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Description Features

This power bank reference design offers highly- * Supports5Vat3A 9Vat3A 148Vat2A 15V
integrated USB Type_CTM power de"very (PD) for at 3 A, and 20 V at 2.25 A for Power Data Ob]eCtS
charging notebooks. The key aspect of this design is (PDOs)

to reduce the bill of materials (BOM) cost while « Supports up to 45 W of Power to Charge Portable
maintaining the overall functionality. The design Devices

implements unique considerations for reducing
guiescent current and covers all the required aspects
to guide users through the part selection and trade-off
considerations.

< Automatically Charges After Connecting to USB PD
Source

Applications
e Charging Notebooks

Resources .
e Charging Cell Phones

TIDA-01627 Design Folder e Charging or Powering Other USB Type-C or PD
TPS65987D Product Folder Devices
BQ25703A Product Folder
TPD8S300 Product Folder
TPS563200 Product Folder
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2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.
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1 System Description
For many, carrying multiple devices is a normal if not necessary part of daily life. The average user's
dependency on these gadgets continues to increase while the overall battery life is decreasing. Many
users have no choice but to carry an alternate portable source of power to help recharge gadgets while on
the move. This reference design offers a power bank solution that can provide 45 W of power to charge a
notebook while away from traditional power sources.
1.1 Key System Specifications
Table 1. Key System Specifications
PARAMETER SPECIFICATIONS
Number of batteries Three cells
Type of batteries Lithium-ion cells
Minimum output voltage 5V
Maximum output voltage 20V
Maximum power 45 W
2 USB Type-C™ PD Power Bank Reference Design
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n
=

Vhat(nom.) = 12.6V (4.2V x 3)

2.2

System Overview

This reference design has been built around two key components: TPS65987D and BQ25703A.
TPS65987D is the PD controller which controls all of the USB Type-C™ and PD negotiations, in addition
to controlling the BQ25703A battery charger over I2C. This battery charger chip manages all the power
and battery charging. The chip also works as a reverse buck-boost to provide power in on-the-go (OTG)
mode. TPD8S300 provides protection from electrostatic discharge (ESD) and VBUS to CC short and the
TPS563200 generates 3.3 V from the battery to power the PD controller.

Block Diagram

' VBUS
+ <@—HV_GATE

— Tvpe-C EN_OTG
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. A
SPI Flash

Figure 1. TIDA-01627 Block Diagram

Design Considerations

This TIDA-01627 system demonstrates how to manufacture reliable power banks using USB-Type-C and
PD ports. To achieve this objective, the reference design uses the most-integrated USB-PD controller and
battery controller in the market. The unique combination of these two devices ensures the most reliable
and cost-effective solution to charge a notebook on the go.

This reference design has been tested with three lithium-ion cells; however, it can support one to four cells
by simply changing the values of R12 and R14. For more details on this custom setting, see bq25703A
[2C Multi-Chemistry Battery Buck-Boost Charge Controller With System Power Monitor and Processor Hot
Monitor. Note that the batteries must be sized properly to support the PD load, which the power bank must
also support.

The following subsections show the various parts of this design and the devices which they use.
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2.2.1 TPS65987D USB Type-C™ and PD Controller With Firmware Upgrade Capability

The TPS65987D is a highly-integrated USB Type-C and PD controller. This device is the brain of this
system and is responsible for negotiating contract with the connected device, controlling various settings
of the BQ25703A device. This device was chosen as it provides I1°C master functionality, which can be
configured to control any I°C slave by just using it's configuration utility.

Figure 2 shows the TPS65987D signals schematic. Figure 3 shows the TPS65987D power lines

schematic.
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Figure 2. TPS65987D Signals Schematic
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Figure 3. TPS65987D Power Lines Schematic
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2.2.2 BQ25703A Multi-Chemistry, Battery Buck-Boost Charge Controller With System Power Monitor

The BQ25703A is a buck-boost, narrow-voltage DC (NVDC) charge controller for multi-chemistry portable
applications such as notebooks and other mobile devices with rechargeable batteries. This device
provides seamless transition between converter operation modes (buck, boost, or buck-boost), fast
transient response, and high light-load efficiency. The BQ25703A takes input voltage from 3.5 V to 24 V
and charges one to four batteries in series. The BQ25703A also supports USB On-The-Go (OTG) to
provide a 4.48-V to 20.8-V output at the USB port.

This device is perfect for this reference design because it can work as a battery controller as well as a
DC-DC converter. When the power bank is a sink and charging its own battery, then this chip assists with
charging the batteries, whereas during the power source mode, this chip works as a DC-DC converter to
generate the VBUS.
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223 TPD8S300 USB Type-C™ Port Protector

The TPD8S300 is a single-chip, USB Type-C, port protection solution that provides 20-V short-to-VBUS
overvoltage and IEC ESD protection. The TPD8S300 integrates four channels of 20-V short-to-VBUS
overvoltage protection for the CC1, CC2, SBU1, and SBUZ2 pins of the USB Type-C connector.
Additionally, IEC 61000-4-2 system level ESD protection is required to protect a USB Type-C port from
ESD strikes generated by end-product users. The TPD8S300 integrates eight channels of IEC61000-4-2
ESD protection for the CC1, CC2, SBU1, SBU2, DP_T (top side D+), DM_T (top side D-), DP_B (bottom
side D+), and DM_B (bottom side D-) pins of the USB Type-C connector. This integration means IEC
ESD protection is provided for all of the low-speed pins on the USB Type-C connector in a single chip in
the TPD8S300 device. Additionally, the CC and SBU lines require high-voltage IEC ESD protection that is
22-V DC tolerant to simultaneously support IEC ESD and short-to-VBUS protection; unfortunately, not
many discrete market solutions are available that can provide this kind of protection. The TPD8S300
integrates this high-voltage IEC ESD diode and has been specifically designed to guarantee that it works
in conjunction with the overvoltage protection field-effect transistors (FETS) inside the device. This sort of
solution is very hard to generate with discrete components.

Figure 5 shows the TPD8S300 schematic.
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Figure 5. TPD8S300 Schematic

2.2.4 TPS563200 DC-DC Converter

The TPS563200 is an easy-to-use, synchronous step-down, DC-DC converter optimized for low standby
current with minimum external components. A high switching frequency of typically 650 KHz allows the
use of small inductors and provides fast transient response as well as high output voltage accuracy by
using the D-CAP2™ mode control. In this reference design, this DC-DC converter functions to generate
the 3.3-V rail to power up the TPS65987D device. If nothing is connected to the power bank, then the
enable input goes low and everything shuts down. If any PD power sink is connected to the power bank,
then this input remains high for as long as the device is connected.
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3

3.1

3.2

System Powering Scheme

This power bank reference design features two different power modes: power source mode and power
sink mode.

Power Source Mode

In this mode, the power bank works as a source and the device connected to it draws power. To start in
this mode, the user must press the S1 switch and then ensure that the device is connected after the LED
turn on. The user can release this switch after connecting the device, after which it will no longer respond
to further presses. If the device comes up as a sink, then the TPS65987D device drives the “SRC_EVT”
node high, which ensures that U3 remains turned on even after S1 is released by maintaining 3.3 V at the
SYS_EN node. The TPS65987D device drives the SRC_EVT node low when it detects disconnection,
which forces the SYS_EN node down after some time, after which U3 eventually turns off and leads to a
system shutdown.

Figure 6 shows a schematic of the 3.3-V power scheme of the power bank.
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Figure 6. Schematic of 3.3-V Power Scheme of Power Bank

Power Sink Mode

Whenever the designer connects a PD source, this power bank begins charging in dead battery mode.
The LED turn on automatically to indicate the charging status. Pressing the user switch S1 causes a
power role swap and, if accepted by the connected device, causes the power bank to enter power source
mode.
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4 Test Data
The following subsections show the PD logs, which were taken during various use cases.

4.1 Power Bank When Charging Notebook

The power bank registers as a power source when the user presses the switch with the power bank connected to a notebook. The power bank
sends its source power data object (PDO) and the notebook requests for the suitable PDO from the available options. From the given case in
Figure 8, the power bank presents various PDOSs, for which the notebook chooses a 20-V PDO.

Figure 7. !~Varios signals during negotiations

VBUS gningu
to 20V

Initial PD Higher Voltage
Negotiations PDO Requested
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! e O s B B — e ]
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Figure 8. PD Log When Using Power Bank as Source
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4.2 Power Swap Upon Switch Press

If the user connects the power bank to a notebook without pressing the switch, then the power bank registers as a sink and starts drawing power
from the laptop. In this condition, the user can press the switch and perform a power role reversal to start charging the notebook. The following
logs in Figure 9 show the power role sequence after pressing the switch.

JI&&H Left) Attached.SNK @ 00.000 000 000 JI&& Right) Attached SRC @ 00.000 000 000
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o | Packet [ 2
“Notebook” |t = |romss GoodCRC [DFP[SRC| 5 0 473.758 us 2147 ms 3.051972376
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Figure 9. PD Log During Power Role Swap
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4.3 Power Bank Charging From PD Power Adapter

The power bank registers as a PD sink and makes a PD contract when it is connected to a PD power adapter. The power bank picks up the right
PDO from the available options and starts charging (see Figure 10).

pl==p L=ft) Disabled @ 00.000 000 000 J[==i Right) Unattached.SRC @ 00.000 000 000 )]
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Figure 10. PD Log During Power Bank Charging

12 USB Type-C™ PD Power Bank Reference Design TIDUE65A—April 2018—Revised August 2018
Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUE65A

13 TEXAS
INSTRUMENTS

www.ti.com Design Files

5 Design Files

5.1 Schematics
To download the schematics, see the design files at TIDA-01627.

5.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01627.

5.3 Layout Prints
To download the layer plots, see the design files at TIDA-01627.

5.4 Gerber Files
To download the Ferber files, see the design files at TIDA-01627.

5.5 Assembly Drawing
To download the assembly drawings, see the design files at TIDA-01627.

6 Related Documentation

1. Texas Instruments, bg25703A 12C Multi-Chemistry Battery Buck-Boost Charge Controller With System
Power Monitor and Processor Hot Monitor Data Sheet

6.1 Trademarks

E2E, USB Type-C, D-CAP2 are trademarks of Texas Instruments.
USB Type-C is a trademark of USB Implementers Forum, Inc.
All other trademarks are the property of their respective owners.

7 Terminology
BOM— BiIll of materials

ESD— Electrostatic discharge
FET— Field-effect transistor
LED— Light-emitting diode
NVDC— Narrow voltage DC
OTG— On-the-go

PD— Power delivery

PDO— Power data object
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

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

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

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

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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