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Series and parallel battery connection

Series Connection: In a battery in series, cells are connected end-to-end, increasing the total voltage. Parallel

Connection: In parallel batteries, all positive terminals are connected together, and all negative...

Batteries achieve the desired operating voltage by connecting several cells in series; each cell adds its voltage

potential to derive at the total terminal voltage. Parallel connection attains higher capacity by...

When connecting batteries, you have two options: series and parallel. Series connections increase the overall

voltage, while parallel connections increase the capacity of the battery bank. In series, the voltage...

Wiring batteries in series involves connecting them end-to-end, effectively boosting the overall voltage while

maintaining the same capacity. Conversely, wiring batteries in parallel means connecting all positive...

Series Connection: Batteries in series result in cumulative voltage, where the total voltage equals the sum of

individual battery voltages. For instance, linking three 1.5-volt batteries in series produces a total...

Batteries achieve the desired operating voltage by connecting several cells in series; each cell adds its voltage

potential to derive at the total terminal voltage. Parallel connection attains higher capacity by adding up the

total ampere-hour (Ah).

Some packs may consist of a combination of series and parallel connections. Laptop batteries commonly have

four 3.6V Li-ion cells in series to achieve a nominal voltage 14.4V and two in parallel to boost the capacity

from 2,400mAh to 4,800mAh. Such a configuration is called 4s2p, meaning four cells in series and two in

parallel. Insulating foil between the cells prevents the conductive metallic skin from causing an electrical

short.

Most battery chemistries lend themselves to series and parallel connection. It is important to use the same

battery type with equal voltage and capacity (Ah) and never to mix different makes and sizes. A weaker cell

would cause an imbalance. This is especially critical in a series configuration because a battery is only as

strong as the weakest link in the chain. An analogy is a chain in which the links represent the cells of a battery

connected in series (Figure 1).

A weak cell may not fail immediately but will get exhausted more quickly than the strong ones when on a

load. On charge, the low cell fills up before the strong ones because there is less to fill and it remains in

over-charge longer than the others. On discharge, the weak cell empties first and gets hammered by the

stronger brothers. Cells in multi-packs must be matched, especially when used under heavy loads. (See

BU-803a: Cell Mismatch, Balancing).
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Series and parallel battery connection

The single-cell configuration is the simplest battery pack; the cell does not need matching and the protection

circuit on a small Li-ion cell can be kept simple. Typical examples are mobile phones and tablets with one

3.60V Li-ion cell. Other uses of a single cell are wall clocks, which typically use a 1.5V alkaline cell,

wristwatches and memory backup, most of which are very low power applications.

The nominal cell voltage for a nickel-based battery is 1.2V, alkaline is 1.5V; silver-oxide is 1.6V and lead acid

is 2.0V. Primary lithium batteries range between 3.0V and 3.9V. Li-ion is 3.6V; Li-phosphate is 3.2V and

Li-titanate is 2.4V.

Li-manganese and other lithium-based systems often use cell voltages of 3.7V and higher. This has less to do

with chemistry than promoting a higher watt-hour (Wh), which is made possible with a higher voltage. The

argument goes that a low internal cell resistance keeps the voltage high under load. For operational purposes

these cells go as 3.6V candidates. (See BU-303 Confusion with Voltages)
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