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SN65DP141 DisplayPort Linear Redriver
1 Features 3 Description

e Supports VESA DisplayPort 1.3, and eDP 1.4

* Quad Channel Linear Redriver Supporting Data
Rates up to 12 Gbps including DisplayPort RBR,
HBR, HBR2 and HBR3

» Protocol Agnostic
e Transparent to DP Link Training

» Position Independent on the Link Suitable for
Source, Sink and Cable Applications

» 15-dB Analog Equalization at 6 GHz

* Output Linear Dynamic Range: 1200 mV

» Bandwidth: >20 GHz

» Better than 16-dB Return Loss at 6 GHz

e 2.5-Vor 3.3-V 5% Single Power Supply Option

* Low Power Consumption with 80 mW per channel
at 2.5V Ve

e GPIO or IC Control

2 Applications

» Tablets
* Notebooks
e Desktops

» Docking Stations

The SN65DP141 is an asynchronous, protocol-
agnostic, low latency, four-channel linear equalizer
optimized for use up to 12 Gbps and compensates for
losses due to board traces and cables.

The device is transparent to DisplayPort (DP) link
training such a way that a DP source and a sink can
perform effective link training overcoming traditional
“aux snooping” re-drivers’ shortcomings. Additionally,
the device is position independent. It can be placed
inside source, cable or sink effectively providing a
“negative loss” component to the overall link budget.
Linear equalization inside SN65DP141 also increases
link margin when used with a receiver implementing
Decision Feedback Equalization (DFE).

SN65DP141 allows independent channel control for
equalization, gain, dynamic range using both 1°C and
GPIO configurations.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)

SN65DP141 WQFN (38) 7.00 mm x 5.00 mm

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

Simplified Schematic
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5 Pin Configuration and Functions
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It is required for thermal pad to be soldered to ground for better thermal performance.

Pin Functions

PIN
110 DESCRIPTION

NAME NO.
DIFFERENTIAL HIGH-SPEED I/O
INO_P 1 | . o . o .
INO N ) | Differential input, lane 0 (with 50 Q termination to input common mode)
IN1_P 4 | . o . o .
INL N 5 | Differential input, lane 1 (with 50 Q termination to input common mode)
IN2_P 8 i . o . o .
N2 N ° I Differential input, lane 2 (with 50 Q termination to input common mode)
IN3_P 11 | . o . o .

Differential input, lane 3 (with 50 Q termination to input common mode)
IN3_N 12 I
OUTO_P 31 (e}

Differential output, lane 0
OUTO_N 30 O
OuUT1_P 28 [} ) )

Differential output, lane 1
OUT1_N 27 O
ouT2_P 24 o . .

Differential output, lane 2
OUT2_N 23 O
OUT3_P 21 (e} . .

Differential output, lane 3
OUT3_N 20 (0]
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Pin Functions (continued)

PIN
1/0 DESCRIPTION
NAME NO.
CONTROL SIGNALS
12C mode:
. GPIO mode:
SDA 14 I/0 (open drain) No action needed. 12C data. Connect a 10-kQ pull-up resistor
externally.
I GPIO mode: 12C mode:
DRV_PK#/SCL 15 (with 200-kQ internal | HIGH: disable Driver peaking I2C CLK. Connect a 10-kQ pull-up resistor
pull-up) LOW: enables Driver 6-dB AC peaking externally.
| Configures the device operation for I2C or GPIO mode:
12C_EN 16 (with 200-kQ internal | HIGH: enables 12C mode
pull-up) LOW: enables GPIO mode
| 2
. GPIO mode: 1°C mode:
TX_DC_GAIN/CS 17 (with 200-kQ Internal | 1}~ "6"48 1 gain for transmitter HIGH: acts as Chip Select
pull-down, 2.5V/3.3V . ] . ) ;
CMOS) LOW: 0 dB DC gain for transmitter LOW: disables I2C interface
REXT 18 | (analog) External Bias Resistor: 1,200 Q to GND
12C mode:
| GPIO mode: N
EQO/ADDO 33 (2.5V/3.3V CMOS - | Working with RX_GAIN and EQ1 to determine the ?Ersgizg’g?e"‘t’;:'eggi jz?zlca;gv/:wz
3-state receiver DC and AC gain.
) g address. ADD2:ADD1:ADDO:XXX
I 12C mode:
; GPIO mode: I
EQ_MODE/ ADD2 35 (with 200-kQ Internal HIGH: Trace mode ADDZ‘anng with pln.s ADD21 and ADDO
pull-down, 2.5V/3.3V . comprise the three bits of 1°C slave
LOW: Cable mode
CMOS) address. ADD2:ADD1:ADDO:XXX
| GPIO mode: 2C mode:
RX_GAIN 36 (2.5V/3.3V CMOS - | Working with EQO and EQL to determine the N m‘t’. e ded
3-state) receiver DC and AC gain. 0 action neede
|
PWD# 37 (with 200-kQ Internal | HIGH: Normal Operation
pull-up, 2.5V/3.3V | LOW: Power downs the device, inputs off and outputs disabled, resets I°C
CMOS)
12C mode:
| GPIO mode: L
EQ1/ADD1 34 (2.5V/3.3V CMOS - | Working with RX_GAIN and EQO to determine the ?(?r:plr izg’?ﬁe":::’ez'gist :('?f??caglgvﬁmz
3-stat i DC and AC gain.
state) receiver UL and AL gain address ADD2:ADD1:ADDO:XXX
POWER SUPPLY
3,6,7,10, 13,
VCC 19, 22, 25, 26, Power Power supply 2.5V +5%, 3.3V +5%
29, 32,38
The ground center pad is the metal contact at the bottom of the package. This pad must be
GND Center Pad Ground connected to the GND plane. At least 15 PCB vias are recommended to minimize inductance
and provide a solid ground. Refer to the package drawing (RLJ-package) for the via placement.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
Supply voltage range VCC -0.3 4 \%
Differential voltage between INx_P and INx_N VIN, DIFF -2.5 25 \%
Voltage at INx_P and INX_N, VIN+, IN—- -0.5 Ve + 0.5 \Y
Voltage on control 10 pins,V,g -0.5 Vce + 0.5 \%
Continuous current at high speed differential data IN+, IN— _o5 o5 mA
inputs(differential)
cc):&r;tllj?gous current at high speed differential data IOUT+, I0UT— _o5 25 mA

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, except differential 1/0 bus voltages, are with respect to network ground terminal.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
c101@ +500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. .
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
DR Operating data rate 12 Gbps
Vee Supply voltage 2.375 2.5/3.3 3.465 \
Tc Junction temperature -10 125 °C
Ta Operating free-air temperature -40 85 °C
CMOS DC SPECIFICATIONS
Vi Input high voltage 0.8 X Ve \
V(mip) Input middle voltage Vee x0.4 Vee x 0.6 \
Vi Input low voltage -0.5 0.2 X Ve \
6.4 Thermal Information
SN65DP141
THERMAL METRIC® RLJ (WQFN) UNIT
38 PINS
Raia Junction-to-ambient thermal resistance 36.9 °C/W
Raic(top) Junction-to-case (top) thermal resistance 22.3 °C/W
Reis Junction-to-board thermal resistance 10.7 °C/W
Wit Junction-to-top characterization parameter 0.3 °C/W
Wig Junction-to-board characterization parameter 10.6 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance 1.9 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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6.5 Electrical Characteristics

over operating free-air temperature range (unless otherwise noted)

Product Folder Links: SN65DP141

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
POWER CONSUMPTION
Z(?tli)v; Low, Vcc = 3.3V and all 4 channels 450 625 mw
PoL Device Power dissipation Vop = Low, Ve = 2.5 V and all 4 channels
active ' 317 475 mw
Z(?tli)v; High, Vcc = 3.3 V and all 4 channels 697 925 mw
Pon Device Power dissipation Vop = High, Vec = 2.5 V and all 4 channels
active ’ 485 675 mw
Ppooer SDvii\:Lcheego(;/;/fer with all 4 channels Refer to 12C section for device configuration 10 mwW
CMOS DC SPECIFICATIONS
Iy High level input current ViN = 0.9 X Ve -40 17 40 HA
I Low level input current ViN=0.1 % Ve -40 17 40 HA
CML INPUTS (IN[3:0]_P, IN[3:0]_N)
Rin Differential input resistance INX_P to INx_N 100 Q
VN Input linear dynamic range Gain=0.5 1200 mVpp
Viem Input common mode voltage Internally biased Vee - 0.8 \Y
scpil 'C’l)’?]‘tte‘:;fg;e”tia' to common mMode | 154 \iyz o 6 GHz -20 dB
SDD11 Differential input return loss 100 MHz to 6 GHz -15 dB
CML OUTPUTS (OUT[3:0]_P, OUT[3:0]_N)
Vob Output linear dynamic range R, =100 Q, Vop = HIGH 1200 mVpp
R, =100 Q, Vop = LOW 600 mVpp
Vos Output offset voltage R, =100 Q, 0 V applied at inputs 10 mVpp
Vocm Output common mode voltage Ve —0.4 \%
Vommipy | Common mode output ripple K28.5 pattern at Iﬁfeﬁ ":”F";‘I"C;‘L'Cha””els' 10 20| mVRMS
Vopripy | Differential path output ripple ﬁffffoﬁitéimoasts,l%/ﬁipiz%%ﬂ\igg.nnels' No 20| mVpp
Change in steady-state common
Vocss) mode output voltage between +10 mV
logic states
6 Submit Documentation Feedback Copyright © 2016, Texas Instruments Incorporated
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6.6 Switching Characteristics

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CML OUTPUTS (OUT[3:0]_P, OUT[3:0]_N)
: - . o o
n Rise time @ Inpu@ signal with 30 ps rise time, 20% to 80%, 31 ps
ee Figure 7
: - - o o
e Eall time @ Input s_|gnal with 30 ps fall time, 20% to 80%, 32 ps
See Figure 7
6 GHz (12 Gbps) -14 dB
) ) 4.05 GHz (HBR3, 8.1 Gbps) -9.33 dB
SDD22 Differential output return loss
4.05 GHz (HBR3, 8.1 Gbps) -6.35 dB
1.35 GHz (HBR, 2.7Gbps) -35 dB
toLH Low-to-high propagation delay . 65 ps
- - See Figure 6
tpHL High-to-low propagation delay 65 ps
b @ | All outputs terminated with 100 Q,
tsk(o) Inter-Pair (lane to lane) output skew See Figure 8 8 ps
tsk(pp) Part-to-part skew All outputs terminated with 100 Q 50 ps
. ) Single ended on-chip termination to V¢,
for Single ended output resistance Outputs are AC coupled 50 Q
. p-m
Tom Output termination mismatch at 1 MHz | Afopg = 2X | —— | x 100 5%
m + rp
Channel-to-channel isolation Frequency at 6 GHz 35 45 dB
10 M_Hz to 6 GHz, No other noise source present, 400 LVRMS
) Vop = LOW
Output referred noise® 1OV Hz 10 6 GHa. No ofh - .
z to z, No other noise source present,
Vop = HIGH 500 UVRMS
EQUALIZATION
G At 6 GHz input signal Equalization Gain, EQ = MAX 15 dB
Input signal with 3.75 pre-cursor and measure it on
Vipre) Output pre-cursor pre-emphasis the output signal, 3.75 dB
See Figure 9
Input signal with 12 dB post-cursor and measure it
Vipst) Output post-cursor pre-emphasis on the output signal, 12 dB
See Figure 9

(1) Rise and Fall measurements include board and channel effects of the test environment, refer to Figure 5 and Figure 7.

(2) tsk(o) is the magnitude of the time difference between the channels.

(3) tskrp) is the magnitude of the difference in propagation delay times between any specified terminals of two devices when both devices
operate with the same

(4) All noise sources added.

6.7 Switching Characteristics, I1°C Interface
over operating free-air temperature range (unless otherwise noted)

PARAMETER MIN TYP MAX UNIT
fscL SCL clock frequency 400 KHz
tsuF Bus free time between START and STOP conditions 13 us
fpsTA :‘Al-fltold time aﬁer repegted START con'dition. 0.6 us

er this period, the first clock pulse is generated
tLow Low period of the SCL clock 13 us
tHIGH High period of the SCL clock 0.6 us
tsusTa Setup time for a repeated START condition 0.6 us
tHDDAT Data HOLD time 0 us
tsupat Data setup time 100 Hs
tr Rise time of both SDA and SCL signals 300 Hs
te Fall time of both SDA and SCL signals 300 us
tsusTo Setup time for STOP condition 0.6 us

Copyright © 2016, Texas Instruments Incorporated
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6.8 Typical Characteristics
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7 Parameter Measurement Information
Vocm )
1pF
Figure 5. Common Mode Output Voltage Test Circuit
| |
: : Voo
| |
| |
| |
| |
-t t —e
Figure 7. Output Rise and Fall Times
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Parameter Measurement Information (continued)
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Figure 8. Output Inter-Pair Skew
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Figure 9. V(prey and Vg (test pattern is 1111111100000000 (8-1s, 8-0s))
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Figure 10. Receive Side Performance Test Circuit
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Parameter Measurement Information (continued)
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Figure 11. Transmit Side Performance Test Circuit
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Figure 12. Equivalent Input Circuit
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Figure 13. 3-Level Input Biasing Network

OSCILLOSCOPE

Copyright © 2016, Texas Instruments Incorporated

Product Folder Links: SN65DP141

Submit Documentation Feedback

11


http://www.ti.com/product/sn65dp141?qgpn=sn65dp141
http://www.ti.com
http://www.ti.com/product/sn65dp141?qgpn=sn65dp141
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLSES6&partnum=SN65DP141

13 TEXAS
INSTRUMENTS
SN65DP141

SLLSES6 —FEBRUARY 2016 www.ti.com

Parameter Measurement Information (continued)

SLAVE R ACK REGISTER ACK REGISTER ACK P
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Figure 14. Two - Wire Serial Interface Data Transfer
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Figure 15. Two - Wire Serial Interface Timing Diagram
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8 Detailed Description

8.1 Overview

The SN65DP141 is an asynchronous, protocol-agnostic, low latency, four-channel linear equalizer optimized for
use up to 12 Gbps. The characteristics of this device make it transparent to DisplayPort (DP) link training, it
supports all the available DP bit rates from RBR to HBR3 (1.6 Gbps, 2.7 Gbps, 5.4 Gbps and 8.1 Gbps
respectively). Additionally, the SN65DP141 is configurable to a trace or cable mode, and hence improves its
performance depending on the type of channel it is being used. Its transparency to the DP link training makes the
SN65DP141 a position independent device, suitable for source/sink or cable applications, effectively providing a
“negative loss” component to the overall link budget, in order to compensate the signal degradation over the
channel.

The SN65DP141 is configurable by means of 1°C and GPIOs, allowing independent channel control for
activation, equalization, gain, dynamic range.

8.2 Functional Block Diagram

vcCc—r—»
GND C——»
VBB VCC
Input Buffer with . 50 Q% 50 0
500 ;so a Selectable Equalizer Output Driver % <
IN[3:0]_P > OUTI[3:0]_P
IN[3:0]_N 1 4P7 OUTI[3:0]_P
Band-Gap Voltage J
Reference and Bias
Power-on Current Generation
Reset Power-OnReset
¢ T § 1.2KQ
200K gzoom
i
DRV_PK#/SCL DRV_PK#/SCL 6 B?t Reg?ster General Setting
3 Bit Register EQ Control
4 Bit Register Channel Enable
1 Bit Register VOD Swing
1 Bit Register DC Gain
SDA SDA AC Gain I2C_EN I2C_EN
PWD# PWD# EQO/ADDO EQO/ADDO
VOD/CS VOD/CS EQ1/ADD1 EQ1/ADD1
GAIN GAIN EQ_MODE/ADD2 . EQ_MODE/ADD2
;200*(0 2-Wire Interface and Control Logic ZOOKQ% 200KQ§
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8.3 Feature Description

8.3.1 DC and AC Independent Gain Control

Besides the functional block diagram, the behavior of the SN65DP141 can be described as it is shown in
Figure 16; where the input stage first applies a DC gain (0 dB or —6 dB), and then equalizes the signal, which is
driven to the output stage, where the SN65DP141 applies an output DC gain (0 dB or 6 dB).

RX_GAIN(EQ_DC_GAIN) EQUALIZATION(EQ_AC_GAIN) TX_GAIN(TX_DC_GAIN)
INX_P OUTX_P
—_— —_—
0dB or -6dB Up to 15dB 0dB or 6dB
INX_N OUTx_N

Figure 16. DP141 Signal Chain Gain Control

8.3.2 Two-Wire Serial Interface and Control Logic

The SN65DP141 uses a 2-wire serial interface for digital control. The two circuit inputs, SDA and SCL, are
driven, respectively, by the serial data and serial clock from a microcontroller, for example. The SDA and SCK
pins require external 10 kQ pull-ups to VCC.

The 2-wire interface allows write access to the internal memory map to modify control registers and read access
to read out control and status signals. The SN65DP141 is a slave device only which means that it cannot initiate
a transmission itself; it always relies on the availability of the SCK signal for the duration of the transmission. The
master device provides the clock signal as well as the START and STOP commands. The protocol for a data
transmission is as follows:

1. START command

2. 7 bit slave address (0000ADD [2:0]) followed by an eighth bit which is the data direction bit (R/W). A zero
indicates a WRITE and a 1 indicates a READ. The ADD [2:0] address bits change with the status of the
ADD2, ADD1, and ADDO device pins, respectively. If the pins are left floating or pulled down, the 7 bit slave
address is 0000000.

3. 8-bit register address
4. 8-bit register data word
5. STOP command

Regarding timing, the SN65DP141 is I1°C compatible. The typical timing is shown in Figure 15 and a complete
data transfer is shown in Figure 14. Parameters for these figures are defined in the I1°C Interface section of the
Switching Characteristics.

8.3.3 Bus Idle

Both SDA and SCL lines remain HIGH

8.3.4 Start Data Transfer

A change in the state of the SDA line, from HIGH to LOW, while the SCL line is HIGH, defines a START
condition (S). Each data transfer is initiated with a START condition.

8.3.5 Stop Data Transfer

A change in the state of the SDA line from LOW to HIGH while the SCL line is HIGH defines a STOP condition
(P). Each data transfer is terminated with a STOP condition; however, if the master still wishes to communicate
on the bus, it can generate a repeated START condition and address another slave without first generating a
STOP condition.
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Feature Description (continued)
8.3.6 Data Transfer

The number of data bytes transferred between a START and a STOP condition is not limited and is determined
by the master device. The receiver acknowledges the transfer of data.

8.3.7 Acknowledge

Each receiving device, when addressed, is obliged to generate an acknowledge bit. The transmitter releases the
SDA line and a device that acknowledges must pull down the SDA line during the acknowledge clock pulse in
such a way that the SDA line is stable LOW during the HIGH period of the acknowledge clock pulse. Setup and
hold times must be taken into account. When a slave-receiver doesn’t acknowledge the slave address, the data
line must be left HIGH by the slave. The master can then generate a STOP condition to abort the transfer. If the
slave-receiver does acknowledge the slave address but some time later in the transfer cannot receive any more
data bytes, the master must abort the transfer. This is indicated by the slave generating the not acknowledge on
the first byte to follow. The slave leaves the data line HIGH and the master generates the STOP condition.

8.4 Device Functional Modes

8.4.1 TRACE and CABLE Equalization Modes

The SN65DP141 is optimized for both trace and cable application at its input. The device pin EQ_MODE sets the
EQ gain curve profile suitable for these two use cases.

8.4.2 Control Modes

The SN65DP141 features two control modes: GPIO and 12C, and the selection between these two modes is by
means of the 12C_EN terminal, which activates the GPIO when tied to LOW; otherwise; the 12C mode is active
due to its internal pull-up resistance.

8.4.3 GPIO MODE
Device Pins RX_GAIN, EQ1 and EQO determines receiver DC and AC gain as shown in Table 1 and Table 2.

Table 1. EQ Pin Settings

EQ1 EQO EQ Setting
GND GND 000
GND Hiz 000
GND VCC 001
Hiz GND 010
Hiz Hiz 011
Hiz VCC 100
VCC GND 101
VCC Hiz 110
VCC VCC 111

Table 2. RX DC and AC GAIN Settings

EQ Configuration EQ Gain
EQ Setting RX_GAIN EQ_DC_GAIN (dB) EQ_AC_GAIN (dB)
000 - 111 LOW -6 1-9
000 - 111 Hiz -6 7-17
000 - 111 HIGH 0 1-9
Copyright © 2016, Texas Instruments Incorporated Submit Documentation Feedback 15
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8.4.4 1°C Mode
Table 3. I12C Control Settings Description for RX DC and AC GAIN
EQ_MODE EQ_DC GAIN RX_GAIN<1:0> | EQ_Setting<2:0> DC GAIN (dB) AC GAIN (dB) APPLICATION
0 00 000 to 111 —6 1to9 Short Input Cable; Large Input Swing
0 11 000 to 111 -6 7 to 17 Long Input Cable; Large Input Swing
1 01 000 to 111 0 1to9 Short Input Cable; Small Input Swing
11 000 to 111 0 2t0 10 Short Input Cable, Small Input Swing
0 00 000 to 111 -6 1t09 Short Input Trace; Large Input Swing
1 11 000 to 111 —6 7 to 17 Long Input Trace; Large Input Swing
1 01 000 to 111 0 1to9 Short Input Trace; Small Input Swing
11 000 to 111 0 2to 10 Short Input Trace, Small Input Swing
16 Submit Documentation Feedback Copyright © 2016, Texas Instruments Incorporated
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8.5 Register Maps
8.5.1 Register 0x00 (General Device Settings) (offset = 00000000) [reset = 00000000]
Figure 17. Register 0x00 (General Device Settings)
7 6 5 4 3 2 1 0
SW_GPIO PWRDOWN | SYNC 01 | SYNC 23 | SYNC ALL | EQ MODE | RSVD
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 4. Register 0x00 (General Device Settings)

Bit Field Type Reset Description
SW_GPIO R/W 0 Switching logic is controlled by GPIO or 12C:
7 0 = 12C control
1 = GPIO control
6 PWRDOWN R/W 0 Power down the device:

0 = Normal operation
1 = Powerdown

5 SYNC_01 R/W 0 All settings from channel 1 will be used for channel 0 and 1:
0 = Channel 0 tracking channel 1 settings
1 = No tracking tracking

4 SYNC_ 23 R/W 0 All settings from channel 2 will be used for channel 2 and 3:
0 = Channel 3 tracking channel 2 settings
1 = No channel tracking

3 SYNC_ALL R/W 0 All settings from channel 1 will be used on all channels:
0 = All channels tracking channel 1

1 = No channel tracking

Overwrites SYNC_01 and SYNC_23

2 EQ_MODE R/W 0 Set EQ mode:
0 = Cable mode
1 = Trace mode

1 R/W 0
RSVD R/W 0 For Tl use only

Copyright © 2016, Texas Instruments Incorporated Submit Documentation Feedback 17
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8.5.2 Register 0x01 (Channel Enable) (offset = 00000000) [reset = 00000000]
Figure 18. Register 0x01 (Channel Enable)
7 6 5 4 3 2 1 0
\ | | LN.EN CH3 | LN EN CH2 | LN EN CHL | LN_EN _CHO
R R R R R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 5. Register 0x01 (Channel Enable)
Bit Field Type Reset Description
7 R 0
6 R 0
5 R 0
4 R 0
3 LN_EN_CH3 R/W 0 Channel 3 enable:
0 = Enable
1 = Disable
2 LN_EN_CH2 R/W 0 Channel 3 enable:
0 = Enable
1 = Disable
1 LN_EN_CH1 R/W 0 Channel 1 enable:
0 = Enable
1 = Disable
0 LN_EN_CHO R/W 0 Channel 0 enable:
0 = Enable
1 = Disable
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8.5.3 Register 0x02 (Channel 0 Control Settings) (offset = 00000000) [reset = 00000000]
Figure 19. Register 0x02 (Channel 0 Control Settings)
7 6 5 4 3 2 1 0
RSVD | EQ Setting<2> | EQ Setting<1> | EQ Setting<0> | TX GAIN | EQ DC_GAIN | RX_GAIN<1> | RX_GAIN<O>
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 6. Register 0x02 (Channel 0 Control Settings)
Bit Field Type Reset Description
7 RSVD R/W
6 EQ Setting<2> R/W 0 Equalizer adjustment setting:
) 000 = Minimum equalization setting
5 EQ Setting<1> RIW 0 111 = Maximum equalization setting
4 EQ Setting<0> R/W 0
3 TX GAIN R/W 0 Channel [0] TX_DC_GAIN control:
0 = Set 0 dB DC gain for transmitter
1 = Set 6 dB DC gain for transmitter
2 EQ_DC_GAIN R/W 0 Channel [0] EQ DC gain:
0 =Set EQ DC gain to -6 dB
1 =Set EQ DC gain to -0 dB
RX_GAIN<1> R/W 0 Equivalent to RX_GAIN control pin for channel [0].
00: RX_GAIN = Low
0 | RX_GAIN<0> RIW 01: RX_GAIN = HiZ
11: RX_GAIN = High
8.5.4 Register 0x03 (Channel 0 Enable Settings) (offset = 00000000) [reset = 00000000]
Figure 20. Register 0x03 (Channel 0 Enable Settings)
7 6 5 4 3 2 1 0
\ | \ | DRVPEAK | EQEN | DRV EN
R R R R R R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 7. Register 0x03 (Channel 0 Enable Settings)
Bit Field Type Reset Description
7 R 0
6 R 0
5 R 0
4 R 0
3 R 0
2 DRV_PEAK R/W 0 Channel [0] driver peaking:
0 = Disables driver Peaking
1 = Enables driver 6 db AC Peaking"
1 EQ_EN R/W 0 Channel [0] EQ stage enable:
0 = Enable
1 = Disable
0 RSVDRV_EN R/W 0 Channel [0] driver stage enable:
0 = Enable
1 = Disable
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8.5.5 Register 0x05 (Channel 1 Control Settings) (offset = 00000000) [reset = 00000000]
Figure 21. Register 0x05 (Channel 1 Control Settings)

7 6 5 4 3 2 1 0
RSVD | EQ Setting<2> | EQ Setting<1> | EQ Setting<0> | TX GAIN | EQ DC_GAIN | RX_GAIN<1> | RX_GAIN<O>
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 8. Register 0x05 (Channel 1 Control Settings)
Bit Field Type Reset Description
7 RSVD R/W
6 EQ Setting<2> R/W 0 Equalizer adjustment setting:
) 000 = Minimum equalization setting
5 EQ Setting<1> RIW 0 111 = Maximum equalization setting
4 EQ Setting<0> R/W 0
3 TX_GAIN R/W 0 Channel [1] TX_DC_GAIN control:
0 = Set 0 dB DC gain for transmitter
1 = Set 6 dB DC gain for transmitter
2 EQ_DC_GAIN R/W 0 Channel [1] EQ DC gain:
0 =Set EQ DC gain to -6 dB
1 =Set EQ DC gain to -0 dB
RX_GAIN<1> R/W 0 Equivalent to RX_GAIN control pin for channel [1].
00: RX_GAIN = Low
0 RX_GAIN<0> RIW 01: RX_GAIN = HiZ
11: RX_GAIN = High
8.5.6 Register 0x06 (Channel 1 Enable Settings) (offset = 00000000) [reset = 00000000]
Figure 22. Register 0x06 (Channel 1 Enable Settings)
7 6 5 4 3 2 1 0
\ | \ | DRV PEAK | EQ EN DRV_EN
R R R R R R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 9. Register 0x06 (Channel 1 Enable Settings)

Bit Field Type Reset Description
7 R 0
6 R 0
5 R 0
4 R 0
3 R 0
2 DRV_PEAK R/W 0 Channel [1] driver peaking:
0 = Disables driver Peaking
1 = Enables driver 6 db AC Peaking
1 EQ_EN R/W 0 Channel [1] EQ stage enable:
0 = Enable
1 = Disable
0 DRV_EN R/W 0 Channel [1] driver stage enable:
0 = Enable
1 = Disable
20 Submit Documentation Feedback Copyright © 2016, Texas Instruments Incorporated

Product Folder Links: SN65DP141



http://www.ti.com/product/sn65dp141?qgpn=sn65dp141
http://www.ti.com
http://www.ti.com/product/sn65dp141?qgpn=sn65dp141
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLSES6&partnum=SN65DP141

13 TEXAS

INSTRUMENTS
SN65DP141
www.ti.com SLLSES6 —FEBRUARY 2016
8.5.7 Register 0x08 (Channel 2 Control Settings) (offset = 00000000) [reset = 00000000]
Figure 23. Register 0x08 (Channel 2 Control Settings)
7 6 5 4 3 2 1 0
RSVD | EQ Setting<2> | EQ Setting<1> | EQ Setting<0> | TX GAIN | EQ DC_GAIN | RX_GAIN<1> | RX_GAIN<O>
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 10. Register 0x08 (Channel 2 Control Settings)
Bit Field Type Reset Description
7 RSVD R/W
6 EQ Setting<2> R/W 0 Equalizer adjustment setting:
) 000 = Minimum equalization setting
5 EQ Setting<1> RIW 0 111 = Maximum equalization setting
4 EQ Setting<0> R/W 0
3 TX_GAIN R/W 0 Channel [2] TX_DC_GAIN control:
0 = Set 0 dB DC gain for transmitter
1 = Set 6 dB DC gain for transmitter
2 EQ_DC_GAIN R/W 0 Channel [2] EQ DC gain:
0 =Set EQ DC gain to -6 dB
1 =Set EQ DC gain to -0 dB
RX_GAIN<1> R/W 0 Equivalent to RX_GAIN control pin for channel [2].
00: RX_GAIN = Low
0 RX_GAIN<0> RIW 01: RX_GAIN = HiZ
11: RX_GAIN = High
8.5.8 Register 0x09 (Channel 2 Enable Settings) (offset = 00000000) [reset = 00000000]
Figure 24. Register 0x09 (Channel 2 Enable Settings)
7 6 5 4 3 2 1 0
\ | \ | DRVPEAK | EQEN | DRV EN
R R R R R R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 11. Register 0x09 (Channel 2 Enable Settings)
Bit Field Type Reset Description
7 R 0
6 R 0
5 R 0
4 R 0
3 R 0
2 DRV_PEAK R/W 0 Channel [2] driver peaking:
0 = Disables driver Peaking
1 = Enables driver 6 db AC Peaking
1 EQ_EN R/W 0 Channel [2] driver stage enable:
0 = Enable
1 = Disable
0 DRV_EN R/W 0 Channel [2] driver stage enable:
0 = Enable
1 = Disable
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8.5.9 Register 0x0B (Channel 3 Control Settings) (offset = 00000000) [reset = 00000000]
Figure 25. Register 0xOB (Channel 3 Control Settings)

7 6 5 4 3 2 1 0
RSVD | EQ Setting<2> | EQ Setting<1> | EQ Setting<0> | TX GAIN | EQ DC_GAIN | RX_GAIN<1> | RX_GAIN<O>
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 12. Register 0xOB (Channel 3 Control Settings)
Bit Field Type Reset Description
7 RSVD R/W
6 EQ Setting<2> R/W 0 Equalizer adjustment setting:
) 000 = Minimum equalization setting
5 EQ Setting<1> RIW 0 111 = Maximum equalization setting
4 EQ Setting<0> R/W 0
3 TX_GAIN R/W 0 Channel [3] TX_DC_GAIN control:
0 = Set 0 dB DC gain for transmitter
1 = Set 6 dB DC gain for transmitter
2 EQ_DC_GAIN R/W 0 Channel [3] EQ DC gain:
0 =Set EQ DC gain to -6 dB
1 =Set EQ DC gain to -0 dB
RX_GAIN<1> R/W 0 Equivalent to RX_GAIN control pin for channel [3].
00: RX_GAIN = Low
0 RX_GAIN<0> RIW 01: RX_GAIN = HiZ
11: RX_GAIN = High
8.5.10 Register 0x0C (Channel 3 Control Settings) (offset = 00000000) [reset = 00000000]
Figure 26. Register 0x0C (Channel 3 Enable Settings)
7 6 5 4 3 2 1 0
\ | \ | DRV PEAK | EQ EN DRV_EN
R R R R R R/W R/W R/W

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 13. Register 0xOC (Channel 3 Enable Settings)

Bit Field Type Reset Description
7 R 0
6 R 0
5 R 0
4 R 0
3 R 0
2 DRV_PEAK R/W 0 Channel [3] driver peaking:
0 = Disables driver Peaking
1 = Enables driver 6db AC Peaking
1 EQ_EN R/W 0 Channel [3] EQ stage enable:
0 = Enable
1 = Disable
0 RSVDRV_EN R/W 0 Channel [3] driver stage enable:
0 = Enable
1 = Disable
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The SN65DP141 can be used in Source, Sink, cable and dongle applications, where the device is transparent to
the DisplayPort link layer. For illustrating purposes, this section shows the implementation of a DisplayPort
dongle, Figure 27 shows an example of the SN65DP141 on a dongle board, where the AUX channel is directly
connected from source to sink, meanwhile the power can be provided either way from the DP source or an
external power source.

9.2 Typical Application

POWER SOURCE ~ 3P3V

DP SOURCE DP SINK
MLO_IN MLO_OUT
MLL_IN ML1_OUT
ML2_IN ML2_OUT
ML3_IN ML3_OuT

DP141

3P3V

AUX
HPD

Figure 27. SN65DP141 Application Diagram

9.2.1 Design Requirements

The SN65DP141 can be designed into many types of applications. All applications have certain requirements for
the system to work properly. The voltage rails are required to support the lowest possible power consumption.
Configure the device by using 12C. The GPIO configuration is provided as I°C is not available in all cases.
Because sources may have different naming conventions, confirm the link between source and sink is correctly
mapped through the SN65DP141.

Table 14. Design Parameters

PARAMETER VALUE
Operating data rate HBR3 (8.1 Gbhps)
Supply voltage 3.3V
Main link input voltage Vip = 75 mVpp to 1.2 Vpp
Control pin Low 1 KQ pulled to GND
Control pin Mid No Connect
Control pin Low 1 KQ pulled to High
Main link AC decoupling capacitor 75 to 200 nF, recommend 100 nF
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First approach for GAIN configuration: It is highly recommend that DC GAIN be set to 1, this leads the output to
preserve the input amplitude (GAIN = 1):

e For GPIO implementation: Use a pull-up resistor on the GAIN terminal (pin 36), refer to the schematic in

Figure 28.

« For I°C implementation: write a 1 to the bit 2 of the registers 0x02, 0x05, 0x08 and 0x0B. Refer to Two-Wire
Serial Interface and Control Logic for a detailed description of the 1°C interface

9.2.2 Detailed Design Procedure

Designing in the SN65DP141 requires the following:
» Determine the loss profile on the DP input and output channels and cables.

» Based upon the loss profile and signal swing, determine the optimal configuration for the SN65DP141, to
pass electrical compliance (Equalization mode, EQ Gain, DC gain, AC Gain).

» See Figure 28 for information on using the AC coupling capacitors and control pin resistors, as well as for
recommended decouple capacitors from VCC pins to ground.

« Configure the TheSN65DP141 using the GPIO terminals or the I1°C interface:
— GPIO - Using the terminals EQ_MODE, EQ1, EQ1 and gain.

— 1°C — Refer to the 12C Register Maps and the Two-Wire Serial Interface and Control Logic sections for a
detailed configuration procedures.

» The thermal pad must be connected to ground.

3
2

Place near DP141NOTE:Min of 15 Viasrecommended for GND Padconnection

PV LPL L2

1uf

F——

rrrrrrrrrT

FB1220 @ 19oMHZ

iH—

SRC_DP_MLOP i c120] 1uFDZO] 880885555859 c130) 1‘uFuzu1 SNK_DP_MLOP SNK_OP_MLOP
141_DP_INOP cEEEeseeee2s 141_DP_OUTOP SNK_DP_MLON
SRC_DP_MLON e T2 5P NON INO_PL ouTo_f TH o7 Joojjurozor — SNK_DP_MLON
- INO_N2 OUTON: et
7 141 0P_INIP 141 DP_oUTIP SNK_DP_MLIP
i INLNS OUTLN: y
SRC.DP. i C180/uF02fT T 190(1uF0201 SNK_DP_MLIN
SRC.DP MLIN <18 141 0P_IN2P 3 i i 141_DP_OUT2P T SNK_DP_MLIN
) 141 DP_IN2N i méﬁ gﬁ% T41_DP_OUTZN
sre op C200|{uF02p1 ; N 210/1uF0201 SNK_DP_ML2P ,
sreopmze  Ht—H————cxq 141 DP_INGP o i outs 141 DP_0UT3P It T SNK_DP_ML2P
SRC_DP_ML2N L czzu} (uF0201 T41_DP_IN3N N i T41_DP_OUTIN c230] [‘UF0201 SNK_DP_ML2N SNk OP 2N
sRcopmse i cojpror | DRV_PK#/SCLLS ‘ Czsolfurazor SNKC DP MLSP SNK_DP_ML3P
v 12C_EN16 REXTY SNK_DP_ML3N
SRC_DP_ML3N L S50 {ur0201 —YOOIES | Vobicstr 112K CaroljurozoL 0P SNK_DP_MLE N
7 | o
| EQO/ADDO33 Wi
L oL . EQL/ADD134 pwpHg——L0%
—_ — NOTE: ALL DIFF P TO 30 OHMS DIFFERENTIAL AND 50 OHMS COMMON MODE.
ALL OTHER 2
— Pupd ﬂ L
3pav
BOARD_3PaV BOARD_3P3V BOARD_3P3V BOARD_3P3V BOARD_3P3V BOARD_3P3V
o1k RADNI, 1K RSDNI, 1K REDNI, 1K R7DNI, 1K REDNI, 1K RIDNI, 1K
1HDRSX1 M .1 2HDR3X1 M .1 HOR3XL M 1 JAHDR3X1 M .1 HOR3XL M .1 HOR3XL M .1
1
e . SDA DRV_PK#/SCL 2 2C_EN voDIcs 2 EQU/ADDO 2 EQUADDL EQ_MODE/ADDZ 2
o . -
1 4
Device disable/I2C Reset if asserted lowValue of thg cap tepending on power railfamp't e
SW1B3SN-3012 1K RIZDNI, 1K R13DNI, 1K R14DNI, 1K R15DNI, 1K R16DNI, 1K
2 s
281 = = = = =
RI80R = = = = BOARD_3P3V 5
= v
= N R2BITSK A,
J13USB2_micAB_Recept sv BOARD_3P3V
VBUSLShield1§—
—{ b+ u ~
SoR 3 ) GNDS5 Shel ENL
5 ] Shields it c29100F
z B— | MODE3Z VO
T [ C3022uF
L= = = GND2 & FBAg—X L

“”_i

Figure 28. SN65DP141 Application Schematic
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9.2.3 Application Curves
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Figure 29. Cable Mode — Symbol Response
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Figure 30. Cable Mode — Frequency Domain
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Figure 32. Trace Mode - Frequency Domain

10 Power Supply Recommendations

To minimize the power supply noise floor, provide good decoupling near the SN65DP141 power pins. It is
recommended to place one 0.01-yF ceramic capacitor at each power pin, and two 0.1-uF ceramic capacitors on
each power node. The distance between the SN65DP141 and capacitors should be minimized to reduce loop
inductance and provide optimal noise filtering. Placing the capacitor underneath the SN65DP141 on the bottom
of the PCB is often a good choice. A 100-pF ceramic capacitor can be put at each power pin to optimize the EMI

performance.
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11 Layout

11.1 Layout Guidelines

Placing a solid ground plane next to the high-speed signal layer establishes controlled impedance for
transmission line interconnects and provides an excellent low-inductance path for the return current flow.
Placing the power plane next to the ground plane creates additional high-frequency bypass capacitance.
Routing the slower speed control signals on the bottom layer allows for greater flexibility as these signal links
usually have margin to tolerate discontinuities such as vias.

If an additional supply voltage plane or signal layer is needed, add a second power / ground plane system to
the stack to keep it symmetrical. This makes the stack mechanically stable and prevents it from warping. Also
the power and ground plane of each power system can be placed closer together, thus increasing the high
frequency bypass capacitance significantly.

The control pin pull-up and pull-down resistors are shown in application section for reference. If a high level is
needed then only uses the pull up. If a low level is needed only use the pull down.

Place passive components within the signal path, such as source-matching resistors or ac-coupling
capacitors, next to each other. Routing as in case a) creates wider trace spacing than in b), the resulting
discontinuity, however, is limited to a far narrower area.

When routing traces next to a via or between an array of vias, make sure that the via clearance section does
not interrupt the path of the return current on the ground plane below.

Avoid metal layers and traces underneath or between the pads off the DisplayPort connectors for better
impedance matching. Otherwise they will cause the differential impedance to drop below 75 Q and fail the
board during TDR testing.

Use solid power and ground planes for 100 Q impedance control and minimum power noise.

For a multi-layer PCB, it is recommended to keep one common GND layer underneath the device and
connect all ground terminals directly to this plane. For 100 Q differential impedance, use the smallest trace
spacing possible, which is usually specified by the PCB vendor.

Keep the trace length as short as possible to minimize attenuation.

Place bulk capacitors (that is, 10 yF) close to power sources, such as voltage regulators or where the power
is supplied to the PCB.

Layer 1:DP Signal layer

5 to 10 mils

Layer 2: Ground plane
20 to 40 mils

Layer 3: Power plane
5 to 10 mils

Layer 4: Control signal layer

Figure 33. PCB Stack
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11.2 Layout Example
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Figure 34. Example Layout (Top)
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Figure 35. Example Layout (Top)
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12 Device and Documentation Support

12.1 Community Resources

The following links connect to TI community resources. Linked contents are 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.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
SN65DP141RLJIR PREVIEW WQFN RLJI 38 3000 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 DP141
& no Sh/Br)
SN65DP141RLIT PREVIEW WQFN RLJI 38 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 DP141
& no Sh/Br)
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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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MECHANICAL DATA
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NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC MO-220.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, 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 (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI 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 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.

TI does not warrant or represent that any license, either express or implied, is granted under 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.

Reproduction of significant portions of Tl information in Tl data books or data sheets 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.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

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 which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in 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 Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which 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
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI 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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical
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