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DP83TG721x-Q1 1000BASE-T1 Automotive Ethernet PHY with Advanced TSN and
AVB

1 Features

» |EEE802.3bp 1000BASE-T1 compliant
*  OA TC10 compliant, <20uA sleep current
— Local and remote wake up and wake
forwarding
* Advanced TSN
— |EEE 1588v2/802.1AS Time Synchronization
— Hardware time-stamping with integrated phase
correction
— Highly accurate 1pps signal (+15ns)
* Audio Clocking
— AVB IEEE 1722 media clock generation
capability
— Phase synchronized wall clock output: 1KHz to
50MHz
— 12S & TDM8 SCLK/FSYNC/MCLK clock
generation
* Open Alliance TC12 Interoperability and EMC
compliant
— OA EMC compliant
— SAE J2962-3 EMC Compliant
* Integrated LPF on MDI pins
* MAC Interfaces: MIl, RMII, RGMII, and SGMII
» Supported I/O voltages: 3.3V, 2.5V, and 1.8V
* Pin compatible with TlI's 100BASE-T1 PHYs and
1000BASE-T1 PHYs
— Single board design for 100BASE-T1 and
1000BASE-T1 with required BOM change
» Diagnostic tool kit
— Temperature, Voltage, ESD monitor
— Data throughput calculator : Inbuilt MAC packet
generator, counter and error checker
— Signal Quality Indicator
— TDR based open and short cable fault detection
— CAQl for cable degradation monitoring
— Loopback modes
* AEC-Q100 Qualified
— IEC61000-4-2 ESD : +8kV contact discharge

2 Applications

» Telematics control unit (TCU, TBOX)

+ AVB

» ADAS: LIDAR, RADAR, Front Camera
» Zonal, Gateway, and body control

3 Description

The DP83TG721-Q1 is an I|IEEE 802.3bp and
Open Alliance compliant automotive 1000Base-T1
Ethernet physical layer transceiver. The DP83TG721-
Q1 provides all physical layer functions needed to
transmit and receive data over unshielded/shielded
single twisted-pair cables. The device provides xMiIl
flexibility with support for RGMIlI and SGMII MAC
interfaces.

DP83TG721-Q1 supports OA TC10 low power sleep
feature (with wake forwarding) to reduce system
power consumption when communication is not
required. This device offers the Diagnostic Tool Kit,
with an extensive list of real-time monitoring tools,
debug tools and test modes.

DP83TG721-Q1 integrates IEEE 1588v2/802.1AS
hardware time stamping & fractional PLL enabling
highly accurate time synchronization. The fractional
PLL enables frequency/phase synchronization of the
Wall Clock eliminating need for external VCXO
and generating wide range of time synchronized
frequencies needed for Audio, Video and other ADAS
applications.

DP83TG721-Q1 also integrates IEEE 1722 CRF
decode to generate Media Clock (wall clock
synchronized) for AVB & other Audio standards.
The DP83TG721-Q1 is also capable of generating
FSYNC/SCLK (wall clock synchronized) for 12S/TDM8
interface needed for audio applications.

The DP83TG721-Q1 is compatible to TI's 100BASE-
T1 PHYs and 1000BASE-T1 PHYs enabling design
scalability with single board for both speeds.

Device Information

PART NUMBER | PACKAGE () | BODYSIZE(NOW)
DP83TG721R-Q1 | VQFN (36) 6.00mm x 6.00mm
DP83TG7215-Q1  |VQFN (36) 6.00mm x 6.00mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Device Comparison Table

PART RGMII SGMII OPERATING
NUMBER SUPPORT SUPPORT TEMPERATURE
DP83TG721R-Q1 Yes No —40°C to 125°C
DP83TG721S-Q1 Yes Yes —40°C to 125°C

Copyright © 2024 Texas Instruments Incorporated
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5 Application Information

The DP83TG721-Q1 is a single-port 1Gbps Automotive Ethernet PHY. The DP83TG721-Q1 supports |IEEE
802.3bp and allows for connections to an Ethernet MAC through RGMII or SGMIl. When using the device
for Ethernet applications, it is necessary to meet certain requirements for normal operation. The following
subsections are intended to assist in appropriate component selection and required connections.

5.1 Time Synchronization

The DP83TG721-Q1 integrates IEEE 1588v2/802.1AS timestamping and other additional hardware engine to
offer sub 15 nanosecond synchronization accuracy.

The DP83TG721-Q1 is also capable of providing a wide range of high quality time synchronized clock (1KHz
to 50MHz) and generate synchronous patterns on GPIO's. This enables the DP83TG721-Q1 to achieve system
level synchronization for ADAS sensor data synchronization, Corner Radar Chirp synchronization, 1 pps signal
for GPS, LIDAR, V2x, etc.

Application SoC

Software

Hardware
Ethernet MAC
Optional
[ T e Time Stamp appended to 802.1AS
Sync Packet
MDIO/MDC . Event . SGMII/RGMI e Event Time Stamp Packets on MAC
GPS 1 pps Trigger/Monitor i/f
g _ ‘ —
F £
s
£ % -~ Clock Generator Capture and Trigger
d I Events
L&
o< 802.1AS 32 bit Wall Clock
N3 Packet Parser Counter
o
o0
802.1AS Time Stamping (Single and 2 Step)

DP83TG721 Gigabit PHY

XTAL 25 IVIHZJ

Figure 5-1. DP83TG721-Q1 802.1AS Time Synchronization Architecture
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5.2 Integrated Audio Over Ethernet

DP83TG721-Q1 offers audio clocking solutions for AVB (Audio Video Bridging) and other audio transports
protocols (IES676, IEEE 1733 RTP, Dante) by:

» Generating IEEE 1722 Media Clock with embedded CRF packet decode
» Synchronized clocks (FSYNC, BCLK, MCLK) for Audio interface 12S and TDMx

< FYSNC i
1722 Audio 48KHz A :
gPTP Packet Decode Audio Data > Audio
SLCK Codec
- _T >
Time stamps 48KHz
Time Stamps SCLK Clock
100000010 1
Software 100000004
100000000
H d I‘dwa re Comparator .—lKH
Uy
SoC with Ethernet
TSN MAC
Wall Clock
Ethernet PHY

Figure 5-2. Typical Audio Over Ethernet Architecture
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Figure 5-3. Audio Over Ethernet Architecture with DP83TG721-Q1
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5.3 TC10 Sleep/Wake-Up

DP83TG721-Q1 supports Open Alliance TC10 Sleep/Wake-up feature. It supports local/remote wake-up, wake-
forwarding, sleep negotiation as outlined in the TC10 specification.

The block diagram of a general system implementation of TC10 is as shown below

Note: Refer to section ‘Power Supply Network |

Recommendation for Sleep Applications’ for

|other recommended supply networks

— e e e e e e — = Jd
VBAT | VRec -
"~ | CORE e
E
A
. PMIC
~ | Vees | VSLEEPG3V) (eptional) VDDA
ol T VDDIO
10kQ
GND
\J 4 Yy
EN INH(3.3v)

_ MDC

MDI ~ MDIO
DP83TG721-Q1 - »

> 1000BASE-T1 <« > CRuMPU
————n Ethernet PHY WAKE MA
Remote wake | (33V) _
I over MDI | Bl g
- - 10kQ
GND
To other PHYs for
WAKE forwarding
............... .»

Figure 5-4. TC10 System Implementation Diagram

g

(optional)

MAC
Voltage

Copyright © 2024 Texas Instruments Incorporated
Product Folder Links: DP83TG721R-Q1 DP83TG721S-Q1

Submit Document Feedback

7


https://www.ti.com
https://www.ti.com/product/DP83TG721R-Q1
https://www.ti.com/product/DP83TG721S-Q1
https://www.ti.com/lit/pdf/SNLS777
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS777A&partnum=DP83TG721R-Q1
https://www.ti.com/product/dp83tg721r-q1?qgpn=dp83tg721r-q1
https://www.ti.com/product/dp83tg721s-q1?qgpn=dp83tg721s-q1

13 TEXAS

DP83TG721R-Q1, DP83TG721S-Q1 INSTRUMENTS
SNLS777A — MAY 2024 — REVISED JUNE 2024 www.ti.com

5.4 DP83TG721 EVM-MC and Software Support

DP83TG721EVM-MC
The DP83TG721EVM-MC supports 1000Mbps speed and a DP83867 is provided for copper (1000BASE-T)
media conversion using the RGMII MAC Interface.

Figure 5-5. DP83TG721EVM-MC

The DP83TG721EVM-MC offers:

* Media Converter: 1000BASE-T to 1000BASE-T1
» |EEE802.3bp Compliant
+ RGMII Back-to-Back Configuration
*  On-board MSP430F5529
— USB2MDIO/ DIEP Support
» Status LEDs
— Link
— Link + Activity
— Power-On

New DIEP Debug Interface Experience

DIEP offers all your Ethernet PHY debug needs in one place including MDIO bus serial management, device
control registers, access to both extended registers and standard registers, and the ability to save data read and
run script text files.

* NEW restructured navigation and register display
« NEW improved text script execution

Debug Interface for Ethernet PHY's (DIEP)
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5.5 Comparison of Device Features

The DP83TG721-Q1 enables very high time synchronization accuracy for automotive applications. Compared
to the DP83TG720x series, the DP83TG721-Q1 offers advanced diagnostic tools, hardware time stamping,
TC-10 low power sleep, and has integrated Audio Video Bridging (AVB). Comparison Between DP83TG720x
and DP83TG721x provides an overview of feature differences between the two.

Table 5-1. Comparison Between DP83TG720x and DP83TG721x

Feature

DP83TG720x-Q1

DP83TG721x-Q1

Interfaces

PMA/PMD

1000Base-T1

1000Base-T1

MAC Interface Support

RGMII only (for DP83TG720R-Q1)
RGMII, SGMII (for DP83TG720S-Q1)

RGMII only (for DP83TG721R-Q1)
RGMII, SGMII (for DP83TG721S-Q1)

Features Supported

Sleep/Wake functionality

Custom Sleep/Wake Implementation

OA TC10 Compliant Implementation

Internal Power Shutdown

No

Supported with EN pin

Diagnostics

Signal Quality Indicator (SQlI)
Time Domain Reflectometry (TDR)
Built-In Self Test (BIST)
Compliance Test Modes

Signal Quality Indicator (SQl)
Time Domain Reflectometry (TDR)
Built-In Self Test (BIST)
Compliance Test Modes

Cable Quality Indicator (CQl)

802.1AS Support No PTP Wall Clock
Tranmsit and Receive Packet Parsing and
Timestamping
Event Triggering and Timestamping

AVB Clock Generation No IEEE1722 CRF packet decode

Media, Bit and Codec Clock Generation

Power Supply
VDDA3P3V 3.3V +/- 10% 3.3V +/- 10%
VDDIO 1.8V +/- 10% 1.8V +/- 10%
2.5V +/- 10% 2.5V +/- 10%
3.3V +/- 10% 3.3V +/- 5%
VSLEEP 3.3V +/- 10% 3.3V +/- 10%
VDD 0.95V - 1.1V 1.05V - 1.21V
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6 Device and Documentation Support

Note

Tl is transitioning to use more inclusive terminology. Some language may be different than what you
would expect to see for certain technology areas.

6.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

6.2 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

6.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
6.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

6.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

7 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (May 2024) to Revision A (June 2024) Page
LI 1 Al a0 o] [T = (ST T T TR 10
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
DP83TG721RRHARQ1 Active Production VQFN (RHA) | 36 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 721R
DP83TG721RRHARQ1.A Active Production VQFN (RHA) | 36 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 721R
DP83TG721SRHARQ1 Active Production VQFN (RHA) | 36 3000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 721S
DP83TG721SRHARQ1.A Active Production VQFN (RHA) | 36 3000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 721S

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
DP83TG721RRHARQ1 | VQFN RHA 36 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
DP83TG721SRHARQL | VQFN RHA 36 3000 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DP83TG721RRHARQL1 VQFN RHA 36 2500 367.0 367.0 35.0
DP83TG721SRHARQ1 VQFN RHA 36 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RHA 36 VQFN - 1 mm max height

6 x 6, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RHAOO36A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHAOO36A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.

{
INSTRUMENTS

www.ti.com



EXAMPLE STENCIL DESIGN
RHAOO36A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
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