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EVAL-LTC9105-AZ

LTC9105, MAX5974C, LT4321, and ADuM1252 IEEE 802.3bt Powered Device with I12C Telemetry

FEATURES

» IEEE 802.3bt-compliant Class 6 PD
» Port telemetry with an isolated 12C interface
» 5V/9.2A isolated synchronous forward converter

EVALUATION KIT CONTENTS

» EVAL-LTC9105-AZ
» 14-pin ribbon cable

ADDITIONAL HARDWARE NEEDED

» |EEE 802.3bt PSE

» Electronic load supporting 5V/9.2A

» Optional: DC power supply supporting 55V/1.2A
» Optional: DC590B I2C interface board

SOFTWARE NEEDED
» Optional: EVAL-LTC9105-AZ GUI for evaluating telemetry

Table 1. EVAL-LTC9105-AZ Performance Summary

GENERAL DESCRIPTION

The EVAL-LTC9105-AZ is an IEEE 802.3bt-compliant Type 3, Class
6 Power over Ethernet (PoE) powered device (PD) with port tele-
metry via 12C. The evaluation board features the LTC9105 PD
interface controller, MAX5974C switching regulator controller, the
LT4321 PoE ideal diode bridge controller, and the ADuM1252 12C
isolator.

The LTC9105 provides IEEE 802.3af-, IEEE 802.3at-, and IEEE
802.3bt-compliant interfacing with port voltage and current teleme-
try via 12C. It utilizes an external, low channel resistance, Ros(on)
(34mQ typical), N-channel, hot-swap metal-oxide semiconductor,
field-effect transistor (MOSFET), and 50mQ sense resistor. Auto-
matic maintain power signature (MPS) keeps the port connected
when the current drops to a low level.

The MAX5974C controls a DC/DC converter utilizing a highly ef-
ficient active-clamp forward converter topology with synchronous
rectification and provides an isolated 5V/9.2A output. The LT4321
controls eight low Rpson) (57mQ typical), N-channel MOSFETs
to further improve end-to-end power delivery efficiency and ease
thermal design. The ADuM1252 isolates I°C data between the
LTC9105 and a host controller on a nonisolated ground domain.

The EVAL-LTC9105-AZ is configured as a Class 6 PD and accepts
up to 51W of delivered power from a power sourcing equipment
(PSE) via its RJ45 connector (J1). The EVAL-LTC9105-AZ can be
powered by a local 55V DC power supply using the auxiliary supply
input terminals. With the DC590B I2C interface board connected

to the EVAL-LTC9105-AZ, the EVAL-LTC9105-AZ graphical user
interface (GUI) displays port telemetry and configuration options.

Vel

EA Certified 2.0
™

Parameter Symbol Test Conditions/Comments Min Typ Max Unit
Output Voltage Vour Measured +PVOUT to DGND 5 v
Output Current lour Class 6 (default) 92 A
Output Voltage Ripple Port voltage (Vporr) = 57V, loyt = 9.2A 100 mV p-p
Switching Frequency 300 kHz
Load Regulation lour = 0A t0 9.2A 0.1 %
Line Regulation Vporr =43V to 57V 0.1 %
Efficiency Vporr =43V, loyr = 9.2A, DC-DC converter only (PVIN to Voyr) 93.1 %
Vport =43V, loyt = 9.2A, after bridge (Vporr to Vour) 922 %
Vport = 43V, loyt = 9.2A, end-to-end (RJ45 to Voyr) 91.3 %

PLEASE SEE THE LAST PAGE FOR AN IMPORTANT
WARNING AND LEGAL TERMS AND CONDITIONS.
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EVALUATION BOARD PHOTOGRAPH
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Figure 1. EVAL-LTC9105-AZ Evaluation Board Photograph
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EVAL-LTC9105-AZ

QUICK START PROCEDURE

EVAL-LTC9105-AZ OPERATION

This quick start procedure shows how to connect the EVAL-
LTC9105-AZ. Take the following steps and refer to Figure 2, Table
2, and Table 3 for the proper equipment setup and default configu-
ration. Note that the default setup is Class 6 (IEEE 802.3bt, Type 3)
with 12C Address 0x40 and <13W minimum initial required power:

1. Set the minimum initial required power to <13W with the mark
count jumpers (JP19 and JP20). With this configuration, the
LTC9105 applies power to the downstream circuitry if it receives
13W or more from the PSE. Refer to Table 2 for the mark count
jumper settings and minimum initial required power for each
PSE type.

2. Set the I2C address of the LTC9105 to 0x40 with the ADO jump-
er (JP21). Refer to Table 3 for the ADO jumper configurations.

Table 2. Minimum Initial Required Power and Mark Count Settings

. Connect a load to the EVAL-LTC9105-AZ between +PVYOUT

and DGND.

. Optionally, connect a ribbon cable from the DC590B 14-pin

header (J4) to the EVAL-LTC9105-AZ 14-pin header (J6) and
connect the USB Type B cable from the DC590B to the PC of
the user for evaluation with the EVAL-LTC9105-AZ GUI.

. Connect the output of the IEEE 802.3bt PSE to the RJ45

connector (J1) of the EVAL-LTC9105-AZ using a CAT5e or
CATG6 Ethernet cable.

. After connection is established, verify the output light-emitting

diode (LED), LED4, is lit, which indicates that the DC-DC output
is present.

. Enable the load.

Mark Count Jumpers
Minimum PSE Type Minimum Initial Required Power M1, JP20 Mo, JP19
Type 1 <13W LO Lo
Type 2 13W to 25.5W LO HI
Type 3 25.5W to 51W HI Lo
Type 4 51Wto 71.3W HI HI

Table 3. C Address Settings

IC Address 12C Address Jumper: ADO0, JP21
0x40 LO
0x41 HI

analog.com
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QUICK START PROCEDURE

SETUP DIAGRAM

See Figure 2 for the evaluation board setup.
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Figure 2. EVAL-LTC9105-AZ Setup
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EVALUATION BOARD FEATURES

MINIMUM INITIAL REQUIRED POWER

When a PD is connected to an IEEE 802.3af, IEEE 802.3at, or
|EEE 802.3bt PSE, the PSE can perform classification after the
initial detection. Classification allows for the PSE to determine the
requested power of the PD. In turn, the PD can determine the
allocated power of the PSE by the number of mark events during
classification. A PSE can demote the PD and allocate less power
than the PD requested.

|EEE 802.3 requires a demoted PD to not exceed its power alloca-
tion. For some PD applications, the demoted power is less than the
required boot-up power or normal operation power. The LTC9105
can be configured to block the downstream circuitry from powering
on while providing an active indication that it is underpowered.

The LTC9105 powers the downstream circuitry if sufficient allocated
power is present.

To determine if the LTC9105 must apply power to the downstream
circuitry, the LTC9105 compares the number of mark events provid-
ed by the PSE to the minimum initial required power as set by

the mark count pins (M1 and MO). If the allocated power is less
than the minimum initial required power, the LTC9105 draws the
MPS current to keep the port connected while keeping its hot-swap
MOSFET off. The UNDERPOWERED LED (LED1) turns on to
indicate that the LTC9105 is underpowered and has received less
than its minimum initial required power.

An underpowered LTC9105 does not power the downstream circui-
try unless reconfigured via the I2C interface. If the AUX pin goes
high, the LTC9105 transitions to cold secondary mode. In cold
secondary mode, the LTC9105 continues to draw MPS current until
the AUX pin transitions low, at which point, the MPS current turns
off for a PSE port reset.

CLASS SETTINGS AND OUTPUT POWER

The EVAL-LTC9105-AZ is configured for Class 6 by default with
the RCLSA and RCLSB resistors. The PD class can be customized
by changing these resistors. The on-board MAX5974C forward
converter was optimized for 5V/9.2A targeting Class 6. This circuit
can support 5V/11.2A (Class 7) and 5V/13A (Class 8); however, it
may require additional thermal relief.

analog.com

PSE ALLOCATED POWER

The host controller determines the PSE allocated power by reading
the mark_type field via the I2C interface and comparing it to the
requested class of the PD. Refer to Table 4.

Table 4. PSE Allocated Power Based on PD Requested Class and mark_type
mark_type Value

PD Requested

Class 0 1 2 3

0 13W

1 3.84W

2 6.49W

3 13W

4 13W 25.5W

5 13W 255W 40W

6 13W 25.5W 51W

7 13W 25.5W 51W 62W
8 13W 25.5W 51W 71.3W

AUXILIARY INPUT

The EVAL-LTC9105-AZ accepts a DC auxiliary input between
DC_AUX_IN+ and DC_AUX_IN-. This supply diode ORs with the
PSE supply to the LTC9105. If the PSE is connected first, whichev-
er supply has the highest voltage between the PoE port or the

DC auxiliary supply powers the LTC9105. Otherwise, the auxiliary
supply has priority and blocks the PSE from detecting or classifying
the PD. The auxiliary supply operating range is 45V to 57V as
programed by the AUX pin resistor divider.

Note: For DC auxiliary operation with the EVAL-LTC9105-AZ, the
mark count jumpers must both be set to low to set <13W for the
minimum initial required power.
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EVAL-LTC9105-AZ

EVALUATION BOARD FEATURES

PORT TELEMETRY

Via the 12C interface, the LTC9105 provides port telemetry including
current, voltage, or power; PSE mark response; auxiliary status;
and brownout status. Voltage and current are continuously meas-
ured by dedicated A-Z analog-to-digital converters (ADCs) with
14-bit resolution and are individually read back by the host when
the padc_data bit is cleared. Optionally, the voltage and current
can be mixed to produce a power reading instead of a voltage
reading when the padc_data bit is set. Priority status, standby
mode, power ADC enable, and the AUX pin threshold are all
configurable via the I2C interface.

EVAL-LTC9105-AZ GUI OPERATION

The EVAL-LTC9105-AZ GUI allows users to evaluate the LTC9105
telemetry and configuration options. Use a 14-pin ribbon cable
between the DC590B and EVAL-LTC9105-AZ evaluation board and
a Type-B USB cable to connect from the DC590B to the PC of

the user. Open the EVAL-LTC9105-AZ GUI to display the window
shown in Figure 3. Installation of Analog Devices, Inc., QuikEval
software is required prior to operation. If an error occurs when
opening the GUI, verify that the DC590B is connected directly to the
PC of the user.
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Figure 3. EVAL-LTC9105-AZ GUI Window
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EVAL-LTC9105-AZ

EVALUATION BOARD FEATURES

Port Status

The Port Status section indicates if an LTC9105 was detected

by the GUI, information about the LTC9105 status, and the 2C
transaction. The 12C address field displays the active I2C address.
If old_data is set, it indicates that the telemetry data was already
read within the current sampling interval (100ms typical), and if
aux_status is set, it indicates that another power source is present.

Available Port Power

The Available Port Power section displays the result of the phys-
ical layer classification and the allocated power. pse_mark [1:0]
contains the result of physical layer classification, and determines
allocated power based on the requested class of the PD. The
EVAL-LTC9105-AZ default is Class 6; the class of the PD can

be changed by replacing the RCLSA and RCLSB resistors. The
GUI compares the Requested PD Class dropdown menu with
pse_mark to identify the allocated power.

Port Configuration

The Port Configuration shows several ways to modify the behav-
ior of the LTC9105. The four read/write bit states are shown with

a corresponding checkbox that is checked when the bit is 1 and
unchecked if it is 0. The bit state may be changed by clicking the
Set/Clear checkbox adjacent to each bit. The last bit is write one

to clear and has a CLEAR button. priority indicates whether the
PD is the primary power source, or if it is in standby mode. Setting
stby_dis disables the hot-swap MOSFET of the PD, and the MPS
current is only drawn if an auxiliary power source is present. Setting
aux_thresh increases the AUX pin threshold voltage. padc_enable
configures the ADCs for either voltage or power. Note, it may take
up to 200ms (typical) for padc_enable to change the padc_data
state. brownout indicates if the port voltage of the PD dropped to
less than the off voltage (Vorr) but has stayed more than the reset
voltage (Vresgt)- Click the CLEAR button next to the brownout bit
to clear.

analog.com

Port Measurements

The Port Measurements include port voltage, current, and power.
padc_data indicates that Register 4 and Register 5 contain voltage
or power data. The default configuration has padc_data cleared
indicating that the registers contain voltage data, while if padc_data
is set, the registers contain power data. The GUI automatically
calculates voltage or power based on the ADC configuration. The
calculated value is shown in gray, while the directly measured value
is shown in black.

I12C Interface

The 12C Interface section allows users to manually configure the
I2C interface and logs user 12C transactions. The GUI automatically
scans 12C Address 0x40 and 12C Address 0x41 for a LTC9105 and
displays data from the first address detected. To disable the 12C
scan, uncheck the Enable 12C Scan box to allow user input into the
Chip 12C Address field. Write, 1-Byte (first LTC9105 register), and
5-Byte (all five LTC9105 registers) read transactions each have
buttons, while the write and read data have text fields. The user's
I2C transactions are logged, and the log can be cleared by clicking
the Clear Log button.
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TYPICAL PERFORMANCE CHARACTERISTICS

EVAL-LTC9105-AZ TEST DATA
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Figure 4. EVAL-LTC9105-AZ Efficiency vs. Load Current
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(After Bridge to Voyr)

Figure 5. Front Thermal Image

(Test Conditions: Vpogrr = 52V and loyr=9.24)

Figure 6. Back Thermal Image
(Test Conditions: Vpogr = 52V and loyr= 9.24)
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Figure 7. Output Voltage Ripple
(Test Conditions: Vpogr = 50V and loyr=9.24)
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Figure 8. Load Transient Response
(Test Conditions: Vporr = 50V and Load Step: 4.6A to 9.2A DC Load)
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Figure 9. Switch Node Waveforms: Primary Side
(Test Conditions: Vporr = 57V and loyr= 9.24)
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 10. Switch Node Waveforms: Secondary Side
(Test Conditions: Vpogr = 57V and loyr= 9.24)
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NOTES

ESD Caution
‘ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary
‘t‘\ protection circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of
functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the
Evaluation Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you
(“Customer”) and Analog Devices, Inc. (“ADI"), with its principal place of business at Subject to the terms and conditions of the Agreement, ADI hereby grants to Customer a free, limited, personal,
temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and agrees that the Evaluation
Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted is expressly made
subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third Party to access
the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is NOT sold
to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be
considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation
of use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble,
decompile or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including
but not limited to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but
not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board
at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY
KIND WITH RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE
EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF
INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING
FROM CUSTOMER'’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL.
ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or
indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States federal laws and regulations relating to exports. GOVERNING LAW. This Agreement
shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts (excluding conflict of law rules). Any legal action regarding this Agreement will
be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits to the personal jurisdiction and venue of such courts. The United Nations
Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed. All Analog Devices products contained herein are subject to release and

availability.
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