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Source max power < load peak power

1. The Problem
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Source & Load power

Å Wireless sensors are becoming ubiquitous:

Á Security

Á Fire

Á Condition monitoring

Á Location tracking

Á etc.

Å Many of these applications require small, unobtrusive sensors, 

powered by small high energy batteries with long life but low rate 

capability: e.g. LiSOCl2

Å But the load requires burst power for data collection and 

transmission and that exceeds the power the battery can deliver

Å Even though the average load power < average power the 

source can deliver, due to the intermittent nature of the load
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Charge a supercapacitor at average power

Provide peak power to the load from the 

supercapacitor

2. The Solution
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3. Organic vs Aqueous Supercapacitors
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What is a Supercapacitor?
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Carbon coating:
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Physical charge storage,

Not electrochemical Ions in Solvent

Basic Electrical Model

A supercapacitor is a high performance ñgreenò electronic component

ÁNo dielectric, max voltage 

limited by electrolyte 

breakdown voltage

ÁESR a1/Electrode area

ÁCaCarbon volume
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Organic or Aqueous?

Å Two possible electrolyte types:

Á Organic: Max voltage up to 2.7V/cell & higher energy density, but 

difficult to make

Á Aqueous: Max voltage ~1V/cell but simple to make

Å Need to cascade cells in series

to achieve working voltage

Å An aqueous supercap will need

3 cells in series to attain the 

same working voltage as a 

single organic supercap cell

Å For an equivalent carbon volume, the aqueous supercap will 

have 1/9 the C of an organic supercap
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Figure 1. Comparison of energy density for aqueous 

& organic electrolyte supercapacitors rated at 2.7V
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Use a supercap to buffer power

ÅSmall form factor, single cell supercapacitors are 

available with high C (up to 2.4F) & low ESR (down to 

~14mW)

ÅThey can be charged at low currents from a low power 

source

ÅHave low enough ESR to deliver the load power 

required, even for GSM transmission (~8W),

ÅAnd high enough C to deliver that power for the 

duration needed: sufficient energy storage

ÅA supercapacitor looks like a low power load to the 

source & a low impedance source to the load
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4. Solution using a single cell organic 

supercapacitor
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Solution

Å Max supercapacitor voltage = 2.7V, but max source voltage is 

typically 3V, e.g. CR2032

Å Need over-voltage protection

Å Load can operate at <2.7V (down to 0.7V for a well designed 

boost converter)

Å Circuit below can be designed with quiescent current of <3mA

Å R is chosen to optimise supercapacitor charge time while limiting 

the high current stress on the battery to an acceptable level. 

Energy loss is independent of R
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Figure 2. Button battery supercap 

trickle charger 
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5. Losses independent of current limit R
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Losses independent of R

Å Analysis in the paper shows losses are independent of R:

Á For higher values of R, current is less, but time to charge is longer

Á For lower values of R, higher current and shorter charge time

Á So the energy lost

Á Depends on the supercapacitor C, and the voltages the 

supercapacitor is charged from and to.
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6. Circuit implementation of the button battery 

supercapacitor charger
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Charger Circuit

14

Figure 4. Button battery supercap 

charger circuit 

Fig 4: Button battery 

supercap charger circuit

ÁHysteresis: Q1 OFF when Vscap > 2.696V, Q1 ON when Vscap < 2.688V

ÁQuiescent current when supercapacitor fully charged ~3mA ï5mA

ÁR determined so Trecharge < 5RC, supercap charged to 99% of Vbatt. In the 

circuit of Fig 4, this would be 5 x 2400 = 3hrs 20 mins
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7. Design considerations
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Min voltage the battery must supply
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Available mAH vs Minimum Load Operating Voltage

for typical CR2032 Button Battery
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Fig 6: CR2032 Capacity vs Minimum Load 

Voltage 

 

Fig 5. CR2032 discharge performance 

 

Discharge curves from the manufacturer 

are typically time vs constant resistive load 

é.

é which can be used to 

calculate mAh vs min battery 

voltage at which the system 

operates. The curve above 

shows if the system is designed 

to operate at ¢2.6V, then max 

battery energy will be extracted. 

Cct in 6. will run down to 1.8V
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Keep Supercapacitor on charge, or

Charge when needed?

Key design decision to minimise energy loss:

ÁAlways keep the supercapacitor on charge and lose the energy 

from circuit quiescent current and supercapacitor leakage current

Or

ÁLet the supercapacitor discharge after use

Factors affecting the decision:

ÁTime between burst load intervals

ÁSupercapacitor self discharge characteristic

ÁC value
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Keep Supercapacitor on charge, or

Charge when needed?
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Figure 7: Battery Life depending on whether supercapacitor is 

always on charge or only charged prior to each load event. 
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Supercapacitors do not behave like 

classical capacitors
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Supercapacitor Charging
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Figure 10: Supercapacitor charging at 

low levels of constant current. 

They need a minimum charge current
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Supercapacitors do not behave like 

classical capacitors
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Figure 11. Supercapacitor charging does not follow the classical model 
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Self discharge characteristic 

empirically determined
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Figure 12: Supercapacitor self discharge characteristic 


