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33.3.7.3 — PD Input Inrush Current
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Problem Statements

* PD Inrush requirements section has become fragmented,
creating conflicting requirements and unclear behaviors
* Requirement conflict between
—PD Inrush Current (1, ,sh.op)
—PD Inrush Power (“shall consume a maximum of xyz power...”)
» Unclear behavior for PD-controlled inrush
—Cpot Charged to 99%" vs PD-controlled inrush
* Unclear behavior for PSE and PD-controlled inrush

_ICon’ ICon-2P VS IInrush(_PD)1 IInrush_(PD)-ZP




Presentation Objectives

*Create an implementable set of rules
Clean up inconsistencies
sImprove clarity

Clearly sort requirements into
Definitions

_Tlnrush-ZP
_Tdelay-ZP
_CPort’ CPort—2P

*PD requirements for...
—PSE-controlled Inrush
—PD-controlled Inrush



Original 802.3at PD Inrush Text

Inrush current is drawn during the startup period beginning
with the application of input voltage at the Pl compliant with
Voot pp requirements as defined in Table 33-18, and
ending when C,_,, is charged to 99 % of its final value. This
period should be less than T, Min per Table 33-11.

Inrus

Type 2 PDs with pse_power_type state variable set to 2
prior to power-on shall behave like a Type 1 PD for at least
T gelay MIN. T g5, Starts when Vp, crosses the PD power
supply turn on voltage, V. This delay is required so that
the Type 2 PD does not enter a high power state before the
PSE has had time to switch current limits from I, t0 I -

Input inrush current at startup is limited by the PSE if C,
< 180 uF, as specified in Table 33-11.

If Cpore 2 180 pF, input inrush current shall be limited by the
PD so that |,,,sy pp Max Is satisfied.

<

<

Definition of T,,,,cn

Definition of T gelay

PSE-controlled Inrush

PD-controlled Inrush




Proposed Solution

*Reinstate 33.3.7.3 template per 802.3-2012

Definition and explanation of T, <h.op
*Definition and explanation of Ty oy.0p
*New to bt: Definitions of Cp ., Cpt0p

Conditions for PSE-controlled inrush

—New to bt: Note regarding PSE transition from POWER_UP into
POWER_ON state

Conditions for PD-controlled inrush



Proposed Solution: Paragraph #1, T .. sh.2p

Definition and explanation of T, ,sn.op

*Decouple T, sn.op from “Cp,,; charged to 99%”
—Allow PD-controlled inrush to extend beyond T, sp2ps Tgelay-2p

*Move T ay-2p requirements into PSE- and PD-controlled inrush
requirements

—T geiay-op r€quirements differ, depending on who controls inrush




Proposed Solution: Paragraph #1, T, ,shop

Inrush current is drawn during the startup period Decouple T,s, from requirement that
beginning with the application of input voltage at Cpor shall be charged.

the Pl compliant with V,, pp.op requirements as note 1 For PSE-conirolled ifrush, s
defined in Table 33— 28 and ending when S, -the e ——

- paragraph.
PD input voltage has reached-a99% of Steady Note 2: This is identical text to existing

state-and s charged to 99% of its final value. This note in 33.3.7.3, regarding PSE transition

period shall be less than T, ,...p MiN per Table from POWER_UP to POWER_ON.
33-17, with the PSE minimum inrush behavior

defined in 33.2.8.5.- Fype-1-Type2andType3
PDs shall imum-of Type 1 power T gelay-2p F€QUIrements are moved to

<« PSE- and PD-controlled inrush.

boelone e T
delay-2P ’
ComS e Frasden e lase 2 mower fop o Lo o of
T -min. This allows the PSE to properly - Statement about PSE properly
delay-2P
complete inrush. \ completing inrush is removed; “PD

input voltage to 99% within T, ,chop IS
not the only requirement for PSE to
properly complete inrush.



Proposed Solution: Paragraph #2, Tgejay-2p

*Definition and explanation of Ty oy.p
*Fix typographical error




Proposed Solution: Paragraph #2, Tgyeay-2p

T geiay-2p fOr €ach pairset starts when Vp, crosses

the PD power supply turn on voltage, Vs, pp- This

delay is required so that the Type 2, Type 3 and

Type 4 PD does not enter a high power state o
before the PSE has had time to change the ™ Added a missing word
available current on each pairset from |, ,snop 1O

ICon-ZP'




Proposed Solution: Paragraph #3, C,,,, and Cp_,op

*Move definitions of C ., Cp,i0p

—Definitions of C,_; and C.,p Should precede usage (PSE- and
PD-controlled inrush paragraphs)
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Proposed Solution: Paragraph #3, Cy

Cport IN Table 33-28 is the total PD input
capacitance during the POWER_UP and
POWER_ON states that a PSE sees as load when
operating one or both pairsets, when connected to
a single-signature PD. C,,p INn Table 33-28 is
the PD input capacitance during the POWER_UP
and POWER_ON states that a PSE sees as load
on each pairset independently, when connected to
a dual-signature PD. See Figure 33-37 for a
simplified PSE-PD C,_, and Cg,.,p Interpretation
model.

No text is changed within CM

paragraph.




Proposed Solution: Paragraph #4, PSE-controlled Inrush

*Conditions for PSE-controlled inrush

*Maintain “C.,, charged to 99%" requirement for PSE-controlled
Inrush

*Define PD Tg,y.op requirement

—For PSE-controlled inrush, this is the time period between...

* The minimum time at which the PSE may inspect “power_applied” (T »_Min), and,

Inrush-2

* The minimum time at which the PD may transition to MDI_POWER?2 (T 4¢j4y.pp_MiN)




Proposed Solution: Paragraph #4, PSE-controlled Inrush

Input inrush currents at startup, I,,s, pp @nd
lhrush Po-2ps @S defined in Table 33-17, are limited

by the P_SE If Cpore < 180 pF for sin_gle-signature Update threshold for PSE-controlled
PDs assigned to Class O to 6, and if C,_, < 360 uF inrush, to reflect changes in Tables
for PDs assigned to Class 7 or 8. Input inrush 33-17 and 33-28 from D1.7.
current at startup, lyysp_pp-2p: 1S !lmlted by the PSE Preserve legacy guarantee: For PSE-
If Coort.op < 180110 pF for duaI-S|gnatu_re Type 3 controlled inrush, C,; shall be
PDs-and if Cpop < 1SQ UF fOr dqal-sm;nature charged to 99% of final value within
Type 4 PDs. If the PSE is limiting input inrush T irush.op-

current, CM shall be charged to 99% of its final
value within T, ,.pop-If the PSE is limiting input

Enforce requirements:

inrush current, PDs shall conform to either |,,,..<n ppo * PDs not allowed to transition into
and |, ush ppopeOF lcon@nd -, p, Whichever is a high-power state prior to Tejay.2p-
lower, between T, ,snop.Min and T . .v.op- * PD is not allowed to draw more

current than its continuous current
allocation (see “pd_max_power”
usage, 33.3.3.5)



PSE-controlled Inrush: “Whichever is lower”
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0 0 Tlnrush—zP
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Tdelay—ZP
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Consider the example case of
PSE-controlled inrush where
ICon-2P IS greater than IInrush-ZP’
such as a Class 6 single-
signature PD.
 PSE-controlled inrush
means current at PD Pl can
reach IInrush-2P for Tlnrush-ZP
 PDs shall conform to

llnrush PDLdIInrush _PD-ZPﬂ_
lcon@Nd l~.,op, Whichever is

lower, between T, ..op
minand T

delay-2P-




PSE-controlled Inrush: “Whichever is lower”
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Consider the example case of
PSE-controlled inrush where
ICon-2P is less than IInrush-ZP’
such as a Class 1 single-
signature PD.

« PSE-controlled inrush
means current at PD Pl can
reach IInrush-2P for Tlnrush-ZP

« PDs shall conform to

llnrush PDLdIInrush _PD-ZPﬂ_
lcon@Nd l~.,op, Whichever is

lower, between T, ..op
minand T

delay-2P-




Proposed Solution: Paragraph #5, NOTE

*NOTE regarding PSE transition from POWER_UP
into POWER ON state




Proposed Solution: Paragraph #5, NOTE

NOTE— PDs may be subjected to PSE No text is changed within NOTE

POWER_ON current limits during inrush when the naragraph.
PD input voltages reaches 99% of steady state or
after T, ,sh.op MiN. See 33.2.8.4 for detalls.




Proposed Solution: Paragraph #6, PD-controlled Inrush

Conditions for PD-controlled inrush

*Allow PD-controlled inrush period to extend beyond T, ,<h.op

Tdelay-ZP
—Requirements in Table 33-28, 33.2.8.5 maintained

*Maintain PD-controlled inrush requirement that PD shall limit to
linrush Pp-2p OF lcon-2ps Whichever is lower

*Add note to alert PD designer that C_,; should have positive
charging current



Proposed Solution: Paragraph #6, PD-controlled Inrush

If a PD has a larger Cp, or C,,..op Value, then the Enforce requirements:

PD shall limit the input inrush current to either  PD s not allowed to transition into
linrush po-@NA L rish ppopa OF Iegn@nd legn ops ]’\ a high-power state prior to T gejay. op-
whichever is lower, for at least Tdelaj opREr Table . PDis not allowed to draw more
33—28, with the PSE minimum inrush behavior current than its continuous current
defined in 33.2.8.5. PDs limiting input inrush allocation (see “pd_max_power”
current may extend inrush beyond T ,y.op. PDS usage, 33.3.3.5)

limiting input inrush current should consume a Reference from Table 33-17 is
lower DC load current value to guarantee positive updated to Table 33-28, where PD-
charging current into Cp,.. controlled inrush requirements live.

Explicitly state that PD-controlled
inrush beyond T, op IS allowed.

Alert the PD designer that, in the case
of PD-controlled inrush, headroom
above DC load current is required to
allow positive charging current into
CPort'



PD-controlled Inrush: “Whichever is lower”

Consider the example case of
PD-controlled inrush where

E:,E 4 ICon-2P IS greater the_m IInrush-ZP’
- such as a Class 6 single-
- .
Ol A OO e e lcon2p signature PD.
$ « “...the PD shall limit the
: iInput inrush current to
gressnpfsssssnsnnnnnnnnnnnnnsn E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I|nru3h-2P elther Ilnrush PD and Ilnrush PD_
....................... . 2. OF lcon 8N lcon.p,
V P : Inrush_PD-2P whichever is lower, for
Port_PD-2P . »
; T delay-opee-
30V=—= :

. . i >

0 0 Tlnrush—zP Tdelay—?_P Ti me




PD-controlled Inrush: “Whichever is lower”
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VPO"T_PD-Z? --------- E E
30V :
T : 1 >
0 0 Tlnrush—zP Tdelay—?_P Time

IInrush-ZP

Consider the example case of

PD-controlled inrush where

ICon-2P is less than I!nrush-ZP’

such as a Class 1 single-

signature PD.

o« “ . .the PD shall limit the
input inrush current to
_elther IInrush PD—and IInrush PD-

op OF Ieon and Iy, op,

lnrush_Po-2p \whichever is lower, for

”

Idela -2P2==



Questions?




Annex: Conflicting Power Requirements




Annex: Conflicting Power Reqgquirements

*Upon review of the requirements outlined in Paragraph #1,
we see
Explicit requirement on the PD and PSE to limit based on a
constant current requirement, |, ..sh pp-2p

—These explicit requirements imply a symmetric power limit on the PSE and
PD

*Explicit constant power requirement on the PD (“Shall consume a
maximum of xyz power’)

—This explicit requirement defines a unilateral maximum power threshold for
the PD

24
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Annex: Conflicting Power Reqgquirements
«Constant current and constant power requirements are in
conflict

*In some cases, the PD is allowed more power than the PSE is
guaranteed to provide

In many cases, the PD is denied power that the PSE is required to
provide




802.3bt — PD Inrush Requirements: Breakdown

* Inrush current is drawn during the startup period
beginning with the application of input voltage to the
Pl compliant with V,,, pp_op requirements as defined
In Table 33-28, and ending when C._, has reached a\

steady state and Is charged to 99% of its final value. Legacy Text

* This period shall be less than T, ,sn.0p MIN per Table
33—-17, with the PSE minimum inrush behavior
defined in 33.2.8.5.

* Type 1, Type 2, and Type 3 PDs shall consume a T delay-2p
maximum of Type 1 power for at least Tyqpy.0p MiN. “— (used before it is defined)
Type 4 PDs shall consume a maximum of Class 2
power for at least T, op MIN.

* This allows the PSE to properly complete inrush. « New text in 802.3bt



802.3bt — PD Inrush Requirements: Breakdown

* Inrush current is drawn during the startup period beginning with the application of input voltage
to the PI compliant with V., pp_op requirements as defined in Table 33-28, and ending when
Cport Nas reached a steady state and is charged to 99% of its final value.
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802.3bt — PD Inrush Requirements: Breakdown

* This period shall be less than T, ,.n.op Min per Table 33-17...

Cponr2 99% "Final Value"

S

V L _ LR RRETRY]

Port_PD-2P

1
0 TInrush—2P T| me




802.3bt — PD Inrush Requirements: Breakdown

* This period shall be less than T, ,n.op MiN per Table 33-17, with the PSE minimum inrush
behavior defined in 33.2.8.5.

(o]
24 = A
o
Cpon2 99% "Final Value" 5
\ @)
s = I|nru5h.2P_ -------------------------------------
VPOH—PD-Z? --------- k
GOmA— ---------
. . 5mA : :
6 Tlnrlush—2P i > | | | Vol >
Time 10V 30V Voort pozemex  VOITABE



802.3bt — PD Inrush Requirements: Breakdown

* Type 1, Type 2, and Type 3 PDs shall consume a maximum of Type 1 power for at least T¢,y.0p
min. Type 4 PDs shall consume a maximum of Class 2 power for at least T¢),,.op Min.

h D A a - .
g -~ Pinrush is short-hand for the power limit
(e] specified in text (e.qg., "Type 1 power”,
n‘ n n
Class 2 power")
NS CELCEEEEEEEEEEEEEEEEEELTY s E :W/
E I:,PD = I:,Inrush
VPOH_PD_ZT IIIIIIIII : E
Hnrush 30V %/
/ . /’
00 T,

Inrush-2p Tdelay—?_P Tlme




802.3bt — PD Inrush Requirements: Conflict

* This period shall be less than T, ,s,.op Min per Table 33-17, with the PSE minimum inrush behavior
defined in 33.2.8.5.

« Example case:

* Type 3 PD
— PSE Requirement: |, snop Min = 400mA
— PD Requirement (PD-controlled inrush): l,,r,sn ppop Max = 400mA

E A «==| |nrush_PD-2P (Constant Current)
= 25
=
(] -
linrush.op™=F = === ==sssssssassssansnsnnsnnnnnnnnns 20
£ 15 ——
E /
5 10
60mA ==k snnnssnn
5
5mA 0
| | | > 25 30 35 40 45 50 55 60
10V 30V Vv Voltage
Port_PD-2P,max Vpp (Volts)
Explicit I/V Requirements Implicit Power Requirements



802.3bt — PD Inrush Requirements: Conflict

* Type 1, Type 2, and Type 3 PDs shall consume a maximum of Type 1 power for at least T yg,,..p Min. Type
4 PDs shall consume a maximum of Class 2 power for at least T ,,.op MiN.

« Same example case:

* Type 3 PD
— PD Requirement: “Type 1 power” max = 13W

] o A —Il mn
g & Piorusy is short-hand for the power limit Type 1 power” (Constant Power)
kS specified in text (e.g., "Type 1 power", 25
"Class 2 power")
R SO - — 20
)
E 15
. I::‘PD S I::‘Inrush g
VPor‘t_PD-Z? --------- n E o
: : 210
Pirusn 30V= / a
5
/ . 0
] | | | |
00 Tinrush—2p Tdelay-2p Time 25 30 35 40 45 50 55 60
Vpp (Volts)

Explicit Power Requirements




802.3bt — PD Inrush Requirements: Combined

» “Type 1 power” requirement for our example case (Type 3 PD)

» Allocates PD power budget higher than PSE minimum at low voltage
* Restricts PD power budget beneath PSE guaranteed minimum and PD maximum (l,,,sh-2ps linrush pp-2p) @t high

voltage
==| |nrush_PD-2P (Constant Current) ="Type 1 power" (Constant Power)
25
PD Restricted Power _
PD Overallocated Power \
£ 15 |
g v
g
3 10
o
5
0
40 45 50 55 60

25 30 35
Vep (Volts)



802.3bt — PD Inrush Requirements: Combined

* “Class 2 power” requirement for another example case (Type 4 DS PD)

* Restricts PD power budget deeply beneath |,,s 25, linusn po-2p at high voltage
 Contrast with PSE requirement in 33.2.8.5.1 where Class 2 is power allocation to internal load component of PD

— Here Class 2 power is specified for “total PD power consumption” i.e. at PD PI

==| Inrush_PD-2P (Constant Current) ="Class 2 power" (Constant Power)

40

PD Restricted Power
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