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Energy Calculation for Energy Harvesting with
S6AE101A, S6AE102A, and S6AE103A

About this document

Scope and purpose

This application note describes system energy calculations for an energy harvesting system where the amount
of energy from an energy harvester is very small.

Associated Part Family

S6AE101A, S6AE102A, S6AE103A

Related Documents

S6AE101A, S6AE102A, S6AE103A Datasheets
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Introduction

1 Introduction

Systems that are dependent on an energy harvesting solution must be designed for a low-power operation
based on an energy budget calculation because the amount of energy from the energy harvester such as indoor
solar cellis very small.

1.1 Energy harvesting system

S6AE101A/2A/3A is a power management IC (PMIC) for energy harvesting operated with super-compact solar
cells. Figure 1 shows an example of an energy harvesting system with SGAE101A/2A/3A.

Enveronmental Energy (Light) S6AE101A/2A/3A P
. v
\\ vDD | PMIC Block osivz SW1 Application Block //
Harvester A 4 MCU RF
Block Control
Solarcelly | || YOMMOT f.... '
(Solar Cell Block ICVSTOREI Sensor
Figure 1 Example of energy harvesting system with SGAE101A/2A/3A

Because the energy from a harvester is limited, it should be stored in a capacitor (Cvstores). A large-value
capacitor would take too much time to store the energy into the capacitor; this means that the system cannot
be operated frequently. On the other hand, if the capacitor were too small, enough energy cannot be stored on
the capacitor for the application block. Therefore, the sizing of the capacitor is very important.

This PMIC has a power gating switch, SW1, for the application block. Once the VSTOREL1 pin voltage reaches the
VOUT maximum voltage (Vvoutn), the path between the VSTOREL pin and the VOUT1 pin is connected by the
SW1 until the VSTORE1 pin voltage reaches the VOUT minimum voltage (Vvour.) (see Figure 2).

This PMIC has a switch, SW2, for charging the capacitor efficiently. After starting up the internal circuit of the
PMIC, the path between the VDD pin and the VSTOREL pin is connected by the SW2. When the VSTORE1 pin
voltage reaches the Vyours, the SW2 disconnects the path. When the VSTOREL pin voltage reaches the input
power reconnect voltage (Vvourm), the SW2 reconnects the path (see Figure 2).

For more information, see SGAE101A, S6AE102A, and S6AE103A datasheets.
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Figure 2 Relationship between SW1, SW2 and VSTORE1 pin
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Energy calculation for energy harvesting

2 Energy calculation for energy harvesting
2.1 Calculation of energy consumption
S6AE101A/2A/3A

N

vDD | PMIC Block sSw2 swi VOUT1 PPN App N | Application Block A

In
o/ o— (1) =
\Ay | MCU RF
VSTORE1

Control |
l Block ICVSTOREl Vare Sensor

Power J_ N

Source

Figure 3 Measurements of voltage, current, and operation time

First of all, the voltage (Vaer_in), the current (Iapr_i), and the operation time (tapr_n) of APP_IN pinin the
application block are measured (see Figure 3 and Figure 4). The energy consumption in the application is
calculated from Equation 1.

Equation 1 Eapp in [J] = Vapp.in X lapp N X tapp N

However, when checking the waveform of Vape_in and laer_in in the Figure 4, the waveform is divided into three
parts, (1), (2), and (3). Therefore, the energy consumptions of each part should be calculated, and then three
energy consumptions are added together.

Eqy =V X Iy Xty = 3.28 [V] X 1[mA] X 5 [ms] = 16.4 [u]]

Ez) = Vi) X 1) Xty = 3.15[V] X 3 [mA] X 20 [ms] = 189.0 [y]]

E@z)y = V) XI5 Xtz = 2.80 [V] x 10 [mA] X 1 [ms] = 28.0 [W]

In this example, the energy consumption for the application block is calculated as 233.4 pJ.

Eappin = Eq) + E@) + E@) = 16.4 [W] + 189.0 [W]] + 28.0 [W]] = 233.4 [u]]
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I ! I ! ! I ]
5 ms/div
< —
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« : >
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SwW2 on | off on
Figure 4 Waveform of VApp_m, |App_|N, and tApp_m
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2.2 Calculation of capacitance

Next, the capacitance is calculated based on the energy consumption of the application. Figure 5 shows the
capacitor in the system.

Application
lEApp_.N = 233.4

S6AE101A/2A/3A
VDD | PMIC Block Sw2 swi | voun
Power J_ N A A

Source VSTORE1

CVSTOR El

Control |
l Block

VVOUTH
VVOUTL

M : Available Energy (EavaiLasLe) EavaLasLe oy

Vyvouth : VOUT maximum voltage
Vyvour. : VOUT minimum voltage

Figure 5 Capacitor in the system

The energy stored on a capacitor is calculated by Equation 2 (E: Energy [J], C: capacitance [F], V: Voltage [V]).
Equation 2 E= %CV2

Calculation of Cysrore:

The VOUT maximum voltage (Vvourn) and the VOUT minimum voltage (Vvour.) of SBAE101A/2A/3A are set by
changing the external resistances. As a premise, the recommended operating voltage range for the application
block is set from 1.8 Vto 3.6 V. Then, Vyourn is set to 3.3V and Vyour is set to 2.0 V within the range. The stored
energy from Vyour to Vvouth is the available energy for the application. (Eavassie: Available energy, see Figure 5).
Eavaiasie Should be larger than the Eape_inv (233.4 nJ). (Equation 3 is derived from Equation 2).

: _1 2 2
Equation 3 EavaiLaeLe = 5 X Cystorer X (Vourn” — Vwours”)

1
2334 [y]] = 5 X CvsTorE1 X (3.3 [V]* = 2.0 [V]*)

Cvstore1 = 67.8 [uF] — 100 [uF]

In this example, the capacitance of Cystore: Should be larger than 67.8 puF. Moreover, at least 100-pF or larger
capacitor is required for this PMIC (see the recommended operating conditions in S6AE101A, S6AE102A, and
S6AE103A datasheets). The capacitance is set to 100 uF in this example.

Note: The calculated capacitance in this example is the ideal value. There is a wide difference between
an actual capacitance and a capacitance described in a datasheet. Also, there is a potential for a
decrease in a capacitance by DC bias characteristics and temperature characteristics. When
selecting a capacitor, please check datasheets for each manufacturer and check the actual
capacitances under actual use conditions.

Note: The type of capacitors and the characteristics for the energy harvesting are shown in Table 1.
Ceramic capacitors with low leakage current are suitable for energy the harvesting.
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Table1 Capacitor characteristics
Type of capacitor Capacitance range Benefit Drawback
Ceramic capacitor 0.1 uF to 470 pF Low leakage current (nA), | Small capacitance
Small size,
Low cost
Aluminum electrolytic 0.1pFtol.5F High capacitance, High leakage current (pA)
capacitor Low cost
Tantalum electrolytic 33nFto6mF Low leakage current (nA), | High cost
capacitor High capacitance
Electric double-layer Upto50F Ultrahigh capacitance High leakage current (pA)
capacitor High cost
(e.g., Supercapacitor)

2.3 Calculation of charging time

The parameters for calculating charging time for the capacitor are shown in Figure 6.

Light Energy PsoLar S6AE101A/2A/3A
N S0MW o [PMICBIock  sw2 SWi | yours
A A —
Solar : VSTOREL Application
Cell Control | p EAPP_IN
Block VSTOREL =233.4ud
Cvstorer = 100 pF 1
loina = 250 nA or 280 nA Vvouth = 3.3V o ammme
(Consumption current 1) Vyvour =2.0V - ,},Rgpeat charge energy
oV Initial charge energy
[ | . Available Energy (Eavaisge) 000000 SV
W+ : Initial Energy (Einmad) =

Figure 6 Calculating the parameters for charging time

This calculation assumes that the power from a solar cell (Psowsr) is 200 uW. The charge power (Pysrore1) to be
supplied to the VSTOREL1 pin capacitor (Cysrore1) is the value Psouar minus the power consumption (Vyour X lqini)
of the PMIC (Equation 4) Values of consumption current 1 (lqni) of SGAE1I01A/2A/3A are shown in Table 2. In this
example, the value of SGAE101A is used.

Equation4  Pystorer = Psorar — (Wourn X Iqini) = 200 [uW] = (3.3 [V] x 0.25 [uA]) = 199.2 [uW]

Table 2 Consumption current 1 (lgm:)
Product name Consumption current 1 (lgin:)
S6AE101A 250 nA
S6AE102A 280 nA
S6AE103A
Application Note 50f9 002-10772 Rev. *D
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Calculation of Initial Charging Time (tcuarce)

The capacitor is charged from 0V to Vwourn at the time of initial charging. The initial energy (Ewmal) is calculated
by Equation 2.

_ 2
EiNtTiIAL = 7 X Cystore1 X WouTH

1
EiNriaL = 5 X 100 [uF] x 3.3 [V]?

EinrTiarn = 544.5 [W]

Equation 5 is derived from Equation 1 (E: Energy [J], P: Power [W], and t: time [s]). Equation 6 for the charging
time is derived from Equation 5.

Equation 5 E=(WVxD)xt=Pxt
Equation 6 tCHARGE = L
PysTORE1

t _ EiNiTIAL _ 544.5 [u]]
CHARGE Pystorer  199.2 [uW]

= 2.73[s]

Calculation of Repeat Charging Time (tcharce r)

. _ EAVAILABLE _ 233.4 [W]
CHARGER ™ Pusrorer  199.2 [uW]

= 1.17[s]

In this example, the initial charging time is 2.73 s, and the repeat charging time is 1.17 s. The repeat charging
time is shorter than the initial one.
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Summary

3 Summary

This application note explored the basic calculation of energy, capacitance, and charging time for an energy
harvesting application based on Cypress’s SGAE101A/2A/3A PMIC. The most important concept to be gained
from this application note is to figure out a balance of charged energy with energy consumption.

S6AE101A/2A/3A has a set of documentation such as other application notes, development tools, and online
resources to assist you during your development process. Visit www.cypress.com/energy-harvesting to find
out more.
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IMPORTANT NOTICE

The information contained in this application note is
given as a hint for the implementation of the
product only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application. Infineon Technologies hereby disclaims
any and all warranties and liabilities of any kind
(including without limitation warranties of non-
infringement of intellectual property rights of any
third party) with respect to any and all information
given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology,
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may
contain dangerous substances. For information on
the types in question please contact your nearest
Infineon Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of the
product or any consequences of the use thereof can
reasonably be expected to result in personal injury.
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