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Design Overview

This design integrates Tl PoE solution with TM4C129x
high performance microcontroller to enable customers
to develop applications for loT in a small form factor
board. The ability to derive power over existing
network cabling combined with intelligence to gather,
process and exchange data with the cloud increases
the value of the end application.

Design Resources

TIDM-TM4C129POE Design Folder

TM4C129ENCPDT Product Folder
TPS23753A Product Folder
TPD2E2U06 Product Folder
TLV431A Product Folder
Product Folder
' l .' 'l ASK Our E2E Experts
Tl E2E™
Community

Integrated
PoE
HI RJ-45

Connectors

B
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important disclaimers and information.

BoosterPack, Tiva are trademarks of Texas Instruments.
ARM is a trademark of ARM Limited.
Ethernet is a registered trademark of Xerox.

Design Features

Small Form Factor Board Measuring 4.95” x 3.45”
With TM4C129ENCPDT Microcontroller Featuring
Integrated Ethernet® PHY and MAC.

Integrated RJ45, Transformer and Diode Bridge for
PoE Power Stage for Lower BOM Cost.

7 W Isolated Output From the Fly-Back Converter,
With Provision for Both 5 V and 3.3 V Output
Power Rails.

Optional Power Header to Supply External DC
Power From an UPS in Case of a Network Power
Failure.

Dual BoosterPack™ Headers to Prototype End
Applications With a Wide Range of BoosterPacks™
From TI and Third-Party.

TivaWare Examples for Crypto Connected
LaunchPad™ May be Run With Minimum
Modifications for Evaluation.

Featured Applications

Factory Automation and Control
0T Cloud Gateway

Camera Surveillance

Access Control

Information Kiosks

An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
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1

1.1

System Description

The TM4C129x family of microcontrollers from Tl that feature an integrated Ethernet® PHY and MAC with
cryptographic modules and a large number of serial interfaces for control and sensor data acquisition.
When integrated with PoE solutions from TI, the TM4C129x adds a layer of intelligence at the remote
node. The TM4C129x allows customers to leverage their existing network to not only communicate and
control devices securely with the PoE solution, but also deliver power, reducing the system cost in loT
space, and adding value to their products. The design files include Schematics, Bill of Materials (BOM),
Layer Plots, Altium Files, and Gerber Files.

TM4C129ENCDT

The TM4C129ENCPDT is a 120 MHz high-performance microcontroller with 1 MB on-chip Flash and 256
KB on-chip SRAM. The TM4C129ENCPDT microcontroller also features an integrated Ethernet MAC +
PHY for connected applications and cryptographic modules of AES, DES and SHA for encryption,
decryption and authentication. The device has high bandwidth interfaces such as Memory Controller and a
High Speed USB2.0 digital interface. With integration of a number of low to mid speed serial, up to
AMSPS 12-bit ADC and motion control peripherals it makes for a unique solution for a variety of
applications ranging from industrial communication equipment’s to Smart Energy and Smart Grid
applications.

Figure 1 shows the TM4C129ENCPDT microcontroller high-level block diagram.
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Figure 1. TMAC129ENCPDT Microcontroller High-Level Block Diagram

TIDUBR9-May 2016
Submit Documentation Feedback

Power Over Ethernet® (PoE) for Connected loT

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUBR9

13 TEXAS
INSTRUMENTS

System Description www.ti.com

1.2 TPS23753A

The TPS23753A is a combined Power over Ethernet (PoE) Powered Device (PD) interface and current-
mode DC-DC controller optimized specifically for isolated converter designs. The PoE implementation
supports the IEEE 802.3at standard as a 13-W, type 1 PD. The requirements for an IEEE 802.3at type 1
device are a superset of IEEE 802.3-2008 (originally IEEE 802.3af). The DC-DC controller features a
bootstrap start-up mechanism with an internal current source, which provides the advantages of cycling
overload fault protection without the constant power loss of a pull-up resistor.

2 Block Diagram

Figure 2 shows the power over Ethernet (PoE) for connected loT block diagram.

Integrated
PoE
= e

Connectors

=

Figure 2. Power Over Ethernet (PoE) for Connected IoT Block Diagram
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Getting Started Hardware

3 Getting Started Hardware
This design is a plug and play system and little user intervention is required for either supplying or
managing any control 1/0O's for power to the device.

3.1 Test Points, Connectors, Jumpers, Switches, and LEDs

This section gives details about the connectors, test points, and the jumpers that are available on the

design for debug, probe, and flexibility of evaluation.
Table 1 lists the test points.

Table 1. Test Points

DESIGNATOR DESCRIPTION
TP1 TM4C129ENCPDT 1.2 V Core Voltage Test Point
TP2 DC/DC Converter Return
TP3 POE Input, Low Side
TP4 DC/DC Converter Output Voltage
TP5 Digital Ground
TP6 DC/DC Converter Bias Supply
TP7 DC/DC Converter Return
TP8 Drain Terminal of the Primary-Side Switching MOSFET
TP9 Bias Voltage Regulator
TP10 Gate Driver for the Primary-Side Switching MOSFET
TP11 Control Loop Input to the Pulse Width Modulator

Table 2 lists the connectors and jumpers.

Table 2. Connectors and Jumpers

DESIGNATOR DESCRIPTION
J1A BoosterPack™ Header
JiB BoosterPack Header
J2A BoosterPack Header
J2B BoosterPack Header
J3 USB Header
J4 JTAG Debug Header
J5 UART Header for Debug COM Port
J6 Integrated RJ45 Connector, Transformer and Rectifier Diode
J7 External Adapter Input Connector
J8 5 V Output Jumper
J9 3.3 volt output jumper
J10 PoE Input Low Side From the RJ45 Jack
Ji1 PoE Input High Side From the RJ45 Jack
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3.2 Power-Up

There are four potential sources of power in this design:

e The primary power is through the Ethernet RJ45 (J6). The user must ensure that a Switch or Hub
being used is a POE PSE equipment.

» The user may power the design by using the external adapter input connector (J7) through a 12V DC
power supply.

» The user may power the design from a 5-V DC power supply, by removing the header (J8) and
applying 5-V input to Pin-1 of J8.

NOTE: GND from the external power supply must be connected to TP5.

e The user may power the design from a 3.3-V DC power supply, by removing the header (J9) and
applying 3.3V input to Pin-1 of J9.

NOTE: GND from the external power supply must be connected to TP5. In this configuration, the 5
V is not available on the BoosterPack headers.

3.3 Connecting a Debugger

To be able to download an application to the TM4C129ENCPDT microcontroller, the header J4 is
provided. This header is a 10-pin 50 mil spacing connector and is compliant to the ARM™ Cortex 10-pin
JTAG standard. In case the debugger does not have an ARM Cortex 10-pin header, a small adapter board
may be required, and is easily available with most manufacturers of debug pods.
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4 Getting Started Firmware

There is no specific software required for the design. The user may import examples from TivaWare for
EK-TM4C129EXL Crypto Connected Launchpad and run the same as is for the design. However, there

are some changes that are required to make the examples work on the design as the BoosterPack
headers are slightly different from the EK-TM4C129EXL Crypto Connected LaunchPad.

4.1 BoosterPack Head Compatibility

Table 3 summarizes the difference in pinout on the BoosterPack headers.

Table 3. BoosterPack Header Compatibility, Table A

EK,;E:?DCE%?(%XL PORT PIN NAME T'Dxé;'\é‘é%ffio'z PORT PIN NAME
1 33V 1 33V
2 5V 2 5V
3 PE4 3 PE4
4 GND 4 GND
5 PC4 5 PC4
6 PEO 6 PEO
7 PC5 7 PC5
8 PE1 8 PE1
9 PC6 9 PC6
10 PE2 10 PE2
1 PE5 1 PE5
12 PE3 12 PE3
13 PD3 13 PD3
14 PD7 14 PD7
15 PA7 15 PC7
16 PA6 16 PD6
17 PB2 17 PB2
18 PM4 18 PM4
19 PB3 19 PB3
20 PM5 20 PM5

Table 4 lists the BoosterPack header compatibility, table B.
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Table 4. BoosterPack Header Compatibility, Table B

EK,;TE'\;'\%CE??(%XL PORT PIN NAME T'Dxé;'\é‘éggfgo'z PORT PIN NAME
1 PF1 1 PF1
2 GND 2 GND
3 PF2 3 PE2
4 PM3 4 PM3
5 PF3 5 PE3
6 PH2 6 PH2
7 PGO 7 PGO
8 PH3 8 PH3
9 PL4 9 PLA
10 RST_N 10 RST N
11 PL5 11 PL5
12 PD1 12 PD1
13 PLO 13 PLO
14 PDO 14 PDO
15 PF1 15 PF1
16 PN2 16 PN2
17 PL2 17 PL2
18 PN3 18 PN3
19 PI3 19 PL3
20 PP2 20 PP2

Table 5 lists the BoosterPack header compatibility, Table C.

Table 5. BoosterPack Header Compatibility, Table C

T e PORT PIN NAME TN PORT PIN NAME

33V 33V
2 5V 2 5V
3 PD2 3 PD2
4 GND 4 GND
5 PPO 5 PPO
6 PB4 6 PB4
7 PP1 7 PP1
8 PB5 8 PB5
9 PD4 9 PD4
10 PKO 10 PKO
11 PD5 11 PD5
12 PK1 12 PK1
13 PQO 13 PQO
14 PK2 14 PK2
15 PP4 15 PP4
16 PK3 16 PK3
17 PN5 17 PN5
18 PA4 18 PA4
19 PN4 19 PN4
20 PAS5 20 PAS5
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Table 6 lists the BoosterPack header compatibility, Table D.

Table 6. BoosterPack Header Compatibility, Table D

EKF',E'\Q‘B(:E%?Z%XL PORT PIN NAME T'DF":'&'\S‘E%JZS,EOE PORT PIN NAME
1 PG1 PG1
2 GND 2 GND
3 PK4 3 PK4
4 PM7 4 PM7
5 PK5 5 PK5
6 PP5 6 PP5
7 PMO 7 PAG
8 PA7 8 PA7
9 PM1 9 PA2
10 RST_N 10 RST_N
11 PM2 11 PA3
12 PQ2 12 PQ2
13 PHO 13 PHO
14 PQ3 14 PQ3
15 PH1 15 PH1
16 PP3 16 PP3
17 PK6 17 PK6
18 PQ1 18 PQ1
19 PK7 19 PK7
20 PM6 20 PMO
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5

5.1

Test Data

The following section gives details of the electrical tests that have been done on the design for PoE power

front end.

Startup

The 5V and 3.3V output voltage startup waveforms are shown in Figure 3 with no external load and a

48V- input at J6.

CH1 (5Vout): 1V/div; CH2 (3.3Vout): 1V/div; 1ms/div

Figure 3. Start-Up Under No Load

bt )
i
/
Measure P1:pkpk(C2)
73 my

value

1.00 msfdiv Stop 124y

100kS 10.0MSfs Edge Paositive
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The 5V and 3.3-V output voltage startup waveforms are shown in Figure 4 with a 160-mA external load
and 48-V input at J6.

o T e sy 4 LT

% /
Measure P1:pkpk(C2)
value 7.3 myv

1.00 msfdiv Stop 124V
100kS 10.0MSfs Edge Paositive

-3.000 V ofs

Figure 4. Start-Up Under Load Conditions

5.2 Efficiency

The converter efficiency is shown in Figure 5 with a 48-V input at J6. Jumper J8 has been removed and
all loading is on the 5-V output.

90.0%

80.0%

70.0% s

60.0% /'/
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40.0% /

30.0% /

20.0% /
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Figure 5. Efficiency Chart

TIDUBR9—May 2016 Power Over Ethernet® (PoE) for Connected loT 1

Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUBR9

13 TEXAS
INSTRUMENTS

Test Data www.ti.com

5.3 Output Ripple Voltage

The 5-V output ripple voltage is shown in Figure 6, measured across C46. The 5-V output is loaded by the
3.3-V LDO (approximately 90 mA plus an external 160 mA load on the 5 V. (20 mV =+ DIV, 2 us + DIV).

= il H o ™ Ot B POl e P e )

il

Measure P1:pkpk(C2)
value 22.7 mv

status

e -4.00 s
20.0 mviidiv) 2.00 psfdiv Stop T4 my
0 m\ offset 800kS 4.00GS/s Edge Paositive

Figure 6. Ripple Voltage on a 5-V Load
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The 3.3-V output ripple voltage is shown in Figure 7, measured across C52. There is a load on the 3.3V
that repeats approximately every 60 ms, resulting in the noise shown in Figure 7. (20 mV =+ DIV, 100 uS +

DIV)
3
]
O mmiaacd a4 s g i e \UJ\NMWMWWWW
Measure P1:pkpk(C2)
value 70.0 my

status
100 psfdiv Stop 74 my
100kS 100MSfs Edge  Paositive

20.0 mVidiy
0 mV offset

Figure 7. Ripple Voltage on a 3.3-V Load
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5.4 Load Transients

Figure 8 shows the 5-V output voltage response (AC-coupled) to a load current step from 90 mA to 250
mA. The 90 mA load is the LDO with an external 160 mA load step applied. (50mV + DIV, 100 mA + DIV,
1 msec + DIV, 25 mA + usec slew rate).

200 ms

50.01mr 100 mA/div] 1.00 msfdiv Stop 192 mA
100 mV ofst =300 mA ofst 100kS 10.0MS/s Edge Paositive

Figure 8. Load Transients on 5V Output
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5.5 Switching Waveforms
Figure 9 shows the drain voltage of Q1 with respect to GNDX. The input voltage is 48-V and the 5-V
output is loaded with the 3.3 V-LDO (90 mA) plus and external 160-mA load. (20V + div, 2 usec =+ div).

Measure P1:pkpk(C1)
85.3V

200 psidiv Stop 124V
B80.0kS 4.00GS/s Edge Puositive

Figure 9. Switching Waveforms for Q1
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Figure 10 shows the anode voltage of D8 with respect to GND. The input voltage is 48 V and the 5-V
output is loaded with the 3.3-V LDO (90 mA) plus and external 160-mA load. (10 V =+ div, 2 usec + div).

5] t { % alll

Measure P1:pkpk(C1)
value 27.0¥
status

200 ysfdiv Stop 12y
800kS 4.00GSfs Edge Paositive

0.00 V offs et]

Figure 10. Switching Waveform for D8
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5.6 Control Loop Gain Stability

Figure 11 shows the converter’s loop gain and phase margin. The 5V is loaded with the 3.3-V LDO (90
mA) plus a 160-mA external load. The input is 48 V at J6.

(=] [ — ]
@ 7 Slide Bar. w
6.732k Frequency (Hz) i
Fag ' bss Mecione
1-Gain -1.38  Slope (20dBidecade)
7-Phase { |
1-Phase | T
£ = : o
ol = b
o
1G] ' o
o
2 ]
® =
100 Frequency 100 k
Figure 11. Control Loop Gain Stability
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6 Design Files

6.1 Schematics
To download the schematics, see the design files at TIDM-TM4C129POE..
Figure 12 shows the schematic for the microcontroller section.
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Figure 12. Schematic for the Microcontroller Section
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Figure 13 shows the schematic for the connector section.
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Figure 13. Schematic for the Connector Section
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Figure 14 shows the schematic for the Ethernet section.
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Figure 14. Schematic for the Ethernet Section
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Figure 15 shows the schematic for the power stage section.
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6.2

Bill of Materials

Figure 15. Schematic for the Power Stage Section

To download the bill of materials (BOM), see the design files at TIDM-TM4C129POE..
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6.3 PCB Layout Recommendations

An important consideration when doing the layout is the trace width for Ethernet and USB signals. The
Ethernet and USB interfaces have critical differential impedance requirements. Both Ethernet signal pairs
must be routed as a 100 Q + 10% differential pair on the top layer of the PCB with a ground plane as a
reference. The USB signal pair must be routed as a 90 Q +10% differential pair on the top layer of the
PCB with a ground plane as a reference.

The most optimal solution is if the PCB fab house may adjust the stack up and provide for controlled
dielectric. The designer must use the PCB tools to set the spacing and width of the traces to get close to
the target characteristic impedance. The PCB fab house may then adjust the trace space and width to
their specific materials and process.

During the PCB layout, if the PCB fab house has a predefined layer stack up for low cost process, the
user must ascertain the layer stack up information. Then use this information in PCB tools to get the

optimum trace width. The design files have used a low cost variant with the following PCB stack up for
four layer PCB'’s.

Figure 16 shows the PCB layer stack up for TIDM-TM4C129POE.
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Figure 16. PCB Layer Stack Up for TIDM-TM4C129POE

When the data shown in Figure 16 is entered into the PCB tool, the trace width and space for Ethernet
and USB signals are computed are listed in Table 7. The most important parameter is the ZDIFF which
must be within £10% tolerance.

Table 7. Differential Signals Trace Information

TRACE TRACE TRACE
WIDTH THICKNESS HEIGHT TRACE( nfi'T)AC'NG Ex Zows Z
(mil) (mil) (mil)
10 0.4 15.8 4.2 109.476 84.766
12.8 0.4 15.8 4.2 99.336 76.915
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6.4 Altium Project
To download the Altium project files, see the design files at TIDM-TM4C129POE.

6.5 Layout Guidelines
To download the layout guidelines, see the design files at TIDM-TM4C129POE.

6.5.1 Layout Prints
To download the layout prints for each board, see the design files at TIDM-TM4C129POE.

6.6 Gerber Files
To download the Gerber files, see the design files at TIDM-TM4C129POE.

6.7 Assembly Drawings
To download the assembly drawings, see the design files at TIDM-TM4C129POE.

7 Software Files
To download the software files, see the design files at TIDM-TM4C129POE.

8 References

1. System Design Guidelines for the TM4C129x Family of Tiva™ C Series Microcontrollers (SPMAO056).
2. Saturn PCB Design Toolkit.

TIDUBR9—May 2016 Power Over Ethernet® (PoE) for Connected loT 23
Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUBR9
http://www.ti.com/tool/TIDM-TM4C129POE
http://www.ti.com/tool/TIDM-TM4C129POE
http://www.ti.com/tool/TIDM-TM4C129POE
http://www.ti.com/tool/TIDM-TM4C129POE
http://www.ti.com/tool/TIDM-TM4C129POE
http://www.ti.com/tool/TIDM-TM4C129POE
http://www.ti.com/lit/pdf/SPMA056

13 TEXAS
INSTRUMENTS

About the Author

9 About the Author

AMIT ASHARA is an Application Engineer and Member Group Technical Staff at TI, where he works on
developing applications for TM4C12x family of high performance microcontrollers. Amit brings to this role
his extensive experience in high-speed digital and microcontroller system-level design expertise. Amit
earned his Bachelor of Engineering (BE) from University of Pune, India.

www.ti.com

DAVID STRASSER is an Applications Engineer and Member Group Technical Staff at Tl, working in the
Power Design Services group. David specializes in custom power converter designs Power over Ethernet
applications. David earned his Bachelor of Science in Electrical Engineering degree (BSEE) from Western
Michigan University and his Master of Science in Electrical Engineering degree (MSEE) from the lllinois
Institute of Technology.

24 Power Over Ethernet® (PoE) for Connected loT TIDUBR9-May 2016

Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUBR9

IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated (‘TI") reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate Tl products. Tl has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.

TI's provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl products, and
no additional obligations or liabilities arise from TI providing such reference designs or other items.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its reference designs and other items.

Designer understands and agrees that Designer remains responsible for using its independent analysis, evaluation and judgment in
designing Designer’s systems and products, and has full and exclusive responsibility to assure the safety of its products and compliance of
its products (and of all Tl products used in or for such Designer’s products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect to its applications, it has all the necessary expertise to create and implement
safeguards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the
likelihood of failures that might cause harm and take appropriate actions. Designer agrees that prior to using or distributing any systems
that include TI products, Designer will thoroughly test such systems and the functionality of such TI products as used in such systems.
Designer may not use any TI products in life-critical medical equipment unless authorized officers of the parties have executed a special
contract specifically governing such use. Life-critical medical equipment is medical equipment where failure of such equipment would cause
serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class Il devices and
equivalent classifications outside the U.S.

Designers are authorized to use, copy and modify any individual TI reference design only in connection with the development of end
products that include the TI product(s) identified in that reference design. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR
INTELLECTUAL PROPERTY RIGHT OF Tl OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right,
copyright, mask work right, or other intellectual property right relating to any combination, machine, or process in which Tl products or
services are used. Information published by Tl regarding third-party products or services does not constitute a license to use such products
or services, or a warranty or endorsement thereof. Use of the reference design or other items described above may require a license from a
third party under the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual
property of TI.

TI REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, INCLUDING BUT NOT LIMITED TO ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE
WARRANTY AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-
INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT,
SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH
OR ARISING OUT OF THE REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, AND REGARDLESS OF WHETHER TI
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.

Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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