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Introduction

This presentation deals with the specification of IPeak-2P-unb. There are
two important parameters that deal with unbalance: ICon-2P-unb and
IPeak-2P-unb. This parameter is used both for PD and PSE specifications,
and is used in different context.

▶ ICon-2P-unb
PSE Theminimum amount of unbalance current on a pairset the PSE

must be able to deliver continuously. Also, themaximum amount
of current the PSE may cause to flow when exposed to the
worst-case unbalance channel+PD combination.

PD Themaximum amount of current a PD may cause to flow on a pair
when connected to a worst case PSE+channel combination.

▶ IPeak-2P-unb
PSE See ICon-2P-unb, but for peak current up to TCUT-2P min.
PD See ICon-2P-unb, but for peak current up to TCUT-2P min.
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ICon-2P-unb

ICon-2P-unb depends on PClass_PD, the assigned Class by the PSE. Other
than that it is a fixed number, determined by a worst-case unbalance
model.
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where
PAutoclass is the measured power during the Autoclass window between TAUTO_PSE1 and 

TAUTO_PSE2

145.2.8 Power supply output

When the PSE provides power to the PI, it shall conform with Table 145�16. Table 145�16 values support 
worst-case operating conditions. These ranges may be narrowed when additional information is known and 
applied in accordance with this specification. Power may be removed from both pairsets any time power is 
removed from one pairset.

Table 145�16�PSE output PI electrical requirements for all PD Classes,
unless otherwise specified 

Item Parameter Symbol Unit Min Max PSE
Type

Additional
information

1 Output voltage per 
pairset in the POW-
ER_ON state

VPort_PSE-2P V 50 57 3 See 145.2.8.1.

52 4

2 Output voltage pair-to-
pair difference

VPort_PSE_diff mV 10 3, 4 See 145.2.8.2.

3 Voltage transient below 
VPort_PSE-2P min

KTran_lo % 7.6 3, 4 See 145.2.8.3.

4 Power feeding ripple and noise:

f < 500 Hz VNoise Vpp 0.5 3, 4 See 145.2.8.4.

500 Hz to 150 kHz 0.2

150 kHz to 500 kHz 0.15

500 kHz to 1 MHz 0.1

5 Pairset current including unbalance effect per the assigned Class, when powering single-signature PDs

Class 0 to 4 ICon-2P-unb A ICon
a 3, 4 See 145.2.8.5 and 

145.2.8.5.1.
Class 5 0.55 3, 4

Class 6 0.682 3, 4

Class 7 0.781 4

Class 8 0.932 4
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IPeak-2P-unb

IPeak-2P-unb on the other hand depends on VPSE, PClass_PD, IPeak, RChan,
and a curve fit parameter KIPeak , which in turn depends on PClass_PD and
RChan-2P.

IPeak-2P

IPeak when in 2-pair mode

min IPeak IPort-2P-other IPeak-2P_unb,�  when 4-pair powering

a single-signature PD

VPSE VPSE
2 4 RChan-2P PPeak_PD-2P��

2 RChan-2P
-------------------------------------------------------------------------------------------------- when 4-pair powering

a dual-signature PD 
 
 
 
 
 
 
 
 
 
 

A

=

IPeak

VPSE VPSE
2

4 RChan PPeak_PD��

2 RChan
--------------------------------------------------------------------------------------

 
 
 

A

=

IPeak-2P_unb 1 KIPeak+ 
IPeak

2
----------
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=
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(145�10)

where
IPeak is the total peak current a PSE supports per Equation (145�14)

IPort-2P-other is the output current on the other pairset as defined in Equation (145�6).

IPeak-2P-unb is the minimum current due to unbalance effects a PSE must support on a pairset 

as defined in Equation (145�12).
VPSE is the voltage at the PSE PI as defined in 145.1.3

RChan-2P is the pairset loop resistance; this parameter has a worst-case value of RCh

defined in 145.1.3. RCh is defined in Table 145�1.

PPeak_PD-2P is the peak power a dual-signature PD may draw per its assigned Class on a pair-

set; see Table 145�28

IPeak, defined in Equation (145�11), is the total current of the powered pairs with the same polarity that a 
PSE supports, when powering a PD over 2-pairs or powering a single-signature PD over 4-pairs.

(145�11)

where
VPSE is the voltage at the PSE PI as defined in 145.1.3

RChan is the channel loop resistance as defined in 145.1.3

PPeak_PD is the total peak power a PD may draw for its Class; see Table 145�28

IPeak-2P-unb, defined in Equation (145�12), is the minimum current due to unbalance effects that a PSE sup-
ports on a pairset when powering a single-signature PD over 4-pairs.

(145�12)

where
KIPeak The value of KIPeak, defined in Equation (145�13), is based on a curve fit and is 

dimensionless
IPeak is the total peak current a PSE supports per Equation (145�11)
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IPeak-2P-unb (more)

KIpeak

1         for Class 0 to 4

min 0.214 Rchan-2P  0.363� 0.331          for Class 5

min 0.199 Rchan-2P  0.35� 0.304          for Class 6

min 0.18 Rchan-2P  0.335� 0.27          for Class 7

min 0.176 Rchan-2P  0.347� 0.26          for Class 8 
 
 
 
 
 
 
 
 
 
 

=

IPeak-2P_unb_max ILIM-2P 0.002� A=
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(145�13)

where
RChan-2P is the channel DC loop resistance per pairset, as defined in 145.1.3.

RChan-2P has a minimum value of 0.2 Ω when used in Equation (145�13).

Alternatively, an over-margined value of IPeak-2P-unb, IPeak-2P-unb_max, defined in Equation (145�14) may be 
used.

(145�14)

where
ILIM-2P is the ILIM-2P min value per pairset for the PSE, as defined in Table 145�16

145.2.8.5.1 PSE PI pair-to-pair effective resistance and current unbalance

PSEs that operate over 4-pairs are subject to unbalance requirements. The contribution of PSE PI pair-to-
pair effective resistance unbalance to the system end to end effective resistance unbalance, is specified by 
PSE maximum (RPSE_max) and minimum (RPSE_min) common mode effective resistance in the powered 
pairs of same polarity, see Figure 145�22. Effective resistances of RPSE_min and RPSE_max include the effects 
of VPort_PSE_diff as specified in Table 145�16 and the PSE PI resistive elements. See definition and measure-
ments in Annex 145A.

The PSE PI pair-to-pair effective resistance unbalance determined by RPSE_max and RPSE_min ensures that 
along with any other parts of the system, i.e. channel (cables and connectors) and the PD, the pairset with the 
highest current including unbalance does not exceed ICon-2P-unb as defined in Table 145�16 during normal 
operating conditions. ICon-2P-unb is the current in the pairset with the highest current in case of maximum 
unbalance and will be higher than ICon / 2. ICon-2P-unb applies for channel common mode pair resistances 
from 0.2 to RCh, as defined in 145.1.3. For channels with common mode pair resistance lower than 0.2 , 
see 145A.1.

The sum of RCh_unb_min and RCh_unb_max is RChan-2P as described in Figure 145�22 and as defined by the 
pair-to-pair channel resistance unbalance requirement for 4-pair operation in 33A.4.

RPSE_max and RPSE_min are specified and measured under maximum PClass_PD load conditions, measured at 
the PD PI, over the VPort_PSE-2P operating range. Conformance with Equation (145�15) shall be met for 
RPSE_max and RPSE_min. RPSE_max and RPSE_min for the positive pairs are not necessarily the same values as 
for the negative pairs.

IPeak-2P-unb_max is a shorthand to derive the worst case IPeak-2P-unb from
ILIM-2P.
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Importance of ICon-2P-unb and IPeak-2P-unb

Apart from their importance is specification parameter, these two
numbers determine for large part implementation cost as well. All
current carrying components will need to remain fully operational
under ICon-2P-unb continuously, and for a duty cycle of 5% under
IPeak-2P-unb as well.

These unbalance parameters do not impact power budgeting, which is
determined solely by the total power levels ICon and IPeak.
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Unbalance & power budgeting

IPort-2P IPort-2PIPort

ICon-IPort-2P-other

ICon-IPort-2P-other

ICon-2P-unbICon-2P-unb

Pairset A Pairset B

no unbalance

m
ax unbalance A m

ax u
nbala

nce B

ICon/2 ICon/2

ICon-ICon-2P-unbICon-ICon-2P-unb

1:2 1:1 1:2

As can be seen, the unbalance parameter does not have influence on
power budgeting.
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The issue

The determination of IPeak-2P-unb is very complex and depends in a
highly non-linear fashion on RChan and VPSE. This may allow
optimization, however:
1. Due to complexity there is a high risk of bad

implementation/confusion leading to interoperability issues
2. As the next slides will show, IPeak-2P-unb can be lower than

ICon-2P-unb. Obviously then ICon-2P-unb ‘clips’ the value of IPeak-2P-unb.
3. As we now will use IPeak-2P-unb as a PD requirement, we face the

issue that the PD cannot know the value of IPeak-2P-unb if it depends
on VPSE and RChan.

The next slides show plots of IPeak-2P-unb versus VPSE and RChan.
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Class 6

IPeak-2P-unb for Class 6

'class6.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 50

 51

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.54

 0.56

 0.58

 0.6

 0.62

 0.64

 0.66

 0.68

 0.7

 0.72
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Class 6, taking ICon-2P-unb into account

IPeak-2P-unb for Class 6

'class6_clip.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 50

 51

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.54

 0.56

 0.58

 0.6

 0.62

 0.64

 0.66

 0.68

 0.7

 0.72
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Class 8

IPeak-2P-unb for Class 8

'class8.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.75

 0.8

 0.85

 0.9

 0.95

 1
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Class 8, taking ICon-2P-unb into account

IPeak-2P-unb for Class 8

'class8_clip.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.75

 0.8

 0.85

 0.9

 0.95

 1
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Class 6, VPSE only
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IPeak-2P-unb versus minimum PSE voltage for Class 6
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ICon-2P-unb

IPeak-2P-unb-max
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Class 8, VPSE only
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Summary

The maximum effective possible gain achievable by using the set of
equations is modest:

Class Max gain VPort_PSE-2P min

Class 5 10 mA 51 V
Class 6 18 mA 51.5 V
Class 7 50 mA 54 V
Class 8 60 mA 54 V

Max gain is the largest achievable difference between IPeak-2P-unb and IPeak-2P-unb_max.

IPeak-2P-unb in its current state is unusable for PD requirements. The
possible gain of using the optimized version versus the worst case
version (ILIM-2P − 2mA) is small.
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Class 5

IPeak-2P-unb for Class 5

'class5.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 50

 51

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.4

 0.42

 0.44

 0.46

 0.48

 0.5

 0.52

 0.54

 0.56

 0.58

 0.6
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Class 6

IPeak-2P-unb for Class 6

'class6.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 50

 51

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.54

 0.56

 0.58

 0.6

 0.62

 0.64

 0.66

 0.68

 0.7

 0.72
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Class 7

IPeak-2P-unb for Class 7

'class7.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.66

 0.68

 0.7

 0.72

 0.74

 0.76

 0.78

 0.8

 0.82

 0.84
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Class 8

IPeak-2P-unb for Class 8

'class8.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.75

 0.8

 0.85

 0.9

 0.95

 1
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Class 5, taking ICon-2P-unb into account

IPeak-2P-unb/CLIP for Class 5

'class5_clip.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 50

 51

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.4

 0.42

 0.44

 0.46

 0.48

 0.5

 0.52

 0.54

 0.56

 0.58

 0.6
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Class 6, taking ICon-2P-unb into account

IPeak-2P-unb for Class 6

'class6_clip.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 50

 51

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.54

 0.56

 0.58

 0.6

 0.62

 0.64

 0.66

 0.68

 0.7

 0.72
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Class 7, taking ICon-2P-unb into account

IPeak-2P-unb for Class 7

'class7_clip.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 52

 53

 54

 55

 56

 57

V
P
S

E

 0.66

 0.68

 0.7

 0.72

 0.74

 0.76

 0.78

 0.8

 0.82

 0.84
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Class 8, taking ICon-2P-unb into account

IPeak-2P-unb for Class 8

'class8_clip.dat' using 2:1:3

 1  2  3  4  5  6

Rchan

 52

 53

 54

 55

 56

 57

V
P
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E

 0.75

 0.8

 0.85

 0.9

 0.95

 1
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Class 5, VPSE only
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Class 6, VPSE only
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Class 7, VPSE only
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Class 8, VPSE only
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