu-
ture use; a PSE that discovers a Class
4 PD should treat it as a Class 0.
The PD should place itselfl in the
class that includes its peak current
draw, even if the typical current draw
is well below the class limits. For ex-
ample, il a phone draws 2W when
sitting idle but 8W when the ringer is
ringing, it must classitsellasaClass 3
(or Class 0] device even though typical
power consumplion is in the Class 1
range. A PD cannot change classes on
the Ily, since classification is only run
ance, right before power is applied.

Putting It All Together

Once a PSE has successfully detected
and classified a PD. it then makes the
decision whether to power it on. If the
available power in the PSE isadequate
to power the PD, the PSE turns on the
power to the PD and begins monitoring
the port for the Power Maintenance
Signature, as described in Part 1 of
this series (Linear Technology V12N3.
December 2002, pg. 9). Once power is
applied, the detection circuitry should
be disabled, since the PD UVLO swilch
is now closed and the input imped-
ance of the PD power supply circuitry
typically swamps the 25kQ signature
impedance.

The PSE now has the whole pic-
ture: the detection sequence tells it
that there is a real PD attached to the
port: the classification routine tells it
how much power that PDwill draw soit
canallocate its power supply resources

accordingly; and the Power Mainte-
nance signature tells it that the PD is
still present and operating normally.
The PD, in turn, has a straightforward
way to communicate to the PSE what
it is, how much power it wants, and
whether or not it wants that power to
keepflowing. Allof this goes onwithout
affecting the data stream in anv way.
This allows both ends of the system
to pick up or drop off power without
affecting ongoing data transfers (as-
suming, of course, that the PD has
an alternate power source). It also
allows valid PSE and PD devices to
be built with no data communications
hardware at all—a signilicant cost
savings lor some applications. Most
importantly, the detection protocol
minimizes the chance of damaging a
legacy Ethernet device, thus maintain-
ing backward compatibility. £
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