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* Review current limit development.

 Motion for adoption of current limits.

* Next step.
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IEEE 802.3 vs IEEE 802.3at

Reuses the legacy in-rush current limits.

Raises power-on currents.

Limits PD di/dt rates during power-on.

Opens up the design space to allow:
Scaled legacy current thresholds
Aggressive fold back

An energy based limit
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System In-rush and

Power-on

Vpse

VPSE

PD limits di/dt

Mutual Iden

Power-on

I:)Port
D limits di/dt

Power can be

Y

PSE limits

~
IEEE 802.3 |IEEE 802.3at

Pass Element Off/On, I-limit Off/On or I-limit

Layer-1 classification

tification Achieved classified using
layer-2.
ime N Power-on time
PSE limits to linrush )
e Y

IEEE 802.3 |EEE 802.3at
Pass Element Off/On/, I-limit Off/On or I-limit

Layer-2 classification

Parameter 802.3 802.3at
max. 450 400 Pport
1 v 400 350 Vport \
min. 400 Pport EW
max. 350 VPOFt
lcut min. PPort
VPort
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System Concerns being addressed by |,

e Situations that lead to a PSE dv/dt rate that causes
excess PD current demand.

Multiple PDs reducing their load.

A PSE supply voltage change. ex/ Switching in a new
power supply to deal with a power supply failure.
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Creating the PSE SOA

(1) Peak PSE Current

Maximum PSE voltage change 50
to 57 V; 7 V.

Iléz/linimum paléh resilgtance
¥ +

= 008400 +6'8 = 1°78'8
Peak current =7/1.78 =3.9 A

This is for an instantaneous
change—which is not allowed.

A 50 A current peak corresponds
to a path resistance of 0.140 Q

t =0when | first exceeds
ICUT_MIN'

lcut_max =

port

SOA = Safe Operating Area

Iport

50 A 0.025

2 port — t — SOA
Power
5A - Removed Limited
AL undefined Power
T : Source
|IEC 60950
20A
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
1.75A
IbMmax +T——————— N ——— — — 1

luim_min
lcut MmN |
350 mA

0 » time

[
Tum max= 75 ms
Tum min=13 ms

50 ms

The PSE droop transient permitted is to 46.2 V but is at a slow rate 0.03 V/pus.
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Creating the PSE SOA

Iport

(2) Trace fusing equation c0n by | _ [0025
: port =/~ ¢ —— SOA
- Is valid from section 1 to section 3. Power .
- Compliance shall be tested 52 | o Remeved
fromt=1mS. T : Source
208 o N IEC 60950
t <1 ms, PSE designers test for L75A
short-circuit events to ensure the o 4N ! N

reliability of their design. feUT s

leut_min

350 mA

» time

[
Tum max= 75 ms
Tum min=13 ms

50 ms

The source and parameters for the trace fuse equation are not documented. The equation was
based on atime-scaled-version of | ,,,. The curve produced appears to be conservative (errors on
the side of no damage by a factor greater than 10).
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Creating the PSE SOA

. . . . Iport
(3) LPS implied limit son plmg | _ (0025
« 100 VA for 60 s over the

: port =4/ ¢ —— SOA

) Power
operating range of 50 to 57 V. cn Removed  Limited
R undefined ] Power
 100/57=1.75A T Source
20A | IEC 60950

lmmax F—=——————Ox—————1

lcut_max = lLm_min
leut_min

350 mA

» time

[
Tum max= 75 ms
Tum min=13 ms

50 ms
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Creating the PSE SOA

(4) Average Current

 There are no controls on
how often a PSE voltage
may change due to PD load
changes.

« The repetition of the worst-
case event is unlikely.

* Preserve existing system
tolerances,
LIM_MAX/ ICUT_MIN = 450/350

ILIM_MIN/ICUT win = 400/350

Isegment 4 — ICABLE 400/350

 The long term system cable
average is loyr min:

Standards do not specify
noncompliant solutions.

lcut_max = lLm_min

Iport

50 A 1 I 0.025
A port = t —— SOA
Power
SA - Removed

undefined

(
55
N

Limited
Power
Source

IEC 60950

lmmax F—=——————Ox—————1

lcut MmN |
350 mA

» time

|
i (c
Tum max= 75 ms 60s

1ms Tum min=13 ms
50 ms

I max = 720 x 450/350 = 920 mA

lcut min = lcasLe = 720 MA

Tov v = Flms leur)
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Creating the PSE SOA

« The PSE SOA curve ensures that:
IEC 60950 limits are met.
System damage does not occur.
The PD receives the power it has requested.
A large design space has been created.

It is independent of the cable interoperability
limits.

Straw Poll: Do you support the SOA curve?
Y:>20N:0
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Creating the PD Current Boundary

Iport

(5) Average Current on fi o o
« The PD is designed to draw Power L
. imite
less than Igyr iy With a A s Nt OV e
static port voltage. T Source
- PD power compliance may S i
be checked over a period of A R N

1 s, or using the green ur -l

leut_min

boundary. 350 mA

i » time
Tum max= 75 ms
Tum min=13 ms

50 ms

A PD design must remain
within the green zone.

Note that segment 5 is less than I n When a PD has current transients above
lcur min iN Order to ensure that class power is not exceeded.
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Creating the PD Current Boundary

 We need to reassess the need to mandating a PD
current limit.

e Consider reusing the legacy requirement of
Imposing a PD current limit only when the PD
capacitance exceeds 180 pF.

* This change permits PD:
Current transients due to dv/dt and/or load demands.
Simplifies many designs (no current limit).
Permits practical PDs to draw the maxim power.
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Creating the PSE SOA

* A current limiting PSE

Provides I, for T

PD power is removed above
T, mOr when Pclass has been
exceed for 1s.

* An energy limiting PSE

Provides enough power to
ensure the system can operate
within the green zone. PD
power is removed above the
energy base limit.
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|port
50 A

5A -

lcut_max = lum_min
leut_min
350 mA

|port
50 A

0.025

port = t

1 | _
Power
Removed

undefined

—— SOA

Limited
Power
Source
IEC 60950

( time

3ms |
Tummn=13 ms
50 ms

_ /0.025
port — t

Power
Removed

undefined

Tum_max= 75 ms

60s

—— SOA

Limited
Power
Source
IEC 60950

leut_max = lum_min
leut_min

350 mA

Tummin=13 ms
50 ms




System with a PSE voltage transient

A PSE voltage increases due to a significant load drop or PSE
supply backup.

« The PSE charges the PD until the system voltages stabilize.

« Both types of PSEs may result in the same PD charge profile
when the path resistance between the PSE and PD are high.

 PSE methods differ when PD current demand is not limited by
the path resistance.

,IA current limiting PSE charges up the PD at a constants current
LIM*

A energy limiting PSE charges up the PD at a current value
determined by system resistance. This method is faster and
places less stress on the PSE pass element.

Roath = Rehannel 7 Rese th ¥ Rep 14
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Simplified System in Current Limit

IPD = ILIM_MIN
=3
AV
PSE Ren  pp TRYERYIIY
lcuT MIN At >15m
lcep = lum min — lcuT miN Irea(.:h t
IS NO
Short channel — eL)'(M g
pecte
Rch =0, Constant I,
IEEE 802.3 T, = 47 ms
IEEE 802.3at, T, ,, = 12.6 ms
Long channel
Rch =20 or 12.5 Q, Constant Ipp :
IEEE 802.3 T, = 43 ms > time

IEEE 802.3at, T,y = 10.4 ms Tum min

This simplified case assumes the PD always draws ICUT_MIN.
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IEEE 802.3 Concern

A PD can legally draw 400 mA for 50 ms. Table 33-12, Item 4.
,i\OPSI(E]| clz:iLn legally provide 400 mA for 50 ms. Table 33-5, Item
an .

« A system permitting this will not ensure interoperability when
the PD is drawing its maximum allowable current and a PSE
voltage transient occurs.

« A system with the PSE centered within the middle of its
allowable range is not interoperable!!!

C&=i=180uF D=4 =37.4mA = | pp —400mA, | pp, = 437mA

* Proposed Solution: _
Recommend that no more than I, yn P€ drawn by a PD with
a static port voltage. -

IEEE 802.3at will use correct methods to begin with.

The previous IEEE Task Force may have allowed I 1 uax (PSE) to ensure circuits could accommodated this current
value, but expected no more than Igr  to be drawn normally by the PD.
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Energy based PSE does not current [imit

The PSE pass The PD is charging
element is on and up to the new PSE
not current limiting. |, voltage.
50 A 1 | — 10.025
A port — t —— SOA
Power
5A - Oved Limited
N undefined Power
T 2 Source
20A IEC 60950
175a N\ K 6 777777777777777777777 :
lum max F==—N==—Dx—————1
lcut max = ILIM:MIN B s (4)
lcut miN N
350 mA ‘
0 mi (¢ - time
0 10us 3ms | Tumwmax=75ms 60 s
1ms Tum min= 13 ms
50 ms

The light green boundary has 45% average margin above the simulated system needs.
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Creating the PD Current Boundary

A PD can not draw
demand more than

|, v, DECause a
current limiting
PSE does not

provide more than

ILIM'

A PD can not
demand power at
l.m v lONQer than
T, because an
energy limiting
PSE may not
provide power for
more than 3 ms.

Iport

50 A 1 I _ 10.025
s port =4/ t —— SOA
Power
5A - Removed Limited
R undefined Power
e 2 Source

lcut_max = lLim_min
leut_min

350 mA
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IEC 60950

Tum min=13 ms
50 ms

» time




Creating the PD Current Boundary

A PD can demand
lcut max fOr 3 msS.

Iport

50 A 1 I — [0.025
port t —— SOA

A PD may demand S
up to segment-6 snl Removed  Limied
current due to a e Source
MDI dv/dt increase. o EC 60950

1.75A IR :
PSEs using energy based AR B\ NG
power tranSfeI’ ICUT_MAX:IILIM_MIN - ® 5) (4)
methods shall operate S
within this region. ; L « - time

10 ps 3ms | Tium_max= 75 ms 60s

1ms Tum mn=13 ms
50 ms

PSEs using current limiting shall supply a constant current of at least
lLm min fOr atleast Ty ive T win = FULm wvine lcasLe)
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Creating the PD Current Boundary

(6) Transient Current

Iport

« A PD may draw | for 3 ms 50 A . _ [0.025
with a stgtic portc\l/J(TJ_I'%Aflgll\glge. A PD ] o = — s
may use the margin between where Power -
it operates and where the o somovsdl - (JHEE
specification permits a PD to T ; Source
operate for its demand current. Aal L 15C 60950
1.75A
* The specification should provide a
system model to use. R ey S, e ¥ o
Seom
Does the group want 0 e me
to have T, include 1ms " 1l e 19 ms

50 ms

the extra 3 ms?

A PSE could supply I,y min fOr Tom min + 3 Mms, and this would
Increase interoperability because a PD could then demand a load of
I, m vy fOr 3 ms and support a worst-case MDI dv/dt.

The value selected for T ,,, can reflect this consideration.
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Creating the PD Current Boundary

The Geneva PD Motion passed to requires this.

| port

50 A 1 | — /0.025
= port t —— SOA
Power
S - Removed Limited
undefined Power
-~ 2
Source (IEC60950) 1754 ——— \ 3 ‘
IEC 60950 ;
20A
1.75A
ILIM_MAX 777777777777777 PSE_leut Max . __.___________\____ __________________________________________________ .
lour_max= lum_ ] PSE_lcut_Min = PD_|_Max 3 :
lcut_min
350 mA ‘
0 ﬁ (¢ > time :
3ms | Tum_max= 75 ms 60 s 1ms — 1_"15___'!'|me )
1ms Tum min=13 ms
50 ms

A PD that imposes a current limit needs to ensure that the limit selected
permits a PSE to fully charge its Cpd before the PSE could remove its

power.
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Creating the PD Current Boundary

Ipor1

50A ¢ I — /0.025 -
Advantages of PD current limit. ] e -
. ‘g . Power
A simpler specification and system . Removed  Limited
operation. & : gfﬁﬂ\
NO leur line Teur Tum 2 A e N 3
PSE dv/dt transients are handled by
the PD. i I O
ICUTﬁMAX:'LIMiMIN ) 0o S
PSE only monitors the SOA. Seomn ‘
All known PD vendors (9) limit current T o] sms | Taersms b
at the PD nOW. ims TLéh/(l)_h:TI]stlams
- No transient power above average, o
and the quer power limit is oA $O o =005
iImpaired by the tolerance of the oower
current limit. | s S L;’::xZ?\
Do we want a PD current limit requirement?

If so, is a current limit of I yn @cCeptable?
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Under static port voltage conditions, a PD will not
draw more than lcyr yax for longer than 3ms.

Yea: 9
Nay: 6
Abstain: 4 oo
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: I ort —
P t

0.025

Power
Removed

——— SOA

Source
IEC 60950

Limited
Power \




Creating the PD Current Boundary

Iport
50 A | — /0.025
port t —— SOA
Power
5A - Removed Limited
N undefined Power
T Source
20A IEC 60950
. o ‘
1.75A E
IMmax T ——————— N~ —— ——
lcut max = lum_min __ - T ___ ! = @
400 mA lcut miN
350 mA

s time
Tum max= 75 ms
1 mS Tum min=13 ms

50 ms

This shows a legacy PD within the proposed AT curve.
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Creating the PD Current Boundary

A type-2 PSE will over

50 A | _ 10.025 provision power for a
port — t —— SOA type-1 PD.
Power
5A - Removed Limited
A1 undefined
T A type-1 PD may have it
IEC 60950 power removed above

2.0A [ 350 mA.
1.75 A
lmmax +———————=

lcut max = lLm MmN

lcut MmN

350 mA

» time

7
| b))
Tum max= 75 ms

1mS Tum min=13 ms
50 ms

This shows a proposed type-2 PSE AT/legacy curve.

Poll Type 2 PSEs may optionally power Type 1 PDs with Type 2 current limits
Y:20N: 0A: 2
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2Ys 0 D O A

t<1ms lport Compliance shall be tested

PSE designers test for % &1 flpon =292 o fromt=1msS.

short-circuit events to S

ensure the reliability of = owerd Limited
- : ) emove

thelr deSIQn SA undefined Power

Source
IEC 60950

(
b))
N

20A

1.75A \@

Immax +————— 4 —Dx——— — — 1

lcut max=lum min
lcut MiIN
350 mA

(c
[ )
3ms } Tim max= 75 ms 60s

1mS Tummn=13 ms

Does it make sense to create a specificatisooﬁsfor interoperability that is not
tested? Is the follow text acceptable?

Have the IEEE specification:
Change the compliance time from 1 ms to 10 us.

The current versus time curve is provided as a guideline below 10 us and
interoperable systems should support these guidelines.
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Understanding the Current Limit Curve

Iport

PSEs shall turn-off power before this region is entered.\

: : : _ /0.025
PSEs can turn-off power in this regmn.{ | port = t — SOA
Power
EA - Removed Limited
_ _ _ | undefined Power
PDs may operate in this region. T Source
IEC 60950
PSEs using energy based power traM\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, :
methods shall operate within this region. *7A
IMMAX T ———————x—————
] (2)

lcut_max = lum_min
lcut MmN
350 mA

» time

(
| 3
Tum_max= 75 ms 60 s
Tum_mn= 13 ms
50 ms

PDs shall operate below I yn OVEr @
1 second period with a static PSE voltage.

PSEs using current limiting shall supply a constant current of at least

lm iy for atleast Ty oime Tum mine = FULim mine lcasie))
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PSE SOA

lum, InrusH # o B oo =2 — son Upper llmlt Changes
lumgaax) W sa- 2 Repr?lvc\)/\%d '-Fi’:‘:;zg\ -?hned SI%dAefl n ed by
ILimgaing ///‘f o - _ ’:,f A0 : IE:[:T(;(;
“ WV 7#7 175
7 //j - l o g
i 3
60mA |~ f.’_f_ ,,,,,,,,, | ;
>
—= — _ %
10V 30V Vport ———————

In-rush & Power-on
as defined in IEEE 802.3

/P' Vpass

A maximum change of 7V for a duration ower-on

of > 250 ps is possible for an

interoperable system. IEEE 80233.t

Change the focus from V¢ to the voltage drop across the PSE pass element.
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A load that results in greater than 10V across a
compliant PSE pass element may have power
removed.

Yea: 9
Nay: O
Abstain: O
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Move that IEEE P802.3at adopt the SOA “shall
remove power” proposal outlined in
schindler_1 0719.pdf page 9.

P: Fred Schindler S: Yair Darshan
All present; Y: 29 N: 0 A:3
802.3: Y: 21 N: OA:1=PASS
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Move that Type 2 PSEs may optionally power Type 1
PDs with Type 2 current limits.

P: Fred Schindler S: Yair Darshan
All present; Y: 24 N: 0A: 3
802.3: Y: 18 N: O A: 2=>PASS
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Motion

Move that a PSE in the power on state may remove
MDI power when the MDI voltage is out of
specification.

P: Fred Schindler S: Yair Darshan
All present; Y:30N: 0A: 4
802.3: Y: 19 N: O A: 0 =>PASS
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Next Step

° P77

Based on V15 Spreadsheet.
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Collected Worst-case Current Limits

Load drop: 47/48 ports, short channel 5 uF, 29.5 W PD.
PSE voltage ramp: short channel 180 uF, 29.5 W PD.

IEEE 802.3at Current Limit IEEE 802.3at Current Limit
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Fig. 33C.4 undefined, 1 ms <t<2ms

48 ports, Ryicyipution = 80 MQ, Rport = 0.9 Q, R, ..ne = 0.8 Q (short),
pp_on = O MF (n0 ESR), SOA for 805 size resistor 1 Q in parallel with 1 Q,
1 A fuse (1.98 A?%s), Generic NCH MOSFET, V¢ =10V @ I, = 14 A
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Use Case: PSE load drop

60 08—-1250 1. AllPDsdraw maximum power.

0.9)- 3 2Q) 2. All but one PD reduces power demand to zero.

3. The PSE distribution voltage ramps up.

@* QY [®
T V3T 4. Theremaining on PD has current injected into
tf % L it
- N T (49.3)20
Power Port —_—
Distribution Control | Channel PD 29.5n
@ ® @ . :
Ll & 57 This is adon’t care when the load is dropped.
/ T+
(e .

PSE

\ @ 180 pF)
@ 12.5Q (49.3)2Q

29.5 Worst-case: 5 uF (no ESR), load dropped.

A PSE providing 50 V at 600 mA with PDs consuming 29.5 W.
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Use Case: PSE power supply backup

F

\ / L
o () T
N

o N
Power Port ch |
Distribution Control ann PD
Vpse 4
57V
56Vin2.4ms
514V —
» time
|p[) A
0.9 A, 5ms, 180 uF /
0.7 A, na, 2.2 uF
720 mA
: 650 mA Worst-case: 180 uF.
Current, time constant
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Simplified System in Current Limit

IEEE 802.3 IEEE 802.3at

Short channel

dv
Rch =0, Constant Ip Tum >Cep i

|IEEE 802.3 T, = 47 ms 5750

IEEE 802.3at, T, , = 12.6 ms Tum >180uF 250325 Tum >1804F g0~
T v > 47ms T v >12.6ms

Long channel

Rch =20 or 12.5 Q, Constant I, IEEE 802-3, Table 33-12

IEEE 802.3 T, = 43 ms item 3, Iport_peak =400 mA.

IEEE 802.3at, T, = 10.4 ms

dVMIN > RChILlM dVMlN >12.500 x820mA

dVM|N > ZOQ X 400mA dVlV”N >10.3V

dvyn > 8V Vpse =50V, Vpp =41V @ 720mA
Vpse =57V ,Vpp =57 —350mAx 20QV = 49

TL||V| > 18OIUF igafggg VPSE = 57V ,VPD = 48\/ @ 720mA

TLIM >180,Ll|: 57-41-10.3

Ty v > 43ms 820-720

93% of ad hoc okay this model (13/14). Tuwm >104ms
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