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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_PD, which has a maximum of PClass_PD.

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 PClass_PD for more than
TCUT-2P min, as defined in Table 145-16 and 5% duty cycle. Peak
operating power shall not exceed PPeak_PD.
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PD Input power/current requirements

3. 145.3.8.4 Peak operating power
The maximum IPort_RMS value for all PDs except those described
in 145.3.8.2.1 and 145.3.8.4.1, over the operating VPort_PD-2P range
shall be defined by Equation (145-27):

IPort_RMS_max =

{
PClass_PD
VPort_PD-2P

}
A

(145–27)

VPort_PD-2P is defined as the minimum of the allowed VPort_PD-2P range.
This makes the IPort_RMS_max value more permissive than the average
and peak input power requirements. The IPort_RMS_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_PD is the maximum average PI power and applies to
single-signature PDs. The maximum average power, PClass_PD or
PClass_PD-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 1 s.

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)

1 second

50 ms

PPeak_PD

PClass_PD

t

P

1: Absolute max power consumption is PPeak_PD.
2a: Total blue area of a sliding window of 1 second must be< PClass_PD
2b: Power not to exceed PClass_PD for more than 50ms/s
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Back to 802.3af

802.3af specified peak current rather than peak power:

IEEE 
Std 802.3af-2003 AMENDMENT TO IEEE Std 802.3

54 Copyright © 2003 IEEE. All rights reserved.

The PD may be capable of drawing power from a local power source. When a local power source is pro-
vided, the PD may draw some, none, or all of its power from the PI.

Table 33–12—PD power supply limits

Item Parameter Symbol Unit Min Max Additional information

1 Input voltage VPort Vdc 36 57 See 33.3.5.1

2 Input average power PPort W 12.95 See 33.3.5.2

3 Input inrush current IInrush mA 400 Peak Value—See 33.3.5.3

4 Peak operating current,
Class 0, 3

IPort mA 400 See 33.3.5.4

Peak operating current,
Class 1

IPort mA 120

Peak operating current,
Class 2

IPort mA 210

5 Input current (DC or RMS), 
VPort=37Vdc

IPort mA 350  See 33.3.5.3

Input current (DC or RMS), 
VPort=57Vdc

IPort mA 230

6 PI capacitance during normal 
powering mode

CPort µF 5 See 33.3.5.5

7 Ripple and noise, < 500Hz VPP 0.5 See 33.3.5.6

Ripple and noise, 500Hz to 
150KHz

VPP 0.2

Ripple and noise, 150KHz to 
500KHz

VPP 0.15

Ripple and noise, 500KHz to 
1MHz

VPP 0.1

8 a) PD Power supply turn on 
voltage

VOn V 42 See 33.3.5.7

b) PD power supply turn off 
voltage

VOff V 30

9 PD classification stability 
time

Tclass ms 5 See 33.3.5.8

10 Backfeed voltage Vbfd V 2.8 See 33.3.5.10

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 IPort_RMS

802.3af solved this in the following way:

IEEE 
CSMA/CD Std 802.3af-2003

Copyright © 2003 IEEE. All rights reserved. 55

33.3.5.1 Input voltage 

The specification for VPort in Table 33–12 is for the input voltage range after startup, and it includes loss in
the cabling plant. The PD shall turn on at a voltage less than VOn. After the PD turns on, the PD shall stay on
over the entire VPort range. The PD shall turn off at a voltage less than VPort minimum and greater than VOff.

33.3.5.2 Input average power 

The specification for PPort in Table 33–12 shall apply for the input power averaged over 1 second.

PPort = VPort × IPort, measured when the PD is fed by 44V to 57V with 20Ω in series.

33.3.5.3 Input inrush current 

Input inrush current at startup will be limited by the PSE if CPort < 180µF, as specified in Table 33–5.

If CPort ≥ 180µF, input inrush current shall be limited by the PD so that IInrush max is satisfied.

33.3.5.4 Peak operating current 

At any operating condition the peak current shall not exceed PPort max/VPort for more than 50ms max and
5% duty cycle max. Peak current shall not exceed IPort max.

Ripple current content (Iac) superimposed on the DC current level (Idc) is allowed if the total input power is
less than or equal to PPort max.

The RMS, DC and ripple current shall be bounded by the following equation:  .

The maximum IPort_dc and IPort_rms values for all operating VPort range shall be defined by the following
equation: IPort_max [mA] =12950/VPort.

33.3.5.5 PI capacitance during normal powering mode

While there is no max capacitance, the PD max input capacitance (CPort in Table 33–12) and the PD input
circuitry shall be designed in such a way that when a PD is connected to a PSE through a series resistance of
up to 20Ω and the PSE voltage is changed from 44V to 57V, the peak current IPort will be as specified in
Table 33–12, item 4, for a maximum duration of 50ms. Input capacitance of 180µF or less requires no spe-
cial input considerations.

33.3.5.6 Ripple and noise

The specification for ripple and noise in Table 33–12 shall be for the common-mode and/or differential pair-
to-pair noise at the PD PI generated by the PD circuitry. The ripple and noise specification shall be for all
operating voltages in the range defined by Table 33–12, item 1, and over the range of input power of the
device.

The PD shall operate correctly in the presence of ripple and noise generated by the PSE that appears at the
PD PI. These levels are specified in Table 33–5, item 3.

Limits are provided to ensure data integrity. To meet EMI standards, lower values may be needed.

The system designer is advised to assume the worst case condition in which both PSE and PD generate the
maximum noise allowed by Table 33–5 and Table 33–12, which may cause a higher noise level to appear at

Irms Idc( )2 Iac( )2+=

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.

Pavg =
1

T2 − T1

∫ T2

T1
V(t) · I(t)dt

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 I 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 IPort_RMS_max is wrong and unnecessary. If
the PClass_PD and PPeak_PD requirements are met, the IPort_RMS_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 IPort_RMS and IPort_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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IPort_RMS
IPort_dc 2 IPort_ac 2+ single-signature PD
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For single-signature PDs, ripple current content (IPort_ac) superimposed on the DC current level (IPort_dc) is 
allowed if PPeak_PD requirements are met and the total input power is less than or equal to PClass_PD.

For dual-signature PDs, ripple current content (IPort_ac-2P) superimposed on the DC current level (IPort_dc-2P) 
is allowed if PPeak_PD-2P requirements are met and the total input power is less than or equal to PClass_PD-2P.

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

(145�26)

where
IPort_dc is the DC component of the input current for a single-signature PD

IPort_ac is the RMS value of the AC component of the input current for a single-signature 

PD
IPort_dc-2P is the DC component of the input current for a dual-signature PD

IPort_ac-2P is the RMS value of the AC component of the input current for a dual-signature 

PD

The maximum IPort_RMS value for all PDs except those described in 145.3.8.2.1 and 145.3.8.4.1, over the 
operating VPort_PD-2P range shall be defined by Equation (145�27):

Figure 145�32�CPort interpretation model

Alternative A

Alternative B

PSE

PSE sees Cx

CPort

Cx

Alternative A

Alternative B

PSE

PSE sees Cx

CPort-2P Cx

CyCPort-2P

DUAL-SIGNATURE PD

SINGLE-SIGNATURE PD

PSE sees Cx

PSE sees Cx + Cy

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.



IPort_RMS_max

PClass_PD

VPort_PD-2P

------------------------ single-signature PD
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(145�27)

where
VPort_PD-2P is the minimum specified input voltage at a PD pairset

PClass_PD is the maximum power at the PD PI per the PDs assigned Class, as defined in 

Table 145�24
PClass_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 to calculate PPeak_PD or PPeak_PD-2P for Data Link Layer classification by 
substituting PClass_PD or PClass_PD-2P with PDMaxPowerValue and for Autoclass by substituting PClass_PD
with PAutoclass_PD.

145.3.8.4.1 Peak operating power exceptions

IPort_RMS_max

PClass

VPSE

------------
 
 
 

A

=

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 PClass_PD for single-
signature PDs and PClass_PD-2P for dual-signature PDs at the PSE PI for more than TCUT-2P min, as defined 
in Table 145�16 and with 5% duty cycle. Peak operating power shall not exceed 1.05 × PClass_PD for single-
signature PDs and shall not exceed 1.05 × PClass_PD-2P for dual-signature PDs on each pairset.

For single-signature PDs ripple current content (IPort_ac) superimposed on the DC current level (IPort_dc) is 
allowed if PPeak_PD requirements are met and the total input power is less than or equal to PClass at the PSE 
PI.

For single-signature PDs, the maximum IPort_RMS value over the operating VPort_PD-2P range shall be defined 
by Equation (145�28):

(145�28)

where
PClass 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 (IPort_ac-2P) superimposed on the DC current level (IPort_dc-2P) 
is allowed if PPeak_PD-2P requirements are met and the total input power is less than or equal to PClass-2P at 
the PSE PI.

For dual-signature PDs, the maximum IPort_RMS-2P value over the operating VPort_PD-2P range shall be 
defined by Equation (145�29).

The values in Table 145-28 approximate the ratiometric... 
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(145�29)

where
PClass-2P is the allocated Class power on a pairset as defined in 145.2.7 and Equation 

(145�3)
VPSE 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 VPort_PD-2P defined by Table 145�28, the input 
current drawn by a single-signature PD shall not change faster than ISlewrate defined in Table 145�28, in 
either polarity. Each pairset current drawn by a dual-signature PD shall not change faster than ISlewrate
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 CPort as defined in Table 145�28. A dual-signature PD includes 
CPort-2P 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 PClass_PD, and with an input 
capacitance of 180 μF or less

� Single-signature Type 4 PDs with peak power not exceeding PClass_PD, and with an input 
capacitance of 360 μF or less

� Dual-signature Type 3 PDs with peak power draw not exceeding PClass_PD-2P, and with an input 
capacitance of 110 μF or less per pairset

� Dual-signature Type 4 PDs with peak power draw that does not exceed PClass_PD-2P and with an 
input capacitance of 180 μF or less per pairset

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.

Table 145�29�Transient conditions

PD Type
Transient 
condition Initial voltage Final voltage

Source 
dv / dt

Source 
resistance Source current

3, 4 TR1 VPort_PSE-2P min 56 V 2250 V/s RCh ± 2.5% Limited by Equa-
tion (145�30)

3, 4 TR2 VPort_PSE-2P min VPort_PSE-2P min
+ 2.5 V

3.5 V/µs 1.5 Ω ± 2.5% > 5 A capability


