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Figure 1. Top View Figure 2. Bottom View

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

System Description

Ethernet has greatly expanded its scope over the years. A simple and effective design makes Ethernet the
most popular networking solution at both the physical and data-link layers of the Open Systems
Interconnection (OSI) model. The low cost of Ethernet hardware makes it an attractive option for industrial
networking applications. Ethernet is also flexible because of the variety of media types and high speed
options. The opportunity to use open protocols (such as TCP/IP over Ethernet networks) offers a high
level of standardization and interoperability. The result has been an ongoing shift to the use of Ethernet for
industrial control and automation applications from traditional serial field busses and proprietary
communications.

A typical Ethernet application is shown in Figure 3.

DP83848K {OBASE.T

or
100BASE-TX

| |
10/100 Ethernet
MII/RMII Transceiver

Magnetics
RJ-45

MPU/CPU

Clock Status
Source LEDs

Media Access Controlleroler

Figure 3. Typical Ethernet Application

This Ethernet PHY brick reference design enables TI's customers to quickly evaluate and design systems
using TI's industrial Ethernet PHY transceiver devices. The design is compliant with EN55011 Class-A
EMI requirements and immune to ESD up to 15 kV (contact and air gap discharge), which helps reduce
the time to test and release the systems to market. This design provides a 50-terminal interface to a 32-bit
Cortex M4 processor-based controller board and is tested with TI's TIVA™ controller. The compact board
design (2 x 3 inches) allows adoption to a variety of products with minimal efforts. In short, this reference
design is an easily adaptable design platform for multiple industrial Ethernet end applications.

The reference design platform demonstrates the advanced performance and features of the DP83848K
Ethernet PHY transceiver device. The design supports 10/100 Base-T and is compliant with the IEEE
802.3 standard. The device uses a single power supply (5 V with an onboard regulator of 3.3 V or 3.3 V
directly coming from the 50-terminal interface). All other voltages required for the Ethernet PHY
transceiver are internally generated within the device.
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Design Features

2 Design Features

The primary objective of this design is to create a platform that helps evaluate DP83848K in a compact
form-factor board. The DP8384K addresses the quality and reliability for space sensitive applications in
systems operating in the industrial temperature range. The DP83848K also offers performance exceeding
the IEEE specifications with superior interoperability. The design features for this reference design are

given in Table 1.

Table 1. Design Features

DEVICE

DESCRIPTION

Ethernet PHY

DP83848K Ethernet PHY features:

¢ Media Independent Interface (Mll) or Reduced Media
Independent Interface (RMII): resistor strapping options

« Configurable PHY addresses: resistor strapping options
» Single register access for complete PHY status
 Industrial temperature rating: —40°C to 85°C

« |EEE 802.3u autonegotiation and parallel detection

» |EEE 802.3u ENDEC, 10BASE-T transceivers and filters
* |EEE 802.3u PCS, 100BASE-TX transceivers and filters
e Tiny 6x6-mm LLP 40-pin Package

Power Supply

DP83848K is a low-power device that can operate with single
3.3-V £ 0.3-V supply
Possible power input options are:

* 5V from external 2-terminal connector

» 5-V DC input from MIl interface connector and onboard
regulator to generate 3.3 V

e 3.3-V DC input from Ml interface with no onboard regulator

Power Consumption

264 mW

MAC—Controller Interface

50-terminal MII interface connector

Clock

The design has three options to provide clock to DP83848K:
» 25-MHz crystal with internal oscillator
» External oscillator to generate the clock (not populated)

* Using TI's CDCE913PW and a 25-MHz crystal to generate
the clock over I2C lines (not populated)

Status LEDs

Two LEDs (link and activity with option to configure as pull-up or
pull-down)

ESD

IEC61000-4-2: Level 4, Criterion B

Radiated Emission

EN55011, Class A
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3 Block Diagram

This reference design is intended for all industrial applications where Ethernet PHY transceiver is used.
The design files include schematics, bill of materials (BOM), layer plots, Altium files, Gerber files, and test
results (see Section 8). Figure 4 shows the system block diagram of this reference design. The 10/100
Ethernet PHY is connected to an RJ-45 connector through an isolation amplifier. On the interface side, the
design is connected to 50-pin connector to interface with a controller. Two status LEDs indicate a link and
activity. The PHY is configured using different strap options. The PHY can be powered from the Ml
connector or using an external 5-V supply. Currently, the PHY is provided a clock signal using a crystal,
but other options also available for clocking.

Optional
: ___________________ 'i PHY configuration straps
| |
|
: External |
I 5-V supply
|
|
gt
ESD protection Magnetics
A
Clock MII/RMII
source interface to CPU
P pVY
Populate any one option %\ %Q
: | Status LEDs
| |
| I
| |
| |
—_——— e e —— — 4
Figure 4. System Block Diagram
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Ethernet PHY Features

4 Ethernet PHY Features

41 DP

83848K Ethernet PHY

The Ethernet PHY used in this reference design is the DP83848K. The DP83848K addresses the quality,
reliability, and small form factor required for space sensitive applications in embedded systems operating
in the industrial temperature range. The DP83848K outperforms the IEEE specifications with superior
interoperability and an industry-leading performance beyond 137 m of Cat-V cable. The DP83848K also
offers Auto-MDIX to remove cabling complications. DP83848K has superior ESD protection, greater than
4-KV Human Body Model, providing extremely high reliability and robust operation, ensuring a high-level
performance in all applications. DP83848K offers two flexible LED indicators: one for link and the other for
speed. In addition, both MIl and RMII are supported to ensure the ease and flexibility of this design. The
DP83848K is offered in a tiny 6x6-mm LLP 40-pin package and is ideal for industrial controls, building or
factory automation, transportation, test equipment, and wireless base stations.

Low-power 3.3-V, 0.18-um CMOS technology
Auto-MDIX for 10/100 Mbps

Energy detection mode

3.3-V MAC interface

RMII Rev. 1.2 interface (configurable)

MIl interface

MII serial management interface (MDC and MDIO)

IEEE 802.3u autonegotiation and parallel detection
IEEE 802.3u ENDEC, 10BASE-T transceivers and filters
IEEE 802.3u PCS, 100BASE-TX transceivers and filters

Integrated ANSI X3.263 compliant TP-PMD physical sub-layer with adaptive equalization and baseline
wander compensation

Error-free operation beyond 137 m

ESD protection greater than 4-KV Human body model
Configurable LED for link and activity

Single register access for complete PHY status
10/100 Mbps packet built in self test (BIST)

40-pin LLP package (6 x 6 x 0.8 mm)
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4.2

MAC Data Interface

The DP83848K supports two modes of operation using the Mll interface pins: MIl and RMII. The modes of
operation can be selected by strap options or register control. RMII mode is required to use the strap
option, since it requires a 50-MHz clock instead of the normal 25 MHz. In the each of these modes, the
IEEE 802.3 serial management interface is operational for device configuration and status. The serial
management interface of the MIl allows for the configuration and control of multiple PHY devices,
gathering of status, error information, and the determination of the type and capabilities of the attached
PHYs. In this reference design, the Ethernet PHY is interfaced to MAC through MIl (Media Independent
Interface).

The DP83848K incorporates the MIl as specified in Clause 22 of the IEEE 802.3u standard. This interface
may be used to connect PHY devices to a MAC in 10/100-Mbps systems. This section describes the
nibble-wide MIl data interface. The nibble-wide MIl data interface consists of a receive bus and a transmit
bus each with control signals to facilitate data transfer between the PHY and the upper layer (MAC).
Figure 5 shows the signaling for M.

PHY MAC

TX_CLK
TX_CLK

TX_EN
TX_EN -

TXD [3:0]

TXD [3:0]

RX_CLK
RX_CLK

RX_DV

Y

RX_DV
RX_ER

RX_ER

RXD [3:0]
RXD [3:0]

CRS
CRS

CoL
CoL

Figure 5. Mll Signaling

The MIl is a synchronous 4-bit wide nibble data interface that connects the PHY to the MAC in 100B-TX
and 10B-T modes. The Mil is fully compliant with IEEE802.3-2002 clause 22. The MIl signals are
summarized here:

» Transmit data signals: TXD[3:0]

» Transmit enable signal: TX_EN

» Receive data signals: RXD[3:0]

* Receive data valid signal: RX_DV

» Line status carrier sense signal: CRS

6
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5 Getting Started

5.1 Clock Circuitry

The DP83848K supports an external CMOS-level oscillator source or a crystal resonator device. This
design has three different options to generate the clock signal for DP83848K:

» 25-MHz crystal with internal oscillator

» External oscillator to generate the clock (not populated)

» Using Tl's CDCE913PW and a 25-MHz crystal to generate the clock over I2C lines (not populated)
If an external clock source is used, X1 should be tied to the clock source and X2 should be left floating.

The CMOS oscillator specifications for MIl mode and RMII mode are provided in the datasheet for
DP83848K.

Use a 25-MHz, parallel, 20-pF load crystal resonator if a crystal source is desired. The specifications for
25-MHz crystal is listed in Table 2 (taken from the datasheet for DP83848K).

Table 2. 25-MHz Crystal Specification

PARAMETER MIN TYP MAX UNITS CONDITION
Frequency 25 MHz
Frequency Operational
Tolerance 50 ppm temperature
Frequency Stability +50 ppm 1-year aging
Load Capacitance 25 40 pF

Figure 6 shows the connection of a crystal resonator circuit with the DP83848K. The oscillator circuit is
designed to drive a parallel resonance AT cut crystal with a minimum drive level of 100 yW and a
maximum of 500 yW. In case a crystal is specified for a lower drive level, place a current limiting resistor
in series between X2 and the crystal. This design uses load capacitors equal to 33 pF and series resistors

equal to 0 Q.
RESET N 23 e
28 XI/REFCLK
R3
‘v‘i 27 X2
0
= 2
25\Hz 29
— * DGND
- 49— 10GND
R33 17 AGND
—WWv AGND
0 41| GND/PAD
| —— DP83848KSQ 10 /100 PHY
GED
==c21 —==C16
33pF 33pF
GED
Figure 6. Crystal Oscillator Circuit for DP83848K
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5.2 Twisted Pair Interface (TPI) Network Circuit
This reference design uses a shielded RJ-45 connector without internal isolation transformer. RJ-45 is the
standard cable used for all the Ethernet and LAN applications. The standard color coding and signals for
RJ-45 connector is shown in Figure 7.
RJ-45 Male Plug RJ-45 Female
87654321 12345678 12345678
RSN
E—
Color Standard
EIA/TIA T5668A Ethernet Patch Cable
RJ-45 Pin Pin RJ-45
TX+ Green and White Tracer | 1 1 | Green and White Tracer -
X~ [ Green | 2 2 | Green
RX+ Orange and White Tracer | 3 3 | Orange and White Tracer U4 J/A-PR2
e Blue | 4 4 | Blue PR 1
Blue and White Tracer | 5 5 | Blue and White Tracer
RX—_ Orange | 6 6 | Orange
Brown and White Tracer | 7 7 | Brown and White Tracer
_ Brown | 8 8 | Brown
Figure 7. RJ-45 Cable Details
8 EN55011-Compliant, Industrial Temperature 10/100-Mbps Ethernet PHY TIDU515A-Septem
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An external isolation transformer is interfaced. The design uses HX1198FNL from Pulse Electronics, a 1:1
transformer with an isolation of 1.5 kVyys (for 60 seconds). Based on the application, it may be necessary
to connect a common-mode choke along with the isolation transformer. HX1198FNL already has an
integrated common-mode transformer. Figure 8 shows the internal schematic of HX1198FNL.

TRANSMIT
TD+ 1 o0— 016 TX+
U
TCT 2 00— 15 CMT
VTV 9 @
TD- 3 © 014 TX-—
RECEIVE
RD+ 6 O——— O 11 RX+
RCT 7 O——— .
- N 10 CMT
RD- 8 o0 0 9 RX-
1:1CT

Figure 8. Internal Schematic of HX1198FNL

External 10BASE-T filters are not required when using the DP83848K, as the required signal conditioning
is integrated into the device. Only isolation transformers and impedance matching resistors are required
for the 10BASE-T transmit and receive interface. The internal transmit filtering ensures that all the
harmonics in the transmit signal are attenuated by at least 30 dB. The TPI for this reference design is
shown in Figure 9. The DP83848K datasheet recommends that the termination resistors R43, R39, R42
and R40 (of value 49.9Q) and capacitors C26, C31, C23 and C27 should be placed very close to the
device. The capacitors connected to the transformer center-taps (C33, C34, C36, and C37) should also be
placed close to the taps. To get the best performance, all the components used in the TPI network should
be of £1% tolerance.
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3_3V_PS
CT_INPUT
R45 CT INPUT
0
c26 R43 TDP A
|| 49.9
0.1uF Ra4
I.f)| V(]Vv
c31
%) D3 11 R39 TDM_A
z TPD4E1U0BDCK = 1, ,F 3 ]
2 GND GND M
& o
oo oo T1
16 TRANSMIT 1 c23 Ra2 1 RDP_B
< ™) ©f ) AAAS
EARTH | o||© H 49.9
0.1pF Rat
OA AN
15 _— 2 c27 R40
W 5 L 1l A RDM_B
PDIIQ a = ] 499
Z GND 1uF
el (o) =
3 s 14 3 ©
| RX+ RJ45 1 RECEIVE 6
J3 == 9||©
S insis = ¢; RX- RJ45
X
R [ o AN ,
TERM1A <N5_ 1 —_—
TERM1B f<e—— o | le OV YY)
RX- <1D7
SH2 TERM2A Q‘S_
p——— CHASIS TERM2B —¢ 9 8
CONN MOD JACK-6116526-1
13 4
——1NC3 NC1 ——
12 nes NC2 —2—
C40 SR56 LR54 HX1198FNL
1 3750 375.0
11 SR57 SR55 cer L _L_ g L
B B _— ——C33 ——C36 ——=C34
ro0pF $75.0375.0 0.1uF TF 0AWF | 1nF
1.Hl\)|eg
EARTH ?_
GND C38 ——=C39 e —
1000pF 1000pF oD oD
EARTH
Figure 9. TPl Connection
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5.3 Power Supply and Filtering
The Ethernet PHY is powered by a single 3.3-V as shown in Figure 10.

3 3V_PS

R21,,. 0 10VDD33

—C13 =——C48 —=C50 —=C17
10uF 0.01pF 1000pF 100pF

3.3V PS

R38,,, 0 AVDD33
——C24 —=C54 —=—=C52 —=—C25
10uF | 0.01uF 1000pF 100pF

lovonava [ ——q—2RR%
10VDD3V3 =

GND
AVDD3V3 18 AVDD33

15 __TDP_A

™>+ p/—/—/—

% b14_TDM A

RX+ 12 RDP B

Rx_ Lo 11_RDM B

Figure 10. Power Connections for Single Supply Operation

This reference design board can be powered by any one of the following three methods:
1. By an external 5-V
2. By using 5 V from controller board on a 50-terminal MIl connector as shown in Figure 11

5V_PS
D1 D2
2 1 1 2 2
J 1
J4 DFLS1200-7 DFLS1200-7
0 o2 J1
5 o 0 6
7 o 0 8
O O —
9 o O 10 -
11 12 GND
13 e 0O 14
O O
Figure 11. 5-V Input Supply Connection
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3. By using 3.3 V from the controller board as shown in Figure 12

3.3V_PS

5V_PS GND/HTSK  GND/HTSK f—=———4

u4
.
2dne ne 0
= ] N |28
4 17
IN GND
cosle G20
—  “T100pF 5
0so0F r en ne j2°
6 5
R79,, 0 PG Ne
FBISEN ne

w

3.3V PS_E R48
3.3k

w
@
]
)
@
z
El

o |o |~

ouTPUT ne P8
FB4

OuTPUT ne 22
11

s

a
b4 _l+c1s GND/HTSK LGNDIHTSK
1SMB5915BT3G ==C32 ==C28 ==C20 —=10o,F
3.9v 100pF | 1000pF | 0.01uF

|

TPS75433QPWP
&

I
If

o)
El

Figure 12. 3.3-V Power Supply Connection

It is important to bypass the power rails with the low-impedance surface-mount capacitors with values of
10 pF, 10 nF, 1 nF, and 100 pF. To reduce EMI, place the capacitors as close as possible to the VDD
supply pins of the DP83848K. The preferred placement of these capacitors is between the supply
terminals and the vias connecting to the power plane. Also, give the PCB at least one solid ground plane
and one solid VDD plane to provide a low impedance power source to the component. The planes also
provide a low-impedance return path for non-differential digital MIl and clock signals. Place a 10-uF
capacitor near the PHY device for local bulk bypassing between the VDD and the ground planes. The rise
time of the VDD should be typically 500 yS.

5.4 Reset Operation of DP83848K

The DP83848K includes an internal power-on reset (POR) function and does not need to be explicitly
reset for normal operation after power up. If required during normal operation, the device can be reset by
a hardware or software reset.

54.1 Hardware Reset

A hardware reset is accomplished by applying a low pulse (TTL level), with a duration of at least 1 s, to
the RESET_N. This pulse resets the device, reinitialize all registers to default values, and re-latch the
hardware configuration values into the device (similar to the power-up/reset operation). This reference
design has an option to perform a hardware reset by populating R16 on the board as shown in Figure 13.

R19 RESET N 23

£>< o RST#

—=1 XI/REFCLK

— X2

DGND
IOGND

AGND
AGND
GND/PAD

DP83848KSQ 10/100PHY

Figure 13. Hardware Reset Option
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542 Software Reset

A software reset is accomplished by setting the reset bit (bit 15) of the Basic Mode Control Register
(BMCR). The period from the point in time when the reset bit is set to the point in time when software
reset has concluded is approximately 1 ys. This function resets the device to restore all registers to default

values.
1 o o 12
13 14
0 ©
15 16
o ©
17 18
19 8 8 20 R13
21 22 RESET N
0 © -~
23 24
0 © 33
25 26
0 ©
27 28
o ©
29 |5 ol 30
31 o o 32 ——C8
33 34 15pF
o ©
35 36
o ©
37 38
0 ©
39 40
o0 ©
41 42
O O =
43 o O 44 —
45 46 GND
o ©
47 48
19 19 9750
0 ©

Figure 14. Software Reset Option

5.5 Power Down and Energy Detect Modes

The device can be put in a power-down mode by setting bit 11 (power down) in the BMCR, address
0x00h. When energy detect (ED) is enabled and the cable has no activity, the DP83848K remains in a
low-power mode while monitoring the transmission line. Activity on the line causes the DP83848K to go
through a normal power-up sequence. Regardless of cable activity, the DP83848K occasionally wakes up
the transmitter to put ED pulses on the line, but otherwise draws as little power as possible. Energy detect
functionality is controlled through the Energy Detect Control Register (EDCR), address 0x1Dh.

5.6 Power Feedback Circuit

The datasheet of DP83848K recommends power feedback capacitors to ensure correct operation for the
device. Place parallel caps with values of 10 yF (Tantalum) and 0.1 yF close to pin 19 (PFBOUT) of the

device. Pin 16 (PFBIN1) and pin 30 (PFBIN2) must be connected to pin 19 (PFBOUT); each pin requires
a small capacitor (0.1 uF). See Figure 15 for proper connections.

19 PFBOUT

PFBOUT
PFBINT ;g EES:N; CLOSETO PIN 19
PFBIN2

C53

CLOSE TO PIN 16 |+ c30
c22 R34

T~10uF
0.1pF 0 To.mF
PFBOUT

|

)|

el
\”—4

o]
z
[S]

22 LED LINK

LED_LINK/ANO F

Q
b
3

CLOSE TO PIN 30
R30

21 LED SPEED 0.1pF 0

LED_SPEED/AN1 [
PFBOUT

“‘H

o)
z
[S]

8
9
10

RESERVED
RESERVED
RESERVED

DP83848KSQ 10/100PHY

Figure 15. Power Feedback Circuit
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5.7

ESD Protection

Typically, ESD precautions are predominantly in effect when handling the devices or board before being
installed in a system. In those cases, implement strict handling procedures during the manufacturing
process to greatly reduce the occurrences of catastrophic ESD events. After the system is assembled,
internal components are less sensitive from ESD events. The ESD rating for DP83848K is 4 kV (at RZAP
= 1.5 kQ and CZAP = 120 pF). The network or Medium Dependent Interface (MDI) connection is through
the transmit (TX+ and TX-) and receive (RX+ and RX-) differential pair terminals. The transmit and
receive terminals connect to a termination network, then to a 1:1 magnetics (transformer), then to ESD
protection devices and an RJ-46 connector. This design uses TPD4E1U06 as ESD diodes in between the
RJ-45 connector and the isolation transformer as shown in Figure 16. The TPD4E1UOQ6 is a quad-channel
ultra-low cap ESD protection device. It offers a £15-KV IEC air-gap and +15-KV contact ESD protection
compliant to IEC61000-4-2.

&) D3
= TPD4E1U06DCK

D2-
D2+
D1

D1+

EARTH ~

<>

3<N>
6<N>
e

RX+ RJ45

TX+ RJ45
TX-_RJ45

J3

SH1 RX- RJ45

CHASIS TX+
TX-

RX+

TERM1A

TERM1B

RX-

TERM2A

CHASIS TERM2B

CONN MOD JACK-6116526-1
Figure 16. ESD Protection Device (TPD4E1U06DCK) Connected to MDI Connection
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5.8 Controller Interface

This reference design is interfaced and tested with TM4C129XNCZAD 32-bit ARM® Cortex™-M4F MCU controller board, EK-TM4C1294XL. The
drivers required to interface the DP83848K device to the MCU are available in the product folder of TIDA-00207. The controller interface is shown

in Figure 17:
5V_PS
D1 D2
2 1 . 1 2 2
1
4 DFLS1200-7 DFLS1200-7
05 ¢ i
X_EN R4, . 100 5
50 R3 100 XD_0 7 8 &:2
XD1 RZ,100___TXD_1 o ol10 =
XD2 RTQ 100 XD 2 o ol 12 GND
TX CLK XD3 R1 100 XD_3 o O——i
CoL R6__100 o ol 16
CRS R5, 100 o ol 18
R17 MDIO RT{ . 100 " o O__Q R13
100 MDC R7, 100 M 1 o O 2 AA RESET_N
23 4
JX CLK 1 R8 0 TX CLK 2 25 3 gﬁ 33
RXD3 R25 100 RXD 3 27 |5 ol 2 TP2
RXD2 R2g 100 RXD 2 o ol
RXDO 100 RXD 0 o ol C8
C11 RXD1 R27, 100 RXD_1 o O—i 15pF
39pF RX_DV R23 100 v o oOl-38 1.5V_PS
25M_50M REF | RX_CLK R2% 10, RX_CLK 1 o ol
RX_ER R67 100 o ol
= ENO_INT o o422
GND 3_3V_PS_E B15 6 3.3V PS E =
——=c49 3 5 o 2 GND
39pF o o
0 O
= MH1
GND MH2
ERF8-025-05.0-L-DV-K-TR
oo oo
Figure 17. Controller Interface
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Figure 18 shows how the Ethernet brick board will mount on the TIVA board.

1

Figure 18. DP83848K Brick Mounted on TIVA Board
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5.9 Strap Options

The DP83848K uses many functional pins as strap options. The values of these pins are sampled during

reset and used to strap the device into specific modes of operation. The strap option pin assignments are
defined in Table 3. The functional pin name is indicated in parentheses. A 2.2-kQ resistor should be used
for pull-down or pull-up to change the default strap option. If the default option is required, then there is no

need for external pull-up or pull down resistors. Because these pins may have alternate functions after

reset is de-asserted, the pins should not be connected directly to VCC or GND. Figure 19 shows the strap

options used in this reference design.

Table 3. Strap Option Pins on DP83848K

TYPE SIGNAL NAME PIN # COMPONENTS ON TIDA-00207 BOARD
PHYADO (COL) 35 R63
PHYAD1 (RXD_0) 36 R64
PHY ADDRESS set-up PHYAD2 (RXD_1) 37 R65
PHYAD3 (RXD_2) 38 R66
PHYAD4 (RXD_3) 39 R67
. . ANO (LED_LINK) 22 R46, R51
Advertised mode selection
AN1 (LED_SPEED) 21 R52, R53
MIl mode selection MII_MODE (RX_DV) 32 R100
LED Configuration LED_CFG (CRS/CRS_DV) 33 R69
MDIX Enable MDIX_EN (RX_ER) 34 R70
3.3V Ps
A
RXD3 F—
RXD2 —
RXD1 1 R8S
2.2k
RXDO 1 Re4 o
2.2k
coL = pNP=Z
RX_ER 1 R10 5
2.2k
RX_DV R
CRS

)
=

@
Z
o

Figure 19. Strap Options in the Schematic
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591

59.2

5.9.3

594

595

PHY Address Selection

The DP83848K provides five PHY address pins, the states of which are latched into the PHYCTRL
register at system Hardware-Reset. The DP83848K supports PHY address strapping values 0 (<00000>)
through 31 (<11111>). PHYADO pin has a weak internal pull-up resistor. PHYADI[4:1] pins have weak
internal pull-down resistors. Currently, the PHY address is set-up at value of 6 (<00110>) as shown in
Figure 19.

Advertised Mode Selection

These input pins control the advertised operating mode of the device according to the Table 4. The values
on these pins are set by connecting them to GND (0) or VCC (1) through 2.2-kQ resistors. Do not ever
connect these pins directly to GND or VCC. The value set at this input is latched into the DP83848K at
Hardware-Reset. The float or pull-down status of these pins is latched into the BMCR and the Auto-
Negotiation Advertisement Register during Hardware-Reset. The default for DP83848K is 11 because
these pins have an internal pull-up. Since these autonegotiation strap options share the LED output pins,
the external components required for strapping and LED usage must be considered to avoid contention.
Specifically, when the LED output is used to drive the LED directly, the active state of the output driver is
dependent on the logic level sampled by the AN input upon power-up/reset. For example, if the AN input
is resistively pulled low, then the corresponding output will be configured as an active high driver.
Conversely, if the AN input is resistively pulled high, then the corresponding output will be configured as
an active low driver. See Figure 19 for connection details.

Table 4. Advertised Mode Selection

AN1 ANO ADVERTISED MODE
0 0 10BASE-T, Half/Full-Duplex
0 1 100BASE-TX, Half/Full-Duplex

10BASE-T, Half-Duplex
100BASE-TX, Half Duplex

10BASE-T, Half/Full-Duplex
100BASE-TX, Half/Full-Duplex

1 0

1 1

MIl Mode Selection

MII_MODE (RX_DV) strapping option determines the operating mode of the MAC Data Interface. Default
operation (no pull-up) enables the normal MIl mode of operation. Strapping MII_MODE high causes the
device to be in an RMIl mode of operation. Since the pin includes an internal pull-down, the default value
is 0. Table 5 details the configuration:

Table 5. Interface Mode Selection for DP83848K

MII_MODE MAC INTERFACE MODE
0 MII Mode
1 RMII Mode

Figure 19 shows the same configuration.

LED Configuration

This strapping option determines the mode of operation of the LED pins. The default is Mode 1. Mode 1
and Mode 2 can be controlled through the strap option. All modes are configurable through register
access. Refer to Section 5.10 and Table 6 for more details.

MDIX Enable

The default is to enable MDIX. This strapping option disables Auto-MDIX. An external pull-down will
disable Auto-MDIX mode. A 2.2-kQ resistor (R70) is connected to pull-up this pin.
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5.10 LED Configuration

The DP83848K supports configurable light emitting diode (LED) pins for configuring the link and speed.
The PHY Control Register (PHYCR) for the LED can also be selected through address 19h, bit [5]. See
Table 6 for the LED mode selection for the DP83848K.

Table 6. LED Configuration

LED_CFG [0] (bit 5) OR

MODE (pin33) LED_LINK LED_SPEED
1 1 ON for Good Link ON in 100Mbps
OFF for No Link OFF in 10Mbps
2 0 ON for Good Link ON in 100Mbps
BLINK for Activity OFF in 10Mbps

The LED_LINK pin in Mode 1 indicates the link status of the port. In L00BASE-T mode, link is established
due to input receive amplitude compliant with the TPPMD specifications which will result in internal
generation of signal detect. A 10-Mbps link is established as a result of the reception of at least seven
consecutive normal-link pulses or the reception of a valid 10BASE-T packet. This link causes LED _LINK
to assert. The LED_LINK de-asserts in accordance with the link loss timer as specified in the IEEE 802.3
specification. The LED_LINK pin in Mode 1 will be off when no link is present. The LED_LINK pin in Mode
2 will be on to indicate link is good and blink to indicate activity is present on either transmit or receive
activity. The LED_SPEED pin in DP83848K indicates a 10- or 100-Mbps data rate of the port. The
functionality of this LED is independent of the mode selected. Because these LED pins are also used as
strap options, the polarity of the LED depends on whether the pin is pulled up or down.

Since the autonegotiation strap options share the LED output pins, the external components required for
strapping and LED usage must be considered to avoid contention. Specifically, when the LED output is
used to drive the LED directly, the active state of the output driver is dependent on the logic level sampled
by the AN input upon power-up/reset. For example, if the AN input is resistively pulled low then the
corresponding output will be configured as an active high driver. Conversely, if the AN input is resistively
pulled high, then the corresponding output will be configured as an active low driver.

Figure 20 below shows the connection of LED_LINK and LED_SPEED pins to external components.

33V PS 3.3V PS
A K
, RSO , , R82 ,
2.2k | 2.2k
LD3 LD4
R51 ’ ,  R4g 4 , R8O
0 73 470 73 470
LED_LG (29K-G2J1-24-Z LED_LG (29K-G2J1-24-Z
LED LINK LED SPEED
w6 LD2 P rss LD5 »
2 1 2 A4
470’ g R53 470 L4
LED_LG L29K-G2J1-24-Z 0 LED_LG L29K-G2J1-24-Z
| . RIT , , R8T ,
2.2k 2.2k

Gl

Figure 20. LED_LINK and LED_SPEED Pin Configurations
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Software Description

Table 7. Software Configuration

FUNCTIONALITY

DESCRIPTION

Hardware Reset

A hardware reset is accomplished by applying a low pulse (TTL level), with a duration of at least 1 ps, to
RESET_N. This pulse resets the device such that all registers are reinitialized to default values, and the
hardware configuration values are re-latched into the device (similar to the power-up/reset operation).
The time from the point when the reset terminal is de-asserted to the point when the reset has
concluded internally is approximately 200 ps.

External MIl PHY
Initialization

Set the external PHY address. (All the read and write requests to the PHY shall use the configured
external PHY address). To reset the MIl PHY:

1. Setthe BMCR (0x00) register bit 15 to one.

2. Setthe BMCR (0x00) register to auto negotiation enable and auto negotiation restart by setting bit
12 and bit 8 to one.

3. Poll the BMSR (0x01) register bit 5 to check if auto negotiation is complete.

MIl_MODE

The MII_MODE is selected by pin 32 (RX_DV). This terminal has internal weak pull down defaults to Ml
mode. An external pull-up makes the PHY to operate in RMII mode.

PHY ID

The PHY ID is decided by the pull-up resistors (see Section 5.9). Care must be taken that appropriate
PHY ID is used for appropriate hardware bootstrap configuration (as per pull-up resistors). The values of
terminals 35, 36, 37, 38, 39 (PHYADO/COL, PHYAD1/RXD_0, PHYAD2/RXD_1, PHYAD3/RXD_2,
PHYAD4/RXD_3) are latched into an internal register at hardware reset.

LED Configuration

Pin 21 and pin 22 can be used for LED configuration either as pull-up or pull-down. Pin 21 (LED_LINK)
indicates a link status (fully lit) by default and activity is indicated by blinking that same LED. Pin 22
(LED_SPEED) in DP83848K indicates 10- or 100-Mbps data rate of the port (see Section 5.10).

Testing DP83848K

Assuming the hardware is connected to Ethernet cable and the other end of the Ethernet cable is
connected to the PC, the TX clock and RX clock can be probed and measured (after PHY is powered up
and not in reset state). Initiate a ping request with an IP address that is within the PC’s subnet.
(Example: 192.16.0.100 is PC IP address, 255.255.255.0 is the subnet mask) Initiate a ping command
(Example: ping 192.16.0.1 —t), and TX[0:3] and RX[0:3] will show some data patterns. Ping will create
traffic at every plug in of Ethernet cable. After sometime, when the destination host is unreachable
message is seen, there may not be a further Ethernet message on the wire.
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7 Test Setup and Test Results

7.1 Functional Test Results for DP8

3848K—Clock and Data

Figure 21 shows the clock signal at the crystal output. The signal has a frequency of 25 MHz.

e Trigger Display

File ‘Werical Time

Measure P1:pkpk(C1)
value 3y
status v
&
LeCroy
Fig

Measure Math Utilities Help

CLOCK FOR DPB3548K
A A A T ALA R AA A A A Mla
Y v VIV VoV v VUV VoV
. Y
PZfreq(C1) P3:-- P4:--- P&-- PB:-
25.082 MHz
i

imebase 0 ng [Trigger
100 nsidivl Stop
2.5G8/s
11-Jul-14 16:12:37

250kS

ure 21. Clock for DP83848K
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Figure 22 and Figure 23 show the data signals on TX+ and TX- lines as well as on RX+ and RX- lines.
Each graph shows the differential signal.

File Vertical Timebase Trigger Display Curs pasure Math Analysis Utiliies  Help

e Wemical Timebase Trigger Display Cursors Measure Math  Analysis  Utiities  Help

signal
UHAAAZNARAU A VAN AL

R¥e signal
AR YWY Ajf:%;fu S S ST

WP

iiad

. sioral [ sl%na\

oz ca

SR

T, u,u\ TR T LT T T T

AIT Tlll:,’.llmll ',“.|| u.',l":l,ll '| |~|w"”‘.‘",.,, ] I|| il IIIT”] ;,-;IJ l.. ¥ .luvr WA J LR ¥ .| tH r. -n”- --u' t

Measure P1:pkpkiC1) P2.pkpk(C2) P3 p;pk(Math) P4--- P&--- PB--- Measure P1mean(C1) P2--- P3--- Pd--- Pas-- Pi---
value 186V 141V 288V value 3543V
status v v v status
11-Juk1417.02:32 LeCroy 11-Jul1417:00:00
Figure 22. TX+ and TX- Signals Figure 23. RX+ and RX- Signals

7.2 Power Supply to DP83848K

The power supply signal on the 3.3V_PS signal (in Figure 12) is captured along with the ripple on the
same. Figure 24 and Figure 25 show the signals.

File Cursors Measure Math A s Utilities Help File Vertical Timebase Trigger Display Curs
'VCC FOR DP83848K
ol s R N - | - E RRRTIR. BRI K WO PO YO o= (NN IOT | COO AT RN A T AP A
1 A R L LML (UKL R N L AL T D L M|
Measure Pl:mean(C1) P2--- : P3e-- Pde- PS5 -- PB--- Measure Pl P2:pkpk(C1) P3--- Pd--- P5--- PE-- -
value 3646V walue 785 my
status v status v
=
500 X
LeCroy HrJuMWE 25:20 LeCroy 11-Jul-14 16:22:48
Figure 24. 3.3V_PS Signal Figure 25. Ripple on 3.3V_PS
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7.3 Communication Interface Testing (Computer to Device)—Ping Test

The ping test is done while both the boards connected together as shown in Figure 18. On the TIVA
controller board, connector J2 is powered with 5.5 V and LEDs D8 and D15 are glowing. On the Ethernet

brick board, LD1, LD3, and LD4 are glowing.

Network connection settings for ping test are:

Go to Network Connections.

Go to Local Area Connection.

Right click for Properties.

Select Internet Protocol Version 4 (TCP/IPv4).
Go to Properties.

Select Use the following IP Address.

© N A~ DNRE

Click OK.
Click Close.

©

Go to Start—Run—Type "cmd"—Type "ping 192.16.0.1" and click the Enter key to show four replies

(Figure 26).

Bl CWindows\system32iemd.exe

Microsoft Windows [Uersion 6.1.760811]
Copuright <c? 2009 Microsoft Corporation.

All rights reserved.

Enter the IP address "192.16.0.100" and click on Subnet Mask (It should show "255.255.255.0").

C:sUsers™
Pinging 192 .16
RHeply from 192

Reply from 192
RHeply from 192

>ping 192.16.8.1
.B.1 with 32 bytes of data

Reply from 192.16

.B.1: hytes=32
16.8.1: hytes=32
16.8.1: hytes=32
16.8.1: hytes=32

time=1ms
time<ims
time<ims
time<ims

TTL=128
TTL=128
TTL=128
TTL=128

BPing statistics for 192.16.8.1:
Packets: Bent = 4, Received = 4, Lost = B (@ loss>.

Approximate round trip times in milli-seconds:

| Minimum = Bms,. Haximum = 1ims. Average = Bms

BC:sUsers

P

Figure 26. Ping Test
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For continued replies, type “ping 192.16.0.1 —t” and click Enter key to show continuous replies for the ping

(Figure 27).

Microsoft Windows [Uersion 6.1.76811
Copyright <c)> 2089 Microsoft Corporation. All rights reserved.

C=Userss >ping 192 16.8.1

Pinging 192.16.8.1 with 32 bytez of data:

Reply from 192.16.08.1: bytes=32 time=1ms TTL=128
Reply from 192.16.8.1: bytes=32 timed{ims TTL=128
Reply from 192.16.8.1: bhytes=32 time<ims TTL=128
Reply from 192.16.8.1: bytes=32 time<ims TTL=128

Ping statistics for 192_.16.8.1:

Packets: Sent = 4, Received = 4, Lost = B {(Bx loss).,
Approximate round trip times in milli-seconds:

MHinimum = Bms. Maximum = 1lms,. Average = Bms

C:slUsers~ >ping 192.16.8.1 —t

inging 192.16.8.1 with 32 bytes of data:

eply f 192 .16.8.1: =32 time=ims TTL=128
eply 192 16 .8.1: time<{imz TTL=128
eply 192.16.8.1: bytes=32 time<{imz TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . 2=32 time<{imz TTL=128
eply time{ims TIL=128
eply time{ims TTL=128
eply R time<{imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply R bytes=32 time<imz TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time<{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time<{ims TIL=128
eply bytes=32 time<{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply . 2=32 time<{imz TTL=128
eply time<{ims TIL=128
eply time{ims TTL=128
eply . time{ims TTL=128
eply . bytes=32 time<{ims TTL=128
eply bytes=32 time<{ims TIL=128
eply bytes=32 time<{ims TTL=128

Figure 27. Ping Test (for Continuous Replies)

= Ch\Windows\system32\cmd.exe - ping 192.16.0.1 -1 |

»
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To stop the replies, type CTRL+C or close the command prompt window to stop the replies (Figure 28).

3 Vit = - ==

from
from
from
from
from
from
from
from
from
from
from
from
from

192,
192.
192.
192.
192.
192.
192.
192.
192.
192.
192.
192.
192.

bytez=32 time<lms
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<lims
bytez=32 time<ims

Ping statistics for 192.16.8.1:

Control-C
“C

C:sUsers™

The data traffic can also be monitored using the Wireshark tool. For use this tool, open the Wireshark
software, select the network Local Area Connection, go to the Capture menu, and click on Start. The

Packets: Sent

= 48, Received
Approximate round trip times in milli-second
Minimum = Bms. Maximum = 1ms. Average = Bms

P

= 48, Lost

p_—
g

B (@ loss>,

Figure 28. Ping Test Stopped

window will show the requests and replies as shown in Figure 29.

Hardware size: 6

opcode: request (1)
sender MAC address: Dell_31:03:fc (5¢:26:0a:31:03:fc)
sender IP address: 192.16.0.100 (192.16.0.100)

Target MAC address: 00:00:00_00:00:00 (00:00:00:00:00:00)
Target IP address: 192,16.0.1 (192.16.0.1)

0000 ff ff ff ff ff ff 5¢ 26
0010 08 00 06 [ 00 01 5¢ 26
0020 00 00 00 00 00 00 O 10

e @ & m ER
Filter:
Mo. Time Source
1 0.00000000 Del11_31:03:fc
2 0.0003190044:33:22:00:00:66
3 0.00047000192.16.0.100
4 0.00080800192.16.0.1
5 1.00094600192.16.0.100
6 1.00132800192.16.0.1
7 2.00292600192.16.0.100
8 2.00330700192.16.0.1
9 3.00496100192.16.0.100
10 3.00534700192.16.0.1

() #7 | Protocol size (arp.proto.size), 1 byte

| 4| Capturing from Local Area Connection  [Wireshark 1-10.5 (VI
Eile Edit View Go Capture Analyze Statistics Talaphonl Tools Internals Help

nes0T72IEE QAP #EB %

Destination

Broadcast
Dell_31:03:fc
192.16.0.1
192.16.0.100
192.16.0.1
192.16.0.100
182.16.0.1
192.16.0.100
182.16.0.1
192.16.0.100

Expressi

Protoc
ARP

ARP

ICMP
ICMP
ICMP
ICMP
ICMP
ICMP
IcMP
IcMP

Oa 31 03 fc 08 06 00 01
0a 31 03 fc <0 10 00 64
00 01

Packets: 10 - Displayed: 10 (100.0%)

ion... Clear Apply Save

ol Length Info

42 who has 192.16.0.17 Tell 192.16.0.100

60 192.16.0.1 is at 44:33:22:00:00:

74 echo (ping)
74 echo (ping)
74 echo (ping)
74 Echo (ping)
74 Echo (ping)
74 Echo (ping)
74 echo (ping)
74 echo (ping)

request
reply
request
reply
request
reply
request
reply

% Frame 1: 42 bytes on wire (336 bits), 42 bytes captured (336 bits) on interface 0
% Ethernet II, src: Dell_31:03:fc (5c:26:0a:31:03:fcC),
=l Address Resolution Protocol (reguest)
Hardware type: Ethernet (1)
protocol type: IP (0x0800)

Dst: Broadcast (Ff:ff:ff:ff:ff:FF)

1d=0x0001,
1d=0x0001,
1d=0x0001,
1d=0x0001,
1d=0x0001,
1d=0x0001,
1d=0x0001,
1d=0x0001,

66

seg=168/43008,
seg=168/43008,
seg=169/43264,
seq=169/43264,
5eq=170/43520,
5eq=170/43520,
seq=171/43776,
seq=171/43776,

ttl=128
ttl1=128
ttl1=128
ttl1=128
ttl1=128
ttl1=128
Tr1=128
Trl=128

Figure 29. Wireshark Showing Data Traffic

(reply in 4)
(reguest in 3)
(reply in 8)
(request in 5)
(reply in 8)
(request in 7)

(request in 9)

Profile: Default
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7.4

[& Welcome to the ulP web =

 |[B3lbp/19216.0.1] -

Communication Interface Testing (Computer to Device)—Web Server Test

The web server test is done while both the boards are connected together as shown in Figure 18. On
TIVA controller board, connector J2 is powered with 5.5 V and LEDs D8 and D15 are glowing. On the
Ethernet brick board, LD1, LD3, and LD4 are glowing.

Settings for web server test are:

Go to Internet Explorer.

Go to Tools.

Click on Internet Options tab.

Go to Connections tab.

Go to LAN Settings.

Unclick Use automatic configuration script and click Automatically detect settings.

7. Click OK and then OK again.

Type the IP address "http://192.16.0.1/" in the browser and click Enter to show the following window
(Figure 30).

S o

44 | % I8 Mysearchdial 25

<7 Favorites 5% (D3 Transformer-Center Tap P... [fa rs485 more on transmissio... & | Bodo's Archive g | Free Hotmail @ My Yahoo! [ Web Slice Gallery v @] Yahoo! Answers | Yahoo! Downloads (] Yahoo! Mail & Yahoo!

{& Welcome to the ulP web server! fi = B - @ v Pagev Safety~v Took~ @~

pIP Web Server

This web page is served by a small web server running on top of the uIP embedded TCP/IP stack.
The pIP stack is running on a Texas Instuments Tiva™ Ethernet Bridge reference design board

This page has been sent 00014 times since reset!

Figure 30. Web Server Test

The message "This page has been sent [number] times since reset!" will show number of times the F5 key
has been pressed on the keyboard. For example, the example window in Figure 30 shows that F5 has
been pressed 14 times.
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The data traffic can also be monitored using the Wireshark tool. For use this tool, open the Wireshark
software, select the network Local Area Connection, go to the Capture menu, and click on Start. The
window will show the requests and replies as shown in Figure 31.

| capturing from Local (o8

File Edit View Go Capture Analyze Statistics Telephony Tools Intenals Help

G 4£mM I BRXR AP DT Qaan | @#Dm%| B

Filter: Expression... Clear Apply Save
MNo. Time Source Destination Protocol Length Info

1 0.00000000192.16.0.100 192.16.0.1 TCP 66 50349 > http [SYN] Seg=0 Win=8192 Len=0 M55=1260 W5=4 SACK_PERM=1

2 0.00038600192.16.0.1 192.16.0.100 TCP 60 http > 50349 [SYN, ACK] 5eq=4294966626 Ack=1l Win=1546 Len=0 M55=1546

3 0.00056400192.16.0.100 192.16.0.1 TCP 54 50349 > http [ACK] Seg=1 Ack=4294966627 Win=65520 Len=0

4 0.00170000192.16.0.100 192.16.0.1 HTTP 410 GET / HTTP/1.1

5 0.00243300192.16.0.1 192.16.0.100 TCP 724 [TCP segment of a reassembled PDU]

6 0.20901800192.16.0.100 192.16.0.1 TCP 54 50349 > http [ACK] Seg=357 Ack=1 Win=64850 Len=0

7 0.20930600192.16.0.1 192.16.0.100 TCP 60 http > 50349 [P5H, ACK] Segq=1 Ack=357 Win=1546 Len=5

8§ 0.40992700192.16.0.100 192.16.0.1 TCP 54 50349 > http [ack] seg=357 Ack=6 win=64845 Len=0

9 0.41078000192.16.0.1 192.16.0.100 TCP 96 [TCP segment of a reassembled pDu]

10 0.61098800192.16.0.100 192.16.0.1 TCP 54 50349 > http [ACK] Seq=357 Ack=48 win=64803 Len=0

11 0.61135400192.16.0.1 192.16.0.100 HTTP 60 HTTP/1.0 200 OK

12 0.61154500192.16.0.100 192.16.0.1 TCP 54 50349 > http [ACK] 5eq=357 Ack=49 win=64803 Len=0

13 0.61313500192.16.0.100 192.16.0.1 TCP 54 50349 > http [FIN, ACK] 5eq=357 Ack=49 win=64803 Len=0

14 0.61419700192.16.0.1 192.16.0.100 TCP 60 http > 50349 [ACK] seq=49 Ack=358 win=1546 Len=0

Frame 1: 66 bytes on wire (528 b 66 bytes captured (528 bits)

Ethernet II, Src: Dell_31:03:fc (5c¢:26:0a:31:03:Fc), Dst: 44:33:22:00:00:66 (44:33:22:00:00:66)
Internet Protocol version 4, Src: 192.16.0.100 (192.16.0.100), Dst: 192.16.0.1 (192.16.0.1)
= Transmission Control Protocol, Src Port: 50349 (50349), Dst Port: http (80), Seq: 0, Len: O
Source port: 50349 (50349)
Destination port: http (80)
[stream index: 0]
Sequence number: 0 (relative sequence number)
Header length: 32 bytes
Flags: 0x002 (SYN)
window size value: 8192
[calculated window size: §192]
[# Checksum: 0x5521 [validation disabled]
= options: (12 bytes), Maximum segment size, No-Operation (NOP), window scale, No-Operation (NOP), No-Operation (NOP), SACK permitted

0000 [EREERFFEVVEECT- T

[ lV00 34 6e ae 40 00 80 06

[erivNO00 01 c4 ad 00 50 03 fO bl 49 00 00 00 00 80 02
[(eE{ >0 00 55 21 00 00 02 04 04 ec 01 03 03 02 01 Oi]
0040  [EEIGE

@ 7| Frame (frame). 66 byvtes | Packets: 14 - Displaved: 14 (100.0%) | Profile: Default

Figure 31. Data Traffic Capture for Web Server Test
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7.5 EMI-Radiated Emissions

MII signals are critical to pass the radiated emission test. Therefore, proper routing of those signals with
defined characteristic impedance with less vias are crucial. Series termination resistors need to be placed
close to the source. Connect capacitors from the termination resistor to the ground to act as an RC filter to
round off sharp edges from the Mll signals. TX_CLK and RX_CLK are continuous signals, which have
nearly equal emissions from their peak and quasi peak amplitudes. Therefore, those signals play a critical
role in passing the RE test. The values of the termination resistor and capacitor need to be adjusted
based on the test results.

u2.v11
100.0 ohms
DP83848KSQ TM4C129XNCZAD
TX_CLK PG2
Net001 39.0pF Net005
u2.v5
100.0 ohms

DP83848KSQ TM4C129XNCZAD
RX_CLK PAG
Nef002 39.0pF Net006

utl.4 TL3 R3 U2.K17

C3
100.0 ohms
DP83848KSQ TM4C129XNCZAD
TXD 0 PG4
Net003 39.0 pF Net007
U1.36 U2.w12
100.0 ohms
DP83848KSQ TM4C129XNCZAD
RXD_0/PHYAD1 PQ5
Net004 39.0pF Net008
Figure 32. RC Terminations for MIl Signals
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Figure 33. Ethernet PHY with Controller during RE Test

Figure 34. RE Test in 10-m Chamber
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80,00
70.00
&0,00
50,00
E
E 40.00
ﬁ 30.00
ﬁzouc i AME O — ot
| M " PN "
10,00 M A.M 4 Mni. il Jﬂm‘m .L\/NJ uN»A
| WWVWW U R
0.00
-10.00
30,00 100,00 1000.00
Freq (MHz)
Limit PEAK EMI (V)

Figure 35. Peak Measurements in Vertical Polarization

&0.00

70.00
60,00
50.00
£
% 40,00
E 30,00
F Lossed
20,00 w J\WM - ,J!ww i me
A ] i WMW
0.00
-10.00
30.00 100,00 1000.00
Freq (MHz)
Limnit PEAK EMI (H)
Figure 36. Peak Measurements in Horizontal Polarization
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Table 8. 360° at 15° step size, 1-to-4 Meter, Quasi Peak Table
FREQ MAX FREQ POL EUT Ttbl AGL TWR HT Tg?@E CABLE TRQEEDU PREAMP | (QP) EMI LIMIT M'&%'E;)IN
(MHz) (MHz) (DEG) (cm) (dBLY) (dB) @B) (dB) (dBuv/m) | (dBuv/m) @B)
90.40 90.37 \ 125.30 302.00 38.95 1.83 8.16 32.11 16.83 40.00 -23.17
125.00 124.99 \ 156.30 103.00 42.18 2.15 11.00 32.07 23.26 40.00 -16.74
200.00 200.00 \ 347.80 361.00 38.47 2.70 13.07 32.00 22.24 40.00 -17.16
225.00 224.99 H 144.20 388.00 48.53 2.88 11.75 31.97 31.19 40.00 -8.81
225.00 225.00 \ 326.60 100.00 50.73 2.88 11.75 31.97 33.38 40.00 -6.62
325.00 324.99 H 241.30 278.00 50.69 3.45 13.96 31.90 36.19 47.00 -10.81
423.56 423.63 H 122.00 208.00 36.10 3.94 16.18 31.93 24.30 47.00 -22.70
1000.00 999.92 H 53.70 101.00 23.24 6.12 22.45 30.68 21.14 47.00 -25.86
The Ethernet PHY brick has passed the Class-A limit by a 6.6-dB margin.
7.6 ESD Test Results
The design is tested for ESD and passes IEC61000-4-2 Level 4, Criterion B.
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8 Design Files

8.1

Schematics

To download the schematics, see the design files at TIDA-00207.

33y s

MUST BE CONNECTED WHEN WORKING IN RMIl MODE

Figure 37.

10/100 Ethernet PHY Schematic

l L‘m Lsa Lw
3.3V PS =
=
G’D
R74 MDIO 24 MDIO |OVDD3V3 1 10VDD33
2.00k MDC 25 ] woc T
[ R P~ AvoDvs {18 AVDD3
5
ROV %l v oot T 15 TOR A
RX_ER 34 RXCLK
e
.
TXDT 5 oo 12_RDP_B
TX_CLK 2 '
= — RS % creicrs DVALED_CFG preouT fo-12—PFEOUT
L Sy
GND X RBIAS 20 | pgias PrBINY fa18 PEBIN1
R73 0.14F M 0.1pF
L
—
28 of YUREFCLK =
R oo » LED_LINKiANo (22— LED LINK
;
L, L&D, specoiat -2 LED_SPEED 0.1pF
[P 2
a0 | e =
Rey 3 oo ResgrveD -4 — e
0 ‘GND/PAD RESERVED
o
—
I
LT L
T
oD
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Figure 38. Clock Generator Schematic
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3.3V_PS
CT_INPUT
R45 CT INPUT
0
c26 R43 TDP A
|| 49.9
0.1uF Ra4
"’| c31 o
5) D3 11 R39 TDM_A
z TPD4E1U0BDCK = i 3
2 GND 1uF :
GND
-+ -+
N N ~—
[alya) [ala) T1 1
16 TRANSMIT 1 c23 Ra2 RDP B
EARTH <\ ™) ©f | O © Il 4v§')v9
1 ’
0.1pF Rat
OA AN
15 —_— 2 c27 R4O
W 5 — II A RDM B
PDIIQ a = ] 499
Z GND 1uF :
el (o) =
3 3 14 3 ©
| RX+ RJ45 1 RECEIVE 6
J3 F= 9||©
S insis = ¢; RX- RJ45
X
Rx+ <5 10 QAN ;
TERM1A <N5_ 1 p—
TERM1B Q‘B— 0 © (o)
RX- [<£2
SH2 TERM2A Q‘S_
p——— CHASIS TERM2B —¢ 9 8
CONN MOD JACK-6116526-1
13 4
-2 NC3 NC1 ——
12 nes NC2 —2—
c40 SR56 LR54 HX1198FNL
1 3750 375.0
1 SR57 SR55 cer L _L_ g L
37503 —= —=c33 ==C36 ——C34
ro0pF $75.0375.0 0.1pF o 01F | 1uF
1.Hl\)|eg
EARTH =
GND C38 ——=C39 e —
1000pF 1000pF oD R

EARTH

Figure 39. RJ-45 Connector Schematic
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5V_PS
D1 D2
2 1 : 1 2 2
1
4 DFLS1200-7 DFLS1200-7
Lo o2 N
X EN R4, . 100 5 8 8_ 6
rXD0 M R3, ., 100 TXD_0 7 o oA 8
TXD1 R2,100___TXD 1 9 15 ol =
TXD2 R10 100 TXD_2 11 o o112 GND
TX _CLK TXD3 RT, ., 100 M XD 3 13 o o 14
COL R6 100 515 ol18
CRS R5 (100 10 o+
SR17 MDIO R11 ., 100 h 9 o oA 20 R13
2100 MDC R7,_ 100 21 o ol 2 RESET_N
B 15 o2 33
TX CLK 1 R8,,, 0 TX CLK 2 25 1o o~ 26
RXD3 R25 100 RXD_3 21 15 of28 TP2
RXD2 R26 . 100 " RXD 2 29 o o 30
RXDO R2§ 100 RXD 0 31 15 o232 C8
C11 RXD1 R27 . 100 RXD_1 33 o o 34 15pF
39pF RX DV R23,, 100 3% 15 of-36 1.5V_PS
25M _50M _REF | RX_CLK M R24 10 RX CLK 1 37 o o 38
RX_ER RG24 100 39 15 ol 40
= ENO _INT a1 15 ol 42
GND 33V _PS_E 31y ol 3.3V PS_E =
—=—C49 A 45 15 ol 46 A GND
39pF a7 15 o] 48
49 50
0 O
= MH1
GND MH2
ERF8-025-05.0-L-DV-K-TR
SR SR
Figure 40. MII/RMII Interface Schematic
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RXD3
==pNR==
RXD2
= DNP= =
RXD1 1 RS,
2.2k
RXDO 1 Re4 5
2.2k
coL SoDNP=
RX_ER 4 R0,
2.2k
RX_DV
= DNP -
CRS

3_3V_PS
N

LED LINK

V74 4
LED_LG L29K-G2J1-24-Z

70

LD2
2 N M4

LED_LG L29K-G2J1-24-Z

R77

2.2k

N

Figure 41. PHY Configuration Schematic
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]
Z
o

— e o ¢

TP1
3.3V_PS
R75
2.2k
Re4
o
DRP
GND
5 R82
2.2k
LD4
1 2 R8O
743 470
LED_LG L29K-G2J1-24-Z
LD5
Re3 2 N// 1
470
LED_LG L29K-G2J1-24-Z
, Rl ,

2.2k
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3.3V_PS
U4
1 20
5V PS GND/HTSK  GND/HTSK
2qne ne 20
I 3 AN ne ft8 373}/&}3
[—4 IN onp -2
casd _l*c2g -
—  “T~100pF 5 6 b
0.22yF v EN ne > 2470
6 5
Rig. 0 W PG N =%
s , . N
= 3.3V PS_E dras FB/SEN ne =
33y Ps GND 23.3k 8 | oureur ne a3 o
FB4 o 11 o
o —— o oureut ne 2 §LED_LG L29K-G2J1-24-Z
10 2 1
D4 +cre GND/HTSK E_GND/HTSK i
1SM359155T36K ——=C32 —=C28 ——C20 —~100.F 3 |
3.9V 100pF | 1000pF | 0.01uF » =
TPS75433QPWP N
by

GND

Figure 42. Power Supply Schematic
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8.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00207.
Table 9. BOM
QTY REFERENCE PART DESCRIPTION MANUFACTURER MQ'L’\\‘FL{’TF@SJEEER PCB FOOTPRINT NOTE
C1,C4 CAP CER 1UF 16V 10% X5R 1206 Murata Electronics GRM31MR61C105KA0 1206 Not Fitted
C2, C7, C44 CAP CER 0.22UF 6.3V 10% X7R 0603 Kemet C0603C224K9RACTU 0603 Not Fitted
_50,
0 C3, Co SO CERM, 33pF, S0V, +/-5%, COG/INPO, AVX 06035A330JAT2A 0603 Not Fitted
0 c5 gsAoPs' CERM, 0.1uF, 16V, +80/-20%, Y5V, Kemet C0603C104Z4VACTU 0603 Not Fitted
1 c8 CAP CER 15PF 50V 5% NP0 0402 TDK Corporation C1005C0G1H150J050BA 0402 Fitted
CAP, CERM, 0.01uUF, 50V, +/-10%, .
0 C10 COGINPO. 0402 MuRata GCM155R71H103KA55D 0402 Not Fitted
2 C11, C49 gfopz' CERM, 39pF, 25V, +/-5%, COG/NPO, MuRata GRM1555C1E390JA01D 0402 Fitted
- 0,
0 c12 oy CERM, 100pF, S0V, +/-10%, X7R, Yageo America CCO402KRX7R9BB101 0402 Not Fitted
2 C13, C24 CAP, CERM, 10uUF, 35V, +/-10%, X7R, 1206 Taiyo Yuden GMK316AB7106KL 1206 Fitted
2 C16, C21 gsAoPs' CERM, 33pF, 50V, +/-5%, COG/NPO, AVX 06035A330JAT2A 0603 Fitted
- 0,
3 c17,c25,caz | ooy CERM: 100PF, S0V, +/-10%, X7R, Yageo America CCO402KRX7R9BB101 0402 Fitted
- 0,
2 C18, C29 g,CIPD' TA, 100uF, 10V, +/-20%, 0.6 ohm, Vishay-Sprague 293D107X0010D2TE3 7343-31 Fitted
CAP, CERM, 0.01uUF, 50V, +/-10%, .
3 C20,C48,C54 | ChciNpO. 0402 MuRata GCM155R71H103KA55D 0402 Fitted
4 C22, C47, C53, C55 gsAoPs' CERM, 0.1uF, 16V, +/-10%, XTR, Kemet C0603C104K4RACTU 0603 Fitted
4 C23, C26, C36, C37 | Gany CFRM: O-1UF, 10V, +/-10%, X5R, TDK C1005X5R1A104K 0402 Fitted
4 C27, C31, C33, C34 | CAP, CERM, 1UF, 6.3V, +/-10%, X5R, 0603 MuRata GRM185R60J105KE26D 0603 Fitted
3 C28, C50, C52 gfopz' CERM, 1000pF, 25V, +/-10%, X5R, MuRata GRM155R61E102KA01D 0402 Fitted
1 C30 CAP, TA, 10uF, 16V, +/-10%, 2 ohm, SMD Vishay-Sprague 293D106X9016B2TE3 3528-21 Fitted
- 0,
1 c35 Sy CERM, 0.22F, 16V, +-10%, XTR, MuRata GRM188R71C224KA01D 0603 Fitted
- 0,
2 C38, C39 %*1'32' CERM, 1000pF, 2000V, +/-10%, X7R, AVX 1812GC102KA1 1812 Fitted
38 EN55011-Compliant, Industrial Temperature 10/100-Mbps Ethernet PHY Brick TIDU515A—September 2014 —Revised January 2015
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Table 9. BOM (continued)
MANUFACTURER
QTY REFERENCE PART DESCRIPTION MANUFACTURER EARTNUMBER: PCB FOOTPRINT NOTE
1 40 %*1'32' CERM, 4700pF, 2000V, +/-10%, X7R, AVX 1812GC472KAL 1812 Fitted
0 C41, C43, C45 gerPé CERM, 4.7UF, 6.3V, +/-10%, X5R, Kemet C0603C475K9PACTU 0603 Not Fitted
0 c42, C46 gfo';' CERM, 1000pF, 25V, +/-10%, X5R, MuRata GRM155R61E102KA01D 0402 Not Fitted
0 c51 gerPé CERM, 0.1uF, 16V, +/-10%, X7R, Kemet C0603C104K4RACTU 0603 Not Fitted
2 D1, D2 Diode, Schottky, 200V, 1A, PowerDI123 Diodes Inc. DFLS1200-7 powerDI123 Fitted
Quad Channel High Speed ESD Protection .
1 D3 Device, DCKOOOBA Texas Instruments TPD4E1U06DCK DCKOO006A_N Fitted
D4 Diode, Zener, 3.9V, 550mW, SMB ON Semiconductor 1SMB5915BT3G SMB Fitted
0 FB1, FB2, FB3 FERRITE CHIP 1000 OHM 300MA 0603 TDK Corporation MMZ1608B102C FB0603 Not Fitted
FB4, R19, R33, R35,
12 R41, R44, R45, R51, | RES, 0 ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06030000Z0EA 0603 Fitted
R53, R61, R79, R84
o . . Fiducial10-20, Fiducial10-20,
0 FiDL FiD2, 10, ?gﬂf\'ta' mark. There is nothing to buy or N/A N/A Fiducial10-20, Fiducial10-30, Fitted
' : : Fiducial10-30, Fiducial10-30
On Shore Technology CN2_MTB_P100_PD80_D1. .
1 J1 CONN TERM BLOCK 2.54MM 2POS PCB nc OSTVNO02A150 17S5.52%6.5 STACK Fitted
0 J2 CONN HEADER 3POS 2MM VERT T/H 3M 951103-8622-AR HEADER_1X3X2MM Not Fitted
J3 CONN MOD JACK R/A 8P8C SHIELDED TE Connectivity 6116526-1 TE_6116526-1 Fitted
1 A Receptacle, 0.8mm, 25x2, SMT Samtec ERF8-025-05.0-L-DV-K-TR | CONN_ERF8025:05 0-L- Fitted
Thermal Transfer Printable Labels, 0.650" W .
0 LBL1 X 0.200" H - 10,000 per roll Brady THT-14-423-10 Label_650x200 Not Fitted
5 LD1, "Dﬁb'%m' LD4, | L ED SmartLED Green 570NM OSRAM LG L29K-G2J1-24-Z LEDOB03AA Fitted
MH1, MH2, MH3, ) ) MH3.2_H5 W6_KO8_STAR .
4 MH4 Mountin hole, NPTH Drill 3.2mm N/A N/A HEAD Fitted
R1, R2, R3, R4, R5,
R6, R7, R10, R11, ) )
16 R23 R24. R25, R26, | RES: 100 ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO0402100RINED 0402 Fitted
R27, R28, R62
RS RES, 0 ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO04020000Z0ED 0402 Fitted
0 R9, R36 RES, 1.00Meg ohm, 1%, 0.063W, 0402 Vishay-Dale CRCWO04021MOOFKED 0402 Not Fitted
R12, R18, R29, R46, i .
0 R47. R52. R78 RES, 0 ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06030000Z0EA 0603 Not Fitted
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Table 9. BOM (continued)
MANUFACTURER
QTY REFERENCE PART DESCRIPTION MANUFACTURER PARTNUMBER PCB FOOTPRINT NOTE
1 R13 RES, 33 ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO040233R0JNED 0402 Fitted
R14, R15 RES, 22 ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO040222R0JNED 0402 Not Fitted
R16, R63, R66, R67, . .
0 R68, R69, R71, R72 RES, 2.2k ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO04022K20JNED 0402 Not Fitted
1 R17 RES, 100 ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO0603100RJINEA 0603 Fitted
R21, R30, R34, R38 | RES, 0 ohm, 5%, 0.125W, 0805 Yageo America RC0805JR-070RL 0805_HV Fitted
0 R31, R59, R60 RES, 4.7k ohm, 5%, 0.1W, 0603 Yageo America RCO0603JR-074K7L 0603 Not Fitted
5 R32, R4%8R376‘ R80, RES, 470 ohm, 1%, 0.1W, 0603 Yageo America RC0603FR-07470RL 0603 Fitted
R39, R40, R42, R43 | RES, 49.9 ohm, 1%, 0.063W, 0402 Vishay-Dale CRCWO040249R9FKED 0402 Fitted
R48 RES, 3.3k ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO04023K30JNED 0402 Fitted
R100 RES, 2.2k ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO04022K20JNED 0402 Not Fitted
R50, R64, R65, R70, ’ .
8 R75. R77, R81, R82 RES, 2.2k ohm, 5%, 0.063W, 0402 Vishay-Dale CRCWO04022K20JNED 0402 Fitted
4 R54, R55, R56, R57 | RES, 75.0 ohm, 1%, 0.1W, 0603 Yageo America RCO0603FR-0775RL 0603 Fitted
1 R58 RES, 1.0Meg ohm, 5%, 0.25W, 1206 Vishay-Dale CRCW12061M0O0JNEA 1206 Fitted
1 R73 RES, 4.87k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO06034K87FKEA 0603 Fitted
1 R74 RES, 2.00k ohm, 1%, 0.063W, 0402 Vishay-Dale CRCWO04022K00FKED 0402 Fitted
1 T1 TRANSFORMER, MDL, XFMR SGL ETHR PULSE ELECTRONICS HX1198FNL XFMR_ HX1198FNL Fitted
LAN, SOIC-16 -
TP1, TP2 Test Point 40mil pad 20mil drill STD STD TP1_PD40_DO0.5_S50 Fitted
Ul IC REG LDO 1.8V 50MA SC70-5 TI TPS71518DCKR SOP_5P.65MM(DCK) Not Fitted
Programmable 1-PLL VCXO Clock
0 u2 Synthesizer With 1.8-V, 2.5-V, and 3.3-V Texas Instruments CDCE913PW PWO0014A_N Not Fitted
Outputs, PW0O014A
1 U4 'ZC('J Low Dropout Voltage Regulator, 3.3 V, Texas Instruments TPS75433QPWP PWP20 Fitted
3.3V and 2.5 V LVCMOS High-Performance .
0 us Clock Buffer Family, PW0008A Texas Instruments CDCLVC1102PW PWOOO8A_N Not Fitted
1 uUl15 T1 DP83848J 10/100 PHY Texas Instruments DP83848KSQ/NOPB QFN50P600X600X80-40N Fitted
0 X1 OSC 25.00 MHZ 3.3V HIGH STAB SMD EPSON HG-2150CA 25.000M-BXC3 OSC_HG-2150CA Not Fitted
0 Y1 CRYSTAL 25.0MHZ 18PF SMD CTS-Frequency Controls 445|23D25M00000 XTAL_ATS250BSM-1E_1 Not Fitted
1 Y2 CRYSTAL 25.0MHZ 18PF SMD CTS-Frequency Controls 445|23D25M00000 XTAL_ATS250BSM-1E_1 Fitted
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Design Files
8.3 PCB Layout

To download the layer plots, see the design files at TIDA-00207.

NOTE: The total dimension of the board is 75 x 50 mm.

2

5 " .
c 3f 3 an "= am
: b "
“’ % nn m™ . Ll
1 5 otttk -
3 (] I
g
]

[
[ l:i.:...

»
o .
2P T
9 B | N 1]
3 ny [ L]
£1fa 63,78 =S |
St 3Ta L0 -

C28C 1 C ]QQR42TRlQ3czs[ iIri . _Lp2 - . -
P [ 38 °(C ]‘ ‘m H - s Tnmm o= e
“u® eas [} LIl lAws - M
Pl (] 108 .¥ 'y . - - H

" 8&nR& Eim »

e ©, m]gg; 1, 8%nf -

S Rt =2 ! mmnn
OR3P €31 o4, o [ —_
ut (3% €33 - H b4 s HE
rs4l 1 C37 - Huue
RS6L ] pog s g mm u - -
T
weseos L, m I Em
£ : 0000
c40
. , ® B wmeeo L4
[ ] i © (J
@ % @ [ e o o
\L./ L/

Figure 44. Top Solder Mask
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Figure 47. L3_P2 Figure 48. Bottom Layer
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Figure 49. Bottom Solder Mask Figure 50. Bottom Overlay
Figure 51. M1 Board Outline
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8.4 Altium Project
To download the Altium project files, see the design files at TIDA-00207.
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Figure 52. Top Layer Figure 53. Bottom Layer

Figure 54. All Layers
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To download the Gerber files, see the design files at TIDA-00207.
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Figure 55. Fabrication Drawing
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8.6 Assembly Drawings
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Figure 56. Assembly Top Figure 57. Assembly Bottom
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 TI components or services are used.
Information published by TI 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 such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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