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ABSTRACT 
Today’s Internet of Things (IoT) is based on the exchange of 

data among remote sensing units, often in a large number and 

located in very inaccessible places, necessitating energy-wise and 

fully autonomous devices to guarantee service continuity and very 

low maintenance cost. These requirements indicate that the design 

of an energy harvester and battery charger must guarantee an 

extremely high conversion efficiency and proper battery charging 

management with the declared goal of transferring the maximum 

energy from environment into the battery, storing it as fast as 

possible and without damaging the storage tank or shortening its 

life time. 

To meet these needs, ST has industrialized an ultra-low power 

DC-DC converter, in either a very tiny package or a die form, that 

works either with photovoltaic (PV) cells or thermo-electric 

generators (TEG) based on Maximum Power Point Tracking 

algorithm (MPPT) for power extraction optimization from source. 

It includes a very efficient power manager for quickly charging 

any type of battery and for powering the surrounding companion 

chips like an MCU, transceiver, and sensors, for example. The 

device is well suited for either indoor or outdoor conditions, and 

even for very small thermal gradients. Finally, by boosting system 

integration and reliability while dramatically reducing the overall 

system’s bill of material, the SPV1050 demonstrates all the key 

features that allow it to be the core product for industrial 

applications based on wireless sensor networks (WSN) like 

industrial process control, factory automation, environmental and 

climate/buildings monitoring, and smart lighting, as well as for 

consumer applications—mobile accessories, portable, healthcare, 

sportswear, and wearable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 – The SPV1050’s Target Applications 

 

 

INTRODUCTION 
The SPV1050 ultra-low power energy harvester and battery 

charger provides an output power up to about 400mW, and it is 

based on a full bridge all-embedded DC-DC converter that can be  

 

 

 

hardware configured as boost or buck-boost and work  within a 

wide, 75mV up to 18V, input voltage range. Hence it is suited to 

harvest from most TEG (low voltage/higher current) and 

photovoltaic (PV) cells (higher voltage/low current) in the market, 

and it implements a very efficient MPPT to match input stage 

impedance with transducer output impedance.  

The algorithm updates the maximum power point (MPP) to 

the environmental variable conditions by sampling and tracking the 

input voltage every 16 sec, typically, and then by temporary 

storing it into an external capacitor. Consequently the switching 

duty cycle of internal MOSFETs is frequently updated to follow 

the VMPP even in extremely variable irradiation and thermal 

gradient conditions. At the very beginning, the MPP is set through 

an external resistor’s divider according to source electrical specs 

and to typical working conditions. Additionally, the MPPT 

algorithm can be disabled if necessary. 

A very accurate internal control logic monitors the battery 

voltage through an external resistor’s divider in order to prevent 

any over-charge or over-discharge. This satisfies any battery type 

charging limits (lithium-ion, lithium-polymer, super-capacitor, 

thin-film solid state, NiMh) because the regulated battery voltage 

can be programmed between 2.6 V up to 5.3 V. At the same time, 

the under-voltage threshold can be set between 2.2V and 3.6V 

according to the battery technology and topology used. Both of the 

thresholds are tightly set with ±1% accuracy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – The Architecture of the SPV1050 

 

 

The SPV1050 embeds two completely independent low 

power LDOs with 1.8V and 3.3V output voltage. They are able to 

provide the load with up to 200mA each, by guarantying a ±0.5% 



maximum voltage drop-out. Once enabled, they can release energy 

to loads only when battery voltage is comprised between Vuvp + 

5% and Veoc, so that any load will never suffer due to unstable 

charge or lack of charge from the battery. Furthermore, two active 

low digital outputs indicate to the host controller if the battery is 

charging (BATT_CHG) and if the pass-transistor is closed 

(BATT_CONN). The SPV1050 is available in both QFN 5x5 20 

leads and in die form. The block diagram is shown in Figure 2. 

 

 

THE SPV1050's WORKING PRINCIPLE  

 

Battery Charger 
In order to guarantee the battery lifetime and the safety of the 

entire system, the SPV1050 internal logic drives an integrated pass 

transistor between STORE and BATT pins so that the battery 

voltage is always kept between the Under-Voltage Protection 

(UVP) and End-of-Charge (EOC) thresholds. Before the first 

switch-on of the device, the pass transistor is open. In such 

conditions, the current drawn from the battery is merely due to 

technology leakage and even then is lower than 1nA. This 

extremely low current consumption enhances the “on-shelf time” 

and prevents a “prior to start” battery discharge. The pass transistor 

is closed once the voltage on the STORE pin will rise such that the 

set EOC voltage threshold is triggered on the EOC pin. Once the 

battery is full, the DC-DC converter will stop switching until 

VSTORE > VEOC - EOCHYS and will restart once the voltage drops 

below it. In the same way, to avoid over-discharge the pass 

transistor will be opened once the voltage on the STORE pin 

decreases below the VUVP threshold. Both those functions are 

simply implemented by setting two voltage thresholds, VUVP and 

VEOC, through a resistor partitioning between STORE, UVP, and 

EOC pins.  

The following graph shows the conversion efficiency of DC-

DC converter in Boost mode at ambient temperature in typical use 

cases with different battery charge voltages and at different input 

voltages. 

 

 

Figure 3 – SPV1050 Conversion Efficiency (Boost mode) 

 

Power Manager 
       The SPV1050 is a power manager also—in fact it embeds two 

LDOs and provides two regulated voltages 1.8V and 3.3V on the 

related output pins. The power provided by LDOs can come from 

either a harvesting source or battery according to the power that 

each of them can release to the load, but in order for the LDOs to 

supply any current, the battery needs to be connected, which mean 

the pass-transistor between STORE and BATT pins must be 

closed. Each LDO can be selectively enabled or disabled by 

driving the related enable pins active high state. 

        For further details on the SPV1050’s working principle and 

application set-up, please refer to the datasheet posted on ST’s web 

site. 

   

 

THE SPV1050's DESIGN TOOLS - EVALUATION 

AND REFERENCE 

 

The SPV1050’s evaluation boards 
The SPV1050 is supported by a full set of evaluation boards, 

a demonstration board, and some reference design tools. The 

evaluation boards are strongly recommended to engineers and 

developers who are approaching the device for the first time.  

The STEVAL-ISV019V1 (Figure 4) evaluation board provides full 

access to SPV1050’s functions and allows the user to quickly set 

up an evaluation bench to test the device’s performance in a real 

world application. The board includes all passive components 

needed for proper operation and provides several test points to 

monitor the device’s voltage levels. It implements the boost 

configuration and gives the application designer a very fast and 

easy way to find out the best system configuration for optimizing 

the SPV1050’s working point and efficiency. External connections 

to the harvesting source and battery are provided. It represents a 

typical use case for harvesting energy from PV panels with 0.5 V ≤ 

VMPP ≤ 2.5 V, 30 μA ≤ IMPP ≤ 20 mA, and to charge a battery with 

a 3.7 V Under-voltage protection (UVP) threshold and a 4.2 V 

EOC voltage threshold. By implementing a few easy changes on 

the application components, the designer can match any source 

type (PV, TEG, USB, etc.) and battery. For further details please 

refer to the application note, AN4394. 

 

 

Figure 4 - STEVAL-ISV019V1 

 

 

The STEVAL-ISV020V1 (Figure 5) evaluation board 

provides full access to SPV1050’s functions when the device is 

configured in buck-boost mode. The board is optimized to harvest 

energy from PV panels with 2.6 V ≤ VMPP ≤ 9 V, 10 μA ≤ IMPP ≤ 

20 mA and to charge a battery with a 3.7 V UVP threshold and a 

4.2 V EOC voltage threshold. Also for this board, a few easy 

http://www.st.com/spv1050-datasheet
http://www.st.com/an4394


changes on the application components allow users to match any 

source type (PV, TEG, USB, as well as other source types) and 

battery. For further details please refer to the AN4397 Application 

note. 

 

 

Figure 5 - STEVAL-ISV020V1 

 

        

The SPV1050 demonstration board 

The STEVAL-ISV021V1 (Figure 6) is a complete 

demonstration kit that consists of an energy harvesting module 

based on SPV1050. By using a complementary power monitoring 

board the kit provides a powerful ready-to-use tool to show the 

electrical performances of the harvester like its MPPT accuracy, 

conversion efficiency, input and output power, voltage and current 

at source and battery sides. The device is configured as a buck-

boost converter, fitting the electrical characteristics of the selected 

PV panel and battery.  

The power monitoring board works along with a software 

graphical user interface (GUI) that can monitor and graph 

transducer electrical characteristics and real/ideal maximum power 

points. 

In conclusion, the STEVAL-ISV021V1 kit represents a 

standalone harvesting module able to harvest and charge an energy 

tank, which can be interfaced with a target application board to 

provide it with the needed thermal or photovoltaic energy. 

Furthermore, the harvesting module embeds an extension 

connector to an external add-on microcontroller based board for 

gathering and monitoring extra SPV1050 input and output signals. 

For further details, please refer to the AN4394 application note.  

 

 

 

 

 

 

 

 

Figure 6 - STEVAL-ISV021V1 

 

 

The SPV1050 reference design kit 
The STEVAL-IDS002V1 (Figure 7) is a complete and fully 

configurable reference design kit that implements a point to point 

wireless sensor node powered by a photovoltaic module. It consists 

of a fully integrated multi-sensor board with an on-board, full ST 

components set: a temperature sensor, an atmospheric pressure 

sensor, and a 3-axis accelerometer MEMS sensor powered by the 

SPV1050. The ST components package is completed by the 

STM32 microcontroller and the Spirit1 RF Sub-Giga transmitter. 

The kit includes a Spirit based receiver dongle powered by the PC 

USB port also.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 - STEVAL-IDS002V1 

 

As part of the kit, the power monitoring board (Figure 8) 

allows the user to evaluate the electrical performances of the 

harvesting section such as MPPT accuracy, conversion efficiency, 

input and output power, voltage and current at source and battery 

sides, and moreover, to gather all sensor readings through wireless 

communication with PC. In fact, the kit is supported by the full 

version of GUI software already used with the STEVAL-

ISV021V1, which is able to plot data transmitted by the multi-

sensor board at the selected transmission data rate. The transmitter 

section is based on a STM32L151 low power 32-bit 

microcontroller, which sets sensor configurations and data 

communication periods. The digital temperature sensor STTS751, 

the pressure sensor LPS331AP, and the 3-axis accelerometer 

LIS3DH are connected to the microcontroller through the I2C bus. 

For further details, please refer to the  AN4395 application note. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 - STEVAL-IDS002V1 and power monitoring board 

 

 

SPV1050’s evaluation software and GUI 
The STEVAL-ISV021V1 and the STEVAL-IDS002V1 are 

supported by a very user friendly software graphical user interface 

that can be downloaded from the www.st.com web site. The GUI is 

http://www.st.com/an4397
http://www.st.com/an4394
http://www.st.com/an4395


arranged in four different tabs. 

The “Configuration” tab (Figure 9) allows configuring the 

application by setting some parameters such as sampling and 

transmission rate, active sensors, and transmission power level. 

Any configuration can be saved and downloaded into the program 

memory of the MCU through a USB connector and by clicking on 

the related button. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
 

 

Figure 9 – “Configuration” Tab 

 

The “Data Visualization” tab (Figure 10) provides all active 

sensors’ readings transmitted by the STEVAL-IDS002V1 on-board 

transmitter and received by the Spirit1-based dongle board 

connected to PC. It’s also possible to plot the output voltage of the 

embedded LDO2, which powers all the multi-sensor board: the 

micro, the sensors and the transmitter circuitries, and the RF 

transmission power level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 - “Data Visualization” tab 

 

The “Power Visualization” tab (Figure 11) gives information 

about source and battery voltage and current. 

And finally, the “Efficiency tab” (Figure 12) plots the 

transducer electrical characteristic, along with power budget 

between source and battery, MPPT accuracy, conversion 

efficiency, irradiation level (number of Lux), and the Voc of PV 

panel.   

For further details, please refer to the software User Manual 

UM1752. 

 

 

 

 

 

 

 

 

 

Figure 11 – “Power Visualization” tab 
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Figure 12 – “Efficiency” Tab 

 

CONCLUSIONS 
In a single chip, the SPV1050 combines an extremely high 

efficiency energy harvester and battery charger, and a power 

manager to supply all the surrounding companion chips. The single 

chip solution shows high flexibility for inputting source options 

thanks to its Buck-Boost structure. It saves PCB space and a 

number of external components, thus improving reliability, 

compactness of final application, and overall system cost. The 

above features are key for making it the optimum choice for 

applications like wearable, fitness, building and home automation, 

smart lighting, access control, mobile accessories, and more.  
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