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1. About Power Sync Device Analyzer

1.1. The PDA-600 Family

The PDA600 Powered Device Analyzer has been designed to enable comprehensive testing-of/Beiitaernet
(PoE) Powered Devices (PDJhe PDA602 supports -pair testingof IEEE 802.3at conforming PD$he PDAG604
supports 4pairand 2PairPD testing including 0 2. 3at and 802. 3bt conforming PDO6s.

PDA-602i supports Zpair testing, Type 1 and Typeg(@ptional- seesection1.5) PDs
PDA-6041 supportst-pair and2-pair testing, Type 1, Type 2, Type 3, and Tygepgtional - seesectionl1.5) PDs

1.2. Reference Manual Conventions

All references td®DA-600in this manuatover instrument features that are common to all members of theGBDA
family including the PDAG602A, PDA602B, andPDA-604A. References t®DA-604 in this manual are pertinent to
the PDA-604A.

1.3. Application

1.3.1. Power-over-Ethernet PD Testing with PDA-600 Instruments
ThePDA-604 is designed to te$EEE 802.3t and802.3atPower ed Devi ces (PDo&s) . PD6s ar

which receive DC Power from Et h gpicallgendsparswitehes aBdoautei ng Equi
midspan injectors thadeliver DC Power superimposed on 10/100/1000BaseiTMultiGig LAN connections.

PDA-600 instruments must mimic, under program control, certain attributes and states of Power Sourcing Equipment
(PSEb6s) while al so per foverHtiemeayelatee sigaals arel poever legels. o AdditPrealye r
with the avent of IEEE 802.3 PoE LLDP protocoRDA-604 test portscan be optionally configured to flexibly

emulate laye? POELLDP protocol behaviorssed to negotiate for power and to aid in power management with newer
generation endspan PSEO®&s.

1.4. Standard Features
PDA-600test instruments from Sifos Technologies have standard features that include:

1 An instrumentontroller with embedded controller firmware and a High Speed USB control port. The instrument
controller supports a single user connection.
1 One R345portlabeledfi P Dtldat should connect todeviceunder-test (DUT).
1 A second RJ5 portlabeledi L A Nhat may be used to pass network traffic to and from the DUT.
1 Host computesoftware( DA Softwared0) t o oper at e t he tagrapiicaluserinterfacenent consi
PDA Interactive, an interactive script automation sh&bwerShell FDA, and a binanApplication Programming
Interface (API) Library that can be used from any language capable of c&llin§2 APIfunctiors.
1 PDA-600software is suppted onMicrosoft Windows platforms including/Vin10, Win8, Win7, Windows Vista,
and Windows XP SP2.
1 PowerShellPDA SoftwareincludesTcl/Tk scripting language.

PDA-600test instruments are exclusively controlled using the USB control port. A low level proprietary protocol is
utilized byPDA-600hostbased software to communicate wRBA-600test instruments.There is no support for a
textbased Command Line Interla¢CLI) on the USB control port A PowerShellPDA Tcl Console is the only CLI
supported byhe instrument.

Up to 8PDA-600Instruments may be connected simultaneously to a single host, but only one instrument can be
controlled at a time.
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1.5.

Optional Features

The following features are optional, and carlibensedwhen the instrument is purchasedioensed lateat the end
us er 6s. Not tha tertainfieatures require other features to be licensed as prerequisite features.

Feature/Option
Type-2

PDA-602

PDA-602-TYPE2

Standard

PDA-604 Description

Enable Type-2 (25.5W) PD Powering and Analysis Using
2-Event Classification.

Enable Type-2 PD testing (excluding LLDP cases) by the
802.3at PD Conformance Test.

802.3at PD
Conformance
Test

PDA-602-CT-AT

PDA-604-CT-AT

Enable Automated PD Conformance Testing of 802.3at
PD6s i nTyped®iDd g Tgpe-dP DO Jype-2
feature is licensed.

Enable Streaming Traces and the PD Load Monitor for
Type-l PDO&s dypet2 Panadgype-2 feature is

licensed.

LLDP Emulation
for 802.3at

PDA-LLDP-AT

PDA-LLDP-AT

Enable PD Powering and Analysis Using 802.3at LLDP.

Enable 802.3at LLDP testing in the 802.3at PD
Conformance Test.

Requires Type-2 feature license.

4-Pair Powering

Not Available

Standard

Enable 4-Pair PD Powering up to over 100 watts along
with 1, 2, or 3 Event Classification.

Type-3/4 Not Available PDA-604-TYPE34 | Enable 802.3bt 4 and 5 Event Classification Required to
Powerand TestClass5-8 and Cl ass 5 ([
Enable Type 3/4 Streaming Traces and Load Monitor if
the 802.3at PD Conformance Test feature is licensed.
802.3bt PD Not Available PDA-604-CT-BT Enable Automated PD Conformance Testing of 802.3bt
Conformance PD6s i nTypedB@® DB g Twpe-dPDO s .
Test

Requires the 802.3at PD Conformance Test license and
the Type-3/4 feature license.

LLDP Emulation
for 802.3bt

Not Available

PDA-LLDP-BT

Enable Type-3 and Type-4 PD Powering and Analysis
Using 802.3bt LLDP.

Requires LLDP Emulation for 802.at Feature.

PDA-600 features can be inspecteing PDAInteractive $eesection4.9.3 or PowerShell PDAseesection7.2.2).
Optional featues may be purchased and then enabled by users with instrspeeific key codes provided by Sifos

Technologies.
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2. | EEE 802.3 PoE Technol ogy Over

The 802.3afspecification was originally conceived to create an environment wh@wlvgred DevicedPD6 s ) fr om
numerous different manufacturers could be interconnectedwer Sourcing(inter-networking)Equipment (PSE)

including switches, routers, and hubs produced by many different networking equipment manufacturers. Such devices
included IP telephorse wireless access points, and digital security cameras that could operate with 13 watts or less
power. The interoperability created by 802.3af led to lower cost and higher proliferation among both the sourcing
equi pment and t he rloadeweruirkdeDE pave Supplies ank Epdld be mstalled in a variety of
locations without the need for running an electrical service.

The basic features of IEEE 802.3af (802.3 clause 33, 2004) PoE were:

T 48V DC Supply to PDOs

I Guaranteed 13 Watts of Pow@onsumption per network connection (PD and cabling)

T Power Sourcingofimdm botih chErsd Spanér poaver wdlalddas of Mied i ¢
1

Safety Ainterlockso to prevent powering whewhemo PDO6s a
PDd6s are disconnected as well as to |limit DC current f

T Physical | ayer mechanism for PSE&6s to characterize pow
delivered per port.

2.1. IEEE 802.3at Enhancements

The802.3atspecifcation (ratified in 2009, 802.3 clause 33) both replaced and expanded upon 802.3af in several key
areas:

i Enabled higher powefype-2P D6s such as wireless access points, panni
audio appliances requiring continuousyeo to 25.5 watts at distances up to 100M from the P¥#e-2P SE 6 s
furnish at least 30.0 Watts at the PSE output.

Provided full backward compatibility and interoperability to exisfliype-18 02 . 3af compl i ant PSEO®s
Enabled all gPBEdspanncthpdcbhors, and all PD6s to suppor

1 Minimized cost increases for PSE ports and PD equipment so that services requiring more than 13 watts were
economically viable.

9 Improved potential power management granularity throughaidlaprotocol (LLDP) allowing Typ2 P SEG6s t o
more effectively distribute a shared DC power supply.

1 Resolved well known issues of specification clarity inherent in the 802.3af specification.

E R

802. 3at def i ne dypallolTypE-5 EAMP SEIevelapédtsthicdyrto the original IEEE 802.3af

specification was aype-1P S E . PSEds that deli veTypeRPSEéast B3anWabfsth
802.3at specifications were divided according to TY¢persus Typ P SEO6 s . 3atialowedvTgpel, 80 2.
PSE6s to evolve in ways that gained many of the | EEE 802
continue to limit minimum output power to the 15.4 watt range.

2.2. |EEE 802.3bt Enhancements
The802.3btspecification (ratifiedn 2018 as 802.3 clause 145) is a new and separate specification from IEEE 802.3at.

IEEE 802.3at (and 802.3af before it), restricted the delivery of POE power to just two of the four wire pairs found in a

Category 5 or 6 LAN cable. However, prior te ttelease of the 802.3at standard, cabling standards bodies (EIA/TIA,

ISO) had determined that Cat 5 and 6 LAN cable could safely support up to 600mA of continuous current flow on the

unused wire pairs (or pairsets) in a LAN cable meaning that if alidur e pairs were used for pow
could safely draw up to 51 watts instead of 25.5 watts.

Why did 802.3at not take advantage of this option? Goi n
wire pair power source in order tocammodate older wiring systems that only provided two wire pairs for data.

Further, those PD&6s had to be deTsdatgpaiesdairset®)oatbecept t he pow
10/100Bas€ spare pairspairset B), and to accept the power in eitlpedarity so that crossover patch cabling or

system wiring did not disturb the delivery of POE power. To retain backward compatibility, 802.3at retained the same
reqguirement at the PD i nt e rwasedrging cireudsitaccept posver &dmeeither i@ mp | e me
pairset A or pairset B in either positive or negative polarity.
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This typical design of a PD created significant complications if power were to suddenly appear on all four wire pairs,
that is bothpairset A andpairset B. Fundamatally, there was no way to assure that the DC current would ever split
For this

evenly between the two pairsets as there was nothing in the PoE system that would regulate that behavior.
reason, 4air powering was abandoned during the development @&R8at standard.

Besides the delivery of more power, a second key advantagpaif BRoE is the reduced power lost in cabling. Using

four wire pairs rather than two wire pairs reduces totalterahd electrical resistance by a factor of two meattieg

"R loss is also reduced by at | east a f aepaigpowentbtalt wo .

system power consumption is reduced.

IEEE 802.3bt tackled the whole issue ePdir powering through a combination of new requiretsiéor 802.3bt

compliant PSE6s, 802.3bt PD6s that draw more than 5.
much power delivery as was available under 802.3at gisgempact to installed cablingplants PSE&6s and PD

supportup to 51 watts at the PD are referred t@wyge-3 devices.

Further, 802.3bt enabled even higher power servi

ces

2

furnish 90 watts on their outputs. PSE6s thaflypsdupport
devices. Implementation of POE systems using #ypgquipment requires certain constraints that must be applied to

cabling plants. These constraints involve the type of LAN cable used (e.g. electrical insulation properties) and

limitations on the waygables are bundled when running through ceilings and walls. In North America, installations of

Type-4 systems may require compliance to new electrical codes (NEC) and associated inspections.

The key features of the 802.3bt specification are:

i 4-Pair Poweing up to 71.3W at the PD and 90W at the PSE. (Actually, the standard allows for systems where
PD6s could, wunder controlled circumstances, draw up

therefor
9 Full range of PD classifications including 3.8W (class 1), 6.5W (class 2), 13W (class 3), 25.5W (class 4), 40W

=

Full backward compatibility with 802.3at,6sa.nd

(class 5), 51W (class 6), 62W (class 7) and 71.3W (class 8).

9 Full range of PSE powering capability includindair powering from 4W up to 3@ and 4Pair powering from
4W up to 90W.

o U

w

wher

9

to

f The requirement that all PSE6s support-Eyemtwering to max
Classification. Unlike 802.3at, using LLDP to negotiate up from initial grant is not permitted.

 ExtensionstothePoffat al i nk (LLDP) protocol to enable more refin

T I mplementation of a very | ow power fAsleep moded where

power from a PSE. This is a key feature to LED lighting system®&geaate from PoE power.

T An alternati ve fdeunad asricghniatteucrteuor eP Dvhferroenti n essence,

powered by each pairset.

a

T An alternative PD power <classificati onermandgemasbyafiaut ocl

system PSE without relying on datalink protocols. This also is a feature aimed at LED lighting systems.
9 Support of 2.5GBas#&, 5GBaseT, and 10GBas& data links carrying POE power.

802.3bt opened the dmoto many future applications of Powarer-Ethernet, most 1‘ 4
notably lighting systems, large panel displays, wireless microcells, higher power PSE ;
wireless LAN access points and controllers, and IOT components. vlr 3
2.3. The Power Connection Vs
Balanced wire pairs in LAN ¢des carry high speed differential electrical signals =
used by 10/100/1000/MBaseT communications links. From their inception, 1‘ 3
Ethernet interfaces have been designed to work over distances of upto 100 meter_ _ _ _ |0 = _ = o
>
In order to assure electrical isolationweén equipment and also from electrical ‘I‘ =
disturbances appearing on long cabling runs, Ethernet ports include isolation =
transformers on each wire pair. This enables the insertion of DC voltage and 802.3bt VS
current in common mode to each wire pair meaning thatdmttuctors of the wire 4-Pair
pair experience the exact same DC voltage and share 50% of the DC current. E J’ x
Insertion of voltages and extraction of currents is performed using the primary coil a
center taps of the Ethernet transformers. So long as the centaredpsy 1« §

fifcent eredo, the addition of the DC p¢

speed LAN signaling.
Figure 2.1 PSE Connection
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Figure 2.1depicts a typical PSE interface. APair (e.g. 802.3at) PSE would be

E represented by the top half of this figure. #dir PSEwvould encompass the
PD = entire figure. The diagram includes two voltage sources in-BerdPSE
3 because typically,Pai r PSE®ds can independently conr
each pairset and also, typicallthe, the HAsw
3 =z negative, or low side.
3
- ¢|§ Unli ke PSEb6s, -PPbsoadevatwaybedduse going
802. 3af speci fication, PD6s needed to rec

(1)

polarity. Figure 2.2demonstrates a typical PD physical interface (Pl) whereby

all four wire pairs are combined through full wave diode bridges to serve the PD

power load. In 802.3bt terms, this Pl represersiagle signaturePD because

the bridge outputs are combinadd do not serve separate, independent loads.

802.3bt also describelial signatureP D6s wher e the diode bri di

combined but rather
are wired to separate,

<2 2l lel2] ol e

LAN PHY LAN PHY

independentloads | =~ T~

ALTA MDI MDI-X

much as if the PD was 3 T ALT A
really two [Pair

Figure 2.2 PD Connection connectedtoeach | | oo ALTB MRl MDi-X
pairset. Dual 4 ALT B

signature PDO0s are general| = === ==-=-—-

i i , Figure 2.3 PSE Pairset
2.4. Pairset Terminology & Polarity 'gure airsets

A pairset consists of one wire pair that sources current from the PSE to the PD and one wire pair that returns current
from a PD to the PSE. On the PSE side of the link, pai@setseferred to as Alternative Al¢-A) and Alternative B
(Alt-B). A 2-Pair 802.3at or 802.3bt PSE will source power on just one pairsei, &ltAlt-B. A 4-Pair 802.3bt PSE

will source power on both pairsets Adtand Alt-B.

TheAlt-A pairset refes to the same two wire pairs used to transmit data in 10/100Biages. TheAlt-B pairset
refers to the wire pairs not used in 10/100Badmks. 2Pai r PSE6s compl i ant to 802.
power on either pairset. In terms of T&88wire pairs, AltA consists of wire pairs 2 (orange) and 3 (green) while

Alt-B consists of wire pairs 1 (blue) and 4 (brown).

On the PD side of the link, pairsets are referred td@de A andMode B. These are each identical to-Altand Alt-

B on the P& side of the link.

3at a

Each pairset provides voltage and current to the PD in either a positive polarity or a negative polarity, thus necessitating
the full wave bridges in the PD FgeFigure 2.2). The AltA pairset is said to be in aiDI polarity when the
positive voltage is on wire pair 2 and the negative voltage is on wire pageFigure 2.3). Conversely, AHA is in

anMDI -X polarity when the positive voltage is on pair 3 and the negative voltage is on pair 2. The same applies for

the Alt-B pairset wherd DI means positive voltage on pair 1 and negative voltage on pair 2MbileX means

positive voltage on pair 4 and néiga voltage on pair 1.

In practice, many"Pai r PSEO®s aAlteA, MDO-Kand many4 di t oPSEO s

X combined withAlt-B, MDI .

802.3bt require3ype-4P SEO6s t o be -AMDI-XapdiAltB,dMDla ©lder802t3af mids p a n

were required to power oht-B with MDI only, however, that restriction was lifted under the 802.3at standard when
mi dspan PSE®&s need-&@pair bANscanpgetmms 1 000Base

2.5. Basic POE Processes

PSEds

aAlteA, MDb-nf i gur ed

PoE poweris entirelymanged by PSEO&s. PSE6s are responsible for:

9 Discriminating Powered Devices from other devices that might be damaged if POE voltages were applied

9 Assessing the basic power requirements of a newly connected PD

9 Supporting surge (or inrush) power requiredteotaup a PD

Conducting PoE linkayer (LLDP) mutual discovery and power negotiation

9 Supportingspurious peak power demands from a PD

f Reacting to PDO6s that are drawing more power than they
9 Supporting surge power demands from a PD when PSE poweres are replaced by bagk power sources

November ¥, 2024 Sifos Technologies
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=

Supporting unbalanced load currents between pairsets when powgriagi4r t o singl e signature

9 Limiting maximum possible current in the event of short circuit in order to protect the PSE power supply and to
limit cable heating or sparking

f Reacting to PDbdés that have been disconnected by removi
PSE port.

The following sections will address these PoE behaviors with associated responsibilities of the 8EBnd

26. PD Detection Processes: Di scriminating PDGE

A PoE enabled PSE port provides a low power signaling mechanism that constantly monitors for an 802.3 Powered
Device (PD) to appear at the end of the LAN cable. If apawered networklevice is connected, the PSE port can
function just as would a nelAoE port and link to the networked device. However, if an 802.3 PD is connected, the
PSE port will quickly recognize this and begin the process of powering up the PD.

The primary meansfaletection is a measurement of PD PI electrical resistance performed by the PSE port. 802.3at

and 802.3bt specify that compliant PDs will present a load resistance betweeW28.d@R6.3KVthat when measured

at the PSE is between 1%Kand 26.5 KV givenan input voltage under 10 VDC. They further specify that the method

of resistance measurement shall allow for an unknown voltage drop up to 2.8 volts associated with one or more diode
junctions in series with t hiresistdnceandst be dedermineddronDsefDI] Thi s i mp
measurement performed at 2 (or more) voltage levels and that the minimum detection voltage must be at least 2.8 VDC.

Some of the relevant specifications affecting the detection process are:

Characteristic Minimum Maximum | Units
Unterminated (Open Circuit) Detection Voltage 30 VDC
Terminated Detection Voltages given Valid Signatures 2.8 10 VDC
Detection Current Limit (compliance) 5 mA
[DV / DI ] Voltage Step 1 7.2 VDC
Maximum Acceptable Load Resistance 26.5 33 KW
Minimum Acceptable Load Resistance 15 19 KW
Maximum Acceptable Load Capacitance 0.15 10 nF
Slew Rate of Voltage Step 0.1 V / msec
Detection Duration 500 mSec
Detection Backoff (following unsuccessful detection) 2 Sec
(does not applytoEnd-Span PSE®&6s)

30 802.3at Detection Probing It should be noted that despite the various requirements

Detection Sianali described for PD Detection signaling in the 802.3
gnaling e . . . .
No PD Signature (> 2M0) specification, there is considerable room for design
| variation and that in practice, detection pulses and
g9 l‘ﬂ ( detection measurement schemes do varyfgignitly
4 l\‘g (\ across PSE interface technologies. The 802.3 PoE
> (.

ANA standards daot prohibit the use of complementary
[ schemes that might improve detection accuracy and

l\ | Detection Signature Load (e.g. < 39KQ) speed while also reducing risk of possible damage to
10 VERTEY — nonPoE capable end station equipment.
Voc \| \ Vvalid 4
moi [ | _ o
[ AVstep \ If \%\ — Figure 2.4demonstrates some of the range of signaling
2| | ‘ | | ‘l \ characteristics that might be observed from 802.3at and
RYER / L | e\ 802.3bt PSEo6s. In truth, the
Figure 2.4 802.3 PoE Detection number of detection currembltage steps, use of

voltage versus current sourcing, arsg of low voltage
pre-detection scheme is really unlimited with the one exception that detection must complete in 500msec and that a
subsequent decision to apply power must be completed in 400msec or less.

The 802.3bt standard adds a separate phase qtification and characterization referred tcoanection check

The sole function of t hi sPaiPPSEtodetamnmesifithe @Dnisiagle signatiseormo al | ow
dual signaturePD, or neither. #ai r PSEG6s manaPgbled ssidnigfifee rseingtnlayt ufrreom du al s
is an essential part of the detection process. In developing the 802.3bt standard, participants deliberately decided to

only put a vague description to the connection check process stating that innutisifin the same voltage range as
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PD detection and that, like PD detection, it must be
completed within 400 msec of a decision to apply power.,
This essentially allows vendors of integrated PSE WAL
controllers to do their own thing regarding connection T
check.

802.3bt Connection Check

| =

Alt-A Pairset

2.8

Figure 2.5 depicts the basic concept of 802.3bt PD

connection check where during the process, signaling is
applied simultaneously to both pairsets and some form ofo I
measurement is done to determine if the preseha —
single signature PD is causing an interference of some sof
between the respective pairset signals. zai

Alt-B Pairset

t

[ | I |

Figure 2.5 802.3bt Connection Check

As an example, if both pairsets inject an equal current
source to a single signature PD, the voltage appearing will
be a function of the combinexirrents and the ~28KPD detection resistance. Conversely, if this same source is

applied to a dual signature PD, the voltage appearing on each pairset will be approximately half because each current
source experiences its own ~28Hoad. This is théasic concept of connection check.

2.7. PD Classification i 802.3at
802.3at specification allows for PDO®&s (lassificationpnacess.c at e t he
From the perspective of a PSE port, PDO6s can be classifi

Classification Guaranteed Power | Minimum Power Units
at PSE Output at PSE Output

Type-1 Class 0 15.4 ~0.5 Watts
Class 1 4.0 ~05
Class 2 7.0 ~4.0
Class 3 15.4 ~7.0

Type-2 Class 4 30.0 ~15.4

A Type-1 PSE has the option not to classify the PD in which case the PD must be assumed tC€lesgidpower.

Classification is performed by applying a voltage in the band from 15.5V to 20.5V and measuring the fixed DC current

load presented by the PD. Thegnitude of measured current is then translated into a classification as follows:

Classification

Minimum Current | Maximum Current

0 5 mA Class 0 Type-1
8 13 mA Class 1 Type-1
16 21 mA Class 2 Type-1
25 31 mA Class 3 Type-1
35 45 mA Class 4 Type-2

The PSE is free to make decisions regarding current measurements that fall between the above bands. Classification
must be completed in 75 mSec, so typically classificativalves a short duration pulse with amplitude between 15.5
and 20.5 Voduvent 0 Acdderigwe@mbunbysaturn(to zero or may hold its value (or anything in
between) following completion of classification.

The 802.3at
specificatiorrequires
that all <co
perform classification
and it adds an expanded
classification
measurement option that
all ows PSES®G
their 82.3at Type

power capability to a
powered device while
reading the power
demand of the powered Figure 2.6 PD Classification under the 802.3at Specification

20.5VDC

15.5VDC 15.5VDC

Two-Event
Classification

One-Event
Classification
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device.The-efi2nt 0 c | seariguref2i6)énaotves @ succéssive classification current measurements
separated by a fmar k-PD mugtbecapable of disdnaging the2clas3 aottageTiryopder to
iseed this mar ketectéhg presence afran 802.3atecapable Y SEd-€her? classification cannot
ever drop below 2.8V, or the PD will reset and forget that the PSE isZ'gpaver capable.

Type2 PSEO6s may e oravantPb classficatiog.l Ehose that use single event method are
required to us MAC layer LLDP protocol to negotiate power with a /p® following initial PD poweup. See
Section2.10below for more information concerning LLDP PD power classification.

2.8. PD Classification 7 802.3bt

The 802.3bt specification significantly extended the modetefi2e nt c¢cl assi fi cation so that P
signal new classification bands that reletgower levels above Tyge(Class 4). As with 802.3at, classification is a
process that follows PD detection and precedes PSE powering of the PD.

802. 3bt introduced nine new PD cl assi fi catpértamtedualf our t ha
signature PDOs. 802. 3bt al-4& oAswith REyvantrclasdific&ion3n.8@2a8bt, the D c | as s
count of classification pulses represents the method by which a PSE authorizes power levels to a PD.

The following tabé describes the 13 possible PD classifications described in the 802.3bt specification.

PD Signature Classification PSE Output Power* = PD Input Power Units

Type

Single Class 1 4.0 3.94 Watts Total on
Class 2 7.0 6.5 2-Pairs or 4-Pairs
Class 3 154 13.0
Class 4 30.0 25.5
Class 5 45.0 40.0 Watts Total on
Class 6 60.0 51.0 4-Pairs
Class 7 75.0 62.0
Class 8 90.0 71.3

Dual Class 1 (D) 4.0 3.94 Watts per Pairset
Class 2 (D) 7.0 6.5
Class 3 (D) 15.4 13.0
Class 4 (D) 30.0 25.5
Class 5 (D) 45.0 35.6

Unlike 802.3at, 802.3bt requires tha

classification currents drawn by the 20.5VDC

newer cl asses O f [t aes. L
Event

the first two events are completed.
The change in class current then
encodes information regarding the BRER/s]o 7
power the PD demands. This SRR B e e e
differenceea bl es 802 . 3
di fferentiate be
where the classification signature
never changes after the second clas
event and 802.3b Multi-Event Classification
signature always changes. Figure 2.
diagrams the relationship between
PSE voltage and PD gent draw

. - . Class Cla:
during a 4Event classification LCE Class Event Event ____ Event

2.5, 10.5,
18.5, or 28 mA

sequence.

* PSE output power is actually
dependent on PSE output voltage. Q Q
Higher voltage P
same power to the PD with PSE
output power less than shown in the ’ mark Mark
table. Table values are based _ Vo e
A . . . Muilti-Event Classification

PSEG6s with minim

Figure 2.7 PD Classification under the 802.3bt Specification
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As with PD detection, a single signature PD can be probed on either tAeoARIt-B pairset and will produce the
same classification signature. A dual signature PD must be probed on both pairgend\Alt-B, independently
and may possibly produce different signatures on each pairset.

As stated above, the classification current sequence across three to five classification events, or pulses, encodes the
power demand of the single signature PD and alsodiverpdemand of a single pairset of a dual signature PD.

Conversely, the count of classification events, or pulses, from the PSE encodes the power grant, that is authorized

power level to the 802.3bt PD. While much more complex than the 802.3at ctagsifischeme, the 802.3bt
classification scheme was designed to be fully backward

The following table describes 802.3bt classification signatures. Note that 80B8s0is not included in 802.3bt,
however a Clas 0 PD will typically be managed as if it was a Class 3 PD drawing up to 13 watts maximum.

PD Class Events 1 & 2 Events 35 Power Request at Units
the PD

Class 1 10.5mA 10.5 mA 3.84 Watts Total on
Class 2 18.5 mA 18.5 mA 6.5 2-Pairs or 4-Pairs
Class 3 28.0 mA 28.0 mA 13.0
Class 4 40.0 mA 40.0 mA 25.5
Class 5 40.0 mA 2.5mA 40.0 Watts Total on
Class 6 40.0 mA 10.5 mA 51.0 4-Pairs
Class 7 40.0 mA 18.5 mA 62.0
Class 8 40.0 mA 28.0 mA 71.3
Class 1 (Dual) 10.5mA 2.5mA 3.94 Watts per Pairset
Class 2 (Dual) 18.5 mA 2.5mA 6.5
Class 3 (Dual) 28.0 mA 2.5mA 13.0
Class 4 (Dual) 40.0 mA 2.5mA 25.5
Class 5 (Dual) 40.0 mA 28.0 mA 35.6
The following table describes PSE powethestandaldor i zati ons,
PD Signature | Total Events PD Class Authorized Units Assigned Class
Type (= Class Pulses Power Draw at
before power the PD
up)
Single 1 Class 1 3.84 Watts Total | Class 1
Class 2 6.5 Class 2
Class 3-8 13.0 Class 3
2 All Classes 25.5 Class 4
3 All Classes 25.5
4 Class 5 40.0 Class 5
Class 6 51.0 Class 6
5 Class 7 62.0 Class 7
Class 8 71.3 Class 8
Dual 1 Class 1 (Dual) 3.84 Watts per Class 1 (Dual)
Class 2 (Dual) 6.5 Pairset Class 2 (Dual)
Class 3-5 (Dual) | 13.0 Class 3 (Dual)
2 All Classes 25.5 Class 4 (Dual)
3 All Classes 25.5
4 Class 5 (Dual) 35.6 Class 5 (Dual)

As with the 802.3at specification, classification probing is done with class pulses providing between 15.5V and 20.5V

at the PSButput and between 14.5V and 20.5V at the PD ingegRigure 2.7). Multiple event classification requires

that each class pulse, or class event, be separated by mark regions where the PSE voltage drops to between 7V and 10V

for a period of at least 6 @sc . The mark voltage provides a fibatteryo v
number of classification events so the PD is aware of the power authorizassijgred classprior to powetup.

Another unique feature of 802.3bt is that thistfclass event must be between 88msec and 105msec dusaton (
Figure 2.7). This is considerably longer than 802.3at class pulses and much longer than class pulses following the first
event. This elongatedl CE) class pulse signals to an 802.3bttRBX the PSE is 802.3bt compliant and operates
according to 802.3bt PSE rules and requirements. An 802.3at PSE would never exceed 72 msec during a class event.
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Finally, one other feature of 802.3bt classification is refetwetsAutoclass Autoclass daws a PD to demonstrate to

a PSE, soon after the application of operating voltage, the maximum level of power draw that PD will ever produce. A
PSE that supports the optional autoclass feature can then measure that power level and use it in the afrtaggdmen
power budgets across multiple PSE ports. This is especially useful because the measured power draw takes into
account the power loss in the cabling between the PSE and the PD.

An 802.3bt single signature PD communicates that it will suppoaugoclass power measurement by altering the

current in the first (elongated) class event after 88msec to a value in the range 1 to 4 mA (e.g. 2.5mA). The PSE that
supports autoclass will implement an LCE (first event) class pulse that exceeds 88thaédt san capture the load

current change from 40mA to ~2.5mA. The PD that supports autoclass will always draw maximum power in a time
interval between 1.5 seconds and 3.3 seconds following the application of operating voltage.

In practice, autoclasss | i mi t ed in application because many PD6s wil/l
condition in this time interval (1.35 to 3.65 seconds) following pewer . Many PDO6s are early in
during this time interval. One importatarget application for autoclass would be LED lighting systems.

2.9. Power-Up

Following detection and classification, the PSE will apply power (voltage and current) to the PD. The DC voltage
while powered at the output of a PSE port is defined for each P8E&syfollows.

PSE Type | Minimum Output Voltage = Maximum Output Voltage

1 44 VDC 57 vDC
20r3 50 VDC
4 52 VDC

Figure 2.8 depicts the typical sequence of
events after a PD connects to a PSE. This 802.3 Power-Up
diagram pertains to single pairset, AHA 57
or Alt-B, but similar action could occur on Vpee [Vpse
both pairsets of a-pair PSE. Vpse (Type23) ¥ (Type-4)
(Type-1)

Inrush Load

(2]
o

On the PSE side, there are three timing
criteria of interest. The first parameter,
Tpon, measures time from end of
detection until poweup is completed.

This includes classification time and must
be under 400 mSedpon exists to Classification
minimize the chance that a PSE powers a 5

Volts DC B

(=]

nonPD in the event a valid PD is briefly Detection,
connected, then quickly replaced by the Connection P
nonPD. 10| Check

The poweron rise time is required to be
longerthan 15msec. This limitation Tpon
minimizes possible RF emissions when ~ Figure 2.8 802.3 Power-Up
PSE ports activate power to PDOs.

Once the PD is powered, it will typically draw an initial inrush (or charging) curseet{gure 2.9). The PSE is

designed to expect this sudden l@adi to tolerate it for a period of time referred tdasush. During this period and

depending upon the PSE type, the PSE may restrict current output on a pairset to a band between 200mA and 450mA.
= Given a 4pair powerup, this amounts to between 408 and

900mA total current, again depending up on the PSE type. Given a

two pair powetup, the band will be 400mA to 450mA.

The PD is obligated to assure that it can complete its surge load in

50msec or less given the lowest allowed current limiténg. (

400mA) by the PSE. Further, the PD is obligated to operate at a

power level less than 13W, or more specifically a T¢geeak power

level less than 14.4W for a period of 30msec following the

completion of inrush, in other words, for a period of 80ense

following powerup (seeFigure 2.9).

PD6s may be i mplemented with their o
Figure 2.9 PD Inrush and Power Delay such that charging periods are extended without overdrawing current

Power-Up
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from the PSE. déniardds andvdr delayed sargegoads svill redyiee risk of PSE inrush shutdown by
internally limiting current draw during startup.

While the PSE is furnishing operating power to the PD, 802.3 specifications include restrictions on the amount of AC

ripple andnoise that appears on the DC supply voltage. kpai2(e.g. 802.3at) powering context, this would be AC

peakpeak voltage across a pairset (Alor Alt-B) and in a 4pair powering scenario, would be the AC pgaak

voltage appearing across both paiss The AC peageak voltage is split into frequency bands with lower limits for

higher frequency bands up to 1MHz. Restricting pga#k DC voltage reduces the possibility that common mode AC

ripple and noise could be converted into differential ntiaé might interfere with LAN signaling. It is worth noting

that as a practical matter, P S B®te 0.91a vaen do uPtDpdust hcaavpea ciint paunt ¢
capacitance on the order aff5 or higher while powered. These levels of capacéanill typically limit the AC peak

peak noise that can develop across the pairsets.

2.10. PoE LLDP Dialog / Power Negotiation

After a PSE powers up a PD, it may utilize a link
layer discovery protocol (LLDP) to better PSE “pr PD
understand the PDoés powfET M a Type3 fsgy p
protocols only exist between two physical link

artners and are not visible anywhere else on a watts”
Eetwork. w “'m a Class 5 pD and need 38.4

All PSEo6s are allowed bht not gia%c'i‘j‘%'?deeeowredué@tanﬁlew Dy
POE LLDP. All Type2, Type3, and Typet Nt to you 38.4 watts”

PD6s ar dy8023atandBe2abtto

support PoE LLDP protocols. nt and will draw

u) acknowledge your 87
LLDP is particularly wus WEGS
with 24 or more ports where power allocations to
each PD are more challenging. Under PoE
LLDP, a PD communicates its maximum power
demand with a graularity of 0.1 watt. This in Figure 2.10 PoE LLDP Dialog/Negotiation
turn enables the PSE to allocate power more
precisely across many PSE ports. In sectbgand2.8above, it was seen that physical layer classification typically
provides granularity of about 15 watts.

While there are many details to the PoE LLDP protdeigiure 2.10shows in simple form what the essence of such
dialog accomplishes. While histasity LLDP protocols are stateless an generally used so that link partners just
advertise information about themselves, the PoE rendition of LLDP is a more stateful, handshaking dialog.

As a practical matter, since the advent of 802.3at and-ZypeP D large, seganent of the industry has avoided

i mpl ementing LLDP support in PDb6s as a cost saving strat
that legitimately required LLDP to get full 25.5W power to the P&D2.3bt mitigates that probleanbit by
recommending al | -BwrEOClassifitabon auppweep)rgranting theirtmiaximum support class

power. However 802.bt does not preclude PSE implementations that require LLDP to obtain maximum power grants

2.11. PSE Load Regulation and Overload Management

While the PSE is furnishing power to the PD, the PSE is responsible for regulating total power delivered to the PD. On
the PSE side, there are three essential parameters governing the ongoing power the PSE is obligated to pivide to a

1. Pclass The steadytate continuous or average power required by the PD translated to the PSE interface
2. Ppeak The sporadic and transient (< 50msec) peak power required by a PD also translated to the PSE interface
3. llim_min: The maximum current a3E should tolerate over a short transient (< 10msec) interval

As most PD6s are constant power | oads, the power outoput
power that will be lost in LAN cabling. The power lost in LAN cabling isrecfion of the distance between PSE and

PD, the resistivity characteristic of the LAN conductors, and the DC current flowing to satisfy the power demand of the

PD. The DC current required is a function of the PSE output vdltaggher voltage means lessquired current. As

an example, a Class 4 PD requiring the maximum allowed 25.5 watts and connected across 100meters of Cat5e cabling

to a PSE will require the PSE to furnish 30 watts IF the PSE output voltage is the minimum of 50 VDC feRa Type

PSE. In this case, there will be 600mA of DC current in the wires. If the BypSE implemented a 56 VDC output,

then the PSE would need to support just 28.8 watts at its output and the current flowing in the wires would be 514mA.
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The following table provides requirements Relass Ppeak andllim_min output requirements at the PSE assuming
the PSE is operating at its minimum allowable (Vpse) output voltage.

PSE Type MaxClass | Voltage | Pclass Ppeak llim_min

1 1 44 \VDC 4.0 watts 5.3 watts 400 mA
2 44 VVDC 7.0 watts 9.2 watts 400 mA
0,3 44 VDC 15.4 watts 17.6 watts 400 mA

2 4 50 VDC 30.0 watts 34.1 watts 684 mA

3 5 50 VDC 45.0 watts 47.7 watts 580 mA / pairset
6 50 VDC 60.0 watts 63.7 watts 720 mA / pairset
1 Dual Sig. 50 VDC 3.9 watts / pairset 5.1 watts / pairset 400 mA / pairset
2 Dual Sig. 50 VDC 6.6 watts / pairset 8.5 watts / pairset 400 mA / pairset
3 Dual Sig. 50 VDC 13.5 watts / pairset 15.0 watts / pairset | 400 mA / pairset
4 Dual Sig. 50 VDC 30.0 watts / pairset 34.1 watts / pairset | 684 mA / pairset

4 7 52 VDC 75.0 watts 79.8 watts 850 mA / pairset
8 52 VDC 90.0 watts 96.3 watts 1005 mA / pairset
5 Dual Sig. 52 VDC 45.0 watts / pairset 48.1 watts / pairset | 990 mA / pairset

On the PD side, there ago essential power load parameters:

1. Pclasspd: The steadistate continuous or average power required by the PD
2. Ppeak pd: The sporadic and transient (< 50msec) peak power required by a PD

These values are:

PD Type PD Class | Pclass_pd | Ppeak_pd Minimum Input Voltage
1 1 3.84 watts 5.0 watts 42.8
2 6.49 watts 8.36 watts 42.0
0,3 13.0 watts 14.4 watts 39.9
2 4 25.5 watts 28.3 watts 42.5
3 5 40.0 watts 42.0 watts 44.3
6 51.0 watts 53.5 watts 42.5
1 Dual Sig. 3.84 watts / pairset 5.0 watts / pairset 42.8
2 Dual Sig. 6.49 watts / pairset 8.36 watts / pairset 42.0
3 Dual Sig. 13.0 watts / pairset 14.4 watts / pairset 39.9
4 Dual Sig. 25.5 watts / pairset 28.3 watts / pairset 42.5
4 7 62.0 watts 65.1 watts 42.9
8 71.3 watts 74.9 watts 41.1
5 Dual Sig. 35.6 watts / pairset 37.4 watts / pairset 41.1

Figure 2.11describes some of these
requirements in a graphical manner that
includes time intervals associated with Ppeak
and llim_min load transients. A PD that
exceeds$class_pdfor longer than 50 msec may
have power removed by a PSE. A PD that
exceed$’peak_pdfor any amount of time may
also experience PSE power removal. All of this
is very dependent upon PSE configuration and
cabling lengths. For example, a Typé&SE
operating at 50VDC must allow up to 30W
power output but may choose to allow 34W
power outptiallowing some headroom for

(50msec)

ﬂim_rrllin
(10msec)

Ppeak_pd(max)

mar gi nal PDb6s or extrj

Teut_min
(50msec)

Finally, the PoE LLDP protocol may be used td
refine the value oPclass_pdandPpeak_pd
Once Pclass_pd is fAne
granularity using LLDP, the PSE is free to
police thepower draw at the PSP ¢lass

Ppeak) based on that power negotiation.

)

Figure 2.11 Power Regulation and PD Overloads
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2.12. Pair to Pair Unbalance with 4-Pair, Single Signature Powering
One of the greatest challenges addressed by the 802.3bt specificatitie wester of paito-pair current unbalance

that will naturally occur when agair PSE is powering a single signature PD. This is a critical problem because the
vast majority of PDés are single signature PDO6s.

Alt-A + Pair

The dilemma of paito-pair current unbalnce N\~
occurs because in prior specifications, there was n -p:
explicit regulation of pairsetb-pairset resistances Alt-AZPair__qmmm

= Wv— N

Alt-B + Pair  memm)
ot A\

Alt-B =Pair

in the output of the PSE port, the LAN cabling, or
the PD input. This is complicated by the fact that | |
determinants of pairs¢t-pairset DC rsistance

will involve components such as FET switches in
the PSE and PD and diode bridges in the PD.
Additionally, EIA/TIA and ISO specifications for
LAN cabling systems did not regulate pairs®t Figure 2.11 Pair-to-Pair Current Unbalance
pairset DC resistance.

Figure 2.11depicts this problerwhere the current required to power the PD does not split evenly between either the
positive or negative rails of the At and AltB pairsets.

Considerable work was done in the 802.3bt standard to model what worst caseppitiunbalances might begsent

in PSE interfaces, cabling, and PD interfaces. In conjunction with this, the cabling industry published guidelines for
pair-to-pair DC resistance unbalance LAN cabling systems. The 802.3bt standard includes some testing procedures to
assess th&SE and PD interfaces to not exceed the worst case models used by the specification.

The PSE powering-pairsto Classd0Cl ass 8 PD6s is required to tolerate appt!

between the two pairsets.

PD Class Maximum Pairset Current | % Maximum 4 -Pair Current

1 78 mA 100% (= 2-pair powering)
2 132 mA 100% (= 2-pair powering)
3 269 mA 100% (= 2-pair powering)
4 548 mA 100% (= 2-pair powering)
5 560 mA 62.1%
6 692 mA 57.7%
7 794 mA 55.1%
8 948 mA 54.8 %

PSEO6s noasigned tdaecept higher pairset current without any notion of which polarities of which pairsets will
draw more or less current. Only time will tell if the modeling done within the standard fully accounts for all of the
realworld contributions to paito-pair current unbalance.

2.13. Power Removal

PSE ports are required to remove DC power very soon after a PD becomes disconnected. This is an essential behavior
to protect norPD devices from damage should theyplugged in immediately after a PD was disconnected from the
same PSE port.

802.3 Disconnect Power-Down
Across the 802.3af, 802.3at, and 802.3bt standards,s?
there are two different method3C MPS andAC Vpse  AAAANITTA | vopen
MPS, by which a PSE detects a disconnected PD. so| ., . =
Generally, a PSE deploys omethod or the other
but not both.

Tmpdo

Q
a

Both methods, described below, require that once a £
PSE detects the disconnection of a PD, power should
be removed within a time bandiripdo) between 20
300msec (320msec in 802.3bt) and 400msee (

Figure 2.12. This assurethat replacing a PD with a 4,
nonPD very quickly would generally be safe.

mA (DC)

Superposed
% Detection
\, Probing

I loid
28 Toff Voff

PD Disconnect

Once the PSE removes operating voltage, the PSE is
expected to discharge Yoff, or 2.8V, in a period of Figure 2.12 802.3 PoE Disconnect Power-Down
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500msecToff) . Some PSEO®6s may st ar t ltagedischarged resultingim soperpasegy as t he
signaling on the discharging output. This could interfere withrtfé requirement.

PSEG6s poweri ng s i n ¢gPaiepoveeihgve the optioreto renibdegpowerion dne pairset immediately
at PD disconnadut must keep the other pairset powered over the duratibmadpo (3207 400 msec) to be sure the
PD disconnect is a real event and not a sudden spurious drop in PD load current.

TheDC MPS (DC maintain power signature) method for detecting a PD disconnect was allowed in all three
specifications (802.3af, 802.3at, and 802.3bt) and
relies on a continuous measurement of DC load mA Tures
current to assess PD disconnects. The DC MPS
method is the onlyechnique allowed by the more HOLD max
recent802.3btspecification. Under this method,a |-~~~ iy N [ R
small band of currer(tyo.p) is defined where a PSE
has the option to deem the PD as connected or Turoo
disconnected. Above this band, the PSE must assunyje
the PD is present. Belothis band, the PSE must lhoto min
assume the PD is disconnected. Thgp current [ i T
band differs between 802.3at and 802.3bt but has
been designed so that 802.3at PD6s will interoperate
with 802.3bt PSE6s and vice versa. time
Figure 2.13 DC MPS Minimum Power State

Under 802.3at, the maximulmg,p current vas

10mA meaning that a PD needing to stay powered would draw typically 0.5 watts or more continuously. For a PD
operating in a fisleepingd state, this was a considerable
quiescent power of 0.5 wattight steal from the power available when the PD was fully operating.

To address this, both 802.3at and 802.3bt allow that the DC MPS signature ¢ygigntieed not be present
continuously. In Figure 2.13, the PD load current is show to exceedakienuml o, p level for a period oT yps.
BetweenT yps intervals, the PD load current can drop all the way to OmA for a maximum perigghgd (min). This
produces a duty cycle dfyps / (Tups + Twepo (Min)). A PD meeting or exceeding this duty cyeiast be deemed
connected by a PSE that uses the DC MPS method.

The following table provides values fbio.p, Tups, andTyppo from 802.3at and 802.3bt.

PSE Powered | PD | HoLp lhoLp Twps Tmpeoo(mMin)  Typpo(max)
Type Pairs Class (Pairset) (4-Pair)

1and?2 2 All 510 10 mA N/A 60 msec 300 msec 400 msec
3 2 1-4 4t0 9mA N/A 6 msec 320 msec 400 msec
3and 4 4 1-4 2to 5 mA 4t0 9 mA
3and 4 4 5-8 2to 7 mA 4t0 14 mA
3and 4 4 1lduali 2t0 7 mA

5 dual

From this table, it is evident thaty PD connected to an 802.3at PD must draw 10mA with a duty cycle of more than

17% in order to maintain power. -3 oHTo/ped) PRErcan ofeat@ st macb nnect e
lower duty cycles on the order of 2.5% and maintainpovieh i s fAl ow power MPSO0 feature wil
sl eep modes in PD6s such as |lighting systems.

The AC MPS method involves the superposition of a low level, relatively low frequency AC resistance probing signal
on the DC power rail. The AC MPS prabisignal is sourced through high impedance such that when exposed to a
nominal load resistance of 28K the amplitude of the signal is attenuated to well below 500-mVypically it will

be far below 200 mV4p. When the 25 Wsignature load is remved as a result of PD disconnect, the AC signal
amplitude increases and can be detected on the PSE aéghiigire 2.129). Vopen specifies maximum allowed AC
voltage during this time interval to be 10%\gfse The PSE must then wait for an intervhhbleast 300 mSec, but

not longer than 400 mSec to remove power.

PDd6s can pWegsemrstmad |l €e25Kesistive |l oad to assure PSE®&s usi
powered. This amounts to a continuous power consumption of approximatelytOtlwa PD&s t hat conti nu
even just two milliamps will also meet this load requirement (50V / .002A 35KThe key drawback to AC MPS is

that it requires additional hardware in the PSE and it may increase power rail ripple by a small an@M#eS was

not included in th&02.3btspecification because PSE silicon manufacturers all accepted that DC MPS was a more cost
effective solution to PD disconnect detections.
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3. PDAOOSYt em Overview

PDA-600instrumentsare operatednder control oPDA Software hosted on a PGPDA Software ané PDA600
USB Driver must be installegrior to instrumenbperation(seePDA-600 Installation Guide).

The instrument may be controlled either with the suppiraghicaluserinterfacePDA-600 Interactive, from a
PowerShell PDATcl Console, or from a user supplied application that utiliaebinary Application Programming
Interface PDA-600API) furnished with the PDA00. The various software components described below in
section3.4 Software Overview

3.1. PDA-600 Interfaces

3.1.1. Front Panel

The PDAG00 is designed to connect to a single PD viabeoort Generally, this connection should be through a
short Cat5e or Cat6 patch cable. This is the only connection required to perforraletanthstrument testinof the
PD.

¢ Sifos
Technologies o
Powered Device Analyzer

& o PDPower
3 \)9? O Status A Link /ACT
] [} @@ 1000
FA 18 :: mou:::
10 Mbps

TheLAN portis connected to an internal
Ethernet switchhatprovides bridging between
the LAN and thePD ports. The PDAG00 will
support 10BaseT, 100BaseT, and 1000BaseT
links on boththe LAN andPD ports.

ThePD interface like many PSEorts,supports
the IEEE 802.3P0ELLDP protocos, provided
thePDA-LLDP-AT feature is enablednd will
function asauserdescribed®SE in any power
negotiaton with an LLDRcapable PD.The
PDA-LLDP-BT feature extends the LLDP to
include 802.3bt LLDP mtocols.

Figure 3.1 PDA-604 Interfaces
LLDP traffic used ér power request and
allocationexistson the linkbetween the PDA00 and the PD under test asdot bridged to the LAN port.

TheLAN port can also be physically switched into a wide bandwidth passive couplingRb that. The passive
supports multgig links including 2.5GBas#&, 5GBaseT, and 10GBasd. While in the passive coupling mode, the
instrument will not support LLDP messaging with the PD.

3.1.2. Rear Panel

PDA-600instruments arequipped with a USB Type B jackhich is internally connected to a USB 2.0 High Speed
interface. It is important that a USB interface cable rated for USB 2.0 High Speed be used to connect the instrument to
the host. T h enterfacesstpoweredeby thebhé™t. US B i

3.2. LED Indicators

Port LED Indicators -Each Et hernet port connector includes 2 LED
link statusandrate, which is described on the front panel between the connebttixgty is indicated by blinking.

y Yy 1000 Mbps
Yyl 100 Mbps
Iy 10 Mbps

USB LED - The USB LED is litwhen the host PC is connected via USB to the FDA. The PDA600 need not be
powered on for this LED to turn on.

LLDP LED - The LLDP LEDblinks whenLLDP is enabled, andnLLDPDU is received from th®D under test.
LLDP power negotiation requires that the PIBAO is enabled folEEE 802.3at LLDP.

COM LED - The COM LEDblinks whencommunication®ccurbetween thénostPCand the instrument.

PD Power Status LEDs The PD Power Status LEDs aheiminaedwhen power is being supplied to the PD under
test . There ar e ¢ andAlrBaparets ThelED for tHe pairsetthht & actively furnishing
powerwill be illuminated
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3.3. Hardware Overview

LAN Select
Multi-Gig Thru or

10/100/1000 Switched

{with PSE LLDP)
LAN LAN+LLDP

10/100/1000 Switch
& LLDP Emulation
Packet Tx & Rx

+ LLDP Contents
« LLDP Timing

PoE Connection Bus

PoE Insertion

PDA-604 Test Port Resources

PD

ALT A/B/A+B Select

Polarity Selects

Source
Current

+ 1000mA / Pairset
* Fast/Slow ramp
+ Trigger to Meter
+ 3 Pair Powering

= N cycles
* Average/Final

Cdet Meter

* 0.05-10.0uF /
* N cycles

* Average/Final

Measurement

» Rdet-vs-Voltage
Measurement

* Unpowered Pair Rdet
(2-Pair Powering)

Measurement

Detection Classification
DC Power Source
Meters Meter
Rdet Meter Class Current
*28-57VDC = Signature Type (Single, +1,2,3,4,0r5Events
* 0.1VDCsteps Dual, or Invalid) + 0to 50mA / Event
+ 2000mA * 3k —50k ohms / Pairset + Class 0 to 8 Single

* Class 1 to 5 Dual
+ Pairset Aand B
+ Trigger to Meter
= Class-vs-Voltage
Measurement
(Single Pairset)

Mark Current

+ 0to5mA

* Pairset A and B

+ Mark 2: 25-375 msec

Pairset

DC Meters: 2-Pair

Voltage & Current

= Average (1-64)

# Fixed Length Trace
(.025 - 20 msec/sa)

= Streaming Trace
(5ms/10ms sample)

* Backfeed Voltage

Power

= Average (.02-2 sec)

* Fixed Length Trace
(0.05 - 20 msec/sa)

= Streaming Trace
(5ms/10ms sample)

Concurrent V+|
+Fixed Length Trace
(0.05 - 20 msec/sa)
* Streaming Trace
5ms/10ms sample;

DC Meters: 4-Pair

Voltage & Current

+ Average (1-64)

+ Fixed Length Trace
(2 — 20 msec/sa)

* Streaming Trace
(5ms/10ms sample)

Power

* Average (.02-2 sec)

+ Fixed Length Trace
(2 —20 msec/sa)

+ Streaming Trace
(5ms/10ms sample)

Concurrent V+I

+Fixed Length Trace
(2 - 20 msec/sa)

+ Streaming Trace
(5ms/10ms sample)

Figure 3.2 PDA-604 Block Diagram

3.3.1. Alt and Polarity Select

The PDA604 can be configured to perform detection, classification, and to furnish power amaigPair mode) or
ontwo (4-Pair mode)pf the four quadrants defined abovesattion2.4. This allows the instrument to emulate bath
Pair and 4Pair capabl®SEs, with the DC sour@®nfigured for either positive or negative polarig each pairsett
the FSE outputPhysical Interface (Pl)

3.3.2. Detection Meters

TheRdet Meter measures detection signature resistance on any of thguadirants defined above in sect@#d.
The meteris optimized to measure a nomiD detectioneasistancg€2 5 K) ¥ the presence aemiconductebased
full wave bridging and.1uFof parallelcapacitancever the range of 3Wand 50KN.

ue OY will be

When the measured resistance falls belowtpp@te d r ange, the val

the measured value falls above thgportedange, the meter retur8s9 K Y

When the PDA604 is in a 4Pair mode, the Rdet measurement also includes a Connection Check to determine the PD
signature type. The Connection Check will report if the PD signatur8iisgde Signature Dual Signature, or

Invalid Signature in accordance with 802.bt requiremergsdsection2.6). TheRdet meter, when in 4air mode,

returrs values for measured signature resistances in the two quadrants associated with Mode A and Mode B.

Rdet measurementwill generallyassure that thBC Sources turned off before the measurement is performed. The
one exception occurs when the PIBBA4 is in a 2Pair mode. Here, aRdet measuremerdirected to amnpowered
pairsetwill not affect the DC Source as the purpose of the measuremntentasify that anonvalid signature ipresent
on that unpowered pairset.

The Cdet meter measuresletection signature capacitance on any of thedoadrants defined abovesaction2.4. It

is optimized to measure a nomirD detection capacitan¢@.1uF) in the presence sémiconductebased full wave
bridging anda 5k Y arallel resistancélhe Cdet meter, when in 4air mode, returns values for measured detection
capacitance in the two quadrants associated with Mode A and Mode B.

Measurements over the range of GB%0 2 are supported and with reduced accuracy, thiemean range up to
10nF. Cdet measurements will tolerate wide variation in pardfdet valuesand will initially assure that the DC
Source is turned ofind that there is no residual voltage on the PD interface before the connection is made.

Both theRdet andCdet meters support multiple measurement cyelbereby readings can be averaged to improve

accuracy and repeatabilitiultiple measurement cycles also can mimicpemeanaged PSE&6s t hat
detection measurements over a period of tivhée power allocation decisions are made.
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TheRdet Meter also supports aRdet Margin measurement where the PD detection signature is characterized in the
vicinity of 2.7VDC and 10.1VDC, the outer bands for sensing PD detection signatures. This meastirem
complements the standaRilet measurement by improving confidence that the PD will interoperate with the full range
of possible PSE implementation¥he Rdet Margin measurement is done with the FADA in a 2Pair configuration.

From a command line, tHedet Meter can also be configured to perform a Classification measurement immediately
aftereachRdet measurementycle Combined with a flexible detection cycle baa control, the PDA can emulate a
vari ety PSE dcdon ant aassificatyon repeatedilg unéer power management control prior to enabling a
powerup. In this multicycle mode, readings can either be averaged or selected from the final cycle of detection
classification thus emulating what the PSE will measuréhe PD interface.

3.3.3. Class Meter

The ClassMeter measures PD classification signatuf@#\) that may also includ®lark currentloads betweemulti-
eventsignatures Like detection signature measuremeftkssmeasurements can be performed on any of the four
quadrants defined abovesaction2.4 TheClass Meter, when in 4Pair mode, returns values for measured class and
mark currents in the two quadrants associated with Mode A and Blode

Class measurements may be configured fBrvént, 2Event, or 3Event classification, and if the instrument is licensed
for Type-3/4 PSE emulatiorfseesection1.5), may also be configured forBvent and BEvent classification

Classification measurements are fully independent of Detection measurements, that is, they are performed when
initiated and not preceded by any Detection cydée. Class Metewill first asure thathe DC Source igurned off
prior to completing aneasurement.

TheClass Meteralso supports €lass Margin measurement where PD classification signature is measured at the
voltage band extremes, 14.5V and 20.5V, associated with PD classification. This measurement improves confidence
that the PD will ineroperate with the full range of possible PSE implementatidres Class Margin measurement is

done with the PDA604 in a 2Pair configuration.

3.3.4. DC Source

The DC Sourcerovides DC power with configurable voltage levels to the PD in any of thejfmdrats defined
above insection2.4. In a 4Pair configuration, the DC Source powers two quadramsassociated with Mode A and
one associated witklode B.

DC voltagesettingsbetween 28VDC and 57VDC may be specified so the full input voltage range 802a8afType-1

PD of 37VDC to 57VDCiscovere® 0 2. 3 bt PDb&s operate between appbdoxi mat el
can source well in excess of the 25.5 watts allowealRD under-Pair powering and well in excess of the 71.3 watts

allowed to a Class 8 PD unde4ir powering. For example, at the minimum Class 8 input voltage of 41.1 watts, the

PDA-604 will source over 82 watts of continuous power.

TheDC Sourcecan be turned on immediately @rcan besequentiallystepped from 28V to a user defined level and
then back down to 28V. The stepped madeonjunction with voltage and current meteriagables measurements
of PDVon andVoff voltage thresholds.

3.35. DC Meters

In a 2Pair powering modeht PDA604 can measure applied DC voltages, DC current load, and DC power draw in
any of the fouiquadrants defined abovesection2.4. These measurements primarily pertain to a PD while being
powered, thougttheability is provided to measure DC voltage on the unpowered pairset when assessifeggthack
voltage(Backfeed\) from a PD.

In a 4Pair powering mode, the PD#04 can measure applied DC voltages per pairset and measure DC current load
and DC power draw as-pair quantities that can also be itemized by pairset.

DC Voltage sensing assures that DC power measurements are more accurate and are indepPAdéa0dde
sourcingand current sensintharacteristics. DC Meters can format measurgésnas

9 Scalar valuesf voltage, current, or powsvith configurable averaging

i  Single-shot waveform tracesf voltage, current, or powevith configurable trace lengthsampling ratesand
event triggering options.

9  Continuously streaming measuremenveoitage, current, and power combirniedluding comparisons to power
limits established by PD classification
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3.3.6. 10/100/1000Base-T Ethernet Switch

The PDA600contains an internal Ethernet switch which provides bridging betwedrAtieport and thePD port
The PDAG00 will support 10BaseT, 100BaseT, and 1000BaseT links on botiAtheandPD ports. PDA port link
speed may be user configured to enable assessments of PD power draw under differing link states.

The PDA604alsosupporsa  p as s i v e nrielbétRend AN aAmdPD Test ports that enables fgigtibit
LAN traffic at rates up to 10GBask This switched feature witlllow PoE LLDP to negotiate power with a PD prior
to establishing a mukgigabitlink used for power monitoring measurements.

3.3.7. LLDP Subsystem

The PDA604, when equipped with thé DP Emulation for 802.3at feature licensesgesectionl.5), supports
802.3at LLDP protocol, and is capable of processing power requests received from an &arghaHocating power
by way of transmitting-vi-MDPDUbBb¥06so0oas$ adefinged iPoweEEE 802

The PDA604, when equipped with thé DP Emulation for 802.3bt feature licensesgesectionl.5), supports
802.3bt LLDP protocol, and is capable of processing power requests received from an 802.3bt PD and allocating power
by way of transmitting-vi-MDPDUbBb¥06so0oas$ adaef inged POBOWeEEE 80 2.

LLDP traffic used for power request and allocati®supporteanly between the PDAOOPD portand the PDJnder
Test and isneverbridged to the AN port PSE LLDP message timing and message content behaviors may be
flexibly emulated by the LLDFSubsystem.

3.4. Software Overview

3.4.1. Components
PDA Software furnished with the?DA-600 contains the following components.

PDA Interactive: A Graphical User Interfadauilt from Tcl/Tk. This software is the topic séction4.
PowerShellPDA: A PDA-600 specificTcl commandextension This software is the topic géction?.

PD Conformance Test A fully automated test suite for evaluating 8028a802.3bP D6 s f or speci ficati ol
complianceThis softwae is the topic ofectiors 0 and6.
PDA-600Binary API i a Dynamic Link LibraryDLL) that

exposes hinary Application Programming Interface for the
PDA-600. This is the topic afection8. PDA-600 Software

) ) PDA Interactive User Automation
PDA-600 USB Driver. Host software required to manage u Graphical User Interface | | Scripts (Tck/Tk)

toeight P DA6006s connected via

User Programs (e.g.
Basic, C, LabView,
Python, etc.)

PowerShell PDA

The relationship between the different software componen| | 1el/Tk Script Automation

is depictedin Figure3.. PowerShellPDA is an example of a | |
fi U sRragrandthat relies on the PDA00 Binary API to [FD Conformance Test Suita

manage the PD&00 instrument PDA-600 Binary API

Windows Extension Library

UserApplications may be constructed in Tk using .
PowerShell PDA or they may be constructed in sofyjware USB Dri
environment capable of calling Win32 API functiomighin river
dynamically linked |ibrarit1toocrosy
j‘I’E UsB

Tcl/Tk is a powerful scripting environment offeg the
advantages of interpreted réethe commands, easy -
debugging, and a choice of two consoles, Tcl Shell and Wi USB Controller PDA 600
Shell. The Tcl Shell console is built upon the Windows gy
Command shell while the Wish Shell console shares featur | Test
associated witlmany Wndows editorand is also ayntax Controller
knowledgeable shell supporting Tk graphical user interface
commands.

LAN/LLDP
Controller

Figure 3.3 PDA-600 Software Components
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3.4.2. Directory and File Organization
When PDA Software is installed, file and directories are placed on the host computer according to the following table

Root pathC:\Program Files\SifosPDA600 (32-bit systen)
C:\Program Files (x86)SifosPDA600 (64-bit system

Directory Contents

bin All .exe and .dll files

docs PDA-600 Technical Reference, PDA-600 API Reference .pdf files

drivers USB driver files and installer application

include Header files related to the PDA-600 API

lib Library files related to the PDA-600 API (for linker input, ex. for a C or C++ application)
tel Tcl Console runtime configuration, libraries, Tk application

Root pathC:\UserdPublic\Sifos PDA600

Directory Contents

contrib Tcl files that will be automatically loaded during Tcl initialization

env Dynamically managed PDA-600 Tcl/Tk related configuration files

examples Example applications (C, C#, VB.NET, Tcl, LabView)

results Conformance Test and Trace Excel template workbooks, directory per instrument for test data

A directory is created undér .\results for each connected instrument when tests are performed. The name of the
directory iscreated usinghe serial number of the instrument.

3.4.3. Environment Variables

The followingWindowsenvironment variables are defined during installation. They should not be changed or deleted,
as various software components relytioem:

1 PDA600_HOME=CWUsersPublidSifosPDA600

i PDA600_ROOT=CProgram FilesSifoaPDA600 (32-bit system)
or

i PDA600_ROOT=CProgram Files (x86$ifosPDA600 (64-bit system)

The following Windows environment variable can be defined to override the default number of rows that will be
displayed for a stream trace by h#a600_trace_report.xIstemplate. If the variable does not exist, the template will
display up t®00 second$180,000 rows). The value can be set anywhere in the range 30,00d8x00 (the
relationship is 1 second = 200 rows at a 5ms/sample period).

1 PDA_STREAM_REPORT_ROWS
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3.5. PDA-604 Technical Specifications

3.5.1. Input/Output

Interface Parameter Specification
Connections RJ45
PoE Signaling and Supply Modes: MODE A MDI, MODE AX{DMODB MDI,
2-Pair Operation MODE B MiXl
PoE Signaling and Supply Modes: MODE MDIMODE MDI,
PD Port 4-Pair Operation MODE A M3+ MODE B MDI,
MODEA MDIMODE MDi#X,
MODEA MDX+MODE MDX
Data Rates and Signaling 10/100/1000Ba%e
Impedance 100w, Balanced
LAN Port Connections RJ45
Modes Active Switchgdr(LLDRo PD or Passive Thru
Data Rates and Signaling (Active Switched 10/100/1000Ba$e
Data Rates and Signaling (Passive Thru M| 10/100/1000/2.5G/5G/10GBase
Impedance 100w, Balanced
USB Port Connections USB StandaRl
Type USB 2.0 High Speed
User Interface LED's USB Connected, host is furnishing 5VDC
LLDP Blinks on to indicate LLDPDU received
COM Blinks when 1/0 from host occurs
ALT A DC Power Applied to Alt A pairs
ALT B DC Power Applied to Alt B pairs
3.5.2. Source Specifications
Source Parameter Specification
Output Voltage Range 28 VDC 167 VDC
Voltage Accuracyb0rpA logd +(0.75% + 60 mV)
DC Supply Voltage Resolution 0.1 Volt
Source Resistance (typical) 1.6W
Maximum Continuous Source Current | 1000 mAer Pairset, 2000mA total
PD Detection Resistand Method DV /DI
Probing Volta¢igpical) 44Vi 88V
Probing Range (Margin Test) 2.7\-10.1V
PD Detection Capacitary Method Slew Time
Probing Voltage (typical) ~4Vi8V

PD Classification

Modes: Standard PEDA

1-Event2-Eventand Event Classification

Modes: PDB304 witlPDAGK-TYPB4

1-Event, Event, Event, £vent, andBvent Classificatid

First Event Duration

Selectable: .d&100 msec oeh30 msec

Clasdication Probing Voltage (typical)

~17.5%/

Clasdication Probing Voltégargin test)

145V, 205V

Classfication Probing Event Duration (tyy

30 msec

Mar k Region Voltag

~7-9V

Mark Regidburation (typical)

Mark through 2, 3, ar¥® mseeach
Final MariSelectable5 to 375 msec
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3.5.3. Measurement Specifications
Measurement Parameter Specification
Detection Resistance | Range 3 KWto 50 MV
(per pairsgt Accuracy (19%o 26.5 W, Frobing 4:8.8V) | +1%
Accuracy (Full Rang®bing 4-8.8V) +2.5%

Connection Check

Outcomes

SINGLBrDUALor INVALID PD

Expected PD Signature for VALID result

21 RK to 28 Kon each pairset

Detection Capacitance
(per pairspt

Range

50nFLOnF

Accurac(0.05..2F)

+(2.5% + 6 nF)

Accuracg?.1..10nF)

+(10% + 6 nF)

Classification Classification Range 0mA tds0 mA
(perpairset Classification Accuréicyl5 mA @ ~17.5V) | + (2.5% + 6004)
Classification Accur@idy..50 mA @ ~17.5V]| + (1.8%6 +400nA)
Events Measured Selectable, 1 to 2 (standa#l)yith Typ®&/4 license
MarkRegion Range 05to5mA
Mark Region Accuracy + (2% + 1064A)
Power Range 0 to 56 Watts per pairset, 0 to 112 Watts 4
Resolution 001 Wper pairset, 0.02 WRdir
Accuracy +(2.0% + 0.1 W) per paitsg?,0% + 0.2 W)P4ir
Load Current Range 0 to 1000 mA per pairset, 0 to 200PaiA 4
Resolution 0.1 mAO.2mA-Pair

Accuracy (1..15 mA)

+ (20% + 600A) per pairset,(20% +1.2mA) Lair

Accuracy (16..50 mA)

+ (1.85% + 6000) per pairset,(1.886 +1.2mA) Lair

Accuracgs1..100 mA)

+ (1.0% + 50@A) per pairset,(1.06 +1.0mA) Pair

Accuracy (101..1000 mA)

+ (0.75% + 80MN) per pairset,0.7%6 +1.6mA) Lair

Port Voltage,
Unpowered Pairset
Backfeed or Reflected
Voltage (Pair PSE)

Range

0 VDC to 57 VDC

Resolution

0.1V

Accuracy (Pairset Voltage)

+(0.75% + 100 npéY pairset: (0.75% 200 mV)-pair

Unpowered Pairset Range 0 VDC te 5/DC

Refle.cted Voltage Resolution 01V

(4Pair PSE)

Trace Types Voltage, Current, Power, Voltage & Qtignt

Trigger Modes

ImmediateClass(leading edge of first eyent)
Source(ON or OFF transitjon)

Transien{Current or Poweti}h Selectah(2Pair)
ThresholdndSelectable Riigigger Sample Count

Sample Raie2-Pair Traces
(Immediate, ClaSsurce triggered traces)

0051 20 msetsampl¢l-2-5 pattern)
Voltage, Current also support 0.025 msec/sampl

Sample Rate4-Pair Traces
(Immediate, Class, Source triggered trace

271 20 msec / sample2(@ pattern)

Trace Length (Volta@etrent) 2-Pair Traces

Selectable up3&2Qpoints

Trace Length (Voltage, CuirdRpir Traces

Selectable up 2560 points

Trace Length (Power, V2pair Traces

Selectable up266Qpoints

Trace Length (Power, V4lpair Traces

Selectable up to 1280 points

Sample Rate2-Pair & 4air Transient
Triggered Traces

271 20 msec / sample2(d pattern)

Trace LengthTransient triggered traces (2
Pair and-®air Powering Modes)

Indefinité Runs until specif@Baircurrent or power
condition occurs.

Trace Trigger Holifi Supported Triggers

Class, Source

Trace Trigger Holifli 2-Pair Traces

0 to 65535 samples

Trace Trigger Holifi 4-Pair Traces

0 to 32768 samples
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Measurement

Parameter

Specification

Streaming Trace

Parameters Included

Voltage, Current, Instantaneous Power, Avg. Power|

(2Pair & #aimodes) | sample Rate 5 msec or 10 msec
Trace Length (5 msec period) 01048400 samples5R42 seconds)
3.5.4. 802.3at and 802.3bt LLDP
Interface Parameter Specification
Receive Inboard Ethernet switch is configured to filter for LLDPDUs. N
parsed to extract the IBEE3atonformant PowéaMDI TLV;
PD Port entire raw frame is available for analysis.
(WithPDALLDRAT feature | Transmit LLDPDU containing an I&EE3atonformant PoweaMDI TLV
license) with programmatically controlled alloc value.
Trace Continuous (once started by the user), stores and optionally d
802.3aPowewiaMDI TLV content.
PD Port Receive Inboard Ethernet switch is configured to filter for LLDPDUs. N
(withPDALLDPBT feature parsed to extract the IBEE3btonformarextended}owewia
license) MDI TLV; entire raw frame is available for analysis.
Transmit LLDPDU containing an I&EE3btonformarfextendedowevia
MDI TLV with programmatically controlled alloc value.
Trace Continuous (once started by the user), stores and optionally d
802.3bPowewriaMDI TLV content.
LAN Port No LLDP support on LAN Port. LAN and PD Ports Autisteb8viritched (10/100/1000) Mode.
3.5.5. Physical and Environment
Category Characteristic Value
Physical Width 7.5"
Height 3.0"
Depth 10.0"
Weight 3.21Ibs
Power 100VAC i 240VAC, 50-60 Hz, 1.3A Max.
Environmental Operating Temperature 0°C to 40°C

Storage Temperature

-20°C to 85°C

Operating Humidity

5% to 95% RH, Non-Condensing

Altitude

2000 Meters

Pollution Degree

2

emissions, USA)

3.5.6. Certifications
Category Specification
CSA Listed (CSA22.2 | EN6101Q (Test & Measurement EquiiBatsty Standard)
Safety
No. 61010)
EN5501:2016(Industrial, Scientific Equipment RF emissions, Europe)
- FCC Part 15, Class A | p\ 61326:2013 (Immunity)
Emissions (Industrial Equipment

VCCI (Information Technology Equipment emissions, Japan)

AS/NZS 3548 (Information Technology Equipment emissions, Australia/|

European Commissic

Low Voltage Directive (2014/35/EU)

Electromagnetic Compatibility Directive (2014/30/E

ROHS Compliance DireQid&1(65/EU

CE Marking Direci{{98/68/EEC)

FCC Statement:

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the
equipment is operated in a commercial environment. This equipment generates, uses, and can radiate radio
frequency energy and, if not installed and used in accordance with the instructions, may cause harmful interference to
radio communications. Operation of this equipment in a residential area is likely to cause harmful interference in
which case the user will be required to correct the interference at their own expense.

Patents: U.S. Patent 10,060,965
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4. PDANntdernae

The PDAG0O is controlled exclusively via software running on a host PC. A Graphical User InterfaceRBAII),
Interactive, is furnished with the instrument, and can be used to control the instrument and perform various
measurements. PDA Interactive ssnas the virtual front panel for the PIBAO instrument and is also referred to as
PDA-600 Interactive.

4.1. Starting the Application

PDA Interactive is launched from the Windows desktop by clicking on the PDA Interactive icon
shown inFigure 4.1. PDA Interactive can also be launched from the Windows Start Imenu
selecting the menu item Staxt All Programs-> Sifos-> PDA-600 Interactive.

Because the PDAO0O is a singlaiser instrument, only one session of PDA Interactive may be open at
any one time on the host PC. Additionally, PDA Interactive cannot be opePeddiShell PDA
(see section) is already opened on the host PC.

#  PDA-600 Error X

PUA-300

Intzracijy2

Important!  Before opening PDA Interactive,
the PDAG600 instrument must be connected by
USB cable to the host PC and the RB@O instrument must be
powered on. If PDA Interactive cannot discover a connected a
powered PDA instrument, the software will not open dued t
warning message iRigure 4.2will appear.

Figure 4.1

INITIALIZATION PROBLEM 1, CANNOT START PDA-600
Interactive.

Make sure the instrument is connected, and AC power is
turned on.

Reported error:

pda_config: Could not connect to device 1. Reason: "Attempt
to open device sn: 604A0001 failed.

Error reported: pdausb_read: read buffer is empty.

# Initializing PDA-600 Interactive....

Figure 4.2 No PDA found warning

While PDA Interactive opens, the splash screen showigire 4.3
PDA Interactive splash screexill appear. During this time, PDA
Interactive will upload numer@usettings and calibrations from the
PDA-600 instrument. This orme process will take about 10
seconds to complete per connected PEDA instrument.

$ Sifos
echnologies

settings &

Connecting

PDA btall

Please wait whif

Copyright 2023 Sifos Technologies, Inc.

# PDA-600 Interactive 3

Figure 4.3 PDA Interactive splash screen Fie PDA Help
PSE/FD \ Analysis W 802 3at Test \ 8023kt Test W LLDP Trace \ LaN l
PDA Interactive is a tabbed dialog graphical PSE Emulation PD Signatures
. . 6023 5td 802 3at 8023t PD Detection [N Cpeles] |1 El
user interface that will always open to the ca N o
PSE/PDtab menu (seEigure 4.4). All other & 2Psaks @ Ol o Mol o o
tab menus will be disabled when PDA O zesas @ DI e uok Rt kohm)
Interactive opens. Accessing those tab & spa W Cesita [ Dossits . E‘:F]TW
menus depends upon two factors: Pover Cspaciy (s power up) PD Clasifcation AtA AIB
* 15w 45w (o= " Class Sig(ma)  EV1
. . EVZ
1. PDA-600 instument licensed features. o o o 1 om
Some tab menus will never activate e S s
unless the instrument is licensed for the T — @ 3 Evs
functions associated with that tab menu. (- 3 i 2
Configure Signature Sensitivity
2. Discovery of a connected PD. Features o P
of certain tab menus are gated by Moasuro
characteristics of the PD that wileb .
tested. Important! The PD to be tested ﬁ
must be connected et
PD port before the full menu can be
accessed. ﬁ ]
PDA BOZBOO0Z  PWR A PwR B PSE:  2-Pair 15w 480VDC PD: Class UNKNDWN

Figure 4.4 PSE/PD Tab Menu
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If more than one instrument is connected to the host PC, then PDA

Pg Features 802.3at Test | 802.3Y
- oz sat les Ue. i .

Reconmect - Figure 4.5).
m # PDA-600 Interactive 3
T Tt e 2:602B0002

802.3 St 2 3at File PDA Help
Pairs Polarity per Alt
PSE/PD Analysis

Figure 4.5 PDA Select Menu

File PDA Help Interactive may be selectively connected to any one of those instruments.
This is done from th®DA drop-down menu using th8electoption (see

802.3at Test | 802.3bt Test | LLDP Trace LAN

Figure 4.6 PDA Interactive Tab Menus

The tab menus included in PDA Interactive (Bagure 4.6) are described in the following table. See sectid@for a

description of PDA600 optbnal license features.

Tab Menu \ Purpose Required Feature License
Analysis Manual measurements and analyses of PSE | None

behaviors during power-up, while powered,

and during power-down.
802.3at Test Automated PD Conformance Test of 802.3at | PDA-602-CT-AT

PD6s
802.3bt Test Automated PD Conformance Test of 802.3bt | PDA-602-CT-BT

PD6s
LLDP Trace PoE LLDP Protocol Analysis and PD PDA-LLDP-AT

Protocol Responses (prerequisite to PDA-LLDP-BT)
LAN Configuration of LAN Data Port None

4.2. PSE/PD Tab Menu

Before any PD measurements can be performed, PDA Interactive requires that users:

1. Describe essenti al characteristics of-undertdstypot heti cal

2. Discover fundamental characteristics of the-Ridlertest.

Important!  Both of thesactions must take pladeefore PD measurements can be performd@dhePSE/PDtab
menu (seéigure 4.4) is where this is done. Sectidr2.1will address above step 1 and secto?.2will address

above step 2.

4.2.1. PSE Emulation

The PDA604 canemulate 2Pair,802.3at 2-Pair802.3bt and 4Pair,802.3btPSE connections.

A 2-Pair PSE powers either thdt-A pairset or thé\lt-B pairset, and
does s using one of two electrical polaritiédDl ( i p o s i MDIvXe O  pse Emulation

( A n e g aA4-PaieRSE powers both th&lt-A and theAlt -B pairset, 802.35td. & 8023a © 80236t
each with pairsespecific polarities. fie PDA604 can be configured to Paits Polaity per Al
any one okight possible settingseeFigure 4.7): @ 2Pait AlA  MDI & MDIX
802.3ator 802.3btPSE: C R E o

€ 4Pair ¥ Class AltA [T Class AltB

1. 2-PairAlt-A with MDI polarity
2. 2-PairAlt-A with MDI -X polarity
3. 2-PairAlt-B with MDI polarity
4. 2-PairAlt-B with MDI -X polarity

802.3btPSE:

5. 4-Pair with MDI onAlt-A andMDI onAlt-B

6. 4-Pair with MDI -X on Alt-A andMDI onAlt-B

7. 4-Pair with MDI onAlt-A andMDI -X on Alt-B
8. 4-Pair with MDI -X on Alt-A andMDI -X on Alt-B

Power Capacity (at power up)

& 15w C 45w C 75w
30w C 60w C 90w

Max Events: 1

Final Mark [msec) 25 2

Voltage to PD (VDC) 455 =

Power Stagger (msec) 0 5'
Configure

Note that if the2-Pair Alt -A setting is selected, the polarity settings for
Alt-B are disabled anifithe 2-Pair Alt -B setting is selected, tipolarity
settings for AKA are disabled. If #air is selected, then polarity settings

for both Alt-A and Alt-B are enabled and may be selected.

Figure 4.7 PSE Emulation menu
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802.3atand802.3bt2-PairP SEG6 s ar e ei t B@watt chfablashan powercissapplied to the PBt the
electrical level, 80 watt capable PS&llows a PD to draw over 13 watts by furnishing #e@nt classification while a
15 watt capabl®SE would only furnish orevent classificationsge sectio.7). When a2-Pair Alt -A or

2-Pair Alt-B PSE emulation is selected (d&gure 4.7), the only options for Power Capacity df&W and30W.

802.3bt4-Pair P S Edarsbe capable of furnishing 15, 30, 45, 60, 75, or 90 watismum PSE6s that furni
between 45 watts and 90 watts mustieairc ap ab | e P SHParss.selected\l ssRower Capacity
options are enabled (sB®@ure 4.9) as are both options for the pairset to classifiaés Alt-A, ClassAlt-B).

The emulated PSE can be defined to opaaaia 2Pair802.3atPSE, a 2Pair802.3btPSE, or a 4Pair802.3btPSE
with power capacities as described aboVeh i s al | ows the user to evahwytgpee PDO6s r
of 802.3at or 802.3RSE.

Important!  ThePower Capacity (at power up)setting doesiot restrict the actual power that the emulated PSE can

deliver to a PD. As a test instrument, the P60 will furnish up to at least 1000 mper powered pairseegardless

of thePower Capacitysetting.Power Capacityonly affects the classification evis and the commensurate assigned

class ¢ee section®.7and2.8) provided to PD6és when they are powered.

Depending on th@ower Capacitysetting, the menu will report thdax Eventsthat will be delivered to the PD during
classification A Class 03 PD reeives only one event at poweps regardless of tHeower Capacityof the PSE
Emulation. A Class-8 PD would receive two events from &02.3atemulated PSE witBOW capacity and three
events from ai802.3btPSE with30W capacity. A Class-B PSE woul receive four events from @02.3btemulated
PSE with60W capacity and a Class&PSE would receive five events from&0R2.3btemulated PSE witBOW
capacity. An802.3bt45W capacity PSE would furnish four events to a Class 5 PD and 3 events te & €Rsthus
power demoting the Class 6 PD to Class 4 power.8@h3bt 75Wcapacity PSE would furnish five events to a Class
7 PD and 4 events to a Class 8 PD, thus power demoting the Class 8 PD to Class 6 power.

Two other PSE settings complete tiser definition of an emulated PSE. THieal Mark (msec) setting defines the

time duration of the final mark interval between the final classification pulse and the application of power. This setting
is useful for validating that @lass 48 (or DualClass 15) PD will retain the startip power grantver various mark

intervals that a PSE might present. The allowable range for this setting is 25msec to 300msec.

A second, very important PSE parameter isbitage to PD (VDC) that is, the voltage faished directly to the PD
interface. This value can range from 28.0V up to 57.0V. Unlike an actual PSE that has just one fixed output voltage,
the PDAG600 instrument is a variable power supply that can mimic the actual voltage delivered to a PDpogsitdé
connection environments including 100 meter cabling lengthkis essential feature is critical for interoperability

testing of a PD.

Once a desired PSE emulation is enteredCibrfigure button may present red text. This means that in order to
complete the PSE emulation within the PBBB0 instrumentConfigure must be pressed. If a PSE setting is altered
andConfigure does not turn red, then there is no
F; FDA: G02B0002 PWRA PWR B pse 2pansow  4ssvoc | need to pres€onfigure. An exanple of that
“ would be changing theoltage to PD (VDC)
value.

Figure 4.8 PSE Emulation Dashboard Indicator

Once the PSE emulation is configured, the PDA Interactive dashboard indicator  ese emsion

the bottom of the menu will update to describe some critical characteristies o fuaas e ¢ et
PSE emulation. Iigure 4.8 the indictor says that the emulated PSE f&ir - e
powering with30W capacity, and that it will furnisi5.5volts to the PD interface.

© 2Pair AbA  MDI & MDIX

€ 2Pair AlB & MDI ' MDIX

This dashboard indicator is present no matter which tab menu is selected. -

In Figure 4.9, the PSE is configured to the following setup: T;mywwi“j;q P

1 PSE willpower both pairsetgi{Pair) and classify on thalt-A pairset M K » i o

9  Power polarity will beMDI -X ( i n e @ dri the\ARA pairset andDI Fina Mark [ec) o
(ApositiveBpairsebn the Alt Vekage o PD VD) LI

1 PSEis Type3 (60W), that is, will classify withup to4 events depending on e =
PD classification ) ot |

1 Mark Event following classification will be 160 msec

9 Voltage at PD input will be 42.5V

9 Pairsets will power at exactly the same time (0 Stagger) Figure 4.9 Type-3 PSE Example

! The PDA604 presents approximately W&f source resistance on each powered pairsetimgantual output voltage
may be slightly lower than the programmed voltage when load currents are higher.
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4.2.2. PD Discovery

In order to test the PD properly, PDA Interactive also needs to verify that a valid Discover
is connected to the i nsftom-enth&gracturegingld t it

or Dual Signature) and its I@ssification. As discussed in sectis above, this

operation must be completed before other tab menus will be enabled. Exit

Discovering the PD is easily done by simply pressingitiseover PDbutton when
it is configured red (seigure 4.10). Until this is done, the PD dashboardigador
in the lower right of the menu will indicat@ass UKNOWN. PD: Class UNKNOWN

Regardless of how tHeSE Emulationis configured, the result of tHgiscover PD  Figure 4.10 Discover PD Button
operation will be one o®ingle SignatureSS Class 63 or Dual SignaturelXS)

Class 15 (seeFigure 411). | n ot her words, all possible 802. 3at
Discover PD

Important! If the connected PD is altered during testing and the

newly connected PD has a different PD clasdifica theDiscover  PSE:  4-Pair 60w 425VDC PD: Class 58S
PD should be pressed to-déscover the actual connected PD
;:_Iassification so that the dashboard indicator is accurate at all rjgyre 4.11 PD Dashboard Indicator
imes.
Finally, if no PD or if a severely defective PD is connected vidienover PDis executed, a message will appear
indicating that the PD is not recognizable as an 802.3 PD and the dashboard indicator will not updatecovhe
PD button will therefore remain red and access to other tab menus will continue to be disabled.

4.2.3. PD Signature Testing

PD Signatures

The PDA604 instrument measures the following PD signatures: PD Detection (N Cycles) |1 =]
& Final  Average

9 Detection Resistance (Rdet) AltA - ArB

. . * Rdet (kohm) 2550 2542
9 Detection Capacitance (Cdet) S Tpe e
9 Classification (Class Sig mA) € Cdet (uF)

PD Classification Alt-A Al-B

The measurements are always performed using #ieEmulation defined above € ConsSigina) EV1
in sectiord.2.1 That means that all three signature types will be assessed using B2
selected pairset(shlt-A, Alt-B, or both for4-Pair) and the selected polarity(s) Mease | Ev3
(MDI or MDI -X) defined in that PSEmulation. eV

EV5

Mark

When detection signature measurements are performed, th&@Diastrument posedFO Ol 7 .

has the capability to cycle the detection probe repeatedly much like a-power . -
managed (or system) PSE might do preceding paywerThis then exposes the PI2 Fi%ure 4.:Id'3Rc{et.Measureme?t
PD Signatures under_t est t or gals Sw dorl led o o ndi ion "o
PO Deteston (M Csces) 5 3] recycling probes. TheD Detection (N Cycles}yetting governs how many
" Final ™ Average . . . .
A“_AF L“_BA ? sighature measurement can then be taken on just the final cycle by sdtawing
® REale or it can be the average of measurements from all
S in: probing cycles by selectingverage
& Cdet [uF) 010

PD: Class 55S

PD Classification AltA  AlLB In Figure 4.13 a detection resistance PD Signatures
" Class Sig (md) V1 measurement is performed frord-&air PD Detection [N Cycles) |1 o
Ev2 emulated PSE by selectifRget (kohm) and @ Final C Average
Measure EV3 pressingVleasure Just a single prolmycle is ) AltA - AllB
Eva utilized. The results are valid 802.3 PD signature = "
evs of 25.5 KWand 25.4KW. et
Hak PD Classification Alt-A  Al-B
Al ? ¥ In Figure 4.14, a detection capacitance @ CassSigna) EVI [0z [383
) measurement is performed from an-Blt B2 [a03  [39
Figure 4.14 Cdet Measurement emulated PSE by selectifzget (uUF) and Measwe | BV (30 [26
pressingMeasure. In this case, the instrumentdsnfigured for 3 probe cycles and the T30 | 26

EVS
Mak (22 22
Assigned PD Class 5 1]

Averageresult is reported. The result is a valid 802.3 PD signature oh#.10

In Figure 4.15 a class signature measurement is performed by sel&itrg Sig -
(mA) and pressing thileasurebutton. In this casehePSE Emulation configured Figure 4.15 Class Measurement
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was4-Pair with bothClass Alt-A andClass Alt-B selectecand60W selected. e discovered PD is claSsso4-

Events are produced and measured. The PD tested here presents-40validsignature ortlass events 1 and 2, then
valid ~2.8 mA signature on class events 3 and 4, along witica2.2 mA Mark Event load between classification
events. The Assigned PD Clasgsee sectio2.8) is 5.

The number of classification events utilized in assessing the PD class signature depen&Sarghmilationand the
discovered PD as follows:

PSE Type (802.3 std) PSE Power Capacity \ Discovered PD Class \ Class Event Count

Any 15W Any 1
Any 30w 0-3 1
802.3at 30w 4-8 2
802.3bt 30w 4-8 3
802.3bt 45W 0-3 1
4,6,7,and 8 3

5 4

60W 0-3 1

4 3

5-8 4

75W 0-3 1

4 3

5,6, and 8 4

7 5

90w 0-3 1

4 3

5-6 4

7-8 5

TheClass Sigmeasurement is not affected by #ie Detection (N Cyclesyettingi just a single cycle of classification

is utilized.

Note! If a signature measurement is performed while the PD dashboard inditzedJKNOWN, then the
measurement will automatically invoke tbescover PDprocess before completing the signature measurement.

4.2.4. PD Signature Sensitivity Testing

The PDA604 supports the ability to assess detection resistance and classification signatures over the practical range of
PSE probing voltages. These are referred to as sensitivity measurements as they assess signature variation as a
function of probing voltage.These measurements are directed to a single pairB&EBs&mulation must be2-Pair.

In Figure 4.16 an Rdet sensitivity measurement is performed by seleRtileg(Alt-*) and pressing thileasure
button. The measurementgsrformed on the PSE emulatidefined pairset (AHA or Alt-B) with the emulation

Signature Sensitivity
& Rdet [41t-*) Measurement in progress...

" ClassEV1 NOTE this will take almost 60

seconds to complete.
Measure

Signature Sensitivity

' Rdet (alt-) [RDETECT_2.7V: 25.35 kohms
DETECT_STD: 25.32 kohms
" ClassEV1 |RDETECT_10.1V: 25.43 kohms

VOFFSET: 1.01VDC
Measure

Figure 4.16 Rdet Sensitivity

maximum allowable PSE probe voltage. As with Rdet sensitivity, the
measurement is performed on the PSE emulatefmed pairset and polarity.

Thistoo is a lengthy measurement, consuming about 20 seconds as indicated |
status notification (sef€igure 4.17).

November ¥, 2024
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In Figure 4.17, a classification signature
sensitivity measurement is performed on jus
the first PD classification event by selecting
Class EV1and pressinifleasure PD Classificdon load current is assessed at
14.5V, the minimum allowable probe voltage, and then again at 20.5V, the

or ASTDO

Signature Sensitivity
" Rdet (4] |Measurement in progress.

defined polarity (MDI or MDiX). The measurement reports detection resistance
at 2.7V, the minimum allowable probe voltage and at 10.1V, the maximum

allowable probe voltagy The midr an g e,
theRdet measurement under PD Signatures.

measur ement

When the Measure button is pressed, a notification that this measurement is time
consuming is presented (deigure 4.16 as the measurement typically takes
the order of one minute to complete.

& ClassEV1 MOTE this will take almost 20

seconds to complete.
Measure

Signature Sensitivity

" Rdet (Al+) [STATUS: READY
CURRENT_14.5V: 38.7 m&

@ Class EV1 |CURRENT_20.5V: 40.2mA

Measure

Figure 4.17 Class Sensitivity
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4.3. Analysis Tab Menu

TheAnalysistab menu (seEigure 4.19) facilitates manual testing and troubleshooting of a powered device (PD). The

meru offers an array of testing resources including:

Manual powering of a PD and power removal from the PD
I DC meter of voltage, current, power, and béséd voltage

T Highly configurable waveform traces | N
of voltage, currentpower, and File PDA_Help
combined voltage and current PSEFD  Andbeis | 023atTest | G023iTed | LLDPTrace | LA
9 Long duration streaming traces of P[
power consumption with violation
H PD Powering Trace Metering: Transient Trace:
anaIyS|s PSE: 4-Pair 90W Class PiSet: © Vohage & Cunent Trigper Coieda
1 Configurable transient triggered EvenlCount 4 (LCE)  FinalMak(ms} 160 || C Powsr € Volage & Curent clme T
ARtz U © Muli parameter Stream - o
traces - - e Undote Feiym P :Tsa;mmmm
I Load Monitor access for strip I Vool Ramp % a0 Tigger Localion
H : ) & 10% (Stan)
chartlng.PD power consumption ove o ‘ Remove © v . c
long periods of time with viol&n o eD-.w:"p ) iww g se P
analyS|S .!.mp ‘etio hd msec
DC Parameters Tiiggering LoadMonitor
o ‘ @ Immediste ¢ Classification '
TheAnalysistab menu is only accessible |~ " € Ponet On/OH © Tinsien
following configuration of the emulated i e IO e Open
PSE 6ee sectiod.2.1) and discovery of - . e Monmer
the connected PBsée sectiod.2.9). Measure —
Exit
g PDA  604A0001 PWRA I PWR B: ‘ PSE:  4-Pair 90W 425YDC PD: Class 555

Figure 4.19 Analysis Tab Menu

4.3.1. PD Powering and Power Removal

ThePD Poweringsubbmenu is generally utilized to apply power to a PD and then to remove power from the PD.
When power is applied, it is always preceded by a PD classifidhtidis dependent upon the PSiEEHation (see
section4.2.]) and the discovered PBde sectiod.2.2).

PSE: [H'Pdll BUW] [42‘5 VDC] PD: [Elaxs 555]

PD Powering

PSE: CadPiSet/ A
Event Count: Figlal Mark [ms): 160
4Pr Stagger [ms):

Voltage to PD NDC]

[~ VonAVolf Ramp
Class Remove
& Power Power
[ Class Only

Figure 4.20 PD Powering Sub-Menu

Addi tional

Iy, whi

Inside thePD Poweringmenu 6eeFigure 4.20), characteristics of the
emulated PSE are shown including the powered pé&jg@tPair or 4-
Pair) and capacityq0W in Figure 4.20), the classificatiompairset A, B or
A+B), theEvent Countthat will precede each powep, and thd-inal
Mark time duration between classificati@and power application. These
settings are all adjusted with the PBiBulation defined. ThdPr Stagger
also reflects th® SE Emulation setting forPower Stagger (mseg)that is
thedelay between AIA and Alt-B in a 4Pair powetups.

This menu also offers the ability to set the input voltage at the PD interface
over the range of 28 VDC to 57 VDC. This control replicates the voltage
control seen earlier in tHeSE Emulation portion of the PSE/PD tab menu.

It defines the voltage thatillvbe applied when power is turned on to the PD
and its value is always shown in the PSE dashboard dig#aligure

4.20).

e power s being

that onlyactivates while the source power is turned on. For example, if the PSE was powered up to 48 VDC and it is
desired to change that to 52 VDC, the user would ¥iéiage to PDto be 52, then preddpdate.
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Generally, power is applied to the PD by pressingtlass & Powerbutton. As stated earlier, this will result in an

802.3at specification compliant classification process immediately followed by powering the PD with the voltage

defined byVoltage to PD The PD classification is important®l ass 4 and above-eedDd6s that re
classification in order to draw higher power levdiar those : :

P D6 s, Event Counb=el, they are redtted to draw no q PDA  604A0001 PWR A: J PWA B: J

more than 13 W and if Event Count is 23pthen they are -

restricted to draw no more than 25.5 W.

Once the source is turned on, tA®R A: andbr PWR B: Figured4.21Power Status ALEDo |
dashboard indictors will turn gee according to which pairsets g@wered as shown fRigure 4.21. Power is

removed from the PD by pressitiee Remove Poweibutton at which point the dashboard indicateri | |  t urn fof f o.

The PDAG00 instrument supports a special mode of powering designed for studying Rid @amd turroff voltage
levels. WherVon/Voff Ramp is selected (seleigure 4.22), theClass & Power _

button is renamed tBamp Up and theRemove Powerbutton is renamed to e taree A
Ramp Down In this configuration, PD input voltage slowly slews from 28 VDt M'EL‘. F::M;:l‘ms] 160
to the setting in/oltage to PDat a rate of approximatefyvolts per second. SO 8 s sugems o

powerup to 50 VDC would consume between 4 and 5 seconds. Asishow VolagetoPD(VDC) (54 5| Update
Figure 4.2, trace meteringsge sectiod.3.3 can work in conjunction with the ¥ VonVolf Rame

power ramps to observe voltage andrent inflections indicating PD twon and Ramp ‘ Ramp |

turn-off points. &
I Class Or

When power is applied with the voltage ramp, oa/Voff Ramp check button
disables because the only option for power removal is to ramp the voltage bac _ Vohage Trace
down via theRamp Downbutton. TheRamp Downwill run at a similar slew

rate from the currenfoltage to PDsetting down to 28 VDC.
i

The option also exists to perform a PD classification without applying power. 2
This is done by selecting ti&dass Onlycheck button whereby thelass &

Powe button will only produce a PD classification and Bemove Power o i amim m ew m am om
button will become disabled. This mode can be used for triggering traces to == =
observe PD classification as described below irTtaee Metering Menu Gee Figure 4.22 Voltage Ramp to PD

section4.3.3.

4.3.2. DC Parameters Menu

TheDC Parameterssubmenu (sedigure 4.23 enables immediate measurement of DC parameters. While the
meters will function with or without power applied to the PD, the primary purpose of these measurements would be to
assess parameters while powering

PD Powering DC Parameters

PSE: 4-Pair 90W Class PrSet: A the PD. C Vokage :E?‘lfgg?SmT‘SISBM
E:;:::::[m] :lLLH Freliie sl 129 The Voltage andCurrent @ Curent |ALT_B:257.6mA
5 measuremas are averaged over " Powet
Voltage to PD (VDC) 48 = Update . .
e - 100 msec while theower « vief
B measurement isampled and Measurs
AR ‘ flosnv ‘ averaged over one second (see
I Class Ory Figure 4.24. Measurements are :
S performed by selecting the desired | Pt Farameters
e meter and pressing tideasure € Votage [#PAIR_AVERAGE_POWER:
& Votage [ALTAVPORT #74VDE button. With 4-Pair pc_)werlng, ' Cuent éE'AIR_PEAK_PDWEF! 27.45
ALT_B_VPORT: 47.2VDC Current andPowerwill present & Power LT A 1234W
B both combined (total) and o [URT2RW
; ::“I‘:” individual pairset readings. Moasure
Measure Thereflectedvoltage
measuremeny/refl if 4-Pair ULl atnmetacs
powering andvbkfd if 2-Pair € Volage [VREFL A 00VDC
Figure 4.23 DC Voltage Measurement powering,is a measurement of O o | Y
voltage oranunpowered pairset  Power
while the other pairset is poweredThe front ed full wave bridge in a ]

conforming PDshould block any voltage onpmwered pairset from appearing -

onanunpowered pairsetlf theEmulated PSE is 4-Pair powering, then =
Vrefl requires that power be removed from each paiesgéhe measurement
on that pairset. After "refl measurement, power will be removed. Figure 4.24 Other DC Measurements
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4.3.3.

Trace metering is a powerful analysis and diagnostic resource provided by PDA Interactive working wif@ DA
instruments. Waveforms can be captiiand graphically displayed for each of the following parameters:

Trace Metering Menu

Voltage :
Current

Instantaneous Power

Voltage and Current Combined

SECURITY WARNING Macros have been disabled, Enable Content

=A =4 4 =4

Figure 4.25 Excel Macro Enabling

Waveforms are always displayed in Micréiggxcel

spreadsheet reports (deigure 4.27). Important! In order for waveform traces to open, Excel must be configured to
fully enable macro executiorilhis is also a requirement of test reports for the PD Conformance Test Ssite(s) (

Frace Metort section5.3). Excel macros are enabled from the [File] [Options] [Trust Center]
o drop down menu (segigure 4.25.

* Voltage " Current

T Power " Voltage & Curent In Figure 4.26 aVoltagetrace is configured with the following options:

€ Multi parameter Stream Sample Period= 1 msecTrace Duration = 5.0 seconddmmediate

P Friggeripg. With this configuration, pressing tWieasure button will
s T immediately start the
voltage trace that will 4 Sifos
€ 4Pai then automatically e )] Technologies
Duration 50000 Sec open( Apop up o e —— e
SamplePeiod [T <]  meec Figure 4.27) after the m—
T five second trace Voltage Trace
@ Immediate € Classificatior duration. Be.cal'.Jse the :“:
PSE Emulationis 2- "
" Power On/Off ¢ Transient Pair Alt-A, the .
TiggerDeloy (0000 3 Sec selectecPairsetis Alt- | g
Status A anda single trace of §
Measwe | voltageon the AltA -
pairsetis presented. o
Terminate | oo
Figure 4.26 Voltage Trace _".,..,m.: _:me.

Configuration
Figure 4.27 Voltage Trace (5 sec., 1 msec Samples)

Sample Periodand traceDuration are interrelated settings that depend upon the type of meter selected and whether the
PSE Emulationis configured for2-Pair (Alt-A or Alt-B) versus4-Pair. The following table shows these relationships,
utilizing a few of theSample Period to compute nmiimum and maximum trad@urations.

Meter Sample Period 2-Pair PSE 4-Pair PSE
Emulation Emulation
Sample Period Voltage 0.025 to 20 210 20
Range msec/sample Current 0.025 to 20 1to 20
Power, V+I 0.05 to 20 2t020
Duration Range Voltage Minimum msec 0.00005 to 0.128 0.004 t0 5.12
seconds 1 msec 0.002 t0 5.12
20 msec 0.04 t0 102.4 0.04to 51.2
Current Minimum msec 0.00005 to 0.128 0.002 to 2.56
1 msec 0.002t05.12
20 msec 0.04 t0 102.4 0.04 to 51.2
Power, V+I Minimum 0.0001 to 0.128 0.004 to 2.56
1 msec .002 to 2.56
20 msec 0.04t051.2 0.04 to 25.6

Important!  Generally, becaudeuration is the dependent variable, it is advised thatShmple Periodshould be
configured before specifying the desired trBeegation.

! Trace reporting requires Microsoft Office, version 2007 or newer.
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ULl In Figure 4.28 aPowertrace is configuretb measure d-Pair power load. This
i oasge R e option is possible because th8E Emulationis set to4-Pair. Given that emulation,
ez LIS metering can also be directed to analyze onlyAlheA pairset or theAlt-B pairset.

" Multi parameter Stream

Pairset

s e SamplePeriodis cqnflgured g Sifos.
e to 5 msecandDuration is Technologies
= . configured to4 seconds. e
pusten k) Triggering isilmmediate so
Sample Petiod |5 - msec 99 g |
Tiggerig the trace is started when the 4 pair Power Trace
& Inmedote  © Classiicaion Measurebutton is pressed. e
| Powes O/ £ Tromised Figure 4.29shows the result s i
TigoerDely (0000 3]  Sec of thisPowertrace. Thetrace |
Status report includes a header i
Measure | Meler state READY indicatingMinimum and P
Produced plot R I
e Maximum power levels within 208
the trace and the timing of o]
Figure 4.28 Power Trace _those points. Ave_rage power on | | |
Confiauration is also presented in the header] s i e s s s s e e
A : e
9 Because this is 4-Pair e
measurement, the power is the combined power of both the Awe

A and Alt-B pairsets. Figure 4.29 Power Trace (4 sec. 5 msec Samples)

Traces can alsbe triggered on specific events that include:

Start of Classification

Power Application

Power Removal

User Specified Load Transitions

E R E R

When the trace meter is configured to triggeiGiassification (seeFigure 4.30), pressing thdleasure button places

the meter into an ARMED state where it will wait for the instrument to initiate PD classification in order to start the
Frace Metering trace. PD classification is initiated after tBlass & Powerbutton is pressed in the
O G o PD Povering submenu.
© Powe

S O e B In Figure 4.31, aCurrent trace combining both pairset-Pair) triggered on

- Classification is collected. In this tracd;event classification is shown with mark
C A T events separating the class events and pawéollowing thefinal mark event.The 4
@ 4p event classification results fromRSE EmulationandDiscovered PDmatching one
Dusation 05000 5 Sec of the following:

Sample Period l—' msec

W 1. PSE Emulation is 45W and Discovered PD is Class 5

c at @& Classificatior

2. PSE Emulation is 60W and Discovered PDliass 5, 6, 7, or 8
3. PSE Emulation ig5W and Discovered PD is Class6, or8

€ Power On/0ff €

Trigger Dela 0.000 = Sec
o Status 4. PSE Emulation is 90W and Discovered PD is Class 5 or 6
Measure Meter state ARMED
_ Teminate | TheClassification trigger option is only available for selection when the PD is not

already powered by the PB&00 instrument.

Figure 4.30 Current Trace
Armed State

¢ sifos_|
Technologies]

4 pair Current Trace

ThePower On/Off triggering option enables trace collection to
start on either the application of power or the removal of power. |
When this trigger mode is selected anditeasurebutton is = !
pressed, one of either tldass & Power(or Ramp Up) and the E:‘“'
Remove Power(or Ramp Down) buttons will disable depending i,
on the powering state of the PBBR0 instrument. For example, if | .

the instrument is not powering the PD, thenR&enove Poweror e ‘ ‘ ‘
Ramp Down) button will disable and the trigger event can only bg * U U 1
generated after preing Class & Power(or Ramp Up). Tom wm o om 0w om ow om  ma om

Time fsecands)

——Curem A ma]

Conversely, if the instrument is powering the PD, therClass &

Power (or Ramp Down) button will disable and the trigger event F19ure 4.31 Classification Triggered Current

Trace
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Trace Metering can only be generated after presdregnove Power(or Ramp Down).
" Voltage € Curent
« Power & Volage & Curent In Figure 4.32 a(4-Pair) Voltage & Current trace with10 msec sampling and a
€ Muli parametes Stisam duration of1l0 seconds is configured to trigger oRawer On/Off event. When the
Pairset Measurebutton is pressed, the meter enters the ARMED state.
C AlA C AMB
@ 4Pair In thePD Poweringsubmenu, FDA-500 Trace Fila
Duralion 1000003 Sec the Von/Voff Ramp option is — -
SwhPeicd [0 =] e selected and because the
'r"’gf::fm R instrument is not presently
& Poner oD © o applying power tq the PD, the » s e .
e s Ramp Up button is activated and ] .
- Ramp Downis disabled. se0 1
e Pressing th&®amp Up button - e
- Produced piot. then initiates this trace and after | g w0 §
_Tominato_| 10seconds, produces the trace | i - Alt-A and - 3
report show in Figure 4.33 =2 mAIt-B voltagesguutts
Figure 4.32 Voltagei Current  The trace starts when the power | = - - —
Trace with Power-On trigger  source turns on at 28 VDC and o ‘ "
starts ramping up. Clearly T e T W
visible in this trace is the voltage 42V) where the PD turns on T T i

and starts drawing:250mA. ) . .
Figure 4.33 Voltagei Current Trace triggered from

Traces that are in the ARMED state or are abigellecting Ramp Up

samples may be terminated by the user by pressinbettminate button that activates while the trace metarimed
or actively sampling

4.3.4. Voltage & Current Trace Reports
The Voltage & Current trace reporegFigure 4.33 offers a specialrace View menu feature. This feature will also

appear on MultParameter Stream trace reports discussed later in sé@idnThe Trace View menu (séégure
4.34) allows viewers to instantlgelect any meter trace of interest. The options are:

View | Explanation
Voltage (Blue + Light Blue) Voltage(s) only trace Voltage
Current (Red) 2-Pair or 4-Pair Current only trace
Voltage+Current (Blue + Light Blue) Voltage(s) trace and (Red) 2-Pair or 4-Pair Current @
trace
1 sec Avg Power (Green) 2-Pair or 4-Pair Power (watts) trace with 1 sec running average Voltage +
Inst Power (Brown) 2-Pair or 4-Pair Power (watts) trace with no averaging Current
1 sec Avg + Inst Power | (Green) 2-Pair or 4-Pair Average Power and (Brown) 2-Pair or 4-Pair
Sampled Power (watts) 1;:“;"8
wer
Voltage + 1 sec Avg + (Blue + Light Blue) Voltage(s) and (Green) 2-Pair or 4-Pair Average
Inst Power Power and (Brown) 2-Pair or 4-Pair Sampled Power (watts) T

Power

¢ All Excel trace reports, including the Voltage & Current report, _
include aTrace Datatab where all of the tabular data used in 1secAvg +
plotting the trace on thResultstab is stored (sefigure 4.35). nstPower
This data is available for any manual searcheoputations p—
that might be of interest while analyzing trace data taken from | 1 ecave+
PD. Inst Power

requires >1seclongtrace.
Figure 4.34 Trace

The raw captured trace data utilized in the spreadsheet report ¢@w Menu

be directly accessed from a comseparated text file (.csv)

located in the following folder:

Figure 4.35 Trace Report C:\Useas\PublidPDA600Result$<PDA Serial #3pda600_trace_data.csv

Tabular Data
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Tiace Metering

4.3.5. Trace Metering with Trigger Delay  Votage Cument
Trace meters offer the ability to delay triggering from a specified trigger event. This , Fowet R
feature enables highly resolverdces covering small time windows. The typical ';a“:t"""""‘”‘e‘e’s"e”
application for this feature would be ., , o D load
powerup. & 4psi

Duration 05000 = Sec

In Figure 4.36 a @-Pair) Powertrace is configured so that a 0.5 second trace with 2 | samkePeios 2 =] meec
msec sampling Witrigger exactly 0.25 seconds afteower application to the PD. So the T:”“'“ o
captured trace will window the time period 0.25 to 0.75 seconds following papver poedse, Gl

5 Power On/Olf ¢ Transier

Trigger Delay 2% ol Sec
Trigger Delay could also be utilized to create highly resolved views of load current S,
duringportions of PD classificationsingClassificationtriggering and also to zoom in 0N ueaswe e e FEADY
PD turnon and shutlown transients usingon/Voff Ramp mode powering and the o

Power On/Off triggering mode.
Figure 4.36 Trigger Delay

4.3.6. Transient Triggered Traces

TheTransient Triggered trace is a very useful tool for troubleshooting unexpected PD load transients, or excursions, as
the PD is powered at any user selected voltage. Tidmesient trigger option is only available while the PBGOO is

furnishing power to the PD and the selected trace meter is @wrieht,

Power, orVoltage & Current. Transient triggered traces will report either

Trace Metering

 Voltage ¢ Curent

i current (mA), instantaneous power (watts), otagé+currentdee section
e ) e L. 4.3.4 depending upon ¢htracemeter selection.
" Multi parameter Stream
Pairset TheTransient trace has the ability to run indefinitely until a user specified
0 T A criteria is met. The trace can be cancelled at any tinprdssing the

Terminate button that activates while the trace is running. The trace will

@ 4Pai utilize the usespecifiedSample PeriodandDuration.
Duration 2.0000 ﬂ Sec
SamplePeried |2 7] oy TheTransient Trace submenu (seéigure 4.38 is the means by which the
Triggering Transient triggering criteria is established. = . Tiace
P This submenu only activates when Triager Ciitei

e Setesten Transient trigger mode is selected. Within = ' "995"-"e@
€ Power On/0ff & Transiert this menu;Trigger Criteria can be (¢ Above " Cunent
Trigger Delay 0000 3 Sec described as eithétbove for Below a " Below * Power

o threshold level. So eitheising edge or Pairset Thieshold
P lTrm corpleted falling edge thresholds may be specified. % 3 W

o TheTrigger Criteria also specifies whether | Trigger Location
the thresholds are in units GLirrent (mA) " 10% (Start)
‘ _ _ or Power(\_/vatts). ThePairset Thresholdis & 50% (Center)
Figure 4.37 Arming a Transient Trace  the numeric value of the threshold and
should be entered either s\ if Current is
selected or watts Poweris selected.The termPairset Thresholdis utilized because
when testing 4air powering with the PD&04 instrument, th&ransient trigger
threshold is always restricted to just one of the two powered pairsets

L

" 30% (End)

LoadMonitor

Figure 4.38 Transient Trigger
In Figure 4.38 the Trigger Criteria is defined above a numeric threshold (i.e. risingCriteria
3 edge) and the units of that
threshold ar@ower, specifically32 watts in this case. This
=== means that the transiemace will run until the instantaneous
power load meets or exceegBwattsper pairset, or gived-Pair
4 pair CurrentTrace powering 64 watts totalvhereupon the tze will automatically
- terminate and present the load current waveform.
(]
—J

PDA-600 Trace File

12080 TheTrigger Location selections spEfy where in the transient
Eoomo trace the edge that exceeds the threshold should ap#4r.
§ o ‘ ‘ ‘ (Start) means it will be 10% of thBuration specified into the

trace. 50% (Center) means the transient will start half way into
the captured trace arf®f®% (End) means the transient will begin
e at 90% of the tracBuration. InFigure 4.39 a transient current
R associated with the excursion ab®4watts(32 watts / pairset)
— defined inFigure 4.38was captured and plac&0% (Center),

that is, in the middle of the ta window.

Figure 4.39 27 Watt and 690 mA Excursion
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Trace Metering

4.3.7. Multi-Parameter Stream Traces " Voltage " Curent
Note! Streaming traces are only available to PIBB0 instruments licensed for ' Power " Vohage & Cunrent
the802.3at PD Conformance Tesfeature(see sectiod.5). @ Muki parameter Stream

Pairset

C AlA C AlB

Another powerful capability of the PBBO0 is the ability to run virtually
continuous sampling of PD power consumption, producing a-patimetetrace
report 6eesectiond.3.4) that includes IEEE 802.3at limit violation indicators for
Pclass_pdPpeak_pd Tcut windows, andMPS low power §ee sectiong.1and e

* 4-Pai

60.0

Lale
w
@
o

2. 13 . Sample Period m msec
Triggering

WhenMulti parameter Stream trace is selected (s€égure 4.41), theSample @ Immediate € Classificatior

Period options are reduced to either 5 msec or 10 msec per sample. With 5 m| ¢ fower om0 € Transient

per sample, the streaming trdaeration can be up to 5242 seconds (over 87 TriggerDelay [0 3 Sec

minutes) and with 10 msec,ahmaximumDuration can double (over 174 Status

minutes). Pairsetselections are disabled because the stream trace strictly follo, .
emulated PSE powering that is eitRePair or 4-Pair as shown in the PSE

dashboard. Terminate

Status

Measue _[deom toee e uvig Streaming traces are initiated by pressing the Figure 4.41 Streaming Trace
Terminate Measurebutton (sed-igure 4.42 and will Configuration
always begin by classifying and then powering the PD using the settings displayed in
Figure 4.42 Active Trace the PD Poweringsubmenu. If the PD is already powered, then power will first be

removed. Time zero in a streaming trace is always the start of PD classification.

4 sifos | Streaming traces may always be cancelled while they are
Technologe running by pressing thEerminate button. When

PDA-600 Trace File
e 02 7

Sighypel | siGiE

T First Visltion Time
pomsppl  cic v |pcisss po] vpe po] Winaow | Duwycye | mps | mrsouy p—

[ SCHTRETTE W T T e streaming traces complete, the PD will remain powered.
» 4 peirstrcam s e Stream traces open to a special report with features
S N T samo similar to theVoltage & Current trace report seen above
N [ o in section4.3.4 The default, or opening view tfe
o 100 _ “:J::::I report is voltage and current traces (Begire 4.43. In
= w0 % this example, a stream tracediration 60 seconds with
- = _ 5 msecSample Periodwas run.

s = = Alternative views are as described in secddhi4 In

i i wen wee mes mem wwm wew o s mek — Figure 4.44 the reort view is changed tb second

Time: pemnds) 1sechvg+
e v et Average Current.
Figure 4.43 Stream Trace Opening View The Streamtrace report also performs IEEE 802.3

parameter limit checking and displays those results in the
report header. If a violation is discovered, the time of the initial violation is reporteti@wblation is annunciated in
red. InFigures 4.43and4.44 there is a Ppeak_PD violation reported.

— = IEEE 802.3 limit violation categories include:
Technologie:

4 Pair Selection

I Fist iolatlon Time fsec] |
[_sclsspo] =2 [pease_v0[ rpetkpo| window | ouycse | wrs [ wesomy | e i 207
o e 1

Heading Explanation

p————— Pclass_PD Average power draw (1 sec window)
e (e.g. 51.0W for Class 6 PD)
T = curen Ppeak_PD Peak instantaneous power draw
- " | voree (e.g. 28.3W for Class 4 PD)
e , | El Window Exceed Pclass_PD for over 50 msec
B | = Duty Cyc Exceed Pclass_PD over 5% of time
“ fous MPS Below Iport_mps_min current for
J [ greater than 350 msec
Fomo eme mm am wme ..:;l’;im, e MPS Duty Below Iport_mps_min current for more
— e than 250msec per 325msec window
(77% duty cycle)

Figure 4.44 Stream Trace Average Current View

Stream trace reports include fhiece Datatab (seeFigure 4.39 that contains all of various trace data for each view
and also contains flagarkers for any limit violations discovered.
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4.4, Load Monitor

Note! The PDA600 Load Monitotis only available to PDA600 instruments licensed for tB82.3at PD
Conformance Testfeature(see sectionl.5).

Multi -parameter Streamtraces as described above in sectiB.7, are collected and then displayed in the standard
trace spreadshemgport following collection of the complete trace. While this has the benefit of producing a fully
formatted report covering a usgpecified time duration, it does not allow the user to
observe PD power load behaviors continuously in real time.

LoadMonitor

Another form of streaming trace, thead Monitor, provides reatime charting of PD
instantaneous and average load power over potentially very long time durations. This

E"::S form of streaming trace does not display voltage or current in real time, thougimanpth
Monitor be evaluated once the trace has been stopped.

The Load Monitor (seEigure 4.48 is a separate staradone graphical user interface that

is accessed via th@pen Load Monitor button (sed-igure 4.47) in theAnalysistab

menu. When the Load Monita opened, the PDA Interactive tab menu is withdrawn.
Figure 4.47 Load Monitor
Access Important! The Load Monitolis only partially constraineldy thePSE Emulation

formed in thePSE/PDtab menu.The powered pairset(s), thatsair Alt -A, 2-Pair
Alt-B, or4-Pair (seesection4.2.]), will be utilized by the Load Monitor when sourcing power. HoweR& ,input
voltage and class event counts are configured lotatlye Load Monitor andlo not affect settings described in section
4.2.1 The Load Monitor

(classification)Events counts are
. vport [50.0- Aloc [15.0 =] DiscoveredClass [7 Ppeskmax [55.25 Wnoviol.  EnergyUsed [0.105  W-H  MPS no viol. -

(.?Onstra|nec.‘)n|y by theType_3/4 Events [5 - [ Use|LOP Assigned Class  [7 Pavgmax [43.32 Wno viol. 0.002 hours %’
license OptIOI’] for the PDA04 4 Pair PDA-600 Load Monitor sampling rate: 10msec

. e Trace Length
(see sect|_011.5). In adqmon, for —— — e
PDA-600 instruments licensed for i C it
LLDP Emulation and Analysis 5] e o= (R ¥ L
(see section.5), the Load Monitor o " eeprur

supports LLDP power negotiation | = ﬂ || !\ ﬂ i\ n ” !\ oo
to specified power allocations after| 3" 0P Protocd

PD power is applied at the stafa | £° °
trace. Finally, the Load Monitor g —
performs its own PD discovery £, m;m
when it open$ thisisindependent | 2 o |
of theDiscover PDoperation o =
described in sectiof.2.2 M ey
Theone configuratiorof the Load ': B
Monitor influenced by thénalyze . « shot
tab menu is th&amplePeriod 40 45 50 55 6.0 “m:.‘sm, 7.0 5 8.0 85 9.0 e

(mse¢. The Load Monitor, by
default will sample ab msec
intervald. However, if theSample
Period is set to10 msedn the
Analyze tab menu before the Load Monitor is opened, the Load Monitor will sample at 10 msec.

SigType: SINGLE  Alt A Ppeak-2¢ [23.93 W Pavg-® [22.73 W AltB Ppeak-2 [23.82 W Pavg-® [2a.54 W

Figure 4.48 PDA-600 Load Monitor user interface

In real time, the Load Monitor can flalge same violations as the streaming trace described earlier in ge8tidbn

Violations are flagged in real time. More specificafy,.«_ppViolations are flagged @peak_maxviolations while

Peass_po, Windowed power, andower duty cycle violations all are flaggedResvg_maxviolations. DC MPS and

related duty cycle violation are reported\BS violations in the Load Monitor header. As with the streaming traces
described in sectio#.3.7, theLoad Monitor generally must start from an unpowered state so that the PD may be
classified. PD classification and if utilized, LLDP allocation, then establishes the proper thresholds for the three types
of load power violations.

The Load Monitor is initally configured by selecting the input voltagport to the PD and the classificati@vents
count preceding powarp. TheEventscount options will include 1 to 3 events on all PB4 instruments and will
add 4 and 5 events on instruments licensechfofype-3/4 feature option. If LLDP power negotiation is to be
utilized, theUse LLDP check button is selected and the desired PSE power allocation (watts) is entergdlotthe
entry box(see sectiod.4.1below).

! See sectiodt.3.6 Transient Triggered Tracefr trapping short duration PD load transients with more resolved
timina than is offered by the Load Monitor.
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Load Monitoring is initiated by pressing t&art button. This will automatically force the DC source to the OFF state,
then initiate PD classification and powgp. Once a Load Monitor trace has started Staet button will be renamed

to Stop and thetrace may be stopped at any time by pressingtbpbutton. After the PD is classified, the measured

PD classificationDiscovered Clasyand the allowed power classification at powpr(Assigned Clasyare displayed

As the Load Monitor trace runmit lines in redwill be displayed indicating the thresholds R.ss pp_ma@nd

Ppeak_po_max(S€EFigure 4.49. They are labele®avg_maxandPpeak_maxrespectively. Instantaneous power is

plotted ingold while 1-second moving average of load power is plottedairk blue. Any excursion of the gold
(instantaneous power) across Bygeak_maxlimit line will be flagged as #peak_maxviolation. Any excursion of

the average load power across Bevg_maxlimit line will be flagged as avg_maxviolation.
continuous excursion of the instantaneous power acro$%atige maxlimit line for a time frame exceeding 50 msec

(Window violation) will be flagged

Similarly, a

asRavg_maxviolation. Finally, if geater than 5% of instantaneous power
samples cross tHeavg_maxlimit line, that too will be flagged asRavg_maxviolation. For further information
regarding PD load power requirements and limitations, see s@cliofthis manual.

There is no limit line for DC MPS because that is measured in units of current (mA), not power (watts). However, the

load monitor is aware of load current and will sense if load current drops below 10mA for a time window exceeding

250 msec, in whie case, aMPS violation will be flagged. Similarly, if fewer than 17% of load current samples are
above 10mA, that too will flag aMPS violation. For further information regarding PD MPS requirements and
limitations, see sectio?.13of this manual.

The Load Monitor can be configured to run continuously or to terminate automatically after one hour uBiagehe

Length settings ¢eeFigure 4.49).
Aifreezed when a

current violations.

In addition, users may configure the Load Monitor to automatically termimate, o
ny type of vi ol aStdponViolationcletktbuttonrprior ts
starting the trace. This feature is extremely useful for observing and characterizing rare intermittent power or load

There is also an option to terminate the Load Monitor trace without turning off the DC source power. This is
accomplished by selecting theep Pwr ON when stoppingcheck box prior to starting the trace. Given this setting,
the Load Monitor may then be-started without power cycling the PD and the previous assigned PD classification and

associated limit lines will still be in effect.

It should be noted thawtfliseinitialize any trace data collection by the

Load Monitor. All trace data collected prior to pressBigpwill be erased any time tHg&tart control is pressed.

The Load Monitor includes three scaling controls to adjust the vertical axis re&nggx controls the upper limit and

Ymin controls the bottom limit of the vertical axis. These may be adjusted while the trace is runnifgorh@ut
button restores the original scaling.

Figure 4.49 depicts a Load Monitor trace with three violations shown:

1.  Windowed (Power) Violation reported Bavg_Max VIOLATION : PD load power exceed),ss ppmaximum
of 25.5W (class 4) for over 50msel.{; min)-

2. Peak Power Violation
reported a®Ppeak _max
VIOLATION : PD load
power exceeds 28.3W (class
4) maximum peak power for
one or more samples

3. MPS VIOLATION : PD
load current falls below
Iport_mps for greater than
250 msec.

November ¥, 2024

PDA-600 Load Monitor

x

voort [P Aloc [15.0 =] DiscoveredClass [7 Ppeakmax [63.23 Wnovil.  EnergyUsed [G.078  WH  MPS no viol. [ st
Events [ = [ UsellDP AssignedClass  [7 Pavgmax [30.17 WVIOLATION 0.002 hours —
4 Pair PDA-600 Load Monitor sampling rate: 10msec
Trace Length
Instantaneous Average @ Continuous
70 " 1Hour
Ppeak m.
* S R R N e [ siaon
************************************* Vialation
= I KeepPur
55 ON when
stopping
50
T LLDP Protocol
£45 s
S =
¥ T By p—
='35- [70.0 =] Ymax
§ 30 [00.0 <] Ymin
£
825 Zoam Out
[
20
15 W
10
EV1Width
5 &g
€ short
0 T T T
3.0 35 4.0 a5 5.0 5.5 6.0 65 7.0 7.5 8.0 I~ Inhbit
Time (sec) Conn Chede
SigType: SINGLE ~ Alt A Ppeak-2 [13.99 W Pavg-2 [17.73 W ARRB Ppeak-2* [13.84 W Pavg-2® [18.76 W
Figure 4.49 Load Monitor trace with three violations
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Once a Load Monitor trace is completed, the collected

SigType  SINGLE

trace may be exported to the standard trace spreadsh

edClass|
Pelass PD| 620w

Pclass PD| Ppeak PD| Window | Duty Cyc

First Violation Time (sec)
MPS

Ppeak PO

651w

MPS Duty
Ses | ase | ase | ess | roe

report §eeFigure 4.50 by pressing th®isplay Trace
button. This opens the same report discussed earlier
sections4.3.4and4.3.7. Using this data, details of any
violation captured can be further studied. Trace data
including voltage and current satep are then available
in the same CSYV fileseeFigure 4.51) described in
section4.3.4

TheLoad Monitor is very useful for viewing PD
responses to different operating states and conditions
and may be essential to establishiiydnformance to
critical IEEE 802.3 requirements. Many, if not most,
PD6s will fail to presen
extremes during the relatively short duration PD

Conformance Test that is the subject of secfidn

Vokage (YDC)

4 pair Stream

} sifos |

echnologie

Reportversion 207

e

Current (mA)

0798

2397 318 3895 4794 5593

Time (seconds)

6392

——ARA(VDG) ——AKB(VDG) ——AkA+B(mA

i

7191

Figure 4.50 Load Monitor of figure 4.31 exported to report

1
1
2
2
1
2
1

Figure 4.51 Violation detail from Trace Data page

4.4.1.

Using the PDA602 Load Monitor to Emulate LLDP Power-Gr ant i ng

Many, i f

power draw states.

not

mo s t

PD compliance testing should indlel
both the automated PD Conformance Test
complemented by use of streaming traces

and/or the Load Monitor.

PSEds

Note! LLDP Emulation within the PD&04 Load Monitor requires thatie PDA604 instrument béicensedfor the
LLDP Emulation for 802.3at feature that is also prerequisite to theDP Emulation for 802.3bt feature(see

sectionl.5).

of external interaction or external control
in order to exercise all of the possible

For this reason, full

ng

PD6s

The Load Monitor offers another essential capability that is not available to the trace measurements. The Load
Monitor can emulate a PSE that allocates powerRdad s

requimlBdwWuingrRol LeDPt(DLIg) protocols.

P D &eguiring more than 13W are requireyl IEEE 802.3 to support POE LLDP protocol as described earlier in
section2.10.  This means that the PD must have the ability to communicate a prwéement via LLDP packets.

That power requirement,

conveyed in

tent hs

(o]

f a

ports. So for example, a Cla&®D require 44.6watts to operate. A Typ& or Type4 PSE that utilize POE LLDP
would receive this as a power request from the PD and then allocate that power level, communicating that allocation (or
authorization) back to the PD. From that point forward, the PD is obligated to perform withdd.hasatt budget

ratherthan the maximurBl1.0watt budget that a ClagsPD is granted whenBype-3 or Type4 PSE performd-Event

classification prior to poweup.

watt,

The Load Monitor is used to assess two fundamental traits &t fbE-capablePD insofar as PoE LLDP is concerned

il

power level Example: A class 5 PD receivinge8ent classification would need to operate below 25.5W.

il

levels, including windowed power and peak power duty cycle, comply with the allocated power.
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Sifos Technologies

Page

43

Verify that the PDfollowing a power demotigrmaintains a power load at or beltive assigned class maximum

Verify that after the PD receives &bDP allocation for its requested power level, the PD average and peak power
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This capability, in conjunction with tieDA-6046 s  a b i | i t y - t e

generated traffic to and from the PD, serves as a powerful means to tull veort 79 - Aloc [5T =] DiscoveredClass [5

and verify PD power requests. Events [T = W UseOP Assigned Class  [5
4 Pair PDA-600 Loa

To emulate a PSE that uses LLDP R power allocation, th&se LLDP
check box is selected prior to starting a Loaohiitor trace $eeFigure
4.52). To evaluate PD response to power demotionEtrents count

Figure 4.52 PSE LLDP Emulation settings

would be set to a physical |l ayer grant that is below

1 Aclass 4 PD powered with 1 evenAskigned Clas= 3)
I Aclass 5 or 6 PD powered with 1 to 3 everdssigned Class= 3 or 4)
I Aclass 7 or 8 PD powered with 1 to 4 evendssigned Class= 3, 4, or 6)

Separately, the available PSE power is entered or selectedAfidbeontrol. This is the maxiom power level

(watts) that the PSE will allocate to the fabdertest. For example, if configured wiBvents= 1 and the intent is to

allow a Class 4 PD to request and be granted any valid Class 4 power level, thkoctebould be 25.5W. If

configured withEvents= 2 (or 3) and the intent is to allow a Class 7 PSE to request and be granted any valid Class 7
power level, thelloc should be 62.0\WStated another way, the PSE emulation will grant the PD request if it is at the
Alloc power level or blow.

The PDA604 allows the selection of either the original 802.3at (12 octet) LLDP protocol or the newer 802.3bt (29
octet) LLDP protocol. Th&LDP Protocol radio buttons802.3atand802 3bt, activate when thelse LLDP check

box is selected. Typ2 P D 6 s 802.3atprbtocal and Typ8 / 4 P D6 s s8h2a3btpratocaltutimay z e
utilize either protocol

PDA-600 Load Monitor

In Figure 453, a Load Monitor trace depicts | e T P i [ oot e =
a Type3 (C|assﬁ) PD that request@_S 4 Pair PDA-600 Load Monitor sampling rate: 5msec I
watts to a PSE port that has.0watts " Instantaneous Average & g
available. The PSE then allocates the T N N I B~ [
requested!9.5watts and the limit lines for -l e
Pavg_maxandPpeak_maxare adjusted to » g
reflect the allocated9.5watts. From that g, [PD REQ=49.5W ] e
point forward, any repted power violations | £ ey
will be in conjunction with those adjusted =i ot
i £ 254 —
fimits. §= lre-Allocationtoad o
Summarizing, the Load Monitor is an B ‘/ =
indispensable tool for those who need to 1 s
assure thatLDP power requests are fair and| = s e
a d e q u a t e ! t h a t I s ’ W ! 10‘5 11-,|l ||’5 ﬂ.ﬂ 1i5 1iﬂ : f :ho:t
unexpected overload shutdowiby a : T Tmeged ) : Com et
compliant LLDP capable PSE. R e = B =

Figure 4.53 Load Monitor Trace with LLDP guided power limits
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4.5. 802.3at Conformance Test Suite Tab Menu

Note! The PD Conformancg02.3atTestmenu within the PDA Interactive requires that the PBD¥ instrument be
licensedfor the802.3at PD Conformance Tesfeature. PD testing with PoE LLDP further requires that the FADA
instrument bdicensedfor theLLDP Emulation for 802.3at feature and possibly tHd_DP Emulation for 802.3bt
feature These options were introduced earlier in sectidh

ThelEEE 802.3atPD Conformance Test Suitds an optional featuresée sectiori.5) of the PDA600 instrument that
provides highly automated analysis of critical powered device parameters, many of which are essential to
interoperability on all allowable network

o . } PDA-600 Interactive 3 = x
connections. Using the802.3atTesttab File POA Help
menu 6eeFigure 4.54), in just a few mouse PSERD | npis  0238Test | eoamiten | LoPTie | Lan

clicks, comprehensive testing and reporting is
performed with test results and associated
limit analysis appearingutomaticallyon a Fosste Test Fonereafeds

pop-up Excel spreadshéet Al fuaden ka7 Tove 1P

™ ALT A MDI ¥ ALT A, MDI I~ Tywe2Phy

™ ALT A, MDIX ™ ALT A, MDIX ™ Twpe 2 LLDP
The802.3atPD Conformance Test Suite paTew DiTa el
) i ) ALT B MDIX [~ ALTB. MDIX
including test parameteasd associated VocR Leve DOV Dred e e
reporting is the topic of sectidnof this IR il

I Ten CyelesT 3] Type 214352 Powered LLDP (60 <]

manual. } B Unpowered (sec) 10 =

et 3 [~ Prompt befoee start Dwed Time powered test
Important! The802.3at PD Conformance putinte

- . i
Testonly supports zair powering s =
configurations meaning a PB&04 configured
for 4 Pair in the Analyze tab menu will be EEEN
altered when the testing is started.
The802.3atTesttab menu is organized into gl _H
one submenu forPassive Testand a second ™ EACaL Tost _ ViewRepot | st
one forPowered Tests Those are addressed
below in sectiond.5.1and4.5.2
g PDA GOZBOD02 PWRA PwR 8: PSE:  2-Pair 30W 425VDC  PD: Class 4
- J

A Test Cyclescontrol (seeFigure 454)
allows all testing specified for a Pindertest  Figyre 4.54 802.3at Test Tab Menu

to be repeated from 2 to 10 times. This is

useful to assure the repeatability and consistency of tested PD parameters as thetiDugtesycles of powering
and power removal.

TheMulticycle count control allows the testing process to emulate certainwealr | d PSE&6s t hat, for po
management reasons, cycle detection and classificatrenas¢éimes prior to applying power. It is critical that PD

detection signatures, namely detection resistance and capacitance, are consistent across these repeated cycles. Users

may configure from 1 to 64 cycles of detection whereby detection sigeatiltde assessed for 802.3 compliance on

Status the first and again on the final detection sequence.

cmd: pda_conformance pass altamdi cycles 1 multi 3 pwr altamdi typel phy w1 37 v2 42511 1012 60 J
starting CT Thu Oct 05 2:35:09 PM E astern Daylight Time 2017

Staing PASGIVE tots v o PDA_ALT A MO Users may also ent®UT Info 7 this is a model number
St iyl g rrag iy and/oraserial number that will appear in the header of

eachtest report. tican be arbitrary textAs testing runs,
information regarding the current state of the test
.| sequence will appear in tigtatusfield (seeFigure 455)
| | o of the802.3atTesttab menu.

Figure 4.55 Test Sequence Status displa L .
9 q Py The PD Conformance Test is initiated with Biart

Testbutton. Once testing is started, thiep Testbutton will activate and the sequence may be halted by pressing this
button. Stopping the sequence will typically take several seconds and the test report will not automatically appear.

TheView Report button may be useat any time after testg is completedo open the most recent report at any time
and will open a report for a partially completed sequence that was terminatedtgghieestbutton. Finally, theExit
button will terminate PDA Interactive

45.1. Passive Tests Configuration

Passive tests include measurements of detection signahdesassification sigatures They do not involve nor
require application gbower.

! Note! Microsoft Excel 2007 or later must be separately installed and configured to allow spreadsheet macros to
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802. 3
four

compl i ant prEsbnd sgnatureeanaceive power an @ach ob
fifguadrant so.

T his23ani2.4d Regaplless of the (

hardware design of a Rib the outside world, the PD must be specification compliant
each of these quadrants, that is, AATMDI, ALT -A MDI-X, ALT-B MDI, and ALT-B

MDI-X.

Passive(andPowered Testscan be configuredtassess signatures on selected
individual quadrants, e.@&\LT A, MDI -X, or on all four quadrants by selectiAt
Quadrants (seeFigure 456). When test sequencing includes more than one quadran
test results will be presented on additional test rquages named by quadrad.s e r 6

Passive Tests

™ All Quadrants
[~ ALT A, MDI
[ ALT A, MDIX
[~ ALT B,MDI
[~ ALT B, MDIX

Figure 4.57 No Passive

4.5.2.

wanting to run only the powered tests can inhibit all passive
tests by simply not selecting any quadrants inRthssive
Testsmenu(seeFigure 457).

Because th&ype-2 feature license is a standard feature of the DA  a | |

Passive Tests

[v Al Quadrants

I~ ALT A, MDI
[T ALT & MDIX
[~ ALT B, MDI
[T ALT B, MDI-X

n

Figure 4.56 Passive Tests

PD6 s,

Type-l (< 13W) or Type2 (up to 25.5W) will be assessed with botkvert and 2Event

classification.This is because-Event classificatiofis interoperable with Typd
REvénbdctassificatiorf oo alllRd 8 gs Bou |l d

meaning that
problems with classifying a Type PD properly.

Powered Tests Configuration

P D

6s
not

sectio

whett

encoun

ThePowered Testawvithin the PDA Conformance Test Suite produce a series of parameters that are related to the PD
both during initial powetp and then while operating under steathte powet These parameters are discussed in

sectionb.

ThePowered Testsubmenu is shown ifrigure 458. Just like the
Passive Testsubmenu, users may select one or more quadrants over wh
the powered tests will be runlf no quadrants are selected, thmwered

Powered Tests

™ Al Quadrants
[V ALT A, MDI

tests will not be run at alséeFigure 4.59). W ALT A, MDIX
[~ ALT B. MDI

For man yecufiry thepqweredtests in multiple quadrants will take | ALT8- MO

consideraly longer and will produce marginally higher defect coverage, VR L"“B”DCV_]

provided that all four quadrangse selected and tested tine Passive Tests Type /3803

menu.Conversg),f or PD6s t h Twe24ss

Powered Tests

™ Al Quadrants
[~ ALT A, MDI
™ ALT A MDIX
[~ ALT B, MDI
[~ ALT B, MDIX
Vport Level [(DCV)
Type 1/38.0 =)
Type 2/435 =

Unpowered (sec) 10 =

™ Prompt before start Dwell Time powered test

Figure 4.59 No Powered Tests

Type2
that condition.

TheType 2 Phy optionis essential for Typ&

I~ Type1Phy
[ Type 2Phy
[ Type 2LLDP

Dwell Time (sec)
Powered Phy
Powered LLDP |60 =]

PDaGasu sleecdt hos e

isolated signatures on ALT A and ALT B

¥ Type1Phy
¥ Type 2 Phy
¥ Type 2LLDP

Dwell Time (sec)

Powered Phy (10 =]
Powered LLDP (60 =]
Unpowered [sec) |10 il

pairsets and possibly isolated loads unde| = prompt before start Dwel Time powered test

each pairset, mukjuadrant powered
testing is essential. It is also more
i mportant

repeatability may choose
alternative to selecting multipieest Cycles

foren®Dbs Fia}lﬁeél.?Sé’oweFrq,d 'Beatstconfiguration
electrical design varies between the qaats. Users interested in testing parameter
to test

mul tiple

There are three levels of test coverage provided in the test suite. These levels may
beindependently selected or combined. Tlype 1 Phyoption provides poweunp

and powered on testirglevant to all Typel and Type2
this testing requires the PB@00 to emulate a Type PSE.
PDO6s

P Brd should be performed with Tyfle P D6 s

PDos . I

It is important for

n

maly RBBEO T oame c e g1 ROheh@pgosyy wi t h

2 Phyencompasses test coverage for PD behavior in respondeven® classificatiosthat grant full 25.5W power

levels to Type2

classificatiorwhen powering any PD.

P D 6 part this testiny requithe PDAG600 to emulate a Typ2 PSE thaprovides2-Event

1t should be noted that measurement of the maximum and minimum power demand of a PD may require user

interventions with that PD and may atsdée considerable time to assess. The PDA Conformance Test will accomm

such user interaction as described in sectiéi@ TheLoad Monitor described irsection4.4 is a specialized facility
for characterizing PD power demand behavior over long periods of time.
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TheType 2 LLDP optionis available to all instrumestnabled for theLDP -at feature. This testing is essential for
Type2 PDO6s onl y ancbvemgedooRDbehav®reguired ®radcognizing and responding to Fgpe
PSE6s that use 42 powd authorizatian and/orifomongoifigyppweer managemémsome respects,
this testing requirethe PDAG00 to emulate a Typ2 PSE that sesLLDP (DLL) to allow full powerto Type2 P.D6 s
Testing covers PoE LLDP protocol and power compliance to requested and authorized power levels.

If no quadrants are selected unBemwered Teststhen none of the test coverage types should be selsetfkigure
459). This will prevent powered tests from being sequenced.

Another configuration within thBowered Testsubmenu is port voltage to be applied when the PD is powered. This
is the @rt voltage at the PD interface. The default strategy is to furnish the minimum operating voltage Btdhe
maximum power draw and to test usemmaximum operating voltage in any powdgmoted modes. So by default, a
Type-1 PD would be tested usifitype-1 Vport Level = 38V and a Type PD would be tested usifitype-1 Vport

Level = 56V during Typel power demotion testing adype-2 Vport Level = 43.5V during Type2 testing. The

Type-1 Vport Level ranges from 37 to 57 VDC and thigpe-2 Vport Level ranges from 42.5 to 57 VDC.

Important! Typel PD6és are expected to opVWRAQt@S7eCiwnleTyte2 PDbBsSageer a
expected to operate in the range from 4228 to 57VDC when linkedto Typ€ P SE6&6 s2 PDOIsy pceconnect ed
Typel PSE®&s may e Atpgesras lewnas IFDA. Wipen & TypebPD is tested including Typk power

demotion, both voltage extremes are utilized in the default strategy. Actual PD input voltage may be 0.5V to 1V below

the values displayed ifiype-1 Vport Level andType-2 Vport Level.

Dwell Time (seeFigure 458) configures the amount of time that the PD Conformance Test will assess powered on
parameters of a PDPD 6 cantake many seconds or even minutes to achieve a steady state gpematafollowing
powerup. Measurements such as minimum and maximum power demand are performed over the Dwell Time window
Users can direct the testing to pause prior tdthvell Time window as described in sectidrb.3below.

ThePowered Phydwell time is the time following-Event and/or ZEvent classification over which power demand
and MPS parameters are measured. This can range from a minimum of 5 seconds to a maSd@wecohds. For
PD6s that need t o b edoftss, thd caeMonitorv(sesection4ldshogcbe utifizedr i

ThePowered LLDP dwell time is the time following a-Event powetup over which LLDP protocophower demand,
and MPS parameters are measured. This can range from a miniri0seabnds to a maximum 600seconds.
ForP D 6 s requlved Hongerpoweredontime, theLoad Monitor (seesection4.4) should be utilized.

Finally, theUnpowereddwell time is the minimum time that pasbetween successive powaps while running
powered tests. As each test sequence does involve multiple-ppsvand powedowns of the PD, this dwell time
wi || allow for PD discharging and any otoweeup. PhBcaiir es et 0 a
range fronb seconds t60 seconds.
Powered Tests

4.5.3. User Intervention During the Powered-On (Dwell Time) State i alGusdai. | DiTpeits

Many categories of PD6s wildl Not ¢ TATAMI " Type2Phy enter min
power draw conditions withowertainintervention Such interventin may LA P e 2

involve combinations of interaction over the LAN and otiveiernal device G

manipulation Examples include driving a security caimenotor in freezing Vport Level OCV)  Dwell Time (se

conditions andjetting a wireless access pdiatmaximum transmit power. Tywe1/380=]  PoweredPry | 1203

Type 2/435 =] Powered LLDP |60 =]

Unpowered (sec) 10 <

If the goal is to capte such worst case PD loadisring the PD Conformance
Test,users can elect to configure a longer poweare®well Time (up to 15
minutes) and also to control when that Dwell Time window startsigare
4.61, thePowered Phy Dwell Timeis programmed t420 seconds and the

¥ Prompt before start Dwell Time powered test

PDA-600 AP! Prompt

Prompt before start Dwell Time option is selected. Given this configuration, | Proporing for Typel test power on.
the PD Conformance Test will run until the start of the powereghase, then -
issue a user prompt so the user controls the start of that two minute time E3)

window. This then allows the user a two minute pearetime to intervene  Figure 4.61 Dwell Time Pause Mode
with the PD and configure various loading states.

45.4. Ethernet Alliance Certification Testing

In 2018, the Ethernet Alliance introduced a PoE Certification logo progrEime PDA-604,in .
combination withthe802.3atPD Conformance Test Suites been certified tsupport h
comprehensivé f i r s testipgeequiregfor 8 0 2 . 3 a t PLfil&y& dértification. The EA Certified,

EA Cert Test option will establish fixedestingconditions and route teatl results to a
specializedeport template in support @ifst paty PD certification testing under the PoE logo certification program.
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4.6. 802.3bt Conformance Test Suite Tab Menu

Note! The PD Conformancg02.3t Test menu within the PDA Interactive requirgsat the PDA604 instrument be
enabled for thé02.3bt PD Conformance Testeature. Type and Typet PD testing with PoE LLDP further
requires that the PD&04 instrument be enabled for theDP Emulation for 802.3btfeature. These options were
introduced earlier in sectiod.5.

The IEEE802.3btPD Conformance Test Suités an optional features¢e sectiod.5) of the PDA604 instrument that
provides highly automated analysis of critical

powered device parameters, many of which ERESERSEEE
are essential to interoperability on all fle s e
allowable network connectionsUsing the
802.3t Testtab menu geeFigure 4.63), in

PSE/FD Analysis 6023at Test  B023bt Test | LLOP Trace L&N

Declarations

just a few mouse clicks, comprehensive Signatwe Type SINGLE MadeAClass 6 MadeB Class 6 Supports dutaclass Mo =]
testing and reporting is performed with test i Fomead Test ow
results a_nd associated limit analysis appearin T ALAMDI + B WO :::ms:;ﬁ o ;*Z koo ii}:?
automaticallyon a popup Excel spreadshéet e ATl ERE o —

I Al & MDIX + At B MDISX L] A IDIE s A B IR PHY max Vport [56.0 5]
The802.3btPD Conformance Test Suite Fjﬂf;“‘m » WoP veat 5203
including test parameters and associated I Ty sk o 120 Brifms)
reporting is the topic of sectidof this et e e o jﬁj
manual. DUT Info. [ myClassE_FD Power Demoted [30 2]

Unpowered (sec) [10 =]

Important! 802.3bt PDconformanceesing :‘tt;l £| [ Prnetiaee sl e et
is not impacted by?SE Emulations El
established in thBSE/PDtab menu and
displayed in the PSE dashboard. Those
settings will no longer be valid after
conformance testing is run. The PD ] f
discovered byiscover PDwill be shown in I~ EACel Tet e Repon | e |

theDeclarationssulbmenu and should match
the PD daShboard CIaSS and Slgnature type g PDA:  6O4A0001 PR A J FPwh B: J PSE 4-Pair 90w 465 VDC PD: Class 655

The802.3t Testtab menu is organized with
submenus foDeclarations Passive Tests Figure 4.63 802.3bt Test Tab Menu
andPowered Tests Those are addressed

below in sectiong.6.1, 4.5.2 and4.6.3

A Test Cyclescontrol eeFigure 4.63) allows all testing specified for a Pihdertest to be repeated from 1 to 10
times. Thids useful to assure the repeatability and consistency of tested PD parameters as the PD goes through cycles
of powering and power removal.

Users may also ent®UT Info 1 this is a model number and/or a serial number that will appear in the headdr of eac
test report. It can be arbitrary text. As testing runs, information regarding the current state of the test sequence will
appear in th&tatusfield (seeFigure 4.64) of the802.3t Testtab menu.

The PD Coformance Test is initiated SR _
. . . cmd: pda_bt_conformance pass all pwr none cycles 1 id "'myClass6PD" v1 48.0 v23 50.0 v4 52.0 off _‘
with the Start Test button. Once testing is starting CT Fri Sep 27 10:44:27 AM Eastem Daylight Time 2013
. . Started
started, théStop Testbutton will activate Statling 802 3bt conformance test cycle
Starting PASSIVE test: Je 1 for PDA_ALT_A_MDI_B_MDI
and the sequence may be halted by Starting et tests apcle 1 for POA, ALT 4, HIDT 8. ¥OT
pressing this button. Stopping the

sequence will typically take several
seconds and the test report wiltno
automatically appear. Théew Report button may be useat any time after testing is completdopen a report,
using the data from the most recent test run in the raw datad@00_bt_conf_test_data.cvinally, theExit button
will terminate PDAInteractive.

Figure 4.64 Test Sequence Status display

4.6.1. Declarations

Before 802.3bt PD conformance testing is run, the test suite must be aware of the following PD traits:
Signature Type PD Class(both Alt A and Alt B if Dual signature), and whether or not theSUpports Autoclass
The signature type and PD class were already determined Dysitever PDoperation $ee sectiod.2.9. Supports
Autoclass(Yes or No) must be properly slecected for theridertest before testing is run.

! Note! Microsoft Excel 2007 or later must be separately installed and configured to allow spreadsheet macros to
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4.6.2.

Passive tests includeeasurements of detection signatures and classification signatu
They do not involve nor require application of power.

802.3bt compliant PDO0s are required t ,TA“QMW,

four Aquadrant so. erinskdiong.3anR.4d Regapllesa of the [ ARAMDIX AR B M
hardware design of a PD, to the outside world, the PD must be specification complia [~ ARAMDI + AR B MD
each of these quadrants, that is, AATMDI, ALT -A MDI-X, ALT-B MDI, andALT-B I ARAMDIX + AR B MD

MDI-X.

Passive Tests Configuration

Passive Tests

Figure 4.65 Passive Tests

Passive Tests

™ All Quadrants
™ AltAMDI +Alt B MDI

[ AltAMDI +Alt B MDI

™ AltAMDIX +Alt B MDI
X
™ AltAMDIX +Alt B MDI-X

Passive(andPowered Testscan be configured to

assess signatures on selected individual quadrantglegMDI -X + Alt B MDI , or

on all four quadrants by selectiddl Quadrants (seeFigure 4.65). When tet

sequencing includes more than one quadrant, test results will be presented on
additional test report pages named by
powered tests can inhibit all passive tests by simply not selecting any quadrants in the
Passive Testsmenu éeeFigure 4.66).

Figure 4.66 No Passive Test

4.6.3.

During passive
Event classification.

t e s B3 er,Typed| will bdPaBsessed usmg® t h e r

Powered Tests Configuration

ThePowered Testswithin the PDA Conformanceebt Suite produce a series of parameters that are related to the PD

both during initial poweup and then while operating under steatte
power. These parameters are discussed in se6tidrihis manual.

ThePowered Testsubmenu is shown ifrigure 4.67. Just like the
Passive Testsubbmenu, users may select one or more quadrants over

which the powered

powered tests will not be run at adlegFigure 4.68).

Powered Tests
4 Pair
[~ Alta MDI + At B MDI
[V AltAMDIX + Alt B MDI
[~ Alta MDI + At B MDIX
[~ AltAMDIX + Alt B MDIX
[~ Al Quadrants
¥ Type 3 alloc max 51.0W
™ Type 4 alloc max 71.3W

2 Pair

¥ 1Evalloc max 130w & AltA

¥ 2Evaloc max 255w  AltB
PHY min Vport |435 <]

tests will be run. If no quadrants are selected, the PHY max Vport [56.0 2]

LLDP Vport 520 %]

Dwell Time [sec)

gnature

For many PD6s, executing the po| ruwe Powercd Phy (50 <1 I tiple
take considerably longer and may only produce marginally higher defe Powered LLOP 50 5
coverage, provided that all four quadraauts selected and tested in the Powst Demoled (20
Passive Testmenu. i)

Powered Tests A . ) A Dwvel Ti

4 Pai 2 Pair Users Interested in testlng ™ Prompt before start Dwell Time powered test

™ Alt A MDI + Al B MDI [T 1Evalloc max 13.0W & AkA parameter repeatab”ity ) i K

[~ ARAMDIX+ARBMDI | | [ 2Evalocmax255W ( ARB may choose to test Figure 4.67 Powered Tests configuration

I AtAMDI + AILB MDIX PHY min Vport [45.3 2] mul tiple quadrants as a fihigher cover

[~ A
Al

AMDIX + Alt B MDI-X

Quadrants

PHY max Vport |56.0 =

multiple Test Cycles

[~ Type 3 alloc max 51.0W
[~ Type 4 alloc max 71.3wW
[~ LLDOP

[ Prompt before start Dwell Time powered test

LLDP Vport [52.0 %
Dwell Time (sec)
Powered Phy 60 =]

Powered LLDP (30 5
Power Demoted |30 =]
Unpowered (sec) |10 =

There are multiple levels of test coverage provided in the test suite.
These levels mabe independently selected or combined. The default
selections for any given PD Class are chosen to include coverage for all
possible 802.3bt power demoti on
that cannot deliver the desired power to theuridertest.

Figure 4.68 No Powered Tests

testing relevant to allype-3 andType-4P D6 s .
PDd s )Type 3aloemax 51.0Wo pt i on

For4 Pair testing, theType 3alloc max 51.0Woption is available to

all instrument configurations and provides powprand poweredn
Whrgpe-3, Classi6i PP O s ( a-ADldualdigratuse 1 D

wi || assess PD power

4-pair powering.When testingfype-4P D 6 s ,Type 3 alloe max 51.0Wselection will present an important power
demotion caseestricting the PD to a maximum of 51 watts.

TheType 4alloc max 71.3Woption is available to all instrument configurations, but is only enabled when the
Declarationsindicatea Single signatureClass 7or Class 8 or Dual SignatureClass 5DPD. When testing Typé

Class 78

PD6s
compliance

Cl
t he

(and
t o

ass 5 Dypeldaloot mas 71 @Woptionwill asseBIPD pgwer t h e
PDusisg 4faid powering.iThe Eyde 4allocarsvs 7i1.8\Woptiart is of no

1t should be noted that measurement of the maximum and minimum power demand of a PD may require user
interventions with that PD and may also take considerable time to assess. The PDA Conformandeatestwilodate
such user interaction as described in sectiérd TheLoad Monitor described in sectiof.4is a specialized facility for

characterizing PD
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benefit when testingClasseL PDés as al | of the requir @pe3allosmat or t hose F
51.0Woption and the-Pair options described below.

TheLLDP option is applicable for all Typ8 and Type4 PDs, but is available only on instruments enabled for the

LLDP -bt feature. When LLDP is selected, additional testing is performed to assess the PD compliance to 802.3bt

LLDP protocols and power request/powgeanting interactions between PD and PSE. The 802.3bt standard requires all
Class 4 and above PD6s to support LLDP power negotiation

The2 Pair testing selections allow the PD under test to be further assessed for 802.3bt specified powan demoti
behaviors. Thd Ev alloca max 13.0Wseting applies power only on the selecteirset, eitheAlt A or Alt B, and

then furnishes-Event Classification thus restricting the PD to 13W maximum power draw. The PDA emulates an
802.3at Typel PSE duringtis testing. The Ev alloca max25.5W selection applies power on the same selected
pairset and then furnishesE¥ent Classification thus restricting the PD to 25.5W maximum power draw. The PDA
emulates an 802.3bt Tyy82-Pair PSE during this testing.

Al | Class 4 (or dual Cl ass 3D) &Bvdlloealmaxvid.OWBedisn asdlalb ul d b e
Class 5 (or dual Class 4D) and &EwalloeanR285V sadctioru Mhekseb e e x am
test cases verify thatélPD would behave correctly if connected to a Ty@nd a Type 2-Pair PSE. The PD is not

expected to operate successfully if insufficient power is granted, but is required by the specification to provide an

indication that it is under powered (see 8&@ause 145.3.6).

ThePowered Testsubmenu provides the ability for the user to specify the port voltage to be applied to the PD. The
default strategy with PD input voltages is to furn®iY min Vport to the PD when it is drawing its maximum power
asthis will likely produce maximum possible PD power draw. Because it is also desirable to expose the PD to
maximum possible input voltages, povaermoted testing will by default involve at least one case wPldi¥e max

Vport is applied to the PD. For expie, a Type4 PD would be tested BHY min Vport during Type4 4-pair and

Type-3 2-pair testing and @HY max Vport during Type3 4-pair and Typel 2-pair testing.

Important!  Many parameters such as the various PD power demand and on/off viotesl®|ds should be assessed

at voltage extremes meaning that the PD Conformance Test Suite should at a minimum be executed using both

minimum and maximum expected port voltages. T9pe PD6s ar e expected to operate in
VDC (clas 3) to 57 VDC while Typdd PDO6s are expected to operate in the ran
Different Veor_pp2p minValues are defined for each cldsfer to Sectior2.1 (Minimum Input Voltage at the PD) for

further information. Actual PD input voltage may be 0.5V to 1.25V below the values displaftyimin Vport and

PHY max Vport settings.

Dwell Time (seeFigure 4.67) configures the amount of time over which the various PD Conformance Tests will assess
poweredon parameters of a PD. PD6s can take many seconds or
following powerup. Measurements such as minimum and maximum power demand are performed over the Dwell

Time window. Users can direct the testtngpause prior to thBwell Time window as described in sectidib.4

below.

ThePowered Phydwell time is the time during thEype 3alloc max 51.0Wand/orType 4 alloc max 71.3Wtest

conditions over which power demand and MPS parameters are measured. This can range from a minimum of 5 seconds
to a maxi mum of 900 seconds. For PDOs Itohdavionitar ¢seed t o b e
secton 4.4) should be utilized.

ThePowered LLDP dwell time is the time following a-Event poweiup over which LLDP protocol, power demand,
and MPS parameters are measured. This can range fronmsumitof 60 seconds to a maximum of 900 seconds.
For PD&s that r e gouiimedhdoaa Mbnibon (geesectionhdwshauld foke utilized.

ThePower Demoted dwell time is the duration for monitoring PD power draw in all possible power demotion test
cases. This would includeEv alloca max 13.0W2 Ev alloca max25.5W, andType 3alloc max 51.0Wtest for a
Type 4 PD This can range from a minimurh® seconds to a maximum of 900 seconds.

Finally, theUnpowereddwell time is the minimum time that passes between successive-ppw@rhile running

powered tests. As each test sequence does involve multiple-ppsvand powedowns of the PD, this ds¥l time

wi || all ow for PD discharging and any ot heup. Phidcaiir es et 0 a
range from 5 seconds to 60 seconds.
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4.6.4. User Intervention During the Powered-On (Dwell Time) State

Many categories of PD6s wildl not automatically enter
interventions. Such interventions may involve combinations of
interaction over the LAN and other external device F':';:f“m .
interventions. Exampldaclude driving a security camera T N e B
motor in freezing conditions or getting a wireless access PoiN || & saupiv-se ol || 7 26y sloc mae 550 € Al
into highest possible power utilization. I ARAMDI +ARB | T
LA : PHY max Vport |56.0 <
If the goal is to capture such worst case PD |ehatingthe PD | I #/%= LLOPVpor [i203]
Conformance Test, users can elect to configurageo . Dl Time (sec)
poweredon Dwell Time (up to 15 minutes) and also to control F 1 Powered Phy [0 =]
when that Dwell Time window starts. Figure 4.69, the o Powered LLDP [30 =]

Powered Phy Dwell Timeis programmed to 120 seconds and
the Prompt before start Dwell Time option is selected.
Given this configuraion, the PD Conformance Test will run

PDA-600 AP| Prompt

until the start of the poweresh phase, then issue a user prompt
so the user controls the start of that two minute time window.
This then allows the user a two minute powartime to

intervene with the PD and cagfire various loading states.

[ Preparmg for Type3 PHY test power on.

Figure 4.69 Dwell Time Pause Mode
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47. LLDP Trace Tab Menu

Note! PD testing of POE LLDP (or DLLDehaviomrequires that the PDA&04 instrument be enabled for the DP

Emulation for 802.3atf eat ur e and, i f tLOB Emulatign f@& 802.3b8fkatue. RPddlidianally, t h e
theType-3/4f eat ure option is required to t dheseolbalicattirbst PDO6s dr a
were introduced earlier in sectidrb.

The primary purpose of tHd.DP Trace Tab Menu is to emble examination of powered device PoE link layer
discovery protocol (LLDP) behaviors including the responses to a range of possible PoE LLDP behaviors on the PSE
side of the link. PoE LLDP was explained earlier in sec2idf.

The PDA604 can emulate the functionality of an endpoint PSE that uses LLDP interactions wiB, Tiype3, and
Type-4 PDs for power management. This means that while therfélBrtest is connected to tiD port and is
powered, it can be conductingk-level communications with an emulated PSE while also processing traffic to and
from the PDA604 LAN port. The link layer (LLDPommunicationsreonly performedon thePD port, not on the
LAN port. At the physical layer, tHeD port can be configuretd autenegotiate 10/100/1000Bade or alternatively
can be configured to auttegotiate to a useselected link configuration.

The fundamental analysis mechanism for LLIB#haviors is the protocol trace. Protocol traces capture POE LLDP
messagsexchangd between an emulated PSE and theuPidertest. Traces indicate message source/destination and
message timing as well as

a e Al A . Sifos message contentsigure
PSA Address: 60480001 Trace Type Power_Up Technologie: 471 provides an exampt&f
Time From To PDClass  Type Source  Priority Requested Allocated Port Class MDi Support MDI State an LLDP pro_tOCOI trace

150 PSE PD 4 2 PRIMARY| LOW, 130, 130 PSE YES ON report |nv0IV|ng a Typé
%0 PSE | PD 4 2 PRAMARY, LOW 30| 130 PsE VES oN -
80 PD PSE 4 2 PSE LOW 192 130 PD NA WA (Class 4PD, andFigure
o R S T Y- B R I TS 7 4.72 provides an example of
270D PSE 3 p PSE oW 193] 57 PD NA WA
70 PSE | PO 4 2 PRIMARY, LOW 192 199 peE YES oN an LLDP prthCOI trace
30 PD PSE 4 2 PSE LoW 192) 192 PD NA WA pes
380D PSE [ 2 PSE oW 197 12 PD NA WA report involving a Ty
70__PSE_|_PD 1 2 PRAARY, oW 192] 182 PSE YES oN Class 6 PD
B0 PD PSE [ 2 PSE oW 192 102 PD NA WA
80 PD PSE [ 2 PSE Lo 192) 192 PD NA NA

Figure 4.71 802.3at LLDP Power-Up Protocol Trace (specification compliant) All Type-2, all Class 4 and

aboveType-3, andall Type-4
PDb6s are required by the | EEE 802.3 standard to support
power beyond 13 watts and f or o maguringhagovePlSVihat doonot providena n a g e me
PoE LLDP support areot 82.3 complianandmayfail to receive full power fronr® SE6s t hat utili ze POE
power management purposes.

Differing spreadsheet report versions are presenteddingdo the version of the Power via MDI TLV protocol.
Figure 4.71 shows the standard report for B@2.3at(12-octet) protocol whild=igure 4.72 shows the standard report
for the802.3bt(29-octet) protocol.

802.3bt PoE LLDP Trace
eplembe 0 P PDA | Pot_ [TraceT Requested | Allocated | Echo Time | Alloc Time |Init. Time| Time To Live|
PSA Address: nia G04AENG]T wa Power U 45 45 40 31 2) 120 [echnologie
version 5.0.0c
Class Requested Allocated PSE Pairs PSE Max  PSE Stat PD Stat  PSE aCl PD 4PID
200 | PSE | PD | PSET3 3 130 13 BOTH_ALTS| 51 W4PR_SINGLE| RSVD IDLE 0 PSE Fields
220 | PSE | PD | PSET3 3 130 13 BOTH ALTS| 51 WPR SINGLE| RSVD IDLE 0 MDI Pwr Suppo
30.0 PD | PSE | PD 35 & 450 13 RESERVED 0 RESERVED | PWR_SING | N/A 1 YES
10 | PSE| PD | PSET3 3 450 45 |BOTHALTS| 51 4PR_SINGLE| RSVD IDLE 0
33.0 PSE | PD | PSE T3 6 450 45 BOTH_ALTS 51 4PR_SINGLE| RSVD IDLE 0 0N
400 | PD | PSE | PD 38 B 450 45 RESERVED| 0 |RESERVED|PWR_SING | N/A 1 latType |
440 PSE | PD | PSETI 6 450 45 BOTH_ALTS 51 4PR_SINGLE| RSVD IDLE 0 2

Figure 4.72 802.3bt LLDP Power-Up Protocol Trace (specification compliant)
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TheLLDP Trace tab menu is showim Figure 4.73 It consists of two sunenus:

1. A PSE Configuration menu for 3 PDA-600 Interactive 3
describing emulated PSE behaviors.| ™ ™ **

2. A Control menu for managing
protocol traces.

PSE/PD ‘ Analysis l 802 3at Test ]| 60230t Test  LLDP Trace \ LAN ‘

PSE Configuration Results

4.7.1.  PSE Emulation Configuration PeETRe Tl ] ey comecte o POk =
Important!  ThePSE Configuration P

submenu included in the LLDP Trace tab

menu is mostly independent of tREE i = - =]

Emulation configured in the?SE/PDtab fEeech o

menu. The only°’SE Emulation settings Rssp Delay ER

utilized for LLDP traces are the powered _ Ot Setings |

Pairs andPolarity (see sectiod.2.1). erel

Settings performed in tHd.DP Trace o e

tab menu will have no effect on settings i ——

any other tab menus and no effect on the oo

PSE dashboard under the tab menu. Fy——

ThePSE Configuration will be . of]
constrained by thdiscovered PD vewrin | [vesnper | Ce |

indicated in the PD dashboarské
section4.2.2. The constraint is that the
maximum selectable power allocation,
Z\QIZ)AVl\Illcl)lcn(Osteee)'(:églejrdetf]’e73rnaar:(c|jr'7:'llugrl:']re g PDA:  GD4A0D00T  PWR A J PR B: J PSE 4-Pair 90w 46.5 VDC PO Class 655
power allowel to the classification of the
PD-undertest. So for example, if the PD Figure 4.73 LLDP Trace Tab Menu
is a Clas$ PD, then LLDP power

allocation is restricted t40 watts or below.

Important! If a different PD is connected while theDP Trace tab is open, the PD classificatishould be re
discovered usin@iscover PDin thePSE/PDtab menu.

Note! While theDiscover PDoperation has the ability teecognize and@onfigure thd.LDP Tracemenu for Dual

Signature PD6s that support PoE LLDP, the full functiona
traces has not been fully verified ofthe PDA versior8.0 softwarerelease and, for this reason, the topfddual

Signatire PD analysis wilhotbeaddressedn the sections below.

Within thePSE Configuration submenu éeeFigures 473 and4.74), thePSE Type theClass Eventgat powerup),

the PSE power allocatioiPr Alloc), and the allocated grab¢havior (Alloc Grant) are settings that impact the

LLDP messaggrotocol anccontent from the emulated PSE. The following table depicts the relationships between the
emulatedPSE Type(including powered paijsthe range o€lass Eventsthe discovered PD classificatiche

maximum power allocation permitted in tRevr Alloc entry, and the POE LLDP protocol version utilized.

Powering Mode  PSE Type | Class Events Discovered Class Maximum Allocation ~ LLDP Protocol

2 Pair (Alt A or Type-1 1-Event 0,3,0r4 13.0 Watts 802.3at
Alt B) 1 3.9 Watts (12 Octet)
2 6.5 Watts
See section 4.2.1 | Type-2 1-Event or Oor3 13.0 Watts
2-Events 1 3.9 Watts
2 6.5 Watts
4 25.5 Watts
Type-3 1-Event or Oto3 13.0 Watts 802.3bt
2-Events 4 25.5 Watts (29 Octet)
4 Pair Type-3 1-Event to Oor3 13.0 Watts
4-Events 1 3.9 Watts
See section 4.2.1 2 6.5 Watts
4 25.5 Watts
5 40.0 Watts
6 51.0 Watts
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Powering Mode  PSE Type | Class Events Discovered Class Maximum Allocation | LLDP Protocol |

4 Pair Type-4 1-Event to Oor3 13.0 Watts 802.3bt
5-Events 1 3.9 Watts (29 Octet)
See section 4.2.1 2 6.5 Watts
4 25.5 Watts
5 40.0 Watts
6 51.0 Watts
7 62.0 Watts
8 71.3 Watts
While Typel PSE6s that suppor®2 POBEsLBDP aestraceedTypem reque
13Wfroma Typel PSE,soTyp@ PDO&6s shoul d b dypelvaadType2PSHemulations. b ot h

Similarly, all Type3 and Type4 P héusd besevaluated under various power demotion cases includiiyfupe3
PSE thaperforms 1-Eventclassification, thereforeffering a maxinum power allocation of 13 watts and alsbyse-2
PSE that utilizes 802.3at LLDP protocol.

ThePwr Alloc setting éeeFigures 4.74 and4.75) defines the maximum power the emulated PSE will allocate to the
PD-undertest. If a PD requests more than this amount of power, the request will be denied, that is, it will be
acknowledgd, but not allocated (or granted). This setting can be used to model PSE ports that under power
management may have limited power availability. Normally, for an unconstraineeRTRS& port, this setting would
be25.5/ to a Class 4 PseeFigure 4.74). Similarly, for an unconstrained Ty3ePSE port, this setting would be up
to 51.0 watts given a Class 6 or higher @BeFigure 4.75) and for a Typel PSE port, this setting would be up to 71.3
watts for a Class 8 PD.

PSE Configuration

PSEG6s t hat h apoveer avadablé ard nodeledby settPaynAlloc to PSE Type [Typez ~]
any value below the maximum permitted base®8& TypeandDiscovered(PD) Class E fEvent =]
Class ThePwr Alloc button enables the PSE allocated power to be altkrédga ass Events et _‘J
protocoltracei this isapplicable tdPower Adj Tracesdiscussed in sectioh7.2 Pur Alloc |25»5 W
Important!  The PDA600instrumentwill not actually constrain the power drawn by -
the PBunderted, even if the PD overdraws igdlocated power during an LLDP Seciact Max <]
protocol trace. Testingf PD compliance to PD requests and PSE power allocatid | Trace Length [120 3 =
is done using theoad Monitor , which is the subject of sectioh4. Tx Period FEER

. . . Resp Del |1U =
TheClass EventsandAlloc Grant settings $eeFigures 474 and4.75) work with i : 3 s
thePwr Alloc setting to affect the initial and final allocated power levels from the Other Settings

emulated PSE. Ifrey PSE performs a single class

PSE Configuration event at poweup, the initialmaxpower allocation Figure 4.74 802.3at PSE
PSE Type [Type3 | will be 13.0 watts to the PD. If a Tyge Type-3,  Configuration
ClassEvents  [2Everts ~] or Type4 PSE performs-Event classification at
powerup (seeFigure 4.79), the initial power allocation will be 25.5 watts to the PD.
Puir Alloc 51.03% W
TheAlloc Grant control offers two options for the maximum power grant the PD will
Alloc Grant [Request =] receive during the LLDP trana c t i on s . Most PSEG6s that wuse
Trace Length e management will issue a power grant that exactly matches the PD requested power
level. SelectindRequestwill cause the LLDP emulation to produce that outcome.
Tx Period 8 il s
Resp Delay 3 s Alloc Grant can also be set tdax whereuponte power grant from the PSE to the
Other Settings PD will be theuserentered (maximum) allocation in tifevr Alloc entry box. This
would be a less typical PSE behavior.

Figure 4.75 802.3bt PSE
Configuration
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The following table provideseverakexamples of the interactions betwegiass EventsAlloc Grant, Pwr Alloc, and
LLDP behavior. Note the®wr Alloc may have been restricted Byscovered Classs explained above.

Class Events | Alloc Grant | Pwr Alloc Initial Allocation PD Request Final Allocation

Request 25.5 watts 13 watts 21.3 watts 21.3 watts
Max 25.5 watts 13 watts 21.3 watts 25.5 watts
Request 13.0 watts 13 watts 21.3 watts 13.0 watts
2 Request 25.5 watts 25.5 watts 21.3 watts 21.3 watts
Max 18.5 watts 25.5 watts 16.9 watts 18.5 watts
3 Request 51.0 watts 25.5 watts 48.5 watts 48.5 watts
Max 51.0 watts 25.5 watts 48.5 watts 51.0 watts
4 Request 51.0 watts 51.0 watts 48.5 watts 48.5 watts
Max 51.0 watts 51.0 watts 48.5 watts 51.0 watts
Request 40.0 watts 40.0 watts (Class 5) | 38.2 watts 38.2 watts
5 Request 71.3 watts 71.3 watts 68.4 watts 68.4 watts
Max 71.3 watts 71.3 watts 68.4 watts 71.3 watts
Request 62.0 watts 62.0 watts (Class 7) 57.6 watts 57.6 watts

TheTrace Length setting simply determines the length in time of an LLDP protocol trace. The trace starts when the
PD is linked to the PD&00 instrument and message transmissionitiiad. The setting can range from a minimum
of 15 seconds to a maximum of 600 seconds

As many PD6és will require considerable time (e.g. 106s o
and begin packet transmissions following a peugfTrace Length must be selected to be sufficiently lomgoughto

allow for thiswhen doingPower Up Traces Also, the pace of PD PoE LLDP messaging may be quite slow, perhaps

slower than one message every 30 secondi;aa® Length must allow for this as well.

Emulated PSE LLDP message transmission is affected bixtReriod andResp Delayconfigurations ¢eeFigures

4.74 and4.75). Tx Period represents the ordinary time period over which PSE PoE LLDP messages are transmitted
from the emulated PSE to a PD. This can be configured betinsaond an@0 seconds in 1 second increments.
When the PDA600is providing power to the PDndertest and after the RDndertest has linked up to tHeD test

port, the PBundertest will receive at least one PoE LLDP message from the PSEBv&sriod.

TheResporse Delayis used to simulate the time it takes for emulated PSE power management to respond to a new or

di fferent power request from a PD. PSE6s are required t
seconds of message receipt. Using tlontrol, users can configure the PSE to delay betwsenond an@0 seconds

before transmitting a POE LLDP message that acknowledges, and perhaps, grants, a new power request. By ranging to

20 seconds, users can evaluate any PD reaction to a doavdedgement from a PSE.

The emul ated PSE will transmit responses to power reques
between regularly transmitted messages every Tx Period. So as an exafmpReiifod is 8 seconds andesponse

Delayis 10 secondsséeFigure 4.74), then a PD change of power request will not be acknowledged on the next PSE

LLDP message instead will occur on a PSE LLDP message at 10 second

after the PD new request. 7 SN S - X

Fields

There are three additional settings that affect the LLDP protocol generate Power Soucs [Primary ]
the emulated PD. These settings are accessed by pressiiénsSettings Priody tow 2|
button 6eeFigures 4.74 and4.75) that opens the dialog shownFigure itk 120 <
4.76. Typically, these setigs will have little or no effect on PD LLDP
protocol behavior.

ThePower Sourceconveys whether the PSE is operating fi@rimary
power source, Backup power source, or adnknown power source. This  Figure 4.76 Other LLDP Settings

information is unlikely to have much effect on PEhlaviors. Thériority

describes the assigned importance or priority PSE power management uses in powering a PD connected a particular

port. The options areow, High, or Critical . Mul ti port PSE®&6s that distribute a |
will pay attention to these settings in a PSE and may choose to remove power from or possibly throttle power available

to a lower priority port. As witfPower Source this information is not particularly meaningfulneanyPD6 and may

not in any way inflence PD behaviors.

TTLst ands -tb-loirvéidiamed provides indication from the PSE to
validity of message contents. In theory, if a PSE grants a requested power level to a PD, the grant may be considered
invalid afterTTL time unless another message comes along from the PSE befdf tlexpiration. In practice, PSE
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messaging will typically be much more frequently spaced idnt i me fr ames and ités not <cl eas
any way alter its behavidgfra new PSE message failed to appear before TTL expiration. Genémllyshould be
configured to be larger tharx Period.

Note! The Configuration settings established on th& DP Trace tab menu will not be preserved when tlwad
Monitor (see sectiod.4.]) is run with LLDP emulation.

4.7.2. Initiating and Stopping Traces

Within theControl submenu 6eeFigure 4.77), thePower Up Tracebutton initiates a new protocol traceTofaice
Length duration with the PDA starting from a state of DC source turned OFF.

Control The DC source will be applied to thairsetgs) (for example Alt A, MDI or 4 Pair
Power Up Trace MDI -X+MDI) presently defined in theSE/PDtab menuPSE Emulation.
Power Adj Trace While a protocol trace is running, tResultsarea will indicate both status and

partial message content of the POE LLDP protocol exchaggigure 4.78).
This is updated in real time.

Stop Trace

|v Keep Power ON

While a trace is running th&top Tracecontrol GeeFigure 4.77) will activate and
if pressed, will cause the protocol trace to stop. Willstypically take a few
seconds to complete.

Figure 4.77 Trace Control in
Unpowered State

Results

Whena Power Up Traceis run, an option exists to leave the|3strgLLDP PoverUp tace =
A N pened named pipe \\.\pipe\lidppipe
PD poWered with active LLDP protocol after the trace determining initial power: pda_class events 1 off mark2 min
PSE Initial power. 13.0

Completes. Selecting th@ep Power ONcheck button gee Storing LLOP trace in 'C:/Users/Public/Sifos/PDABND results /60440001 /pdabl0_lldp_trac

user defined events: 1 state diagram allowed: 2 for advertised class: 4

Figure 477) prior tO |n|t|at|ng thePOWer Up Tl‘aceWill configuring class used by power up: pda_class events 1 on mark2 min
have this effect. When the trace completesPRanill Still  [\Lbr 1 erARTED issoma 111235

be powered, thPower Adj Trace button will be activated, | £ . o Ep

and thekeep Power ONcheck button will be renamed to | 1423AC FSE ReQ 1304100 130

Uncheck to Power OFF(seeFigure 4.79). I

235 SRC: PD REQ: 19.2ALLOC: 19.2
. . 265 SAC: PD REQ: 19.2ALLOC: 19.2
Power adjust traces start from a state where the PSE is 275 SRC: PSE REQ: 19.2ALL0C: 132

furnishing power to a PD and hpsrformed some form of
initial power negotiation and power granting. PSE LLDP
emulation is governed by tHSE Configuration settings
and thePwr Alloc button within that suimenu may be used
at any time to alter the PSE power allocation to the PD.

In an 802.3at examplé& a PSEdecides o fit hr ot t | [ 5l
Type-2 power to Typel levels on a particular port, the
Power Adj Trace s first ~ Figure 4.78 Protocol Trace Status & Results
Control initiated, then thé&wr
Alloc value is changed to 13 watts and Bver Alloc button is pressed. The PD
will then receive messaging indicating a revised PSE allocation level of 13W and the
Power Adj Trace PD will be expected to acknowledge this revised power level. In theory, if the PD
desires to stay powered, then it must also produlsasit one LLDP message back
to the PSE where it reduces its requested power to that samégnbB8What the
¥ Uncheck to Power OFF 802.3 standard does not explicitly specify a PD behavior when the allocated power is
reduced; the behavior is implied)

Power Up Trace

Stop Trace

Figure 4.79 Trace Control in

Powered State In an 802.3bt example, ayfpe-3 PSE that granted a PD request of 48.5 watts might

choose to rescind that power grant and lower it to a 13 watt or 25.5 watt level.
Again, the PD would be required to acknowledge (or fiecho
usng a revised power request, that it could comply to the new allocation.

Successiv®wr Adj Traces may be run with changes in power allocation during those traces, so It bxcheck

to Power OFFcheck ba remains becled (seeFigure 4.79). When thdJncheck to Power OFFcheck ba is
uncheckedpower to the PD will be removed immediately.
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4.7.3. Protocol Trace Analysis

Once a protocol trace is complet&iop
Trace control will disable and iKeep
Power ONwas not selected, the PEGOO
will remove power from the PD.

At this point, a user can view details from the
final packet received from a PD by pressing
the View Pkts button geeFigure 4.80).

When pressed, thResultsfield will include
protoml detail regarding construction and
content of that LLDP packet. This is
valuable for observing low level detail where
packetonveysome unexpected value.

TheView Report button opensa standard
LLDP Protocol Trace repogppropriate for
the specifigrotocol being usedt{e802.3at
or 802.3bt Power via MDI TLV)) Thereport
is anExcel spreadsheehat performs
extensive analysis of the captured protocol
and flags various different types of protocol
values and timing violationsExamples of
specificd@ion compliant protocol sequerxe
areprovided above ifrigures 4.71and4.72
Figure 4.80 View of most recent packet received from PD

Figures 481 - 4.85 provideexamples of LLDP traces with one or m&® protocol violations.

In Figure 481, the PD requests Tygepower of 24.2 watts at 7 seconds and is granted 24.2 watts by the PSE at 16
seconds. However, at 35 seconds, or 13 seconds after the PSE allocated the requested power level, the PD fails to
ackrowledge thaallocation.|[EEE 802.3 requires that BDschothe PSEallocation changewithin 10 seconds.

PSE LLDP Emulator Trace T
April 92019 11:16 AM g_ sIfOS_
PSA Address: 60280123 [Trace Type Power_Up ] Technologie
Time From To PD Class Type Source Priority Requested Allocated PortClass MDI Support MDI State

15.0 PSE PD 4 2 PRIMARY Low 13.0 13.0 PSE YES ON

17.0 PSE PD 4 2 PRIMARY Low 13.0. 13.0! PSE YES ON

19.0 PD PSE 4 2 PSE LOW 242 13.0] PD N/A N/A

220 PSE PD 4 2 PRIMARY Low 242 242 PSE YES ON

25.0 PD PSE 4 2 PSE LOwW| 24.2 13.0] PD N/A N/A

270 PSE PD 4 2 PRIMARY Low 242 242 PSE YES ON

29.0 PD PSE 4 2 PSE LOW,| 24.2 13.0 PD N/A N/A

350 PD PSE 4 2 PSE LOW| 242 13.0 PD N/A N/A

37.0 PSE PD 4 2 PRIMARY LOwW 242 242 PSE YES ON

400 PD PSE 4 2 PSE LOwW| 242 242 PD N/A N/A

46.0 PD PSE 4 2 PSE LOW| 242 242 PD N/A N/A

Figure 4.81 Power-Up Trace: PD fails to acknowledge PSE Allocation within 10 seconds

InFigure 482, the PDisaTyp2 PD requesting 18.5 watts, however the
class 4 PD in order to request 18.5 watts. Also, the PD is requestingat&hor Type2 power, before receiving a

first LLDP message from the PSE. Given that the PSE has not yet informed the PD that itds<c@ppble, the PD is

not allowed to be asking for more than Typeower, or 13 watts. These are both protodblres. The PD is also
indicating an UNKNOWN priorityi this is just a warning provided in case the PD designer intended to specify
something different. It is not a protocol violation.

PSE LLDP Emulator Trace &
April 10 2019 1128 AM -
PSA Address: 60280015 [Trace Type: Power_Up ] YL 8 1cchnologies)
PDClass  Type Source Priority Requested  Allocated  PortClass MDI Support MDI State
15.0 PD PSE [) 1 UNKNOWN LOW [ 185 13.0 PD N/A NA
17.0 PSE PD 0 2 PRIMARY LOW 13.0 13.0 PSE YES ON
2000 PD PSE 0 1 UNKNOWN Low 185 13.0 PD NA A
220 PSE PD 0 2 PRIMARY. Low 18.5 13.0 PSE YES ON
240 PSE PD 0 2 PRIMARY | LoW 185 130 PSE YES | ON
26.0 PD PSE 1] 1 UNKNOWN Low 18.5 13.0 PD NA NA
310 PSE PD 0 2 PRIMARY Low 18.5| 130 PSE YES oN
330 PD PSE 0 1 UNKNOWN Low 185 130 PD NA NA
39.0 PD PSE [] 1 UNKNOWN Low 18.5 13.0 PD NA NA
400 PsE PD 0 2 PRIMARY Low 18.5| 130  PSE YES ON
460 PD PSE 0 [ UNKNOWN LOW 18.5 13.0 PD NA NA
45.0 PSE PD 0 2 PRIMARY Low 15,5' 13.0 PSE YES ON

Figure 4.82 Power-Up Trace: PD Fails for wrong PD Class & requesting Type-2 before PSE message.

! Note! Microsoft Excel 2007 or later must be separatestalled and configured to allow spreadsheet macros to run.
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