ANALOG
DEVICES

UG-2230

10BASE-T to 10BASE-T1L Media Converter Including SPoE/APL, Featuring ADIN1100 and ADIN1200 Ethernet PHYs and
LTC4296-1 PSE Controller

FEATURES

» 10BASE-T to 10BASE-T1L media converter

» SPoE PSE controller compatible with IEEE 802.3cg
» Power source for APL devices

» System level diagnostics over USB COM port

EVALUATION KIT CONTENTS

» DEMO-ADIN1100D2Z board

» 2 x plugin screw terminal connectors

» Ethernet cable with RJ45 connectors (1 m)
» USB Ato USB C cable (1 m)

EQUIPMENT NEEDED

» 10BASE-T1L data only device, SPoE PD device or APL powered
device

» 10BASE-T1L compatible, single pair cable (1.5 mm? maxi-
mum/AWG 16 to fit connector)

» Host device with standard RJ45 Ethernet port capable of
10BASE-T full duplex

» DC power supply with output voltage and current relevant to
power class

» Optional: host with USB interface for management, monitoring,
and diagnostics (also power supply for some classes)

SOFTWARE (OPTIONAL)

» FTDI USB virtual COM port driver for selected host
» Serial COM port terminal software

GENERAL DESCRIPTION

The DEMO-ADIN1100D2Z is a media converter board that provides
connection between a standard 10BASE-T RJ45 Ethernet port and
a 10BASE-T1L device.

The DEMO-ADIN1100D2Z includes a power sourcing equipment
(PSE) controller and it can power the connected 10BASE-T1L

or advanced physical layer (APL) device. The PSE controller is
configurable for power over data line (PoDL)/single pair power over
Ethernet (SPoE) power Class 10, Class 11, Class 12, Class 13,
Class 14, and Class 15, and APL power Class A, Class C, and
Class 3.

The board requires an external DC power supply with output volt-
age and maximum output current relevant to the selected power
class. For a subset of power classes (Class 10, APL A, and APL C),
the board can also be powered from a USB host.

The board requires a minor modification and external power cou-
pling inductors when used for the highest power Class 15 and APL
3.

The DEMO-ADIN1100D2Z can be used as an autonomous device,
configurable by a set of switches and jumpers, indicating its status
on LEDs.

The DEMO-ADIN1100D2Z can also be connected via USB to a
host PC. The 10BASE-T1L link status, power status, and diagnos-
tics are then accessible using a simple set of text commands and
messages exchanged over the USB COM port interface using a
serial terminal software on a PC.

Figure 1. Evaluation Board Photo
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Figure 2. Board Connectors and Controls
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OVERVIEW

FIRMWARE MODES OF OPERATION

Table 1. Firmware Modes of Operation’

Microcontroller

Configuration Class Specification ~ Power for Board?
Vv Vmax Iwax  Vmn Vmax Pmax  Power Supply

Mode 0 1 2 3 Name V) (V) (mA) (V) (V) (W) fromUSB Note
0 Off Off Off Off | SPoE Class 10 20 30 (92 (207 30 |25 |Yes® If USB can supply the power
1 On Off Off Off |SPoE Class 11 20 30 |240 [208 30 |54 |No
2 Off On Off Off |SPoE Class 12 20 30 [632 |211 30 [132 |No
3 On On Off Off | SPoE Class 13 50 58 231 (508 58 [122 |No
4 Off Off On Off |SPoE Class 14 50 58 |600 510 58 |3 No
5 On Of On Off |SPoE Class 15 50 58 1579 | 530 58 |80 |No Additional inductors required
6 Off On On Off |APLClassA 96 15 |5 (102 15 |11 |Yes
7 On On On Off |APLClassANoAutoneg® |96 15 |56 102 15 1.1 | Yes Do not normally use
8 Off Off Off On |APLClassC 116 15 |95 |[116 15 |17 |Yes
9 On Of Off On |APLClass3* 46 50 1250 |47 50 |59 |No Additional inductors required
10 Off On Off On |Production power test’ 96 15 NA NA |06 |Yes Used for board production
1 On On Off On |APLClassA old demo’ 96 15 |56 (102 15 |11 |Yes Do not use
12 Off Off On On |SPoE off NA  NA |NA |9 58 06 |Yes Media converter only, no power to cable
13 On Off On On | Production data test NA  NA [ NA |[NA NA [NA |No Used for board production
14 Off On On On |Reserved NA NA |NA |[NA NA |06 |NA Reserved for future use
15 On On On On |Debug® NA  NA |NA |[NA NA |[NA |NA Use with terminal commands

! N/A means not applicable.

2 The board requires power supply with minimum voltage and maximum power slightly higher than the relevant power class.

3 Most USB 3.0 hosts, but only some USB 2.0 hosts can supply enough power for the device Class 10 and the board itself.

4 For full use of SPoE Class 15 and APL Class 3, follow the Board Modification for SPoE Class 15 and APL Class 3 section.

5 The 10BASE-T1L normal autonegotiation is disabled and the PHY is set to forced leader or follower mode depending on position of Switch S201 during reset. The mode
must be used only for debug and tests. Do not use it for normal operation.

6 Mode 10 and Mode 13 are very specific and used during board production test. Do not use them for normal operation.

T The mode is included for compatibility with (very) old APL demos, and it may be removed in future firmware versions.

8 The mode is meant for system level debugging for experts with deep knowledge. The power class and associated power supply requirements depend on previously
operated mode. When the microcontroller is reset with Mode 15 selected, or placed to Mode 15 via a COM port command, the firmware will not perform any configuration or
reconfiguration of the Ethernet PHYs and SPoE controller. The Ethernet PHY' are reset after power-up or by pressing the board hardware reset button, S401. However, the
SPoE controller does not have a hardware reset pin. Therefore, the SPoE controller stays in the latest state of operation, but the power delivery it is no longer supervised
by the microcontroller firmware. As result, the connected cable and device may no longer be protected against all system fault conditions.
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OVERVIEW

BOARD CONTROL COMPONENTS

Table 2. Board Control Components

Reference Name Description
J1 PWR 3V3 The jumper for local 3.3 V power. Keep inserted for normal operation.
J101 The jumper for 10BASE-T1L cable shield to connect to earth ground directly or via a 4700 pF capacitor.
J601 USB PWR The jumper for enabling board power from the USB port. Note that this is possible only for some power classes. For details
refer to Table 1.
J651 PWR 12V (APL) The jumper selecting voltage generated from the USB port. Insert for APL Class A and Class C, remove for SPoE Class 10.
S201 ADIN1100 HW CFG Switch On. 10BASE-T1L operates with 1 V signal level. Use this option for APL Class A and Class C.
(TX1V) Off. 10BASE-T1L can operate with 2.4 V signal level.

The switch must be set to desired position before power-up or reset. The switch is sampled only when the ADIN1100 chip is
coming out of reset.

S201 ADIN1100 HW CFG Switch On. This side prefers to be leader on the 10BASE-T1L link.

(PREF.MSTR) Off. This side prefers to be follower on the 10BASE-T1L link.

The switch must be set to desired position before power-up or reset. The switch is sampled only when the ADIN1100 chip is
coming out of reset.

S401 RESET The push button for board hardware reset.
5402 BOOT The push button for entering microcontroller boot load mode used for firmware update.
5403 uC CFG The switch for microcontroller firmware mode of operation, refer to Table 1.

The switch must be set to desired combination before power-up or reset. The switch is sampled by firmware only once, short
time after the microcontroller reset.

Table 3. Board Indicator Components

Reference Name Color Description

LED1 PWR 3V3 Green Board local 3.3 V power. Must turn on when board powered from any source.

LED200 Link Green 10BASE-T1L Ethernet link up.

LED201 Activity Yellow 10BASE-T1L Ethernet link (data) activity.

LED500 SPoE Blue Power present on the cable connector.

P301 Ethernet Green 10BASE-T Ethernet link up (LED integrated in the RJ45 connector).

P301 Ethernet Yellow 10BASE-T Ethernet link (data) activity (LED integrated in the RJ45 connector).

LED400 uco Blue Special status indicator, presently used only in board production test.

LED401 uC 1 Yellow Heartbeat. Yellow LED blinking indicates that the microcontroller firmware is operating.

LED402 uC2 Red Error. Red LED turned on indicates an error detected by the firmware. Messages with more error details and can be
observed via the USB COM port if the board is connected to a host via USB.

LED403 HC3 Green Correct operation. Green LED turned on indicates that both the 10BASE-T1L and 10BASE-T Ethernet links are up in
media converter modes.
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CONFIGURATIONS

CONFIGURATION FOR SPOE CLASS 10

Set Switch S403 for firmware operation Mode 0. Set Switch S201
for the desired 10BASE-T1L link operation. When supplying the
board from the USB port, insert Jumper J650 and remove Jump-
er J651. When supplying the board from another power supply,
Jumper J650 can be removed to make sure the board power does
not come from the USB port. (The USB COM port still works for
monitoring and diagnostic with Jumper J650 removed.)

Connect the P301 RJ45 connector to an Ethernet switch or a host
such as a PC, industrial or building controller, or any other device
with an Ethernet port capable of autonegotiating 10 Mb full duplex
Ethernet link.

OPTION:
CONNECT 24Vpc FROM
EXTERNAL POWER SUPPLY
TO P1ORP2

OPTION:

CONNECT EARTH /J7 1
GROUND TO P1 OR i
ONE OF THE PLATED
MOUNTING HOLES

CONNECT

CABLE SHIELD
FROM P101

TO 10BASE-T1L
CLASS 10 PD
(POWERED DEVICE)

JUMPER J101 CONNECTING
SHIELD TO EARTH DIRECTLY
OR VIA CAP PER YOUR CHOICE
OR INSTALLATION RULES

INSERT JUMPER J1
BOARD 3.3V POWER FROM USB

Connect the P101 screw terminal connector via a 10BASE-T1L
cable to a powered device (PD) Class 10.

The board can be supplied from the USB port, if the USB host can
supplyupto 0.5Aat5 V.

The board can also be supplied from a (nominal 24 V) power supply
source connected to the board P1 or P2 power supply connectors.
For voltage range and required power details, refer to Table 1.

Regardless of the power supply option, the USB port can be
optionally used with a COM port terminal software for management
and diagnostics.

REMOVE JUMPER J651
FOR POWER SPoE CLASS 10

SWITCH S403
uC CFG TO
OFF-OFF-OFF-OFF
FOR OPERATION
MODE 0

JUMPER J650
INSERT FOR
POWER FROM USB

o OPTION:

8l <«— CONNECT P601

2 USB-C TO A HOST
FOR POWER
AND/OR
MANAGEMENT

CONNECT TO P301
“— RJ45 ETHERNET
10BASE-TX

USUALLY SWITCH S201 TO OFF-OFF FOR
2.4V AMPLITUDE AND NOT PREFFERED
MASTER ON 10BASE-T1L LINK

004

Figure 4. Board Setup for SPoE Class 10
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CONFIGURATIONS

CONFIGURATION FOR SPOE CLASS 11

Set Switch S403 for firmware operation Mode 1, and for the rest of
the setup, follow the Configuration for SPoE Class 12 section.

CONFIGURATION FOR SPOE CLASS 12

Set Switch S403 for firmware operation Mode 2. Set Switch S201
for the desired 10BASE-T1L link operation. Jumper J650 can be

removed to make sure the board power does not come from

the USB port. (The USB COM port still works for monitoring and

diagnostic with Jumper J650 removed.)

Connect the P301 RJ45 connector to an Ethernet switch or a host
such as a PC, industrial or building controller, or any other device
with an Ethernet port capable of autonegotiating 10 Mb full duplex
Ethernet link.

CONNECT 24Vpc FROM
EXTERNAL POWER SUPPLY
TO P10ORP2

OPTION:

CONNECT EARTH
GROUND TO P1 OR
ONE OF THE PLATED
MOUNTING HOLES

Fo.

“LTC4296-1
T SPoE PSE

CONNECT

CABLE

FROM P101 SHIELD
TO 10BASE-T1L

CLASS 12,11 OR 10 PD
(POWERED DEVICE)

DEVICES

JUMPER J101 CONNECTING
SHIELD TO EARTH DIRECTLY
OR VIA CAP PER YOUR CHOICE
OR INSTALLATION RULES

ETEREY

& Coko cosy (A o uC CFG TO

Connect the P101 screw terminal connector via a 10BASE-T1L
cable to a compatible PD Class 12, Class 11, or Class 10.

Power supply the board from a (nominal 24 V/) power supply source
connected to the P1 or P2 board power supply connectors. For
details, refer to Table 1.

Optionally connect the USB port to a host PC and use the COM
port terminal software for management and diagnostics.

(Note that the board cannot be supplied via the USB port; the
isolated DC/DC flyback converting power from the USB port on this
board can only provide sufficient power for SPoE Class 10.)

INSERT JUMPER J1
BOARD 3.3V POWER

SWITCH S403

OFF-ON-OFF-OFF
FOR OPERATION
MODE 2

REMOVE J650
JUMPER USB PWR

= OPTION:

il «— CONNECT P601

4 USB-C TO A HOST
FOR MANAGEMENT
AND MONITORING

CONNECT TO P301
~*— RJ45 ETHERNET
10BASE-TX

| oovvoLPREPL ||

LADEVICES i 1o R000RL. e e O

USUALLY SWITCH S201 TO OFF-OFF FOR
2.4V AMPLITUDE AND NOT PREFFERED
MASTER ON 10BASE-T1L LINK

005

Figure 5. Board Setup for SPoE Class 12
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CONFIGURATIONS

CONFIGURATION FOR SPOE CLASS 13

Set Switch S403 for firmware operation Mode 3. Set Switch S201
for desired 10BASE-T1L link operation. Jumper J650 can be re-
moved to make sure the board power does not come from the USB
port. (The USB COM port still works for monitoring and diagnostic
with Jumper J650 removed.)

Connect P301 RJ45 connector to an Ethernet switch or a host such
as a PC, industrial or building controller, or any other device with an
Ethernet port capable of autonegotiating 10 Mb full duplex Ethernet
link.

CONNECT 54Vpc FROM
EXTERNAL POWER SUPPLY —_@:
TO P1ORP2

OPTION:

CONNECT EARTH /J7
GROUND TO P1 OR

ONE OF THE PLATED
MOUNTING HOLES

| +

CONNECT &
CABLE

FROM P101 SHIELD
TO 10BASE-T1L

CLASS 13 PD
(POWERED DEVICE)

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE
JUMPER J101 CONNECTING
SHIELD TO EARTH DIRECTLY

OR VIA CAP PER YOUR CHOICE
OR INSTALLATION RULES

Connect P101 screw terminal connector via a 10BASE-T1L cable to
a PD Class 13.

Power supply the board from a (nominal 54 V) power supply source
connected to the P1 or P2 board power supply connectors. For
details, refer to Table 1.

Optionally connect the USB port to a host PC and use the COM
port terminal software for management and diagnostics.

(Note that the board cannot be supplied via the USB port; the
isolated DC/DC flyback converting power from the USB port on this
board can only provide sufficient power for SPoE Class 10.)

INSERT JUMPER J1
BOARD 3.3V POWER

SWITCH S403
uC CFG TO
ON-ON-OFF-OFF
FOR OPERATION
MODE 3

REMOVE J650
JUMPER USB PWR

= OPTION:

il <«— CONNECT P601

2 USB-C TO A HOST
FOR MANAGEMENT
AND MONITORING

CONNECT TO P301
~%— RJ45 ETHERNET
10BASE-TX

USUALLY SWITCH S201 TO OFF-OFF FOR
2.4V AMPLITUDE AND NOT PREFFERED
MASTER ON 10BASE-T1L LINK

006

Figure 6. Board Setup for SPoE Class 13

CONFIGURATION FOR SPOE CLASS 14

Set Switch S403 for firmware operation Mode 4. For the rest of the setup, follow the Configuration for SPoE Class 13 section.

analog.com
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CONFIGURATIONS

BOARD MODIFICATION FOR SPOE CLASS 15 AND APL CLASS 3

DESOLDER/REMOVE RESISTORS
R118, R117, R115, R116

CONNECTOR
10BASE-T1L
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Figure 7. Modification for SPoE Class 15/APL Class 3—Schematics Snapshot

The default power coupling inductor and common-mode inductor on
the board have a 900 mA maximum rated current. For the full use
of SPoE Class 15 and APL Class 3 with the maximum current, the
board needs a minor modification, and additional power coupling
and common-mode inductors must be added to the board and used
instead of the default inductors. See the following steps:

1. Disconnect the on-board default power coupling circuit.

For this, remove the R115, R116, R117, and R118 resistors
from the bottom of the board, as marked in the schematics
snapshot in Figure 7 and photo in Figure 8.

.
" OSL'G
0504

508
oL el TITY ¥
% Joroz

101A % \a R120 JoB

RIT9 o

008

Figure 8. Modification for SPoE Class 15/APL Class 3—Board with 4
Resistors Removed

2. Add and solder a set of headers to the J104, J105, and J106
positions on top of the board, as shown in Figure 9. Use
standard 2.54 mm/0.1 in pitch headers, 4-pin single row for
J104, 6-pin single row for J106, and 12-pin double row for
position J105 (or 2 x 6-pin single row if that is what you have).

Take care when assembling the headers to be perpendicular

to the board. If you already have a module, you can insert the
headers into matching connectors on the module and solder the
entire assembly—this way the module perfectly fits the headers.
You can unplug the module afterward.

analog.com

@
3
3

Figure 9. Modification for SPoE Class 15/APL Class 3—Board with
Assembled Headers

3. Add a new coupling circuit suitable for the power class—power
coupling inductor(s), common-mode inductor and/or transform-
er, and signal coupling capacitors. The details of the coupling
circuit and selection of the components is beyond the scope of
this document. One example of a suitable coupling circuit is the
TDK module EVB-DLA-006.

=3
S

Figure 10. Modification for SPoE Class 15/APL Class 3—Board with TDK
Module EVB-DLA-006
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CONFIGURATIONS

CONFIGURATION FOR SPOE CLASS 15

Perform modifications as described in the Board Modification for
SPoE Class 15 and APL Class 3 section.

Set Switch S403 for firmware operation Mode 5. Set Switch S201
for desired 10BASE-T1L link operation. Jumper J650 can be re-
moved to make sure the board power does not come from the USB
port. (The USB COM port still works for monitoring and diagnostic
with Jumper J650 removed.)

Connect P301 RJ45 connector to an Ethernet switch or a host such
as a PC, industrial or building controller, or any other device with an
Ethernet port capable of autonegotiating 10 Mb full duplex Ethernet
link.

Connect P101 screw terminal connector via a 10BASE-T1L cable to
a compatible PD Class 15, Class 14, or Class 13.

Power supply the board from a (nominal 54 V) power supply source
connected to the P1 or P2 board power supply connectors. For
details, refer to Table 1.

Optionally connect the USB port to a host PC and use the COM
port terminal software for management and diagnostics.

CONFIGURATION FOR APL CLASS A

Set Switch S403 for firmware operation Mode 6. Set Switch $201
(TX 1V) to the on position for a 1V amplitude required on APL
spurs. Set Switch S201 (PREF.MSTR) to the on position, typical
for the APL power supplying device. When supplying the board

OPTION:
CONNECT 10 TO 15Vpc FROM
EXTERNAL POWER SUPPLY :@1
TO P1 OR P2

OPTION:

CONNECT EARTH /47
GROUND TO P1 OR

ONE OF THE PLATED
MOUNTING HOLES

CONNECT
CABLE

FROM P101

TO APL DEVICE SHIELD

| +

INSERT JUMPER J101 TO “CAP”
TO CONNECT SHIELD TO EARTH
VIA ON BOARD CAPACITOR

INSERT JUMPER J1
BOARD 3.3V POWER

from the USB port, insert Jumper J650 and Jumper J651. When
supplying the board from another power supply, Jumper J650 can
be removed to make sure the board power does not come from
the USB port. (The USB COM port still works for monitoring and
diagnostic with the J650 jumper removed.)

Connect the P301 RJ45 connector to an Ethernet switch or a host
such as a PC, industrial or building controller, or any other device
with an Ethernet port capable of autonegotiating 10 Mb full duplex
Ethernet link.

Connect the P101 screw terminal connector via an APL spur cable
to an APL device Class A.

On the power sourcing side of the APL spur cable, connect the
shield to the earth ground via a capacitor by inserting the jumper
to the J101 position labeled CAP. If earth ground is required in

the demonstration setup, connect the system earth ground to the
ground pin of Connector P1, or to one of the metal plated mounting
holes in the corners of the board.

The board can be supplied from USB, if the USB host can supply
upto0.25Aat5V.

The board can also be supplied from a (nominal 12 V) power supply
source connected to the P1 or P2 board power supply connectors.
For details, refer to Table 1.

Regardless of the power supply option, the USB port can be
optionally used with a COM port terminal software for management
and diagnostics.

INSERT JUMPER J651
FOR POWER APL CLASS A

FROM USB
/ SWITCH S403
7)o

uC CFG TO
OFF-ON-ON-OFF
FOR OPERATION
MODE 6

JUMPER J650
INSERT FOR
POWER FROM USB

OPTION:
CONNECT P601
USB-C TO A HOST
FOR POWER
AND/OR
MANAGEMENT

CONNECT TO P301
RJ45 ETHERNET
10BASE-TX

ICES DEMO-ADINUA00DZZ aworsms s 22

SWITCH S201 TO ON-ON FOR
1V AMPLITUDE AND PREFFERED MASTER
ON 10BASE-T1L LINK g

Figure 11. Board Setup for APL Class A
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CONFIGURATIONS

CONFIGURATION FOR APL CLASS C

Set Switch S403 for firmware operation Mode 8. For all other
settings and connections, see the Configuration for APL Class A
section.

CONFIGURATION FOR APL CLASS 3

Perform the modifications as described in the Board Modification for
SPoE Class 15 and APL Class 3 section.

Set Switch S403 for firmware operation Mode 9. Set Switch S201
(TX 1V) to off position for 2.4 V amplitude required on APL trunks.
Set Switch S201 (PREF.MSTR) for the desired 10BASE-T1L link
operation. Jumper J650 can be removed to make sure the board
power does not come from the USB port. (The USB COM port still
works for monitoring and diagnostic with Jumper J650 removed.)

Connect the P301 RJ45 connector to an Ethernet switch or a host
such as a PC, industrial or building controller, or any other device
with an Ethernet port capable of autonegotiating 10 Mb full duplex
Ethernet link.

Connect the P101 screw terminal connector via an APL trunk cable
to an APL 3-compatible powered field switch.

Power supply the board from a (nominal 48 V) power supply source
connected to the P1 or P2 board power supply connectors. For
details, refer to Table 1.

Optionally connect the USB port to a host PC and use the COM
port terminal software for management and diagnostics.

analog.com

CONFIGURATION FOR MEDIA CONVERTER
WITH NO POWER

The board works as a media converter only, the SPoE/APL PSE is
reset, and the power output to the port is disabled.

Set Switch S403 for firmware operation Mode 12. Set Switch S201
for the desired 10BASE-T1L link operation.

When the board is powered from the USB port, insert Jumper

J650 and remove Jumper J651. Alternatively, when the board is
powered from an external power supply and not through the USB
port, Jumper J650 can be removed to make sure the board gets
power from the intended source. (The USB COM port still works for
monitoring and diagnostic with Jumper J650 removed.)

Connect the P301 RJ45 connector to an Ethernet switch or a host
such as a PC, industrial or building controller, or any other device
with an Ethernet port capable of autonegotiating 10 Mb full duplex
Ethernet link.

Connect the P101 screw terminal connector via a 10BASE-T1L
cable to a device that does not require power over 10BASE-T1L.

The board can be supplied from the USB port, if the USB host can
supplyupto 0.12 Aat5 V.

The board can also be supplied from a power supply source with a
DC voltage between 9V to 58 V connected to the P1 or P2 board
power supply connectors. For details, refer to Table 1.

Regardless of the power supply option, the USB port can be
optionally used with a COM port terminal software for management
and diagnostics.
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DETAILED DESCRIPTION

MEDIA CONVERSION

The DEMO-ADIN1100D2Z performs media conversion between a
standard 10BASE-T RJ45 Ethernet port and a 10BASE-T1L Ether-
net port. This is implemented as a back to back connection using
the reduced gigabit media independent interface (RGMII) between
the ADIN1100 (U201) and ADIN1200 (U301). The data—Ethernet
frames—are passed directly from one PHY to the other PHY. There
is no media access controller (MAC), no buffer, or speed conversion
in the data path on the board.

The ADIN1200 is configured by the board firmware, via manage-
ment data input/output (MDIO) interface. It is set to regenerate the
incoming frame preambles. The ADIN1200 is also configured to
advertise, through autonegotiation, 10 Mb full duplex as the only
capability on the RJ45 Ethernet port.

When the DEMO-ADIN1100D2Z is connected to a 10BASE-T/
100BASE-Tx/1000BASE-T port of another device, the devices
agree through autonegotiation to link up at 10 Mb full duplex, to
match exactly the speed and mode of the 10BASE-T1L link. Most
of the common devices, such as PCs, USB to Ethernet adapters,
Ethernet switches, or industrial controllers, have the Ethernet port
set by default for autonegotiation, and therefore the Ethernet link
usually works correctly with the DEMO-ADIN1100D2Z.

SPOE PSE

The DEMO-ADIN1100D2Z provides SPoE or APL power to a
10BASE-T1L or APL device over the same single pair cable as
the data.

The board firmware configures the LTC4296-1 PSE controller
(U501) to the relevant mode of operation via a serial peripheral
interface (SPI). The firmware checks the correct input power supply
voltage using the LTC4296-1 on-chip A/D converter, and subse-
quently enables one of its 5 output channels to set the appropriate
current limit level. See details in Table 1.

The board includes an additional circuitry, controlled directly by the
microcontroller general-purpose input/output (GPIO) pins, for serial
communication classification protocol (SCCP), to communicate with
the connected PD. The SCCP is used when the board is set to
operate in one of the IEEE 802.3 defined power classes. The SCCP
is not used when the board is set to operate in one of the APL
power classes.

The firmware state machine assists the PSE controller, but the
LTC4296-1 autonomously performs the time critical operations such
as ramping up the voltage during port power-up, short-circuit pro-
tection, or PD disconnection.

The firmware periodically reads via SPI the power status from the
LTC4296-1, including the measured port output voltage and output
current. This information can be sent via the USB COM port if the
board is connected to a PC.

analog.com

MICROCONTROLLER

The low-power Am® Cortex-M4 MAX32670 microcontroller (U401)
and the firmware that is programmed to it during board manufac-
turing provide all the control, diagnostics, and other functionalities
described in this user guide.

Note that the microcontroller is not in the data path for the Ethernet
frames passing through the media converter. The firmware does not
see or handle the Ethernet frames. Therefore, the firmware does
not include any Ethernet stack.

Future firmware updates can be programmed to the microcontroller
via the USB COM port. Instructions on how to do it and the
appropriate tools are provided together with the future updated
code.

10BASE-T1L/APL CABLE CONNECTION

The 10BASE-T1L/APL cable connects via a pluggable screw termi-
nal block to the P101 connector. The pluggable connector is from
Phoenix Contact, part number 1803581, 3-way, 3.81 mm pitch, for
cable with conductors AWG 28 to AWG 16 (maximum 1.5 mm?).

10BASE-T/ETHERNET CONNECTION

The 10BASE-T cable with a standard 8-pin RJ45 Ethernet connec-
tor connects to the P301 connector.

USB COM PORT

The DEMO-ADIN1100D2Z USB C connector can be connected to
a PC or other host USB ports, using either a USB A/USB C cable

(provided in the demo kit), or a USB C/USB C cable (presently not
provided in the kit).

The PC USB port needs to be Version 2.0 or higher for using

the USB COM port management and diagnostics function. It is
recommended to use USB 3.0 or higher when using the USB port
as a power supply source for the board.

The USB COM port on the board is utilizing the FT232 USB to
universal asynchronous receiver transmitter (UART) converter. The
USB port is galvanically isolated from the rest of the board by the
iCoupIer® ADuM321N in the UART signal path to the microcontrol-
ler.

POWER SUPPLY

The board is supplied from an external power supply source con-
nected via the pluggable screw terminal block to the P1 connector,
or via a 2 mm/5.50 mm power barrel to the P2 connector. The re-
quired voltage and power depend on the board mode of operation.
In some modes of operation, the board can also be supplied from a
USB host. Refer to Table 1.

If the the USB port is connected and the USB power to the board
enabled by inserted Jumper J650, the power is converted from
USB 5V to a higher voltage needed for the relevant power class
by the isolated flyback converter LT3001. The converter output
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DETAILED DESCRIPTION

voltage is set either to approximately 12 V for APL Class A and
Class C by inserting Jumper J651, or to approximately 22 V by
removing Jumper J651. Jumper J651 must be set appropriately for
the relevant mode of operation.

The output from the flyback converter and the external power
source are connected via two diodes. If both power from the USB
port and power from an external source are connected, then the
source with a higher voltage supplies the board.

When the board input power supply voltage is incorrect for the
selected board mode of operation, the board firmware detects it, the
red LED (uC 2) indicates the error, and the USB COM port receives
an error message.

The Ethernet PHYs, the microcontroller, and most of the other
circuits on the board are supplied from 3.3 V output from the
step-down switching buck regulator MAX17760.

GROUND CONNECTIONS

The DEMO-ADIN1100D2Z board has an earth node. Although this
node may or may not be electrically connected to the earth ground,
in a real device, this node is typically connected to the device metal
housing or chassis. This earth node can be connected as required
in a wider demonstration system via the earth terminal of the power
supply connector, P1, or via an exposed metal plating of three
mounting holes in the corers of the DEMO-ADIN1100D2Z board.
(The fourth hole does not have a metal plating, and has no earth
connection.)
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The shield of the 10BASE-T1L/APL cable can be disconnected
from this earth node, connected directly, or connected via a 4700
pF capacitor (C104). The required connection is selected by posi-
tion of Jumper J101.

The 10BASE-T earth connection and metal body of the RJ45
connector (P301) are connected directly to the earth node.

The local circuit ground, including the (-) terminal of the external
power supply is connected to the earth node via approximately
3000 pF of capacitance, for good electromagnetic compatibility
(EMC) performance, and approximately 4.7 MQ of resistance, for
preventing buildup of charge on the capacitance.

The USB connection has functional isolation from the rest of all oth-
er circuits, up to approximately 60 V. The USB ground is connected
to the board earth node via approximately 1000 pF of capacitance
and approximately 4.7 MQ of resistance. In addition, the USB
ground is connected to the local circuit ground via approximately
2000 pF of capacitance and approximately 4.7 MQ of resistance.

Note that the DEMO-ADIN1100D2Z has been designed only as

a demo board. It has not been designed nor tested for electrical
safety. Any equipment, device, wire, or cable connected to the
DEMO-ADIN1100D2Z board must be already protected and safe to
touch without danger of electric shock.
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SOFTWARE

The DEMO-ADIN1100D2Z can be used as a standalone board,
with the firmware already programmed in the microcontroller flash
memory. The firmware mode of operation can be set by the pC
CFG Switch S403 (see Table 1), and other switches and jumpers
(see Table 2). The basic status of the board is indicated by LEDs
(see Table 3). There is no software needed for this standalone use
case.

The DEMO-ADIN1100D2Z can also be connected to a PC via a
USB port. The Ethernet links and power status monitoring and
some diagnostics are then available using a simple set of American
Standard Code for Information Interchange (ASCII) text commands
and messages exchanged over the USB COM port and a serial port
terminal software.

DRIVER FOR USB COM PORT

The DEMO-ADIN1100D2Z uses the FTDI FT232 for the USB COM
port connectivity.

Make sure that the appropriate virtual COM port driver is included
or installed on the host platform before connecting the DEMO-
ADIN1100D2Z to that host via a USB cable.

FTDI virtual COM port drivers are available from the FTDI website.
SERIAL COM PORT AND TERMINAL SETTINGS

When the DEMO-ADIN1100D2Z is connected to the host, it be-
comes available in the host system as a USB COM port, and it
is assigned a COM port number. The number depends on the
system settings, on the COM port devices previously connected
and assigned in the system, and on the FTDI driver settings.

The DEMO-ADIN1100D2Z microcontroller firmware communicates
over a standard UART interface, with the following settings:

» Speed = 115,200 baud rate
» One start bit

» Eight data bits

» No parity

» One stop bit

The protocol is based on ASCII text commands and messages.
Each message sent from the firmware to the host is finished by
both <CR> and <LF> characters. For the commands received from
the host, the firmware expects <CR> or <LF>, or both <CR> and
<LF> as <new line> (see Table 4).

Table 4. Board Indicator Components

Character ASCII Code Description
<CR> 0x0D (13 decimal) Carriage return
<LF> 0x0A (10 decimal) Line feed
TERMINAL SOFTWARE

The DEMO-ADIN1100D2Z firmware works with common serial ter-
minals. It has been tested on the Windows platform with PuTTY,
RealTerm, TeraTerm, Termite, and the old HyperTerminal.
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The examples in the following sections were captured using Com-
puPhase Termite.

INITIAL WELCOME MESSAGE

When the DEMO-ADIN1100D2Z is connected to the terminal soft-
ware using the serial COM port settings defined in the Serial
COM Port and Terminal Settings section, the firmware sends the
following initial welcome message after power on or after pressing
the DEMO-ADIN1100D2Z S401 RESET button:

ANALOG DEVICES 10BASE-TIL and SPOE DEMO

(c)2023-24 Analog Devices Inc.All rights reserved

Firmware ver. : 1.2.0

Hardware type : DEMO-ADIN1100D2Z

uC CFG-3-2-1-0 : OFF-OFF-OFF-OFF (Mode 0)
Firmware Mode : Media converter PSE class 10

Type '<?><new line>' for a list of commands

LTC4296-1 reset
ADIN1100 MDIO address 0
ADIN1100 HW CFG: autoneg, prefer Slave, Tx 2.4V

ADIN1200 MDIO address 4
ADIN1200 SW CEFG: autoneg 10Mbit Full Duplex Only

PSE initiated ...
LTC4296-1 Portl Vin 20.4V

TERMINAL COMMANDS
The most important command is <?><new line>.

On the host keyboard, type the character ?, followed by the ENTER
key, and the firmware sends a list of all commands implemented in
this version of firmware, as follows:

?

List of Commands

* MDIO (Clause 22) read from Phy, all numbers in hex.
'mdioread <PhyAddr>,<RegAddr>'<newlLine>

* MDIO (Clause 22) write to Phy, all numbers in hex.
'mdiowrite <PhyAddr>,<RegAddr>,<Data>'<newLine>

* MDIO (Clause 45) read from Phy, all numbers in hex.
'mdiord cl145 <PhyAddr>,<RegAddr>'<newLine>

* MDIO (Clause 45) write to Phy, all numbers in hex.
'mdiowr cl45 <PhyAddr>,<RegAddr>,<Data>'<newLine>

The list continues.
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SOFTWARE

STATUS AND DIAGNOSTICS

To see repeated welcome message including the firmware mode of
operation, use the command info.

For the status of the Ethernet links, use the command phystatus.
Note that the Link was Down condition is latched by the PHY’s,
and therefore, the first time this command is called after reset or
after link down is reported.

phystatus
ADIN1100 Link was Down, is Up Autoneg, Master, 2.4V
ADIN1200 Link was Down, is Up

For the status of the SPoE, use the command powerstatus.

powerstatus

PSE in Classification mode, SPOE CLASS 10
Vout 23.7V, Iout 42.6mA

PD CLASS 10 Connected

For a continuous update, use the commands start and stop. The
firmware periodically, every 1 second, sends an update that in the
present firmware version includes the following:

» MSE. 10BASE-T1L mean square error in, which indicates link
quality (a negative value of signal-to-noise ratio (SNR)).

» SLCRERR. 10BASE-T1L slicer error, which again indicates link
quality (a slicer error value of 0.5 causes an incorrect slicer
decision and results in error in data).

» Rx. The number of Ethernet frames received from the 10BASE-
T1L link since the last board or firmware reset, or after the use of
the command clear.

» Err. The number of Ethernet frames with error received from the
10BASE-T1L link since the last board or firmware reset, or after
the use of the command clear.

» Vout. Voltage on the output of PSE controller, approximately
equal to the voltage on the 10BASE-T1L connector.

» lout. Current from the output of PSE controller, approximately
equal to the current to the 10BASE-T1L connector.

start

0K

MSE -37.22 dB, SLCRERR 0.199, Rx 50, Err 0, Vout 23.
9V, Iout 68.8mA

MSE -37.22 dB, SLCRERR 0.048, Rx 50, Err 0, Vout 23.
9V, Iout 50.8mA

MSE -37.22 dB, SLCRERR 0.048, Rx 50, Err 0, Vout 23.
9V, Iout 62.8mA

MSE -37.22 dB, SLCRERR 0.050, Rx 50, Err 0, Vout 23.
9V, Iout 72.4mA

MSE -37.22 dB, SLCRERR 0.049, Rx 50, Err 0, Vout 23.
9V, Iout 62.4mA

MSE -37.22 dB, SLCRERR 0.048, Rx 50, Err 0, Vout 23.
9v, Iout 50.4mA
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MSE -37.22 dB, SLCRERR 0.048, Rx 50, Err 0, Vout 23.
9V, Iout 50.4mA

stop

OK

ERROR MESSAGES

The firmware sends various status and error messages to the USB
COM port, which can help to understand the operation of the board
and debug various issues from incorrect configuration or incorrect
power supply, through incompatible SPoE PD, to other conditions
such as overload or short circuit on the 10BASE-T1L cable. The
following shows a couple of error examples:

PSE initiated ...

LTC4296-1 Port3 Vin 13.5V out of range, expected 20.0V to 30.0V
LTC4296-1 Port3 Vin 13.2V out of range, expected 20.0V to 30.0V
LTC4296-1 Port3 OVERLOAD DETECTED IPOWERED, too high output current
LTC4296-1 Port3 disabling output

PHY LOOPBACKS AND FRAME GENERATOR

The ADIN1100 and ADIN1200 Ethernet PHYs include a range
of features to help system level diagnostics. The demo firmware
makes some of them available through the following dedicated
commands:

» The command adin1100loopback sets the ADIN1100 to a MAC
remote loopback mode. Every frame received from the 10BASE-
T1L link is immediately transmitted back to the same link. The
normal ADIN1100 transmit MAC data path is disconnected. On
this board, any frames coming from the 10BASE-T link via the
ADIN1200 are ignored in this mode.

» The command adin1200loopback sets the ADIN1200 to a MAC
remote loopback mode. Every frame received from the 10BASE-
T link is immediately transmitted back to the same link. The
normal ADIN1200 transmit MAC data path is disconnected. On
this board, any frames coming from the 10BASE-T1L link via the
ADIN1100 are ignored in this mode.

» The command adin1100framegen sets the ADIN1100 on-chip
frame generator to send a burst of 500 frames, each with ran-
dom data 1500 bytes payload. The destination MAC address is
set to 00:05:f7:00:00:00, the source address 00:05:f7:00:00:e0.
The firmware then reactivates the frame generator periodically
every 1 second.

As part of the continuous update, the firmware also reads the
ADIN1100 on-chip frame checker and calculates a difference be-
tween the number of frames sent by the frame generator and the
number of frames received. The difference counter is meant to be
used in conjunction with a 10BASE-T1L link partner set to remote
loopback, sending the frames back. This feature can be used for
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SOFTWARE
example for assessing frame error rate on a link in EMC or other Diff 0, Err 0, Vout
system level tests. 13.2v, Iout 3.2mA
MSE -37.22 dB, SLCRERR 0.048, Tx 3000, Rx 3000,
Diff 0, Err 0, Vout
adinl1100framegen 13.2v, Tout 3.1mA
ADIN1100 frame generator enabled .
starOKt The easiest way to stop the loopback modes and/or to stop the
OK frame generator is to reset the firmware.

MSE -37.22 dB, SLCRERR 0.198, Tx 2500, Rx 2500,
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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.
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