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Generating signals is a good way to test triggers and get some consistent readings. Here, two method will be
used to generate signals- one using the PicoScope itself, and another using a GPIO capable device, in this
case a Raspberry Pi Zero W.

Generating Simple Signals with a PicoScope

A useful feature of the PicoScope 2000 series is the arbitrary waveform generator (or AWG) channel. The
AWG channel can be used to create signals.

To use the AWG channel, the probe for reading can be inserted into the socket for the waveform generator
(marked ‘AWG’). Then, a function must be called to initialise waveform generation. The first function will be
ps2000_set_sig_gen_built_in.

ps2000_set_sig_gen_built_in sets the AWG channel to generate a predefined waveform from a num-
ber of built-in waveforms. This function takes the following arguments:

• The device handle
• The offset voltage to be applied to the waveform in microvolts
• The peak-to-peak voltage in microvolts. This is double the amplitude of the output wave
• The type of wave to produce, of the following enum values

• The start frequency of the wave. The range of frequencies available is defined in the C headers as 0 -
100 000Hz

• The stop frequency of the wave. If the wave is to be constant, then this should be the same as the start
frequency.

• The amount to change the frequency by every interval, when sweeping
• The interval in seconds between changing the frequency by the amount above
• The sweep direction, once again an enum value from the following:
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• The number of times to sweep

First, we will set with no sweeping. To do this, I extended the block read example from before, and added the
call to the ps2000_set_sig_gen_built_in above the ps2000_set_channel call.
...

with ps2000.open_unit() as device:
print('Device info: {}'.format(device.info))

res = ps2000.ps2000_set_sig_gen_built_in(
device.handle,
0,
400_000,
0,
25.0,
25.0,
0.0,
0.1,
0,
1_000

)
assert_pico2000_ok(res)

res = ps2000.ps2000_set_channel(
device.handle,
picoEnum.PICO_CHANNEL['PICO_CHANNEL_A'],
True,
picoEnum.PICO_COUPLING['PICO_DC'],
ps2000.PS2000_VOLTAGE_RANGE['PS2000_500MV'],

)
assert_pico2000_ok(res)
...

This produced a clean signal which can be clearly seen on the plot produced.
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Setting an Offset

The offset parameter can be used to move the baseline voltage, so long as the sum of the offset and the
peak to peak voltage is less than 2 V.

For example, here is a square wave with an amplitude of 200mV, and offset of 0.
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To get the troughs of this signal to lie on 0, the offset can be set to 100 mV, and the amplitude to 100 mV.

res = ps2000.ps2000_set_sig_gen_built_in(
device.handle,
100_000,
200_000,
1,
25.0,
25.0,
0.0,
0.1,
0,
1_000

)
assert_pico2000_ok(res)
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Generating Waveforms with External Circuitry

It is also possible to use a GPIO-capable device such as a Raspberry Pi to generate signals that can be read by
the PicoScope. To demonstrate this, I will be using a Raspberry Pi Zero W, although all Raspberry Pi models
have GPIO headers capable of doing this. It is important to note however that the GPIO pins output at 3.3 V.
Therefore, use the attenuation switch on your probe to switch it to 10:1 attenuation.

Raspbian for the Raspberry Pi comes with Python, and a module called RPi.GPIO, which can be used to
control the GPIO pins. One ability of this module is to perform pulse width modulation, or PWM. PWM is
a way of reducing the power in a circuit by rapidly alternating the voltage between a peak and 0. PWM is
therefore capable of programmatically producing analogue signals in a wire that can be measured with a
PicoScope.

To set up PWM, I will be using a breadboard, three M-F wires, a 100 ω resistor, a low power LED, and two
M-M wires. Additionally, in subsections I will be using two 220 ω resistors, one additional M-F wire, and two
additional M-M wires.
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The header pins on the Raspberry Pi all have different purposes. The pins I will use are pins 6 and 33. Pin 6 is
the ground pin. This will be connected to the negative row on the breadboard with an M-F wire. Then, one
M-M wire is used to connect the ground row to the PicoScope, and the other to connect the short connector
of the LED. Pin 33 is connected to the positive row. Then, the resistor is connected from the positive row to
the LED. The head of the probe is placed touching a connector on the resistor.

To get a PWM signal, I will program the GPIO pins from the Raspberry Pi. After logging in, I created a
new Python file called pwm.py. To start with, I imported the RPi.GPIO library under the name GPIO, and
configured a constant for the pin that will be used for the software PWM.
import RPi.GPIO as GPIO
import time

LED_PIN = 33

Note that the pin number used is not the BCM number, but the physical pin number.

Then, configure the GPIO mode to use and set the pin to be an output pin.

GPIO.setmode(GPIO.BOARD)
GPIO.setup(LED_PIN, GPIO.OUT)

After this, PWM can be initialised and started (and then reconfigured on-the-go if needed). To start PWM, the
following functions are called.

pwm = GPIO.PWM(LED_PIN, 1000)
pwm.start(1)
pwm.ChangeDutyCycle(50.0)

This sets PWM to operate at 1 kHz, with a duty cycle of 50% (meaning the signal is on for 50% of the time
and off for the other 50%).

To keep this going indefinitely, a while loop is used inside a try...finally block.
try:

while True:
time.sleep(0.1)

finally:
pwm.stop()
GPIO.cleanup()

The reason for using a finally block is that it ensures that when the program exits, the GPIO pins are given
back and the PWM is halted. Without this, issues can sometimes occur where GPIO pins are not given back
to the operating system and so the pins become unusable without restarting the Raspberry Pi.

Running this program will cause the LED to turn on at a steady brightness. In the PicoScope 7 software, you
will be able to observe the PWM signal that is being provided to the LED.
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Pressing Control-C will stop the program from running.

Fading the Brightness

Using PWM, the brightness of the LED can be decreased by decreasing the duty cycle. To change the duty
cycle, the function PWM.ChangeDutyCycle can be reused. Here, I will gradually increase and then decrease
the duty cycle, to get the LED brightness to fade up and down.

To do this, inside the while loop from before, I used 2 for loops, one to increase the duty cycle to 100 and
another to decrease it back down to 0.

while True:
for n in range(101):

pwm.ChangeDutyCycle(n)
time.sleep(0.01)

for n in range(101):
pwm.ChangeDutyCycle(100 - n)
time.sleep(0.01)

This has the effect of making the LED fade in and out. If you look at the PicoScope 7 software, you will see
the ‘on’ periods increase and decrease with the brightness of the LED.
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Creating Dropout Signals

Creating a dropout signal can be done very simply. Instead of dropping the signal out indefinitely however, I
will set the signal to drop out for 2 seconds before resuming for 4 seconds. To achieve this, I will replace the
logic in the while loop with 2 sleep statements; one for 4 seconds before turning off, and one for 2 seconds
before turning on.
try:

while True:
time.sleep(4)
pwm.stop()
time.sleep(2)
pwm.start(1)
pwm.ChangeDutyCycle(50.0)

finally:
pwm.stop()
GPIO.cleanup()

Creating Runt Pulses

A runt pulse is a pulse that doesn’t reach the same peak as the surrounding pulses. Simulating these in a
controlled environment is a good way to test runt pulse triggers. The easiest way to create a runt pulse is by
manually programming PWM, and configuring it to then use 2 different GPIO channels, one half as frequently
as the other.

To create the circuitry for this, I utilised the row on the opposite side of the breadboard to connect the other
GPIO pin (I used pin 32). I wired both GPIO pins through 220 ω resistors, and then both of these resistor
outputs into the positive leg of an LED. Then, as before, the ground leg from the LED is wired into the ground
pin.

To program this, I again made use of the RPI.GPIO library, and also used time for timing the cycles. First, I
used the setup functions to configure the LED pins.
import RPi.GPIO as GPIO
import time

LED_PINS = (32, 33)

GPIO.setmode(GPIO.BOARD)
GPIO.setup(LED_PINS[0], GPIO.OUT)
GPIO.setup(LED_PINS[1], GPIO.OUT)

Then, as before, I use a while loop within a try...finally statement to manually pulse the LED from
both GPIO pins.
try:

on = False
double = False
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while True:
time.sleep(0.001)
GPIO.output(LED_PINS[0], on)
GPIO.output(LED_PINS[1], on and double)

on = not on
if on:

double = not double
finally:

GPIO.cleanup()

This runs PWM off 2 pins, with 1 pin only activating on every other pulse. This creates a runted signal.

The high pulses are slightly stepped. This is the result of the GPIO output functions being called consecutively
and not simultaneously. Unfortunately, this is pretty unavoidable using this setup. However, so long as the
steps are sufficiently short, it should be okay to use this to test the runt trigger and to demonstrate a runt
pulse.

To avoid this, a configuration using Zener diodes could be employed, where a PWM signal can pass the diode,
but some baseline current cannot. Then, when the baseline current is on, the peaks are higher, and when the
baseline current is off, the peaks are lower

!! note I do not know if this configuration would work. I don’t own any Zener diodes
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Creating Unreliable Clock Cycles

Another trigger that was discussed was the interval trigger, and it’s use as a way to detect missing edges in
potentially unreliable clock cycles. To emulate a dodgy clock cycle, the manual PWM approach from before
will be used, with just a single pin. The loop will be set to skip doing any logic every 22nd cycle. This will
generate a steady clock, except for some doubly long lows and highs.

To implement this, first I defined a variable cycle = 0, which will count the cycles passed. Then, in the
while loop, I gated some of the logic on this.

...
on = False
cycle = 0

while True:
time.sleep(0.001)
if cycle != 0:

GPIO.output(LED_PIN, on)

on = not on

Finally, at the end of the while loop, I update cycle.
while True:

time.sleep(0.001)
if cycle != 0:

GPIO.output(LED_PIN, on)

on = not on

cycle += 1
cycle = cycle % 22

All together, this appears like so.
import RPi.GPIO as GPIO
import time

LED_PIN = 33

GPIO.setmode(GPIO.BOARD)
GPIO.setup(LED_PIN, GPIO.OUT)

try:
on = False
cycle = 0

while True:
time.sleep(0.001)
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if cycle != 0:
GPIO.output(LED_PIN, on)

on = not on

cycle += 1
cycle = cycle % 22

finally:
GPIO.cleanup()
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