TECHNICAL NOTE Distributed by www.texim-europe.com n R R C

SETTING STANDARDS
Calibrating / Reconditioning RRC Batteries IN POWER SOLUTIONS

1. What is "Reconditioning” — And is it necessary?

“Reconditioning” is a process that determines the battery capacity and impedance on a regular basis, to obtain an accurate
SOC reading even as the battery ages.

RRC smart batteries automatically perform the reconditioning process via their fuel gauge.

For most applications, additional knowledge of the process is unnecessary.
There is one exception.

Certain battery usage patterns may prevent the automatic reconditioning process from occurring.
Only if the “remaining runtime” reading is safety-relevant, it may be necessary to manually initiate

the reconditioning process by following the procedure outlined below.
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2. General background

If no current flows, the fuel gauge in a smart battery always precisely determines the relative SOC (in %). However, the
reading of the absolute SOC (in Ah) may become incorrect as the available battery capacity slowly decreases over time due
to

- decay processes (of the electrolyte and the electrode) and

- deposits (lithium builds a permanent compound with the electrodes, called lithium plating).

For the same reasons, the internal battery impedance slowly increases over time, which can cause an imperfect estimation
of the SOC (in %) during high current flow.

Reconditioning lets the fuel gauge "re-learn" the total capacity and battery impedance. After reconditioning, the SOC reading

is accurate again.

3. The Role of MaxError()

MaxError() is a register that indicates how much the SOC reading can deviate from reality. Because the fuel gauge cannot

directly measure the decay processes and deposits, it assumes a worst-case scenario and increments the MaxError() register
- By 0.05% per day.
- By 0.05% per discharge cycle.!

Let's take an example:

Assume that you’ve used the battery for 30 days (= 30x 0.05% = 1.5%) and you’ve done 10 full discharge cycles during
this period (= 10x 0.05% = 0.5%). Knowing that the MaxError() register initializes at 1%, MaxError() adds up to
1%+1.5%+0.5% = 3%.

This means that the SOC would have a maximum uncertainty of £3%. For a SOC of 80%, the "real" SOC could be in-
between 77% and 83%.

Please note:

- If the discharge current is low, the SOC tends to be very exact. The possible error is higher on high discharge

currents but should not exceed MaxError().

- In experiments, the actual deviation we measured was mostly below 1/6 of the MaxError() value. In our example,

it would be more realistic to assume a SOC deviation of £0.5 to £1% instead of £3%.

After reconditioning, MaxError() resets to 1%.

Note: There are two exceptions to the statements in this chapter:

1. The RRC1130 does not have a MaxError() register,
but the conditioning cycle still works in the way it is explained in the following section.

2. The MaxError() register in the RRC3570 battery does not initialize to 1%, but to 2%.

1 A discharge cycle is defined as 90% outtake of the full charge capacity. This is cumulative: If you discharge 9 times 10% (and recharge in-between), it also

corresponds to 90% or one cycle.
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4. Recondition cycle

4.1. When is it necessary to perform a recondition cycle?

As you can see below, the necessary steps for reconditioning a battery may "accidentally" happen during normal battery

usage. Consequently, many applications do not require reconditioning for a long time or not at all.

Also, most applications do not depend on SOC accuracy. If that's your case, you can safely ignore MaxError() and do not
need to care about reconditioning.

However, suppose it is crucial for your application to have an accurate SOC reading. In that case, you should recondition
the battery after the MaxError() reading surpasses a certain threshold that you may freely choose based on your needs on

accuracy.

You can implement a recondition algorithm within your application. Or you can use either the RRC-SMB-UBC or the RRC-
SMB-DBC charger.? Both chargers automatically start a reconditioning cycle upon inserting a battery showing the CF flag,
which is set by the fuel gauge if MaxError() = 5%.

4.2. Reconditioning RRC11xx and RRC2xxx batteries
These are the necessary steps for reconditioning a battery:

1. Let the battery rest at an ambient temperature between 10°C and 40°C (50/104°F).
Allow the battery to enter a well-relaxed state. A recondition measurement happens when all cell voltages are
stable enough (i.e., the voltage change is slower than 4 pV/s). That typically happens after 1 h at a SOC of 0 to
80% or after 4 hours at a SOC above 80%. It takes longer at lower temperatures. The measurement is taken at
the latest after 5 hours.
2. Continuously charge or discharge the battery to change the SOC by at least 37%.
The current should always be >30 mA, and it should be >150 mA on average.
Charge and discharge currents up to C/3 are possible if the battery temperature stays between 10°C and 40°C.3
3. Let the battery rest again under the same conditions as in step 1.

If the SOC is below 10%, you do not need to wait: the recondition measurement happens immediately.*
Restrictions: Depending on the battery type, some SOC regions do not allow a recondition measurement. A recondition
measurement will have no effect if the SOC is within the regions that are drawn in soft read in the following graph:

RRC2040
up to Rev-14

| RRC2024 | A
RRC1130 | (Samsung)

0% 50% 100%

So much is the minimum SOC change of 37%

2 Works only with RRC20xx batteries.

3 The battery charge/discharge rate is typically given in ,C", which is the electrical current in relation to the battery capacity. For example, for a battery with a

capacity of 9 Ah, 1 C corresponds to a current of 9 A, and C/3 would correspond to 3 A.

4 For the RRC2020, RRC2024 and RRC2040, the “fast recondition measurement” only works starting from battery revision 9.

Reconditioning Smart Batteries_B Valid from: October 20t, 2022 Page 3 of 4

Freigegebenes Dokument - Ausdruck unterliegt nicht dem Anderungsdienst! [Released Document - Printout is not subject to change management!]



mfi1
Highlight


TECHNICAL NOTE Distributed by www.texim-europe.com ‘ R R C

SETTING STANDARDS
Calibrating / Reconditioning RRC Batteries IN POWER SOLUTIONS

Those restricted areas may change from one battery generation to the next. If you want to implement a reconditioning cycle
and want it to work over several battery generations, ensure to let the battery dwell at 100% and 60% SOC. This way, you
fulfill the requirement of having a change in SOC of 37%, and it is most likely that the battery makes a reconditioning

measurement outside the restricted areas.

4.3. Reconditioning the RRC3570 battery

These are the necessary steps for reconditioning an RRC3570 battery. The battery temperature must stay above 10°C /
50°F during the whole reconditioning cycle.

1. Charge the battery to 100%.

2. Discharge the battery to < 5%.
The current should always be >30 mA, and it should be >150 mA on average. There is ho upper current limit.

3. Once the battery is discharged, the reconditioning measurement takes place. There is no waiting time. You can
immediately recharge your battery in preparation for the next use.

5. Revision History

Revision Valid from Changes Author
A 07. Feb 2022 First release of this Application Note. Bernhard Kramer
B 20. Oct 2022 Rewritten for more clarity. Added information on recondi- Bernhard Kramer

tioning RRC11xx and RRC3570 batteries.
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Disclaimer

ALL PRODUCTS, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE
TO IMPROVE RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Texim Europe B.V. its affiliates, agents, and employees, and all persons acting on its or their behalf
(collectively, “Texim”), disclaim any and all liability for any errors, inaccuracies or incompleteness

contained in any datasheet or in any other disclosure relating to any product.

Texim makes no warranty, representation or guarantee regarding the suitability of the products for
any particular purpose or the continuing production of any product.

It is the customer’s responsibility to validate that a particular product with the properties described
in the product specification is suitable for use in a particular application.

Parameters provided in datasheets and / or specifications may vary in different applications and
performance may vary over time.

All operating parameters, including typical parameters, must be validated for each customer
application by the customer’s technical experts.

Please contact us if you have any questions about the contents of the datasheet.

This may not be the latest version of the datasheet. Please check with us if a later version is
available.
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