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Black Block Diagram 
 

 

System Function Description: 
The system shown above is capable of measuring and displaying two analog signals 

simultaneously from easily detachable BNC probes. The oscilloscope will be able to sample each 

incoming signal at a rate of at least 25kHz. The oscilloscope will then generate a voltage 

waveform graph of the incoming signals in real time onto a connected laptop display via a USB 

connection. The system contains a user adjustable voltage knob that scales the y-axis between 0 

–5V, and a trigger switch which will activate a user configurable trigger point to generate a 

freeze frame of the voltage waveform. 

 

 

   

 



 

   

 

Top-level block diagram (all blocks in the system) 

 

 

   

 



 

   

 

Complete Interfaces and Properties (entire system): 
Interface Name Interface Property 
Probe_pcb_asig Vmax: 5V 

Vmin: 0V 
 
Pins A0 & A1 input 

User_input_trigger_dsig Switch State = HIGH 

Switch State = LOW 

 

PIN 3 

Trigger_state_bool True  
False 

User_input_y-scaling_asig Vmax: 5V 
Vmin: 0V 

Environmental_inputs_enclosure_env None 

Sample_of_input_trigger_dsig 14 Bit encode 
Periodically 

Sample_of_input_y_scaling_dsig 14 Bit encode 
 
Switch State = HIGH 

Switch State = LOW 
Conditioned_y-scaling_dsig 14 Bit encode 

 
Float 0-5 

Probe_pcb_digitalized_sampled_dsig 14 Bit encode 
Digital Logic Level High: 1 
Digital Logic Level Low: 0 
 

  
Plotter_picture_dsig 14 Bit encode 

Float Value Range (0.00 – 5.00V) 
USB_Dcpower Vmax: 5.25V 

Vmin: 4.4V 
Imax: 500mA 
Inominal: 100mA 

PC_power  [Depends on the connected computers 

specifications] 

 

Test plans 

Requirement 1 Test Plan 
Engineering Requirement: The system must have at least two Channels. 

Process: 

 

   

 



 

   

 
1.​ With both oscilloscope probes connected to the PCB, one oscilloscope probe will be connected 

to a channel on the DC power supply, and the other oscilloscope probe will be connected to a 

second channel on the DC power supply.  

2.​ There will be two distinct signals on the voltage waveform display through the Serial Plotter. 

Requirement 2 Test Plan 
Engineering Requirement: The system samples at a rate of at least 1MHz. 

1.​ Open Arduino IDE 

2.​ Select appropriate port, bootloader, and board in IDE 

3.​ Connect USB from laptop to Arduino 

4.​ Compile and upload sketch onto Arduino 

a.​ Sketch will have the inputs hardcoded in (no prompt or dynamic changing) 

5.​ Connect the oscilloscope probe ground to the ground pin of the Arduino 

6.​ Connect the oscilloscope probe to the PWM output pin specified in the Arduino sketch. 

7.​ Power on oscilloscope 

8.​ The Tektonics 4304 Oscilloscope can automatically detect the frequency of a signal. This feature 

is accessed under the measurements badge. 

a.​ Measure 

b.​ Add measurement 

c.​ Add frequency measurement 

d.​ Menu off 

e.​ Given a table with the measurements (frequency) 

9.​ Observe that a PWM signal is generated with the attributes listed in interface table.  

 

Requirement 3 Test Plan 
Engineering Requirement: The probes must disconnect from the system using robust connectors. 

Process: 

1.​ Show that the BNC probes can be easily attached and detached from the BNC connectors. Take 

both probes off and screw them back on. 

Requirement 4 Test Plan 
Engineering Requirement: There must be a configurable trigger and adjustable time and voltage axis. 

process: 

1.​ Initiate the serial plotter so that it is actively displaying voltage waveforms,  

2.​ Show the voltage potentiometer adjusting the y-axis.  

3.​ Show that the trigger switch freezes the display as soon as the switch is flipped to represent the 

configurable trigger feature. 

 

Requirement 5 Test Plan 
Engineering Requirement: The system must respond to button presses in under 20 milliseconds. 

 

   

 



 

   

 
process: 

1.​ Show that the potentiometer and trigger switch work instantaneously on the serial plotter. 

2.​ Check and uncheck the value boxes on the top of the serial plotter to show that the system 

responds to button presses near instantaneously. 

 

Videos 
Engineering Requirement: There must be a configurable trigger and adjustable time and voltage axis. 

scaling.MP4 

triggering.MP4 

 

Engineering Requirement: The system must have at least two Channels. 

2channels.MP4 

 

Engineering Requirement: The probes must disconnect from the system using robust connectors. 

modularity.MP4 

 

Engineering Requirement: The system must respond to button presses in under 20 milliseconds. 

responsetime.MP4 

 

Engineering Requirement: The system samples at a rate of at least 1MHz. 

 Sampling Rate Frequency from Tektronix Oscilloscope  

 

 

 

   

 

https://oregonstateuniversity.sharepoint.com/:v:/s/ECE342Group/EepNBd-cYz1JiPNYBgsFkkYBD3DNvSgBeUqohiLmGLrs_g?e=VpmYmM
https://oregonstateuniversity.sharepoint.com/:v:/s/ECE342Group/EU8oebHJ6rhJpqGajkVcMl0B5ZgokIL1qNLGP4MYxkHxpg?e=4pQuDV
https://oregonstateuniversity.sharepoint.com/:v:/s/ECE342Group/EfanlCcBImxEtQVGlF8vLSYBdqp2fiWqjthloxQWD-e66w?e=mdu8Pt
https://oregonstateuniversity.sharepoint.com/:v:/s/ECE342Group/EYLQsilD1c5PobyJDzXwTxMB6qN9TninPQ3lJr-HeBbifw?e=uYBgjj
https://oregonstateuniversity.sharepoint.com/:v:/s/ECE342Group/EcjuQAnC9D9FgztWW4K8RrMBgmx2sj0qOIhhYVM_Vm1hrQ?e=hUhQPP
https://photos.app.goo.gl/nEcWNHr9J6Vz5x3i7


 

   

 

Project Level Electrical Schematic: 
 

 

 

 

 

   

 



 

   

 

PCB Design 

Black Box Diagram: 

 

KiCAD Schematic 

 

Figure 1 

Description: 

The PCB for our Oscilloscope design includes two slots for two different BNC Connector right angle jacks 
(seen left, Figure 1), which will then connect to BNC probes to provide modularity and multiple channels 
for the Arduino microcontroller to interpret data from. Each BNC Connector slot has a pin that relays the 
analog signal to a pinout (seen right, Figure 1) on the PCB for a total of two separate pinout analog 
channels labeled CH_1 and CH_2 respectively. Each BNC Connector is connected to the ground plane via 
a pair of wires that relay to a GND pinout which wire to the Arduino microcontroller. There are a total of 
two inputs for each BNC cable, and three output pinouts (2 channel analog signal pinouts, and a ground 
pinout for each). 

 

 

   

 



 

   

 

Arduino Sketch Overview 

Arduino Sketch block diagram 
 

 

 

 

   

 



 

  

 
Complete code broken out by language (Double click to open the sub-document)

 

 

  

 



 

  

 
 

 

  

 



 

  

 
 

Interrupts and Interrupt Service Routine 
The Timers 

As mentioned, there are three timer peripherals on the Arduino Uno. To interface with them in this 

context we need to specify values in an eight-bit register provided for each. This is like a function for 

each timer that has eight parameters. There are tables in the ATMega32b datasheet that spell out what 

bits to put in the register for certain behaviors. For CTC we will be adjusting the last 4 bits. These logistics 

will be illustrated later. This section is meant to give an orientation to the timers. The following is a figure 

of the register described in the datasheet for an example timer (timer2) as well as a table that highlights 

the difference between the timers that are most relevant to CTC. 

 

Figure 2 Example timer register 

Figure 3 Max compare match register for each timer. 

Prescaler 

Timers count up with one increment every clock cycle. The Arduino clock runs at 16 MHz In principle the 

timers increment that fast. A prescaler breaks that clock speed up so that a timer increments after a 

chunk of clock periods has elapsed instead of just one. This allows for practical usage of the timers. By 

default the timers are prescaled by 64. The following equation illustrates how to calculate the timer 

speed with a prescaler: 

Prescaler Equation 
Pre-scaler dictates 
the speed of your 
timer 

 

Figure 4 Prescaler Equation [1, p. 3] 

Prescaler options 
1 
8 
64 
256 
1024 

Prescaler Specifics 

Each timer has a register that controls specific attributes.  

 

  

 



 

  

 

 

Figure 5 Prescaler clock select bit. 

[2, p. 126] 

Prescaler: Relevant bits in bit register  

 

Figure 6 Relevant bits in bit register 

Prescaler: adjusting -> code example  

 

Figure 7 Prescaler: adjusting -> code example 

[3] 

 

 

  

 



 

  

 
Compare Match Value 

 What the timer counts up to (max compare match register)  
Timer 0 255 
Timer 1 65535. 

Timer 2 255 
 

The other key attribute of the CTC method is the compare match value. This is important because it is 

how you achieve a particular interrupt frequency. Recalling each timer increments up to a certain value. 

One can specify that value. The mode where you specify what it counts up to is called the OCRA.  

Compare Match Value: Equation 
 Interrupt frequency equation 
Interrupt 
frequency 

 

Figure 8 Interrupt frequency equation 

Compare Match Value: register guidance from datasheet 

 

Figure 9 Compare match data sheet guidance 

  

[2, p. 130] 

 

  

 



 

  

 
Compare Match Value: Register example 

 [2] 

Compare Match Value: code example 

 

Figure 10 Compare Match Register Code Example 

[3] 

 

Depicting Signals with the Serial Plotter 
Using the built in Arduino Integrated Development Environment (IDE), an INO file can be downloaded 

onto the laptop that is intended to display the output voltage waveform. Within the IDE, there is a serial 

plotter button on the top right corner. When clicked, the laptop screen will begin to display the voltage 

waveform readings from the BNC probes. The voltage waveforms displayed are real-time readings. 

 

 

 

  

 



 

  

 

Triggering Tree 
 The user chooses with a switch whether the system is in sweeping mode or triggered. In sweeping mode 

it just depicts the signal continuously. Int triggered mode it descends down that branch and there are 

two sub branches, armed and froze. In the armed state it is searching for the triggering even. In the froze 

mode it has been triggered. Please refer to the flow chart at the beginning of this section for 

embellishment on the topic.  

 

 

 

Y-axis scaling 
The Y-axis scaling was interesting because we came up with a solution from just playing with the Arduino 

during class. We were playing with the Arduino so that group member could get familiar with the 

plotting features and the structure of an Arduino sketch. We breaded circuits with components like LED 

and potentiometers and uploaded some sketches that we found on the Arduino forum. Later when 

wrestling with different ideas for how to allow the user to scale the plot we recalled something we 

noticed while messing around. In particular it was that the plotter would be adjusted on the y-axis to 

accommodate the lowest and highest numerical values being plotted. We reasoned that we could add a 

potentiometer and then the ceiling of the display window would mostly follow the potentiometer. We 

also added a zero signal line to constitute the floor.  

 

This user adjustable potentiometer is included to scale the y-axis of 

the voltage waveform display. When this potentiometer is 

adjusted, the y-axis maximum value scales from the initial 0-5V 

range to a customizable value less than 5V. This feature is especially 

useful if the user intends to analyze voltages that are smaller than 

1V, as the graph will “zoom” into finer, smaller voltage values for a 

closer picture. 

 

   

 

  

 



 

  

 

Enclosure  

Description: 
Our initial plan for the oscilloscope enclosure involved a cast mold that concaved to the specific shape of 

the Arduino, proto-board, switches, and PCB. The internal components need to be surrounded tightly in 

a plastic wrap before the liquid gel can be poured to create a protective mold enclosure. After multiple 

attempts of trial and error, the cost of the materials and the time required to create a fitting mold proved 

too expensive for our final enclosure design.  

The final exterior is made up of a corrugated plastic that has been hot glued together into a rectangular 

enclosure to protect the internal components (Arduino microcontroller, proto-board, and PCB). Cutouts 

in the Styrofoam were made to make the voltage potentiometer, trigger switch, and removable BNC 

probes available to the user. 

 

  

 



 

   

 

Mechanical drawings 
 

 

 

   

 



 

   

 

 

 
 

 

   

 



 

   

 

 

Bill Of Materials 
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PCB Order from Osh Park​ ​ ​ ​          Female BNC Connectors 
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