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1 System Description
For some people, carrying multiple devices is a normal, if not necessary part of daily life. The average
user's dependency on these devices 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 their
devices while on the go. This reference design offers a power bank solution that can provide 45 W of
power to charge a notebook or other portable electronics while away from traditional power sources. This
reference design uses USB Type-C Power Delivery (PD) to enable high powered charging from a small
form factor device. This design also features a legacy USB Type-A port to charge legacy devices using
the BC1.2 protocol.
1.1 Key System Specifications
#* 1. Key System Specifications
e SPECIFISCATION
Number of Batteries Three Cells
Type of Batteries Lithium-ion Cells
Minimum Output Voltage 5V
Maximum Output Voltage (Type-C Port) 20V
Maximum Output Power (Type-C Port) 45 W
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2 System Overview

This reference design has been built around three key components: TPS65988, BQ25703A, and BQ4050.
TPS65988 is the PD controller which controls all of the USB Type-C™ and PD negotiations, in addition to
controlling the BQ25703A battery charger over 1°C. 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.
The BQ4050 is used for cell-balancing in the design to ensure that all three batteries remain at an equal
voltage. TPD8S300 provides protection from electrostatic discharge (ESD) and VBUS to CC short.

2.1 Block Diagram
SYS_PWR
\ 4
I Cell l—l
S BQ4050
—cell2 ijeauge BQ25703A
7; & Cell Balancer Battery Charger
T
ces—I [ A A
+
STA scL PP_HV1
DA - TPS563200
—SCL ” Buck
CC1 -¢—-CCl——
CC2 TPD6S300A -—CC2— }———5V R PP HV2
D+D_ Type-C ESD <—D+ -
<—>D-
5V
VBUS1 -
TPS65988
« 33y  TLv70433
» USB/PD Controller LDO
D -
VBUS2
5V Source Only <_SP|_> SPI Flash
2.2 Design Considerations

TIDA-01515 illustrates how to design a USB Type-C PD Power Bank featuring a Type-C PD port and a
USB Type-A BC1.2 charging port. The design theory highlighted below can be referenced when designing
other USB Type-C PD systems using the TPS65988.
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2.3 Highlighted Products

231 TPS65988

The TPS65988 is a stand-alone USB Type-C and Power Delivery (PD) controller providing cable plug and
orientation detection for two USB Type-C connectors. Upon cable detection, the TPS65988 communicates
on the CC wire using the USB PD protocol. When cable detection and USB PD negotiation are complete,
the TPS65988 enables the appropriate power path and configures alternate mode settings for external
multiplexers. The TPS65988 is fully configurable to fit in many different applications.

Veus ’_5
L

1. TPS65988 Simplified Schematic

2 CCMNcown
2 Dz
520V 00 -

QLP Type-C™

Vi Connector

BUS
520V 00 r
5A
«——=—>
3dV—4— 000 — === -
__L_ | CC112
Host | I Type-C™ Cable Detection F <
0S
Host <):"> and | [
Interface ||  ysBPD Controller |, CCL2| 2 | cc USB —
T T l_ ______ _: b VCONN' Type_cTM
Connector
{ USBPIN |
BCL.2 5 o
[ USBP/N [« >
GND

Alternate Mode MUX Ctrl
GPIO orI2C  GPIO or 12C

U

SuperSpeed MUXes

2.3.2 BQ25703A

The bg25703A is a synchronous NVDC battery buckboost charge controller, offering low component
count, high efficiency solution for space-constraint, multi-chemistry battery charging applications. The
NVDC-1 configuration allows the system to be regulated at battery voltage, but not drop below system
minimum voltage. The system keeps operating even when the battery is completely discharged or
removed. When load power exceeds input source rating, the battery goes into supplement mode and
prevents the system from crashing. The bg25703A charges battery from a wide range of input sources
including USB adapter, high voltage USB PD sources and traditional adapters.

4 T 27 /LA —h USB Type-C™ & Jifilf5 (PD) /X7 — 2o DYT7 7L X T JAJU720—May 2019
s
TIDUDES IR — fcfiod SerBERUZEL http://www-s.ti.com/sc/techlit TIDUDES
Copyright © 2019, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUDE8.pdf

13 TEXAS
INSTRUMENTS

www.tij.co.jp

System Overview

Adapter
35V-24V

2. BQ25703A Application Diagram
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2.3.3 BQ4050
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The bg4050 device, incorporating Compensated End-of-Discharge Voltage (CEDV) technology, is a highly
integrated, accurate, 1-series to 4-series cell-gas gauge and protection solution, that enables autonomous
charger control and cell balancing. The bq4050 device provides a fully integrated pack-based solution with
a flash programmable custom reduced instruction-set CPU (RISC), safety protection, and authentication
for Li-lon and LiPolymer battery packs. The bg4050 gas gauge communicates through an SMBus
compatible interface and combines an ultra-low power, high-speed Tl bgBMP processor, high-accuracy
analog measurement capabilities, integrated flash memory, an array of peripheral and communication
ports, a N-CH FET drive, and a SHA-1 Authentication transform responder into a complete, high-
performance battery management solution.
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X 3. BQ4050 Simplified Schematic
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TPD6S300A

The TPD6S300A is a single-chip USB Type-C port protection device that provides 20-V Short-to-VBUS
overvoltage and IEC ESD protection. Since the release of the USB Type-C connector, many products and
accessories for USB Type-C have been released that do not meet the USB Type-C specification. One
example of this is USB Type-C Power Delivery adaptors that only place 20 V on the VBUS line. Another
concern for USB Type-C is that mechanical twisting and sliding of the connector could short pins due to
the close proximity they have in this small connector. This can cause 20-V VBUS to be shorted to the CC
and SBU pins. Also due to the proximity of the pins in the Type-C connector, there is a heightened
concern that debris and moisture will cause the 20-V VBUS pin to be shorted to the CC and SBU pins.
These non-ideal equipments and mechanical events make it necessary for the CC and SBU pins to be 20-
V tolerant, even though the pins only operate at 5 V or lower. The TPD6S300A enables the CC and SBU
pins to be 20-V tolerant without interfering with normal operation by providing overvoltage protection on
the CC and SBU pins. The device places high voltage FETs in series on the SBU and CC lines. When a
voltage above the OVP threshold is detected on these lines, the high voltage switches are opened up,
isolating the rest of the system from the high voltage condition present on the connector. Finally, most
systems require IEC 61000-4-2 system level ESD protection for external pins. The TPD6S300A integrates
IEC 61000-4-2 ESD protection for the CC1, CC2, SBU1, SBU2, DP, and DM pins, eliminating the need to
place high voltage TVS diodes externally on the connector.
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4. TPD8S300 Application Diagram
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The TPS562200 and TPS563200 are simple, easy-to-use, 2 A and 3 A synchronous step-down (buck)
converters in 6-pin SOT-23 package. The devices are optimized to operate with minimum external
component counts and also optimized to achieve low-standby current. These switch mode power supply
(SMPS) devices employ D-CAP2 mode control providing a fast transient response and supporting both
low equivalent series resistance (ESR) output capacitors such as specialty polymer and ultra-low ESR
ceramic capacitors with no external compensation components. TPS562200 and TPS563200 operate in
Advanced Eco-mode, which maintains high efficiency during light load operation. The devices are
available in a 6-pin 1.6mm x 2.9mm SOT (DDC) package, and specified from —40°C to 85°C of ambient
temperature.

| VIN

5. TPS563200 Simplified Schematic
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2.3.6

3.1

TLV70433

The TLV704 series of low-dropout (LDO) regulators are ultra low quiescent current devices designed for
extremely power-sensitive applications. Quiescent current is virtually constant over the complete load
current and ambient temperature range. These devices are an ideal power-management attachment to
low-power micro controllers, such as the MSP430. The TLV704 operates over a wide operating input
voltage of 2.5 V to 24 V. Thus, the device is an excellent choice for both battery-powered systems as well
as industrial applications that undergo large line transients. The TLV704 is available in a 3-mm x 3-mm
SOT23-5 package, which is ideal for cost-effective board manufacturing.

[ 6. TLV70433 Typical Application

TLV70433

Vin IN ouT * MSP430
GND
| :|: :|: N

System Design Theory

TPS65988 PD Controller Sub System

The TPS65988 is the main chip that controls most of the circuitry in the TIDA-01515 design. The
TPS65988 primarily controls all of the PD negotiation for the USB Type-C port. It allows the Power Bank
to source up to 20 V at 2.25 A and also sink up to 20 V. The TPS65988 uses one of the its internal power
paths for the USB Type-C power. The power path for the Type-C port is used bidirectionally so that the
TIDA-01515 can both source and sink power using the same power path. This is enabled from a system
perspective through the BQ25703A buck-boost charger IC. The TPS65988 is the I?C master to the
BQ25703A and is able to write to the BQ25703A to adjust the charge voltage/current and also to adjust
the output voltage/current when the TPS65988 needs to be a source on the USB Type-C port. The
TPS65988 is also used for BC1.2 detection and advertisement on the USB Type-C port when legacy
devices are connected. The TPS65988 uses its second power path for a source only implementation to
source 5V on the USB Type-A port. Additionally, BC1.2 advertisement is enabled on the USB Type-A port
through the TPS65988.

The TPS563200 and TLV70433 are not enabled until the button on the Power Bank is pushed. Once the
button is pushed, the TPS65988 keeps the supply enabled when a source contract is enabled by enabling
the Source Event GPIO in configuration. When the Type-C cable is removed and the TPS65988 no longer
needs to source power, the TPS563200 and TLV70433 are both disabled and the Power Bank consumes
less power. When a PD adapter is connected to the Type-C port, the button does not need to be pushed
to charge the power bank. Instead, the TPS65988 will boot in dead battery mode and enable the sink
switch. it also enables the BQ25703A to enable charging of the batteries.
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7. TPS65988 Signals Schematic

USA
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8. TPS65988 Power Lines Schematic
USB
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3.2 BQ25703A Bi-directional Buck-Boost Charger Sub System

The BQ25703A handles the battery charging and also generates the USB Type-C voltage from the battery
voltage. When a Type-C PD connection is made, the TPS65988 sends I°C writes to the BQ25703A to tell
it to either generate a source voltage or enable the charging function to charge the batteries in the power

bank.
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¥ 9. BQ25703A Schematic
Q1 Irms =8A, Isat =14A, 18mOhm @
CSD17551Q3A L 1 ™2 CSD1755103A
PR_HV
1 o R1 Y'Y YS
001 | 78L11123 [ TP3 2.2uH 5 231¥[78
R2 56, o me a u1 c2 556,
22 $R3 c3 ca C5 4.99 J 3 ad | ooanr 0.047F c6 c7 c8
05w co 2uF | 220F | 220F . g . ¢ =2{ersn srsm2 |25 20F | 220F | 220F
1 L = d 2 lswi sw2 -2
W = 3
GND €13 oo = TS5 2 | opRVL LODRV2 25 =
0.033uF GND ? = mlw ~ [0 ml
L 3L HibRvL HIDRV2 |24 GND -
GND R4 1 | vaus vsys |22 4 |FJ] CSD25402Q3A
10
$R5 l l ACN 2 BAORY k2L
499 ==C17 c18 ACN BATDRV .
00WF | 047F AcP 3 |.cp P P |
ACN_{ 0
= = VDDA 7 |\ppa P ) R7 ==C19
GND GND ™ 10 0.1uF RS
=—=c20 RO 001
To.o33pr= a 100k reon |22 R0 DDA i
6
¢ 10
Py IUM_HIZ lCZl c22 23
oD 220F Ilu” == F =—=c24
GND  V(ILIM_HiZ) =3V COMP1 16 7 MP2 1opF
1=5A COMP1 CcompP2 = = lR12
GND GND  $64.9k = =
PROCHOT 11 PROCHOT 8 GND GND
CELL_BATPRES ”
(e 1> 13 LscL 3 CELL Confiuration
SDA 1 12,1 spa 1ADPT
4 CHRG_0K AT -2 l R13 R4
| 10 €25 $137k $100k
(ENOTG > EN_OTG PSYS 26 T oo
15 ] 27 R15 100pF
CMPOUT PGND j 30k T
14 33
CMPIN PAD
L =
GND  BQ25703ARSN GND

3.3  BQ4050

The BQ4050 is used as the gas gauge in this reference design. When the button is pressed on the power
bank, the user can tell the charge of the battery through the amount of LEDs that are on. The Charge on
the LEDs are shown when either the button is pressed, or the USB Type-C port is sinking power. The
BQ4050 is also used for cell balancing. Since this power bank design features three batteries in a series,
it is important to ensure that each cell is at the same voltage. The BQ4050 handles this aspect of the

design.

The TPS65988 is also the I°C master for the BQ4050 in this design and ensures that it is correctly
initialized and configured by sending 1°C commands on boot-up.
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X 10. BQ4050 Schematic
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System Powering Scheme

SNK_EVENT

SN74LVC1G08DCKR

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

34.1

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, then it no longer responds to
additional 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.

11 shows a schematic of the 3.3-V power scheme of the power bank.
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11. Schematic of 3.3-V Power of Power Bank
D1
DB2520500L
1 z-sw D2
SYSe 1 oo 2 RIC o ’ ) YS_EN
B3U-3000P 270k
DB2520500L sR17
R20 3100k c27
270k 0_—'_ 10uF
GRD
u3
B 5%0 U2 3v3
SYS 3 fyn sw |2 PY PY 2 1IN OUTH
L 3.3uH 1 T 1 c32
C36 C37 c38 C39 c33 4 5 1uF
10uF  SYS EN 5.en vesT |61 O-1uF 22uF 22uF .
GND GND  GND
VFB [«4 R%
54.9k
1 SR>
G 210.0k
TPS563200DDCR
GNDGND
3.4.2 Power Sink Mode

Whenever the user connects a PD source, this power bank begins charging in dead battery mode. The
LED turns 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.

4 Test Data

The following subsections show the PD logs, which were taken during various use cases.

4.1

Power Bank When Connecting a PD Adapter

The Power Bank would become the power sink when a PD adapter is connected. This is done so that the
batteries inside the power bank can be charged. When a PD adapter is connected, there will be a 20-V
contract active on VBUS. After the 20-V contract is active, the TPS65988 will send 1°C messages to the
BQ25703A to enable the charging algorithm in the battery charger IC.

12 j‘g 7L e—hk USB Type-C™ & JJfilf5 (PD) /X7 — /2D 7 7L R T4
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¥ 12. Various Signals During PD Adapter Connect and Disconnect

L

VBUS
ccC

1
1
@ SDA
I S
1
1
|
1

__L_f [ ' T seL T L——_U_j_l
| |

Measure P1i:mean(C2) P2:min(C3) PImin(C2) [ Piee- Pie-- PTee- Pg---
value 1469V 10my -160mV
status v v

4] ewL OCT Timebase 3803 (Trigger 1 0C
5.00 Vidi n
-15.000 5 S| |E

12 highlights the CC communication and VBUS voltage when a 20-V PD adapter is connected. It can
be seen that PD negotiation takes place and VBUS rises to 20-V. The last PD message seen on the CC
line when VBUS is at 20-V is a "PS Ready" message. This is a message sent by the PD adapter to
indicate to the sink that the power supply is at the correct negotiated voltage and ready to supply current.
Directly after this message is sent, I°C messages are sent from the TPS65988 to the BQ25703A to enable
the charger.

The PD adapter is disconnected at the end of the capture in [X] 12. It can be seen that VBUS drops to 0 V
and some I1°C messages are sent from the TPS65988 to the BQ25703A to disable the charger.

4.2 Power Bank When Charging a 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 [X] 13, the power bank
presents various PDOs, for which the notebook chooses a 20-V PDO.
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X 13. Power Bank as a Source
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| — |
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& 14. PD Log When Using Power Bank as a Source
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-Ezg- Right oce e Msg Type DR PR Ms: mD omcm Duration
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4.3 Power Bank Charging a Cell Phone on Type-A port

The second port of the TPS65988 is used to control a Type-A port. In hardware, the second set of CC
lines are terminated with an Rd on both to emulate a connection to the TPS65988. When a cell phone is
connected to the Type-A port of the power bank, the power bank will advertise BC1.2 DCP capabilities on
the USB Type-A port. When the BC1.2 detection is complete, the phone begins charging.
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[ 15. Power Bank BC1.2 Advertisement on USB Type-A Port
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15 highlights the D+/D- USB2.0 lines during BC1.2 negotiation. The BC1.2 DCP negotiation is
completed on the D+/D- lines. When this is complete, the cell phone enables its charger and current is
then pulled from VBUS.

4.4 Power Role Swap to Source Upon Switch Press

If the user connects the power bank to a notebook without pressing the switch, 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 swap to start charging the notebook. The following logs in [X| 16 show the power role
sequence after pressing the switch.
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& 16. PD Log During Power Role Swap

[s) Left) Attac &
CZETIRY . o,y - CC1Pins _ Ad Cur Left cm C Right =) cC2
| T “Hotebook” 2841 sec 0_000 000 000

[ Packet Msg Type DR_PR
— M
IL -_ “NOeDooK" pD Bl GoGICRG |DFP | SRC

493637 Us

142 427 us 2 B41964 552

Right

I 3 493 637 us. 75290 us 2 842 600616
&
- 499.597 us 2228 ms 2. 843169 552

| an CC1 Pins |»w curr|
“PowerBank™ “Notebook™ 9681 ms 2 845 399 000
[ CC1 Pins_[Ad Curr| Len Right cC1
E oty x [ - 23.830 ms 2. 855 080 000
Fam;a EC1 Fins_|Ad Gurr] &
‘| 160 620 ms 2 878 910 000

[ Packet G

B Facret | o
[ 8 | "Notebook" | 7 473330 us B0.046 us. 3. 048 530 168
[ _Facket R [

I -_ . 492744 us 1.784 ms 3. 049 083 544

>
T s 115 66

PR Msg | wumum
C| 5

3. 051360 668

2147 ms 3. 051972 376

CC Event_ CC1 PN /Ad Curr
Sl Connected | 30A | | “PowerBank Rp Open “Notebook Ra Open 50.480 ms 3055 719 000

|Maxcur|wnzga|Dua\Role| “|Maxcur|mgelnua\ Rue| Fuual""" Cur[Voltage [ Dual Role | |Maorcur|wnaga\uuamue| mM|MaxCur|WhDB|Duslm\
| 300A |500v]| © | 300A [900V]| © | 200A J1a80v] © | | 300A [1500v] © [ 225A [2000v] ©

107 481 4

626,346 Us 72414 us 3.108 626 312

Msg M50 Type DR PR
il GoodCRC |UFP[SRC 499 448 us 1.043ms 3. 109 325072

499.448 us. 115.776 us 3. 110 867 812

493786 us 38941 ms 3. 111483136

-pa Ready[UFP[SRC| 2 o 489 001 us 113 063 us 3150918 312
¥ 5 z 1D |Obj Cnt
0 493.786 us 3. 151 530 378

16 T 27 /b« —h USB Type-C™ & /Il (5 (PD) /N7 — NI DY 7 7L X T JAJU720-May 2019
g
TIDUDES FHaRI — 35D SeiB & K} http://www-s.ti.com/sc/techlit/ TIDUDES

Copyright © 2019, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUDE8.pdf

I3 TEXAS
INSTRUMENTS
www.tij.co.jp Design Files
5 Design Files
5.1 Schematics
To download the schematics, see the design files at TIDA-01515.
5.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01515.
5.3 PCB Layout Recommendations
53.1 Layout Prints
To download the layer plots, see the design files at TIDA-01515.
5.4 Altium Project
To download the Altium project files, see the design files at TIDA-01515.
5.5 Gerber Files
To download the Gerber files, see the design files at TIDA-01515.
5.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01515.
6 Software Files
To download the software files, see the design files at TIDA-01515.
7 Related Documentation
1. Texas Instruments, TPS65987DDH Power Path Performance and Protection.
2. Texas Instruments, USB Type-C™ PD Power Bank Reference Design.
7.1 EE
USB Type-C is a trademark of USB Implementer's Forum.
T RCOPMEBLOBEPEI I ZENZE O A E IRELET,
7.2 Third-Party Products Disclaimer
TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.
8 About the Author
Eric Beljaars is an Applications Engineer for Texas Instruments where he is responsible for supporting
USB Type-C and PD controllers. Eric earned his bachelor of science in electrical engineering (BSEE) from
The University of Oklahoma in Norman, OK.
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