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Breadboards are great for quickly wiring together simple circuits like LEDs, logic gates,
and even some low power microcontrollers. While simple to use, the external wires and
internal electrical conductors do not work well with higher speed and higher power
circuits because they are very high impedance. Instead of acting like low-resistance
conductors, they behave like high-resistance conductors at high frequencies. High
impedance conductors wreak havoc on high efficiency DC/DC converters and power
amplifiers like the ones used in cellular designs. This document explains why this is a
problem and give some solutions to those wanting to prototype fast.

| put together an example of how many customers have tried to use the Skywire cellular
modem with a breadboard. First, the Skywire pins do not fit into standard beadboard
sockets, so many have purchased an expander adapter to make it fit. This is the red
Circuit board underneath the green Skywire in the image below. Next, we see many
jumper wires connecting the power and ground pins to the upper rail connections on the
breadboard. And lastly we have jumper wires coming out that connect a USB-to-serial
converter from the Skywire UART pins to a PC over USB.
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The impedance of the power delivery circuit is important. A low impedance means that
the power supply can easily supply power to the circuits that need it. Using a VNA
(Vector Network Analyzer) | was able to measure the power delivery impedance from
the power supply jumper leads, through the breadboard, expansion board, and up to the
modem’s DC/DC regulator input. A blank Skywire modem PCB was used to measure
just the impedance of the pins and the PCB. The coaxial cable soldered to the PCB
and the jumper wires in the setup below shows a convenient way to connect to the
VNA.
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