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PD Input power/current requirements

A PD has a number of input power / input current requirements listed
as follows:

1. 145.3.8 PD power
The PD shall operate within the characteristics in Table 145-28.
Which includes Pport_pp, which has a maximum of Pcjass_pp.

2. 145.3.8.4 Peak operating power
At any static voltage at the PI, and any PD operating condition,
with the exception described in 145.3.8.4.1, the peak power for
single-signature PDs shall not exceed Pcjass pp for more than
Tcur-2p min, as defined in Table 145-16 and 5% duty cycle. Peak
operating power shall not exceed Ppeak_pp.
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PD Input power/current requirements

3. 145.3.8.4 Peak operating power
The maximum Ip,¢ Rms value for all PDs except those described
in 145.3.8.2.1 and 145.3.8.4.1, over the operating Vpo¢_pp-2p Tange
shall be defined by Equation (145-27):

Pclass_PD
IPort_RMS_max = { — (145—27)
Vport_pD-2P ) o

Vport_pp-2p is defined as the minimum of the allowed Vport_pp-2p range.
This makes the Iport_rMs_max Value more permissive than the average
and peak input power requirements. The lport rRMS_max requirement
also does not specify a measurement period or window length.
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Average power

145.3.8.2 on Input average power says the following:

Pclass_pp 1s the maximum average PI power and applies to
single-signature PDs. The maximum average power, Pcjass pp or

Pclass pp-2p in Table 145-24, Table 145-25 and Table 145-28 or
PDMaxPowerValue in 145.5.3.3, is calculated over a 1 second interval.
NOTE - Average power is calculated using any sliding window with a width
of 1s.

Average power over a specified amount of time, is the amount of
energy (in Joule) consumed in that time period.
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Specification overview of (1) and (2)

P4 / PPeak_PD

/ I:)Class_PD

—
50 ms
1 second

1: Absolute max power consumption is Ppeak_pp-
2a: Total blue area of a sliding window of 1 second must be < Pcjass pp
2b: Power not to exceed Pcjass_pp for more than 50ms/s

5 March 10,2017  Philips Lighting—Research pH I I.I pS

Ve~



6

Back to 802.3af

802.3af specified peak current rather than peak power:

4 Peak operating current, Iport mA 400 See 33354
Class 0, 3
Peak operating current, Iport mA 120
Class 1
Peak operating current, Iport mA 210
Class 2
5 Input current (DC or RMS), Iport mA 350 See 33.3.5.3
Vpor=37Vde
Input current (DC or RMS), Tport mA 230
Vpor=57Vde

This allowed a PD to take significant peak power, eg:

56V -400mA = 22.4W, far more than the 14.4 W allowed in 802.3at.
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802.3af and lport rms

802.3af solved this in the following way:
33.3.5.4 Peak operating current

At any operating condition the peak current shall not exceed Pp max/Vp, for more than 50ms max and
5% duty cycle max. Peak current shall not exceed Ip, max.

Ripple current content (I,.) superimposed on the DC current level (I.) is allowed if the total input power is
less than or equal to Pp, max.

The RMS, DC and ripple current shall be bounded by the following equation:  Irms = A/(Idc)? + (lac)* .

The maximum Ipgy 4o and Ipoy g values for all operating Vp,, range shall be defined by the following
equation: Ipoy max [MA] =12950/Vpg.

With most of the spec written in current, this was the 802.3af way to
express the combined power limit of normal and peak power not to
exceed 12.95W.
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Definition of average power

Average power is the amount of energy for a given time period, divided
by that time period.

1 E
Pae = V(t)-I(t)dt
s Y ARG
There is no such thing as “RMS power”. RMS is only a meaningful
number for voltages and currents, where it signifies the amount of DC
current/voltage that would cause equal power dissipation in a resistor
than the signal of interest would.

Power meters report back RMS values of current and voltage, and an
average power value. The average power value is determined by
sampling V and / and integrating the product.
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RMS current

In a PoE system, the current drawn by the PD may have an irregular
waveshape due to the load varying its power consumption in a non
repetitive way. An RMS value of this current can be determined, but its
value is heavily dependent on the time period considered.

The current specification for lport_rms_max IS Wrong and unnecessary. If
the Pclass_pp and Ppeak_pp requirements are met, the lport rRvs_max
requirement is automatically met as well. The other way around is not
true.
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Back to the future

The 802.3bt (and 802.3at) specification is written around power limits.
Both average power, as well as absolute peak power is well defined.

The (lengthy) requirement and text around lpore_rRms and lpore RMS_max iS:
» redundant to the power requirements

» has issues (uses minimum voltage, no time period specified)

As such this text should be removed.

See appended pages of D2.3 with editing instructions.
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Figure 145-32—Cp, interpretation model

NOTE—The “dual-signature PD” in Figure 145-32 represents a PD with two completely isolated circuits connected to
Mode A and Mode B. The PSE will see a capacitance of Cx + Cy. A dual-signature PD can also be implemented with
a single load, resulting in a lower than Cx + Cy capacitance value as seen by the PSE.

For single-signature PDs, ripple current content (/pyy »c) superimposed on the DC current level (/pyy g¢) 18

allowed if Pp, pp requirements are met and the total input power is less than or equal to Pcj.s pD-

For dual-signature PDs, ripple current content (/pyy ac.op) Superimposed on the DC current level (Ipyy¢ de-2p)
is allowed if Ppgyy pp.op requirements are met and the total input power is less than or equal to Pj,es pp-2p-

The RMS, DC and ripple current shall be bounded by Equation (145-26):

A/(IP(JI‘LdC)2 + (lPortiac)2 Single-signature PD

I Port RMS — (145-26)
fUpon gce)* + Upon c0)?  dual-signature PD |
where
Iport de is the DC component of the input current for a single-signature PD
IPortiac is the RMS value of the AC component of the input current for a single-signature
) PD
Iport dc-op is the DC component of the input current for a dual-signature PD
Iport_ac_zp is the RMS value of the AC component of the input current for a dual-signature
PD

The maximum /p,; rms value for all PDs except those described in 145.3.8.2.1 and 145.3.8.4.1, over the
operating VporLPD_ZPfrange shall be defined by Equation (145-27):
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P Class PD . .
7 single-signature PD
Tport RMS_max = PP"“*PD'ZP (145-27)
_Class PD-2P - 4al-signature PD
Vbor_pp-2p A
where
Vbort PD-2P is the minimum specified input voltage at a PD pairset
P(lass PD is the maximum power at the PD PI per the PDs assigned Class, as defined in
Table 145-24
P(lass PD-2P is the maximum power at the PD PI for a pairset per the PDs assigned Class as

defined in Table 145-25

Peak power is defined in Table 145-28 and depends on the Class assigned by the PSE. The equations in
Table 145-28 are used to approximate the ratiometric peak powers of Class 1 through Class 8. These
equations may be used f culate Ppeg pp O Ppeak ppop for Data Link Layer classification by
substituting Ppaes pp OF Pelass pp2p-with PDMaxPowerValue and for Autoclass by substituting Pcpae pp

with PAutoclassﬁPD' The values in Table 145-28 approximate the ratiometric...

145.3.8.4.1 Peak operating power exceptions

For Class 6 and Class 8 single-signature PDs and for Class 5 dual-signature PDs, when additional informa-
tion is available to the PD regarding actual channel DC resistance between the PSE PI and the PD PI, in any
operating condition with any static voltage at the PI, the peak power shall not exceed P¢y,¢s pp for single-
signature PDs and Pcy,e pp-op for dual-signature PDs at the PSE PI for more than T¢yp_op min, as defined
in Table 145-16 and with 5% duty cycle. Peak operating power shall not exceed 1.05 X Py,q¢ pp for single-
signature PDs and shall not exceed 1.05 X Pcy,es pp-op for dual-signature PDs on each pairset.

For single-signature PDs ripple current content (Ipy,; ,) superimposed on the DC current level (Ipyyt 4c) 1S
allowed if Ppeyy pp requirements are met and the total input power is less than or equal to P, at the PSE
PL -

For single-signature PDs, the maximum /p, ryvs Value over the operating Vpoy pp.op range shall be defined
by Equation (145-28): N

P
Tporn RS _max = {%SE} (145-28)
A
where
Plass is the allocated Class power as defined in 145.2.7 and Equation (145-2)
VpsE is the voltage at the PSE PI as defined in 145.1.3

For dual-signature PDs ripple current content (/py 4c-2p) Superimposed on the DC current level (Ipys ge-2p)
is allowed if Ppg,, pp_pp requirements are met and the total input power is less than or equal to Py, op at
the PSE PI. N

For dual-signature PDs, the maximum Ip, pmsop Value over the operating Vp,.. pp.op range shall be
defined by Equation (145-29). N B
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Py
[PortiRMS—ZPimax = {%} (145-29)
SE ),
where
P(lass-op is the allocated Class power on a pairset as defined in 145.2.7 and Equation
(145-3)
Vpsk is the voltage at the PSE PI as defined in 145.1.3

NOTE—The duty cycle of the peak current is calculated using any sliding window with a width of 1 s.

145.3.8.5 Peak transient current

When the input voltage at the PI is static and in the range of Vp,,; pp.op defined by Table 145-28, the input
current drawn by a single-signature PD shall not change faster than Igjeyate defined in Table 145-28, in
either polarity. Each pairset current drawn by a dual-signature PD shall not change faster than Igjeyrate
defined in Table 145-28, in either polarity. This limitation applies after inrush has completed (see 145.3.8.3)
and before the PD has disconnected.

145.3.8.6 PD behavior during transients at the PSE PI

A PD shall continue to operate without interruption in the presence of transients at the PSE PI as defined in
145.2.8.3. A single-signature PD includes Cp as defined in Table 145-28. A dual-signature PD includes
Cportop as defined in Table 145-28 on each pairset.

The following PD configurations intrinsically meet the requirements in this subclause:

— Single-signature Type 3 PDs with peak power not exceeding Pcj,ss pp, and with an input
capacitance of 180 pF or less -

— Single-signature Type4 PDs with peak power not exceeding Pcj,ss pp, and with an input
capacitance of 360 puF or less -

— Dual-signature Type 3 PDs with peak power draw not exceeding Pcy,ss pp-op, and with an input
capacitance of 110 pF or less per pairset -

— Dual-signature Type 4 PDs with peak power draw that does not exceed Pcp,ss pp.op and with an
input capacitance of 180 pF or less per pairset -

Table 145-29—Transient conditions

Transient . . Source Source
PD Type condition Initial voltage Final voltage dv / dt resistance Source current
3,4 TR1 Vport PSE-2p Min | 56 V 2250 V/s Rep £2.5% Limited by Equa-
- tion (145-30)
3, 4 TR2 VPOI‘t PSE-2P min VPOl‘t PSE-2P min 35 V/HS 1.5Q+2.5% >5A capablllty
- +2.5V

Table 145-29 defines two PSE transient conditions and PD Types to which these apply. Figure 145-33
shows operating bounds for the transients in Table 145-29. The shaded regions begin with the application of
the transient and end at the times indicated in the Figure. These shaded regions can exceed normal operating
limits and are not included in the average and peak operating power requirements set forth in Table 145-28.
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