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How to Prepare for
Battery-Cell Discharge
Testing to Low Voltage

What challenges emerge when performing low-voltage-discharge testing? This article
discusses those issues and presents solutions, as well as recommends the proper

equipment to use during such tests.

hen discharging battery cells, it’s

sometimes desirable to discharge

the cells to a low voltage. Under nor-

mal operation, care must be taken to
prevent discharging the cell below the safe operating voltage
of the cell. However, when testing cells, the purpose of the
test may be to characterize cell behavior when pushed below
normal operating voltages. In this article, I will focus on
lithium-ion cells whenever I use examples of voltage thresh-
olds, but the challenges and solutions to low-voltage testing
are the same—independent of the cell chemistry.

Referring to my example of a lithium-ion cell, the mini-
mum discharge voltage is when the open-circuit voltage
(OCV) of the cell hits the voltage associated with 0% state of
charge (SoC). While the minimum OCYV of each lithium-ion
chemical formulation, such as iron phosphate or nickel man-
ganese cobalt, is different, this number is typically in the 2.5-
V range. Some chemistries can go down to 2 V or even lower.

Depending on the nature of the test, you may want to
keep within the safe operating voltage or drive the cell down
lower in voltage. For example, if youre performing a cell
cycle-life test, the goal is to properly cycle the cell between
charged and discharged states. This determines how long
the cell will survive before it loses its ability to adequately
hold a charge.

For this test, you will want to keep the cell within its nor-
mal operating OCV range to prevent damaging the cell be-
cause of over-discharging or over-charging. By contrast, for
safety testing, you may want to deliberately discharge the
cell beyond its minimum OCYV to characterize its behavior
and determine when the cell becomes damaged or even dan-
gerous.

Low-Voltage-Discharge Test Equipment Choices

To conduct these tests, you will need test equipment ca-
pable of discharging cells to a low voltage. In a cell charac-
terization lab, such as found in an electric-vehicle OEM, you
will be testing many cells and have many tests to perform, so
dedicated turnkey cell test equipment is warranted.

For some users, such as the design team of a small IoT de-
vice, cell testing may be just a small part of their overall design
task. For this lab, a dedicated turnkey cell tester may not be
worthwhile. Instead, standard benchtop power supplies and
electronic loads may be utilized for the occasional cell test.
Table 1 describes various types of test equipment that can be
used.

From Table 1, you can see that there are two cases for test
equipment (Table 2).

For case 2, what is the cause of this limitation on low-volt-
age operation? Why can the more expensive equipment for
case 1 operate down to 0 V but not for case 2? The answer is
related to how power electronics operate to produce negative
current to discharge cells.

How Does an Electronic Load Work?

Fundamentally, an electronic load or a cell-discharge cir-
cuit in the battery test system must present a load on the cell
to pull current out of the cell. In its simplest form, that load
is a resistor. Due to Ohm’s Law, the current through the load
resistor would be a function of the voltage across the resistor.
So, as the cell discharges, the cell voltage would drop and the
current through the resistor would drop, resulting in a non-
constant current load condition.

Therefore, in practice, no cell test equipment company
would propose to use a resistor, as they’re not programmable,
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and they cannot produce a constant current load on the cell.

Instead, in its simplest form, test equipment uses a transis-
tor, typically a field-effect transistor (FET), to discharge the
cell (Fig. 1). The FET looks like a resistor that can be varied by
a control voltage. The current through the FET is measured
using a current-sense resistor (i.e., a current shunt). The mea-
sured current is provided as a feedback signal to the discharge
control circuit so that the current can be regulated to a fixed
constant-current value.

Table 1

Case

Voltage range

Equipment Type

Table 2

Intended purpose

The discharge control circuit adjusts the resistance of the
FET to maintain the required constant current out of the cell
independent of the cell’s voltage, creating a variable resistor
that’s controlled to draw regulated constant current from the
cell during a test. The power being drawn from the cell is
the product of the voltage of the cell times the current being
drawn from the cell.

For some test systems that are either lower in power or less
sophisticated, the power being drawn from the cell is dis-

Considerations

perfarmance cell testers are needed.

In a large cell-testing lab, for the highest flexibility to enable low-voltage discharge testing, dedicated high-

Alternatively, for a small laboratery, a more costly SMU or 2-quadrant power supplies can be used.

discharge testing is not required,

In a large cell-testing lab, for testing that's limited in voltage range, a basic cycler can be used if low-voltage

Alternatively, for a small laboratory, a general-purpose electronic load can be used for cell testing, but it cannot
perform low-voltage testing and will need to be coupled with a power supply for charge testing.
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tronics behave like a fixed resistor, so that as
the cell voltage drops, the maximum available

1. This electronic-load simplified schematic visualizes how feedback from the current shunt current drops from full scale current to 0 A lin-

is used to generate a regulated steady-state current. The power FET determines current flow early with the voltage from2V to O V.

because it acts like a resistor.

sipated as heat. In more sophisticated systems, the power is
captured and regenerated back to the ac line.

Limitations and Solutions for Low-Voltage-Discharge
Testing

While this FET load method has worked quite well for
years, it suffers from a limitation. As the discharge control cir-
cuit wants to draw more current, it programs the FET to have
lower and lower resistance. Eventually, the FET’s resistance
cannot be “turned down” any further—it has reached its min-
imum resistance, known as the full-on resistance of the FET.

Once the FET reaches this minimum resistance, it just op-
erates as a fixed, very low resistance. As the voltage of the cell
goes toward 0 V, the maximum current that can be drawn
drops linearly because of Ohm’s Law:

Max_Available_Load_Current = Cell_Voltage / FET_Full-
on_Resistance

This behavior is visible in the discharge characteristic of the
cycler channel or electronic load (Fig. 2).

If you need to go below 2 V with a basic cycler or an elec-
tronic load, there’s a solution. It’s possible to put a boost sup-

ply in series with the output of the cell (Fig. 3). This boost
supply adds the required voltage to keep the input voltage to
the cycler or electronic load above this minimum operating
voltage such that the discharge control circuit never has to
push the FET to its full-on resistance state.

The boost supply can be complex to configure and adds ex-
tra cost to the test setup. But if you must test at low voltage
and you're limited to the equipment you have available, this
may be a viable choice. In a future article, I will cover how to
configure a boost supply to allow for low-voltage operation.

For case 1, where the test equipment can go to 0 V or even
negative voltage, the boost supply is effectively built into the
tester architecture. Therefore, the cell test channel or SMU
can, by design, achieve low-voltage operation without the ex-
ternal boost supply, thanks to its internal boost supply. While
this gives you the greatest flexibility, it does mean the testers
are more complex and will carry a higher cost.

Summary

If low-voltage-discharge testing is required by your test
protocol, it's recommended to buy test equipment that sup-
ports low-voltage-discharge testing below 2 V. For cycle-life
testing, where your test protocol never
requires low-voltage-discharge testing,

4mmm Discharge Current

you can achieve a measurable savings by

selecting equipment that doesn’t support
operation below 2 V and doesn’t have a

Discharge
Current ‘ I built-in boost supply.
- sense
\ Discharge + 3. How to connect a boost supply to support
- output Current operation below 2 V of an electronic load:
2V Boost Supply - - AT
+ output For discharging, the current flow direction is
Discharge Current - shown. If both charging and discharging is
+ sense needed, the boost supply must be 2-quadrant

to support current flow in both directions.
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