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System Description

This Design highlights how to implement a high powered USB Type-C PD Source device. This design can
be referenced for various different end equipments, from PC Docks, Notebook PC Charger, Industrial
chargers, Wall outlets, and many others. Through the use of a Texas Instruments USB Power Duo Mode,
the TPS65987D PD adapter will close both of it's load switches in parallel to double the current carrying
capability and reduce the effective RDSon by a factor of two. The design also highlights a feature of the
TPS65987D called App Config by allowing users to select their Type-C PD Output voltage through push
button switches. Additionally, this design goes through steps on how to implement a high powered DC/DC
converter to offer the standard Type-C PD source voltages. Finally, the design also contains a P-FET
bypass power path to route the input supply directly to the PD controller allowing for very high efficiency in
a 20 V contract. The design also supports BC1.2 charging modes through the D+/D- USB 2.0 signals.

Key System Specifications

% 1. Key System Specifications

PARAMETER SPECIFICATIONS
Input Power Source 20-V Barrel Jack (230 W recommended for full-feature use)
Max Output Power 20-V at 10 A (200 W)
System Quiescent Current 3.4 mA
Typical Load Switch RDSon 29 mOhm
Power DUO Mode RDSon 14.5 mOhm
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2 System Overview

2.1 Block Diagram
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1. TIDA-050012 Block Diagram

2.2 Design Considerations

TIDA-050012 illustrates how to design a high current USB Type-C PD source device. This subsystem can
be used in monitors, docks, dongles, wall chargers, power outlets, and so forth. Any system that is
required to provide high power to a connected device can use the concepts in this design. If the end user
will exceed 5 A of current, it is recommended to use a tethered cable instead of a Type-C receptacle. This
would allow the user to develop their own high current cable and not be limited by the cables and
connectors in the design.

2.3 Highlighted Products

The following sections highlight the Tl integrated circuits used on this TI-Design and what their benefits
are.
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23.1

2.3.2

TPS65987D

The TPS65987D is a stand-alone USB Type-C and Power Delivery (PD) controller providing cable plug
and orientation detection for a single USB Type-C connector. Upon cable detection, the TPS65987D
communicates on the CC wire using the USB PD protocol. When cable detection and USB PD negotiation
are complete, the TPS65987D enables the appropriate power path and configures alternate mode settings
for external multiplexers. The TPS65987D is fully configurable to fit in many different applications. In this
design, the TPS65987D is included to highlight the support of a Texas Instruments Power Duo mode.
Power Duo mode allows for the TPS65987D to close both of its power paths in parallel when operating as
either a source or a sink. When this mode has been enabled, the effective RDSon of the TPS65987D is
decreased by a factor of 2. Additionally, the current carrying capability is doubled.

The TPS65987D is the heart of this design and is used to control the LM3489 output voltage, the VBUS
negotiation, VBUS voltage selection, PD Alternate Mode negotiation, and VBUS Over-current protection.

Simplified Schematic

520V O
520V O

33V O i i

[ i i Type-C Cable Detection 1

Host [ Host | ! and —
Interface ! il USB PD Controller i USB
: ’ Type-C
Connector

Alternate Mode Mux Ctrl
GPIO or 12C

SuperSpeed Mux/Retimer

2. TPS65987D Simplified Schematic

LM3489

The LM3489 device is a high-efficiency PFET switching regulator controller that can be used to quickly
and easily develop a small, cost-effective, switching buck regulator for a wide range of applications. The
hysteretic control architecture provides for simple design without any control loop stability concerns using
a wide variety of external components. The PFET architecture also allows for low component count as
well as ultra-low dropout, 100% duty cycle operation. Another benefit is high efficiency operation at light
loads without an increase in output ripple. A dedicated enable pin provides a shutdown mode drawing only
7 PA. Leaving the enable pin unconnected defaults to on.

Current limit protection can be implemented by measuring the voltage across the PFET’'s RDS(ON), thus
eliminating the need for a sense resistor. A sense resistor may be used to improve current limit accuracy if
desired. The cycle-by-cycle current limit can be adjusted with a single resistor, ensuring safe operation
over a range of output currents.
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The LM3489 is used to buck down the 20 V DC input to the 5-V, 9-V, 15-V, or 20-V Type-C PD voltages.
The LM3489 has a max duty cycle of 100% allowing it to pass through the input voltage through the

PFET.
Vin Caps Raps Q1
il
e s
Cin VIN 1

LM3489

8 | SLEEP
GND |2
3
I —|AGND PGND
— 6 i

K 3. LM3489 Typical Application Circuit
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2.3.3 TPS62177

The TPS62177 is a high efficiency synchronous step-down DC/DC converter, based on the DCS-
Control™ topology.

With a wide operating input voltage range of 4.75 V to 28 V, the device is ideally suited for systems
powered from multi cell Li-lon as well as 12 V and even higher intermediate supply rails, providing up to
500-mA output current.

The TPS62177 automatically enters power save mode at light loads, to maintain high efficiency across the
whole load range. It also features a sleep mode to supply applications with advanced power save modes
like ultra low power micro controllers. The power good output may be used for power sequencing and/or
power on reset.

The device features a typical quiescent current of 22 pA in normal mode and 4.8 YA in sleep mode. In
sleep mode, the efficiency at very low load currents can be increased by as much as 20%. In shutdown
mode, the shutdown current is less than 2 pA and the output is actively discharged.

The TPS62177, available in an adjustable and a fixed output voltage version, is packaged in a small 2-mm
x 3-mm 10-pin WSON package.

In this design, the TPS62177 is used to convert the 20-V DC input voltage to a 3.3-V output voltage. This
is used to power the TPS65987D and other accessories on the board.
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i 4. TPS62177 Typical Application Circuit

2.4 System Design Theory

uF

The following sections will highlight subsystems on the TIDA-050012 board, discuss their features, and

how they are implemented.

24.1 LM3489 DC/DC with Variable Output
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K& 5. LM3489 Variable DC/DC Schematic

TP3

> P3v3

For high powered USB Type-C PD Source applications, a variable DC/DC is required as the source must
be able to offer 5-V, 9-V, 15-V, and 20-V per the PD Specification. To do this, the feedback network of the
LM3489 is altered through a series of FETs and resistors. The TPS65987D is used to control the feedback

loop through GPIO options.

Vour
R1
FB 8- 8- 8-
%RZ GPIOﬂ Q1 GPIOﬂ Q2 GPIOﬂ Q3
— R3 R4 R5
6. LM3489 Feedback Network
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6 Shows how the feedback network of the LM3489 is implemented in this design. When all of the
GPIO's are off, the feedback network just consists of R1 and R2 which will deliver an output voltage of 5
V. When a 9-V PD contract is negotiated, the TPS65987D will enable GPIO0 which would adjust the
feedback network so that R2 in parallel with R3 is on the bottom of the divider network. The resistor value
for R2 and R3 were selected so that their parallel resistance would deliver an output voltage of 9-V when
R1 is at the top of the divider. The same theory applies for a 15 V and 20 V PD contract where either
GPIO1 or GPIO2 will turn on respectively to set the output voltage of the LM3489 to the negotiated PD

voltage.

K 5 highlights the schematic of the LM3489 on this design. # 2 shows the values calculated for the
feedback network and the corresponding output voltage that the LM3489 will deliver.

2 2. LM3489 Feedback Network Values

PDO_3 PDO_2 PDO_1 EXpe&éeltda;)e”tp”t Feedback (R1) | Feedback (R2) | @!°!ated g‘;“tp“‘
0 0 0 5V 30k 9.53k 5.14-V
0 0 1 oV 30k 459K 9.33V
0 1 0 15V 30k 2,64k 15.32-V
1 0 0 20V 30k 1.79k 22.03-V

The TPS65987D is in control of the GPIOs for the feedback network of the LM3489. When connecting a
Type-C PD device to this board, the TPS65987D will begin the PD negotiation contract. On initial
connection, all devices will start with 5 V, this is why the base feedback is set to output 5 V. After 5 V is
present on VBUS, the two connected devices will communicate over the CC line per the USB Type-C PD
Specification. This design will always be the power source so it will send its Source Capabilities of 5-V, 9-
V, 15-V, and 20-V to the connected device. The connected device will then select one of those voltages
and return a Request message to the Source. The source will then accept this request and begin
preparing the system. The source will toggle the correct GPIOs that match the requested output voltage to
ensure the LM3489 is outputting the correct voltage. Once the voltage has stabilized, the source will send
a PS Ready message indicating to the sink that its power supply is ready and that the sink may now begin
to draw current.
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7. PDO LEDs Schematic
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7 highlights the LEDs on this design that will show the user what type of source contract is currently
active. This can help speed up debug and measurements as the actual VBUS voltage is not needed to be
measured.

2.4.2 TPS62177 DC/DC Buck Regulator

The TPS62177 was used to generate a 3.3 V supply rail to power the TPS65987D as well as some
indication LED's on the TIDA-050012 PCB. The datasheet was followed when creating the TPS62177
schematic.
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8. TPS62177 3.3 V Buck Regulator Schematic

2.4.3 TPS65987D PD Controller
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9. TPS65987D PD Controller Schematic
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The TPS65987D is used to handle all of the USB PD communication when another device is connected to
the Type-C Connector. The previous section walked through a basic PD negotiation process and how the
TPS65987D is used to control the output voltage of the LM3489. It can be seen in the schematic that
GPIO 15, 17, and 20 are used for the variable DC/DC control. GPIO 18 and 19 are used as the BC1.2
detection and advertisement pins. These are connected to the USB2.0 D+/D- lines on the Type-C
connector so that the TPS65987D can advertise as a BC1.2 compliant charger.

The TPS65987D is using an external SPI-Flash in this design to hold the application code. In many
systems, the TPS65987D can boot into a default configuration based on the pin strapping on the ADCIN1
and ADCIN2 pins. This would remove the requirement for an external SPI Flash. Additionally, the
TPS65987D has the option of being booted from an external controller. In this scenario, the TPS65987D
would receive the application code from the external controller upon boot. However, since this design
does not have an external controller and is using a complex application code, an external SPI-Flash is
used for flexibility. Upon booting, the TPS65987D will read back the application code from the SPI-Flash.
The SPI-Flash is only accessed upon initial boot up and power on reset events.

This design also features an 8 pin header (J2) that connects to the SPI and 12C lines of the TPS65987D.
This header can be used to update the application code on the SPI-Flash and to read back registers over
I2C during run-time. The TIDA-050014 companion design contains an FTDI chip and this same 8-pin
header. This allows the two boards to be stacked on top of one another so that TIDA-050014 can program
TIDA-050012. This 8-pin header is highlighted in ¥/ 10.

R57
0
GND
) R48 0
12C2_SCL AV
12c2 BDA; 49 0 8 1o o—L296,,0 SPI_CSZ SOURCE
- B 5 R 0 > Sulk it
O o222 SPI_CLK
12C1_SCL RO w2410 o+—2Bamd & SPIMOSI
2C1_SCL 22 )\ R51 0 2 1 R530 0 Sy P MOS]
12C1_SDA MY o O SPI_MISO
2

K 10. SPI/12C 8-Pin Programming Header

There are four push button switches that are used to control the output voltage setting by the user. Each
button is labeled with the corresponding output voltage that will be offered when the button is pushed.
Initially, the TPS65987D will only advertise 5-V as it's only source capability. When for example, the 15-V
button is pushed, the TPS65987D will change the configuration in the Source Capabilities register by
using the App Config input GPIO events. In this case, the TPS65987D will add 9-V and 15-V to it's source
capabilities and then re-send the Source Capabilities to the connected device so a higher voltage contract
can be negotiated. If next, the user pushed the 20-V push button, the Source Capabilities register will be
updated to add the 20-V PDO in addition to the 5-V, 9-V, and 15-V PDOs and resend the source
capabilities PD message to allow for a higher voltage contract to be negotiated. ¥ 11 highlights the
circuitry used on the push-buttons. When the 5-V push button is pressed after a high voltage push button
had been pressed, the TPS65987D will reset to only offering a 5 V PD Contract. GPIOs 1, 2, and 5 are
used for the 9-V, 15-V, and 20-V push button inputs respectively.

ZHCUS550—September 2018 Power DUO HiJ 200W USB-C PD &% i if 9

TIDUEF3 — http://www-s.ti.com/sc/techlit/ TIDUEF3
AL © 2018, Texas Instruments Incorporated



http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUEF3.pdf
http://www.ti.com/tool/TIDA-050014
http://www.ti.com/tool/TIDA-050014
http://www.ti.com/tool/TIDA-050012

13 TEXAS
INSTRUMENTS

System Overview www.ti.com.cn

s1
) RS8

sv_pe 4 @ L o5 Kpav3
434121025816 0
R59
100k
GND
S2
R60
ov_p 4 ® 1 oo 2
434121025816 0
R62
100k
GND
S3
15v_pB <4 ® I oo 2 Ao
434121025816 0
R64
100k
GND
s4
R65
20v_pB 4 ® 1 oo 2
434121025816 0

R66
100k

[}
=

D

K 11. Selectable Output Voltage Push Button Schematic

As seen in & 9, the push button signals go into GPIOs of the TPS65987D. The App Config GPIO events
are used to load different PDOs based on which button is pushed. For example, when the 9 V Push
Button is pressed, the TPS65987D will advertise a 5 V and a 9 V Source Capability. Similarly, when the
20 V push button is pressed, the TPS65987D will advertise 5V, 9 V, 15 V, and 20 V Source Capabilities.
Finally, when the 5 V push button is pressed, the TPS65987D will reload its original configuration which
only contains the 5 V source capability. The App Config GPIO event is explained in more detail in the
TPS6598x GPIO Events Application Note. Also, the project file for this design can be referenced when
using the TPS6598x Application Customization Tool.

When this power source board is paired with the TIDA-050014 Power Sink board, Texas Instruments
Power Duo Mode can be enabled. This would allow for the TPS65987D to negotiate up to 200 W over a
single Type-C cable. The TPS65987D can close both of its power paths in parallel to allow for double the
current carrying potential and half the effective RDSon. Once a 20 V contract has been negotiated, the
TPS65987D will toggle a GPIO which will enable a bypass PFET path that will directly pass the barrel jack
supply to the PPHYV pins of the TPS65987D. This allows for higher current loads since the loss from the
DC/DC converter is removed.

10
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244 External PFET Bypass Path
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Kl 12. External Bypass Path

The TIDA-050012 reference design features an external bypass path using two PFET transistors. The
bypass path is enabled once a 20 V PD contract has been entered. This would allow for the 20 V barrel
jack source to be directly passed through to the PPHYV pins of the TPS65987D to minimize the loss
through the LM3489 DC/DC Convertor. ¥ 12 highlights the schematic of the external PFET path used for

this application.
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3 Hardware, Software, Testing Requirements, and Test Results
3.1 Required Hardware and Software
To fully test the TIDA-050012 board, the following items are required:
1. Windows PC with TPS6598x Application Customization Tool installed
2. TIDA-050014 Companion TI-Design board
3. High Current Type-C Cable
4. 230 W Barrel Jack Connector or High Powered Bench Supply capable of sourcing 20 V at 10 A
5. E-load or resistive load
3.11 Hardware
For use of this design, a high powered power source is required. The power source must be able to
source at least 20 V at 10 A.
3.1.2 Software
The TPS6598x Application Customization Tool must be installed on the Windows PC used to interface
with this design.
12 Power DUO HiJ 200W USB-C PD &% it ZHCU550—September 2018
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3.2 Testing and Results

3.2.1 Test Setup

The following sections will highlight how to program the TIDA-050012 board using the TIDA-050014
board. This section will also cover how to use this board, what each button does, and what each LED
indicates.

3.21.1 Programming the TIDA-050012 Board

The utilities tool can be found by going to the TPS65987D product page on Tl.com, which is at the
following link. From there click the tools and software tab, and then click the link for the TPS6598x
Configuration Tool.

TPS65987D rreview)
TPS65987D USB Type-C and USB PD Controller with Integrated Power Switches

DATASHEET
TPSE5987D USB Type-C and USB PD Controller with Integrated Power Switches datasheet

View now
Download

Description &parametrics = Technicaldocuments | IRCEIERELT RIS | v OrderNow ~ Compare | Quality &packaging ~ Support &training

Design kits & evaluation modules SoftwareDevelopment tools

Design kits & evaluation modules (1)

Name Parti# Type

TPS65987 Single Port USB Type-C and PD Contfroller Evaluation Module = TPS65987-90EVM  Evaluation Modules & Boards

Software (1)

Name Part# Type

TP56598x Configuration Tool TP36598X-CONFIG  Application Software & Frameworks

K 13. TPS65987D Product Page

From there, click the link next to TPS6598x-CONFIG that says “Get Software”. You will then have to fill
out some information to get the link to the software download.
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TPS6598x Configuration Tool

(ACTIVE) TPS6598X-CONFIG

@ Description & Features [3 Technical Documents E Support & Training Order Now
Order Now
Part Number Buy from Texas Instruments or Third Party Alert Me Status Current Version  Version Date
Get Software INRa Ll ACTIVE v1.0 04-May-2016

TPS56598X-LGPL
LGPL Source Code for TPS6598X-Config

ACTIVE v3.18 14-Jun-2018
TPS6598X-CONFIG Get Software Alert Me

TPS6598x Configuration Tool

14. TPS6598x-Config Download Page

Once the download link has been clicked, you will be brought to a window for a 32 bit and 64 bit
executable. Depending on the system you are using, click the correct executable. The executable will
open, which will look like the following image.

oy

Welcome to the Application
& Customization Tool 81_2 _6_7
C 3_18 Setup Wizard

This will install Application Customization Tool 81_2_6_7 3_18
version 3_18 on your computer,

It is recommended that you dose all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

15. TPS6598x-Config Installation

Once the configuration tool has been downloaded, the program file for the source board will be flashed.
This is done by first plugging in the barrel jack to power the source board, and then using a micro-usb to
Type-A cable, connect the FTDI to a laptop for programming. Make sure that the jumper J202 is
connected to SRC (right two pins). The cable connections and LEDs for this set up are shown below.
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K 16. TIDA-050012 Source Board Programming

The next step is to flash the source.bin file onto the TIDA-050012 board. This is done by clicking the
Binary tab, and then Flash from Binary File.
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B Application Customization Tool - O X

Project Binary Device Settings Debug Documents Help
Genera Save Binary |
Flash from Binary File
default.cfg

Configuration Mode
g No Project Loaded

Firmware Base Image

Change File

Firmware Version: 0000.00.00
Application Configuration Available: 0x0
Application Configuration Used: Ox1a

Device Initialization Chain

Number of Connected Devices: |1 ~ Share Seftings Across All Devices: []
Device Ports Addressing
DBG1 DBG2 12C_ADDR Port1 12C1: 0x38
Device 1 Port1 (0x0)
0 ~/ |0 v |0(00OhmR_d) v Port1 12C2: 0x20

L ___________________________________________________________________________|
K 17. Flash From Binary File

From there, you will have to change the USB SPI Adapter from Aardvark to FTDI. Then click the change
file button, and load the sink.bin file to be flashed. Press OK, and the file will begin flashing onto the EVM.

[ ]
General Settings

default.cfg
No Project Loaded

Configuration Mode

Firmware Base Image
Chamn " Flash from File 7 %

Firmwa| Flash from File

Applical
PP UsB to sPIAdapter = FTDI v]
Applical

_ ) Aardvark
Device Binary Flash Image File |ii@—

Change File| C:/Users/a0232067/Documents/PSIL/Power Interface/TPS65987/Expansion board/Golden Projects/DH/Sink bin

Numb es: [
1 Cancel
Deviceh WG DO DOOE TEC_ Ao POMTTIZCT. 0x38
eviee ot (0x0) 0o ~/0o ~/looomra) - Port1 122 0x20
/& 18. USB to SPI Adapter
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Once this file has been flashed onto the source board, unplug the Micro-USB cable and then the barrel
jack from the PCB. Move the jumper on J202 from the SRC setting to the SNK setting. Plug the barrel jack
back in, and the image should be loaded onto the TIDA-050012 PD controller. Next, using a Type-C to
Type-C cable, power the sink board from the source board. The cable connections and LEDs for this set
up are shown in & 19.

SYS_PWR ¢

i 19. TIDA-050014 Programming

Next, the sink board program file needs to be flashed. You will follow the same setup as with the Source
board, but instead of flashing source.bin you will flash sink.bin. Make sure that the header on J202 is now
the SNK side (left two pins).

Once the binary file has been flashed, unplug the micro-usb and the barrel jack. Plug the barrel jack back
in, and the image should not be loaded onto the TIDA-050014 PD controller. The LEDs should look similar
to the image below.
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K 20. TIDA-050012 and TIDA-050014 Boards Programmed

VE: The TIDA-050012 and TIDA-050014 boards will come preprogrammed out of the box. If you
would like to change any of the configurations, you can do so by using the TPS6598x
Application Customization Tool and following the above mentioned steps.

3.2.1.2  Setting up the TIDA-050012 Board with a PD Device

To use the TIDA-050012 board, first connect a barrel jack supply to J1. This will power the device and get
it ready for use. Once the device is powered, you can connect any Type-C PD device to it through a Type-
C Cable. Upon initial connection, the TIDA-050012 board will only output 5 V on VBUS. This will be
indicated through D5 being on. This LED is also labeled "5 V" in the silkscreen for clarity. If the attached
sink device supports more than 5 V, you can use the push button switches S1 through S4 to select a
higher voltage. S1, S2, S3, and S4 are labeled 5V, 9 V, 15V, and 20 V respectively in the silkscreen. If
the attached sink device supports the voltage of the button pressed, it will negotiate the higher voltage and
increase VBUS.

3.2.2 Test Results

The following sections will highlight the performance of the TIDA-050012 design.

3221 RDSon

The effective RDSon was measured using Power Duo mode and in normal operation. The results are
highlighted in % 3 and % 4. Each measurement was taken with various currents going through VBUS.
The boards were left for 5 minutes before the voltage drop across the power path was measured to allow
for the drop to reach a steady state.
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#* 3. Rds,, Power Duo Mode Measurements
Voltage Drop
VBUS Voltage (V) VBUS Current (A) across Power Path Effective RDSon (mOhm)
(mV)
20 1.5 21.48 14.32
20 2 28.16 14.08
20 3 44.42 14.81
20 4 58.12 14.53
20 5 76.32 15.26
20 6 97.43 16.24
20 7 120.36 17.19
20 8 145.32 18.17
20 9 175.76 19.53
20 10 216.78 21.68
E: It can be expected that actual RDS,, will be a few milli-ohms lower than the results above.

The results above do NOT take into account cable or trace resistance. This is a board level
measurement. Additional thermal management is required on the PCB if exceeding 7 A in
Power Duo Mode.

#* 4. Rds,, Single Power Path Measurements

Voltage Drop
VBUS Voltage (V) VBUS Current (A) across Power Path Effective RDSon (mOhm)
(mV)
20 1.5 44.22 29.48
20 2 56.89 28.45
20 3 86.12 28.71
20 4 119.78 29.95
20 5 158.74 31.75
E: When using one power path, do not exceed 5 A of current as this exceeds the ratings of the

device. Please see TPS65987D datasheet for more information.

From the results above, it can be seen that the Power DUO Mode RDS,, is about half of the single power
path RDS,,,. This can be modeled as two FETs in parallel. The effective RDS,, when two of the same
FETs are in parallel will be roughly half RDS,, of a single one.

3.2.2.2 VBUS Short to Ground in Power Duo Mode

Since the TIDA-050012 design will always be a power source, it needs to be able to protect against VBUS
shorts to ground. The TPS65987D has been strenuously tested when operating using a single power path.
These results can be found in the TPS6587D Power Path Performance and Protection application note.

This section will highlight how the TPS65987D performs when it is in Power Duo mode and there is a
VBUS short to ground event. Note that the current on VBUS will spike higher when in Power Duo mode
but the power paths should open just as quickly as when a single power path is used. The results of a
VBUS short to ground when VBUS is 5 V is shown in [¥] 21. The current through VBUS spikes to about 18
A and the power paths are able to open in about 20 us.

& 21. TIDA-050012 Hard Short at 5V
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Next, VBUS was raised to 9 V and then shorted to ground. The results of this test can be seen in & 22.
Here, the current rises to about 28 A and the power paths are able to open in less than 20 us.

|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
ko

|
|
|
i

Y
Measure P1:max(C3) P2:min(C3) P3:rise(C2) Pdrise(C1) P5:min(C1) P6:max(C1) P7:max(C2) P8:ms(C2)
value 28.85A 240mA 16.442702 s — 207V 962V 1014V
status v v X a v v v v

[€1) BeL o Timebase 300 1|
2.00 V/div|
-4.0000 V)

& 22. TIDA-050012 Hard Short at 9 V

VBUS was then increased to 15 V and shorted to ground. The results are highlighted in F§ 23. Here the
current on VBUS spikes to about 34 A and the power paths are able to open in under 10 us.

|
|
|
|
|
|
I
{
|
|
|
|
|
|
|
VBUS |
|
|
|
|
|
|
|
I
1
|
|
]

[y
Measure P1:max(C3) P2:min(C3) P3:rise(C2) Parise(C1) P5:min(C1) P6:max(C1) P7:max(C2) P8:ms(C2)
value 34T2A -240mA 9808964 s — 241V 1550V 1573V 15214V
status v v R a v v v v

1 [ &L oo Timebase -30.0 ps|
5.00 Vidiv|
-5.000V]

& 23. TIDA-050012 Hard Short at 15V

Finally, VBUS was increased to 20 V and then shorted to ground. A VBUS short to ground with 20 V on
VBUS is the most difficult to protect against since the current will spike very fast. The results of this test
can be seen in ¥ 24. The current spikes to about 43 A and the power paths are able to open in under 10
us to protect the system.
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Measure P1:max(C3) P2:min(C3) P3iise(C2) Parise(C1) P5:min(C1) P6:max(C1) P7:max(C2) PEMS(C2)
value 4272A -300mA — — 295V 1999V 2047V 19505V
v v a v v v

v
[ W oo Timebase 5007
10.0 A/div|
-10.000

K 24. TIDA-050012 Hard Short at 20 V

3.2.2.3 200 W Over Type-C PD using Power Duo Mode

Once Texas Instruments' Power Duo mode is enabled, the TPS65987D closes both of its power paths and
is able to carry up to 10 A over the USB Type-C connector. [¥ 25 highlights an oscilloscope capture where
the TIDA-050012 board is sourcing almost 200 W over the Type-C cable.

|
| NBUS

|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

=
|
|
. 3
Measure Pi:max(C3) PZmIn(C3) Parise(C2) Pdrise(C1) PS:min(C 1) Pémaxi(C1) P7maxiC2) Pa:ms(C2)
982A 958A 90.61350ps 389481443 1865V 1889V 110mv Imy
v v ® = v v v v

o 2225

25. TIDA-050012 Outputting 20 V at 10 A
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3.224 Efficiency

The efficiency of the TIDA-050012 board was measured to see how efficient the LM3489 asynchronous
buck controller would regulate the Type-C PD VBUS output voltage. 4| 26 highlights the efficiency plot of
the TIDA-050012 board with the different Type-C PD output voltages. The Y-axis of the plot highlights the
efficiency in percentage and the X-axis represents the current load on the TIDA-050012 board. 20 V is the
most efficient as it is directly passing the input voltage to VBUS through the external bypass path
highlighted in 75 2.4.4.

100

90 =

80
70
60

50
40

30

— 5V Efficiency
20 — 9V Efficiency
10 — 15V Efficiency
—— 20V Efficiency

Efficiency (%)

0
0.5 1 15 2 25 3 35 4 4.5 5
Load Current (Amps)

26. TIDA-050012 Efficiency

3.2.25 Power Loss

3.2.2.6

By using the results of the efficiency test, the power loss could be calculated at the different Type-C PD
voltages. This is highlighted in & 27.

6

— 5V Losses ]
54| — 9V Losses
48| — 15V Losses
—— 20V Losses
4.2
S 36
3 3 /|
173
@
S 24
18 —
1.2 =
i —
0.6 = —
0 ="

0.5 1 15 2 25 3 35 4 45 5
Load Current (Amps)

& 27. TIDA-050012 Power Loss

Voltage Regulation

The output voltage of the TIDA-050012 board was measured at different system loads at all 4 system
output voltages. ¥ 28, & 29, & 30, and ¥ 31 highlight the voltage regulation for 5V, 9 V, 15V, and 20 V
respectively.

22
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-050012.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-050012.
4.3 PCB Layout Recommendations
When designing a PCB that will carry high currents, it is crucial to ensure that enough copper is added
into the high current paths of the PCB. For this design, the high current nets would be the nets connecting
to the PPHV and VBUS pins of the TPS65987D. It is recommended to use a PCB layout calculator to find
out how much copper to use given your design parameters.
43.1 Layout Prints
To download the layer plots, see the design files at TIDA-050012.
4.4  Altium Project
To download the Altium Designer® project files, see the design files at TIDA-050012.
4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-050012.
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-050012.
5 Software Files
To download the software files, see the design files at TIDA-050012.
6 Related Documentation
1. TPS65987DDH Power Path Performance and Protection
6.1 HtR
E2E is a trademark of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
All other trademarks are the property of their respective owners.
7 Terminology
The terminology used in this design guide is all related to the USB Type-C and PD specifications. These
specifications can be downloaded from the USB-IF website.
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