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Abstract

This document describes the hardware in the DA9070 / DA9231 Fuel Gauge Evaluation and
Development Kit.
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Terms and Definitions

SOC State of Charge

VBAT Voltage of Battery

IBAT Current of Battery

FG Fuel Gauge

ADC Analog to Digital Converter

MCU Micro-Controller Unit

UART Universal Asynchronous Receiver-Transmitter

USsSB Universal Serial Bus
PMIC Power Management IC
GUI Graphic User Interface
EVK Evaluation Kit

PCB Print Circuit Board
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Introduction

DA9070 Fuel Gauge EVK is a fuel gauge development and evaluation platform to demonstrate a low
power fuel gauge system using the DA9070, DA9231, and an MCU with Dialog's proprietary
algorithm. The DA9070 is an ultra-low quiescent current PMIC with integrated charger, buck
converter, boost converter, and 3 LDOs. The DA9231 is an ultra-low quiescent current buck
converter that is efficient down to 10 A with a nano-ampere LDO.

The low-power consumption MCU (STM32L151RD) allows the user to program the battery charging
profile, discharge load profile, and fuel gauge algorithm. The DA9070 Fuel Gauge EVK can also be
used as an evaluation board for both the DA9070 and DA9231.

This document describes the system diagram, the various functional sections on the EVK board, and
board set-up for chip evaluation and fuel gauge development.

Two GUIs are provided with the DA9070 Fuel Gauge EVK:

1) The DA9070 Fuel Gauge EVK, SmartCanvas GUI, communicates with both the DA9070 and the
DA9231. It also has a fuel gauge display and can control the on-board loads. This GUI is used for
evaluation purposes.

2) The Power Profile Manager (PPM). This GUI generates or loads battery profile data and runs the
fuel gauge performance test. This GUI is used to develop a software fuel gauge based on the user's
battery.

Default Settings

The DA9070 settings are loaded from the on-board MCU at startup, including charge current and
voltage settings:

Buck output: 2.0V, enabled

In the default configuration, the buck output voltage powers the MCU. If a different output
voltage is required, change the J24 position to 3.3V. This allows the Buck voltage to be modified as
needed. However, the GUI fuel gauge function will not be accurate in this configuration.

Boost output: 12V, disabled
Charge current: 40mA
Charge voltage: 4.2V

LDO outputs:

All LDO voltages are set to 0.8V initially, but the voltage may change if load settings are
changed in the GUI load profile tool. If the load profile tool is not used, LDO output settings
may be changed manually in the GUI.

Battery Information:

The battery profile for the included 80mAh battery is pre-loaded in the MCU. This includes
capacity, charge current, state of charge (SOC) lookup table, and other data. The pre-set
battery data can only be changed by first running the Power Profile Manager software.

A battery other than the one included can be used for evaluation without changing the profile.
However, charging settings must be changed manually in the GUI.

Also, the GUI based fuel gauge will not be accurate unless a new profile is updated and
saved to the MCU.

Refer to AN-SW-121 for details about the battery profiling procedure.

User Manual Revision 2.1 28-Oct-2018
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Board overview

The whole system is designed to demonstrate the charge and discharge of a single lithium-polymer
battery, and the SOC (state-of-charge) prediction via fuel gauging. It also enables customer to do
independent evaluation on both DA9070 and DA9231 ICs. Figure 1 shows the top view of DA9070
Fuel gauge EVK board and highlights the function of each section.
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Figure 1: DA9070 Fuel Gauge EVK Board Top View

Key Features
- Single USB connector supports both charging power and communication with PC
- Support STM32L151 MCU firmware update through JTAG 20 pin connector

- Two configurable modes through jumper: Chip evaluation mode; Battery Profile Mode including
Fuel Gauge Performance Test

- Supports register read/write in chip evaluation mode with Dialog's SmartCanvas GUI

- Supports battery characterization with real-time voltage and charge/discharge current measurement
which can be monitored with Dialog's Power Profile Manager (PPM) on PC

- Supports on-board customized load-profile programming
- Supports a performance comparison between Dialog's low-power software fuel gauge solution and
a reference Coulomb-counter based fuel gauge IC

User Manual Revision 2.1 28-Oct-2018
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System Diagram

Figure 2 shows the DA9070 fuel gauge EVK system diagram. The whole system includes the
following major portions:

-DA9070: Dialog nano-power battery charge management PMIC with Fuel Gauge

-DA9231: Dialog nano-power PMIC

-STM32L151 MCU: For implementing fuel gauge SOC algorithm

-FDTI: Communication interface-bridge between USB and UART, SPI ports

-JTAG: Communication port for STM32L151 MCU firmware update

-LTC2941: Reference Coulomb-count based fuel gauge IC

-Battery V&I Monitor: Circuitry to monitor battery voltage & current in real-time. For battery profiling

-System Load Model: A set of on-board resistors with ON/OFF control issued by MCU to mimic
various load patterns in real applications

-PC GUI: Software on PC. For chip evaluation. Both registers of DA9070 and DA9231 can be read or
written through GUI

-PC PPM: Software on PC. For battery profiling and fuel gauge performance test
-BAT: Single lithium-poly battery. Support up to 500mAh
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Profile/
Algo Test
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Figure 2: DA9070 Fuel Gauge EVK System Diagram
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Chip Evaluation Mode

DA9070 Fuel gauge EVK is able to be configured to perform chip evaluations with or without battery.
For example, DA9070 or DA9231 can be evaluated for current consumption, efficiency, load/line
regulation, load/line transient etc. without battery; DA9070 can also be evaluated for sequence,
system load transient while the battery being plugged-in.

Evaluation Mode Basic Set-up
It is recommended to follow the following steps while setting up the chip evaluation mode.

- Install jumpers as shown in Figure 3.
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Figure 3: Basic Jumper Settings for Evaluation Mode
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- The boxed jumpers must be installed in designated positions in order to evaluate both DA9070 and
DA9231. If only evaluate DA9070, change J22 jumper to IC_EN=AGND so DA9231 is disabled; If
only evaluate DA9231, remove J14 jumper so DA9070 is disabled.

- Connect the battery to J27. The positive terminal is labeled VBAT_P, adjacent to the red test point
TP26

- Plug in a USB cable into J8 connector. Connect the USB cable to either a traveler adapter or a PC.
The Yellow LED light is ON which means the EVK board is powered. By default, both DA9070 and
DA9231 are OTP programmed to start up automatically as soon as the EVK board is powered.

- If the USB cable is connected to a PC, open the "DA9070 Fuel Gauge EVK" GUI that was installed
on the PC. Start to configure device registers as well as read device status using GUI, as shown in
Figure 4.
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Figure 4: GUI for DA9070 Fuel Gauge EVK
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DA9070 Evaluation
The typical application diagram of DA9070 is shown in Figure 5.
DA9070 includes a Buck regulator, a Boost Regulator, 3x LDO/LDSW, and a linear battery charger.

On DA9070 Fuel gauge EVK, each regulator can be evaluated individually. It is recommended to
follow the operation conditions as shown in Table 1 to avoid any damage to the EVK board. For test
and measurement set-up, please refer to Table 2 for descriptions of connectors on the EVK board.

Figure 5: DA9070 Typical Application Diagram
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