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1.0 Introduction

1.1 Purpose

	Digital logic is often difficult to learn because of the lack of  easy to understand hands-on components to learning. Part of learning digital logic is the difficult learning process involved with breadboard design. This project aims to fill this gap. Creating a large interactive breadboard will allow both students and teachers unfamiliar with digital logic to build and test functional circuits. The Interactive Breadboard is aimed for students ranging from the high-school level to the introductory college level. At the high school level, students will learn digital logic circuits by walking through labs programmed by their teachers. Higher level students can program their own designs and use the Interactive Breadboard as an aide to ensure that their designs are built properly. We hope that by providing this functionality to students the Interactive Breadboard will make learning digital logic a less frustrating and more rewarding experience.

1.2 Objectives

1.2.1 Goals
· Require no extra special equipment, all required materials will be included in the package
· Write a complete “lab manual” to include several labs that can be completed
· Basic logic gate functionality
· Creating larger gates from smaller gates
· Create logic gates with a different kind of logic gate
· Full adder
· Multiplexer/demultiplexer
· Decoder
· Comparator
· Flip Flop
· Allow more labs/functionality to be downloaded into board for additional content
· Create a language spec to allow users to program their own labs

1.2.2 Functions
· Breadboard will have sensors to detect when chips and wires have been inserted and unplugged for error checking
· Microcontroller will use a prober to figure out what type of chip was placed
· Each female socket will be accompanied by an LED for visual indications where chips and wires should be placed
· A 7-segmented display will lab number and current step which corresponds to written lab manual
· Forward and back buttons will allow the user to proceed to the next step in a lab, or return to a previous step
· LEDs will indicate errors in a step, preventing user from continuing until error has been resolved
1.2.3 Benefits
· Students with no to limited knowledge on digital logic will be able to complete labs and gain knowledge on basic digital logic functionality
· Science teachers with no to limited knowledge on digital logic will be able to use this tool as a teaching aide
· Students with intermediate knowledge on digital logic will be able to use the Interactive Breadboard to ensure their designs are being built correctly
· Visual cues to user to ensure labs are being done correctly through every step


1.2.4 Features
· Runs off standard 120v 60Hz outlet
· Enlarged breadboard with enlarged chip enclosures for easy usability
· Visual representation of logic gates printed directly on enlarged chip enclosures
· Uses a grid of standard female banana jacks
· Lab manual will not only give explicit instructions, but supplement with relevant learning material such as truth tables, karnaugh maps, and diagrams
· Programmable labs with its own language specifications


























2.0 Design

Overall Block Diagram
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2.1 Power Supply

2.1.1 Power Supply Block Diagram and Description
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Figure 01: Power flow chart

The LEDs and TTL IC 7400 series logic chips all function off of 5 volts. The arduino microcontroller operates on 5 volts, but an input of 6-12 volts is recommended since it contains it’s own voltage regulator. The project will be powered by a simple AC to DC converter. In addition to supplying internal voltage to the microcontroller and LEDs, the project will include external +5 and +12 volts DC for users to use on the board, just like many standard lab benches. Although the +12v supply will most likely not be externally, it allows for potential future additions without needing to redesign the power supply. 











2.1.2 Power Supply Block Schematic and Description

[image: ]
Figure 02: power circuit schematic


The power supply will use a transformer to step 120 volts AC down to 12 volts AC. A full wave rectifier made from four 1N4001 diodes will rectify the AC current to approximately 18.6 volts DC. This will be connected to a ~ 4700µF capacitor to smooth out the rectified DC output. This will then go into an LM7805 5v regulator and an LM7812 12v regulator. Using these regulator provides several advantages: the project deals with very low currents, and these linear regulators are the simplest design for low currents (regulators are rated up to 1.5 amps), and they have built in thermal shutdown capability to limit current before damage can be done.

















2.1.3 Power Supply Rudimentary Power Consumption


Table of LED current drawn with various resistors at 5 volts
	Resistance (Ω)
	Current (mA)
	Observed brightness (subjective)
	Current to run 100 simultaneously (mA)

	180
	20.30
	Extremely Bright
	2030

	220
	16.70
	Very Bright
	1670

	300
	12.26
	Bright
	1226

	330
	11.22
	Bright
	1122

	390
	9.53
	Not as Bright
	953

	470
	7.98
	Barely Bright
	798

	560
	6.69
	Barely Dim
	669

	750
	5.03
	Dim
	503

	910
	4.18
	Dim
	418

	1000
	3.76
	Dim
	376

	1.5k
	2.55
	Dim
	255

	2k
	1.93
	Very Dim
	193

	2.4k
	1.61
	Very Dim
	161




Based on measurements made, even if we go with a resistance of 220Ω (Very bright), we are just barely reaching the 1.5 amp limit of the power supply. This is also an extreme. The project should never be illuminating more than 40-50 LEDs at once, where 10-30 LEDs at once would be normal. Current requirements for running the TTL chips is about 20 mA each, so even running several of them will leave the power supply plenty of room. The arduino will be running on its own 12 volt regulator, so it will have a full 1.5 amps available.








2.2 Prober

2.2.1 High Level Prober Block Diagram and Description

[image: ]
Figure 03: Prober Modular Design

Overall Block Descriptions
1) Prober Module: The prober module is used to determine what exactly has been placed on the breadboard. This is accomplished by having the microcontroller send 82 bit sequentially into each module of the prober. After probing, the microcontroller will tell the prober to send back the data serially. The chip location detector also when directed by the microcontroller will return 82 by 4 bits to the microcontroller for location processing. The motivation behind the use of hardware for a prober is to make the system more dummy-proof on the user end. Allows for more robust usage of the microcontroller detection algorithm and reduces the amount of pins that are needed to be fed into the microcontroller. The results of this probing are sent to the microcontroller to compare to the lookup tables.
Electric Probe: Module of the prober that detects the functionality of chips, i.e whether the chip is a quad duo input nand chip or a duo quad input xor chip.
Chip Location Detector: Module of the prober that detects the location of chips and wires through the pressure sensors sent from the breadboard into the location detector module.
Lock in Detector: Detects whether a chip has been “locked in”, that is when a person successfully has all of the pins connected including the middle pin of the enlarged and enclosed chip. 

2.2.2 Electric Probe Block Diagram and Description

[image: ]
Figure 04: Electric Prober
	
	Inputs: 
Din: Serial input of the bitstring to the electric probe shift register so that the bitstring can be pushed out in parallel into the inputs of the test chips.
Dshift: Tells the input shift register to shift one bit to the right.
RLoad: Signals the receiving register to load all values from the nodes into the shift register.
RShift: Signals the receiving shift register to shift right into the Rout pin.
		P1-82: Pins that are connected to the nodes of the breadboard
Output:
Rout: Returns the output string to the microcontroller serially so that processing can be done on the string.
 
Description: This entity consists of two shift registers with one of them connected to Din and Dshift as well as the outputs of this shift register connected to each of the nodes of the breadboard. The other shift register has its parallel load inputs connected to each of the nodes on the breadboard respectively as well as the Rshift and Rload inputs and the Rout output.   

2.2.3 Chip Location Detector Block Diagram and Description

[image: ]
Figure 05: Chip Location Detector

	Inputs:
CLD Load: Signals all four shift registers to load the values given by the pressure switches in the breadboard
CLD Shift: Signals all four shift registers to shift values into the CLDOuts serially into the microcontroller
		L1-L82 x4: Parallel input values determined by the switches in the breadboard
Outputs:
CLD Out x4: Outputs of the four shift registers that feed values in sequentially to the microcontroller 
	
Description: The chip location detector consists of four shift registers that have the information of the pressure sensors sent to them. Each of the shift registers holds one of the four 82 bit long “columns” of the breadboard. The microcontroller can then send the stored in the shift registers sequentially to itself for more processing.












2.2.4 Lock In Detection Block Diagram and Description

[image: ]
Figure 06: Lock in Detection

Input: 
X1-X40: Lock-in pins that encode whether or not chip has been “locked in”, so that state machine in the microcontroller can move on to the get locations 1 state.
	Output:
Lock in: Parallel feed of the 40 pins so that the microcontroller can know whether any chip has been locked in.

Description: A parallel feed into a 40 input OR gate to a D flip-flop so that the microcontroller can detect whether any one chip has been locked in.
	










2.3 Microcontroller

	2.3.1 The Microcontroller and Code

This module holds all of the data and logic for the entire project.

Used data types and structures: In addition to the basic data types (ints, strings, bools), we have also implemented a custom Chip class that holds what type of chip and its location on the breadboard. These chip data types are stored either in the unknownChipList vector for unprobed chips or the knownChipList vector for probed chips. These chipLists are used to determine where to probe during a probe state.
There are also bitstrings that are sent to the prober and breadboard to turn on or off their different parts. The Chip Location Detection (CLD), Prober data, and Prober results bitstrings are sent to the shift registers in the prober which have been described in the section above.
Additionally, the module also holds a 2-dimensional array that describes and keeps track of the placed wires or chips on the breadboard nodes. This differs from the chipList vectors, because instead of grouping by entire chips the microcontroller breaks down the chips into, for example, AND_A1, AND_B1, etc. These nodes are then used by the LED logic to determine what LEDs are lit up; for example when the lab calls for an AND output to be hooked up to a NOT input it will light up all free AND outputs and all free NOT input nodes.
Connections and interfaces to other modules: As mentioned in the prober section the microcontroller holds the prewritten lookup tables for the different chips accepted by the machine. These are the pre-computed brute forced results of the boolean tables for the different chips. The microcontroller uses these and the prober to determine whether or not a lab step is finished properly. 
The microcontroller, physically, is an ATmega1280 from the Arduino Mega. Our current design uses 21 out of 54 I/O pins. The connections to the prober were described above. The connections to the breadboard as follows:
LEDs: The microcontroller holds a bitstring of the LEDs it wants to turn on, where a 1 in the bit string is a lit LED and a 0 is an off LED. This bitstring is fed into a shift register, the shift register shifts over 84 times (once for each node) and then the LEDs load from the shift register in parallel. The bitstring that determines which LEDs are on is logically determined from the context of the lab step. If the lab step is a “Place chip” type step, the microcontroller will find every empty node locations left and light those locations. If the lab step is a “hook up CHIP_A to CHIP_B” type step the microcontroller looks through its array of placed chips, and light those locations if there are no wires present on them.
7-Segment Display: The 7 segment display is just a specialized LED setup, so it uses the same algorithm to light up the 7 segment display as needed. The 7-segment display requires two shift registers in parallel because there are 2 7-segment displays on the breadboard. The bitstring with the 7-segment display data is determined by what lab step number we are on, it is updated every time we finish a lab step.



2.3.2 The Microcontroller State Diagram and Description

[image: ]
Figure 07: State diagram
Initialize - The initialization state, this loads the first lab step into the microcontroller and also sets up the correct pins on the microcontroller into an input state or output state. This state also initializes the LED bitstring to whatever is necessary from the first lab step, the 7-segment bitstrings to display 01, and initializes all other data bitstrings to 0.

Wait - Here the microcontroller waits until it detects that a chip/wire has been physically inserted or removed or until the user presses the NEXT_STEP button. LEDs next to breadboard nodes are lit up as necessary for the lab step (see microcontroller section for details).

Get Locations 1 - The microcontroller tells the chip location detection unit (see Figure 05) to load the physical lock-in switches in parallel. This loads in the state of the breadboard nodes, 0 for empty and 1 if something has been inserted into the node, into multiple shift registers. Then the machine automatically moves to Get Locations 2.

Get Locations 2 - Once the physical chip detection unit has loaded the CLD bitstring in parallel, the microcontroller tells the physical chip detection unit to shift right into the microcontroller 84 times (once for each node on the breadboard). This bit string is stored into a variable physicalLocations. Each bit in physicalLocations represents a node in the breadboard, if the bit is 1 the node is filled (with a chip or a wire) if the bit is 0 the node is empty. The microcontroller updates the state of each location. If the microcontroller detects a flip from 1 to 0, something has been removed and so we go to the removal state. If the microcontroller detects a bit flip from 0 to 1 something has been added to the board, so we go to the add state.

Remove 1 - The microcontroller finds out the changed locations and removes the chips or wires from the associated nodes and data structures. Then it returns to the wait state.

Add 1 (Count Legs) - This state counts the number of legs that’s been inserted by checking the bit string variable physicalLocations. If there’s exactly one that’s changed that means we had a wire inserted, so we go to the wire state. If there’s more than one we have some kind of chip inserted so we go to the chip state.

Wire 1 - If only one bit in physicalLocation has been changed then we know the user inserted a wire. The board now enters a “finish-wiring” state or Wire 2.

Wire 2 - In this state the board will not allow the user to continue to the next step until they finish wiring their open wire. This ensures that the board will not accidentally power open wires that users could potentially touch. When the board detects another single pin it returns to the wait state, but will stay in Wire 2 until it does. 

Chip 1 - We add a chip object to the chip list. The chip object has unknown chip status and location numbers returned from the changed bits in physicalLocations. After this we return to the wait state.

Check Lab - We enter this state from the wait state if the user presses the NEXT_STEP button the breadboard. Here we read the current lab step, if it is a detect chip step we enter the Probe 1 state. If it is a check output step we enter the Run Lab 1 state.

Run Lab 1 - The board brute forces all possible inputs on the used input ports and then checks the results from the output ports. This is then checked against the lab’s result table, which is pre-written by the lab writer. If the results match up then the lab moves on to the next step. If the results do not, then the lab returns to the wait state.

Probe 1 - Here we take the first chip in the unknown chip list and begin to brute force probe it by sending digital outputs out of the microcontroller. We receive a truth table from the breadboard and check it up in lookup tables preprogrammed into the microcontroller. We match the results to a known table and then determine what chip has been placed. If the correct chip has been placed we continue on to the load next lab step. If no correct chip has been detected we return to the wait state.

Load next step - We remove the chip that’s been detected from the unrecognized chip list and then we attempt to load the next lab step. If there are no more lab steps we have finished the lab and now enter the finish step. If there are more lab steps we load the next one, update the LED and 7-segment display bistrings, and return to the wait step.

Finish - We light up the Lab Complete LED. The finish step stays here.
















2.3 Breadboard

The physical enclosure will consist of ¼” acrylic sheets. All panels will be screwed together. This design allows for internal access should any repairs be needed in the future. Depending on the final size of the internal circuitry, if there is leftover room inside the enclosure we will construct a drawer or cabinet to allow storage of extra wires, power cable, and chips. 

2.3.1 Breadboard panel

The breadboard will be laid out in a similar manner as a standard breadboard. There will be 40 rows of 10 sockets, totalling 400 individual sockets. Like a standard breadboard, the 4 sockets flanking the center will be wired together to make one single node for a total of 80 nodes (40 on the left, 40 on the right). The two lengths of 40 nodes on the far left and far right will be wired to create 1 node each, which is usually used for VCC and ground when doing labs. ¼” holes will be drilled for mounting the banana sockets. Next to each node will be an LED (for a total of 82 LEDs). These LEDs will be used to indicate chip and wire placement while completing a lab. Each node will have a tactile switch located inside of it. When a connector is inserted to the socket, the switch will activate signaling the microcontroller of the presence of something (be it a chip or wire). A numbering convention will be used to identify each node (0-39 for left side, 40-79 on right side), as well as each socket in the node (0, 1, 2, and 3). Physical spacing will be as noted on the diagram.
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Figure 08: Physical layout of board

2.3.2 I/O Panel

The IO panel will be the primary way the communication path between the user and the internal circuitry. The IO panel will include several key features: 
· Main power switch or button for the entire board
· Power LED
· 3 banana sockets for DC power
· +12 volts
· +5 volts
· Ground
· 2 digit 7-segment display for display current step in a lab
· Error detected LED
· Correct circuit placement LED
· Button to proceed to next step
· Button to check current circuit
· Button to return to previous step

[image: ]
Figure 09: IO Panel layout








2.3.3 Rear Panel
The Rear panel will have a standard IEC 320 power receptacle to allow use for a standard power cable that most computers, monitors, and other electronics use. There will also be a female USB type B connector that will interface with the arduino microcontroller. This allows reprogramming of the microcontroller without the need for disassembly. 

[image: ]
Figure 10: Rear panels















2.3.4 Remaining Panels
All other panels are laid out as shown. The final product will be finished in an aesthetically appealing way with spray paint and decals for text.

[image: ]

Figure 11: Side panel

[image: ]
Figure 12: Bottom




2.3.5 Enclosures for TTL IC Chips

The project will include 6 enclosures for 6 different standard 7400 series TTL IC Chips:
· 7400 quad 2 input NAND
· 7402 quad 2 input NOR
· 7404 quad 2 input NOT
· 7408 quad 2 input AND
· 7432 quad 2 input OR
· 7486 quad 2 input XOR
The enclosure will physically resemble the chips, only much larger to interface with our enlarged breadboard. Enclosures will be constructed out of ⅛” acrylic. There will be two rows of 7 male banana plugs that will be internally wired to each pin on the chip. The top of the enclosure will be screwed on to allow access to the inside for replacing a burnt out chip. A chip socket will be used to allow for easy replacement of chips. The enclosure will include an LED that will be connected between VCC and ground on the chip. This LED will light when the chip is properly connected to power. On the external surface of the chip, the gate symbols and wiring will be drawn on so users can easily see what is going on inside of each chip.

[image: ]
Figure 13: Panel for chip enclosure
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Figure 14: Example of what will be printed on the top of the 7400 NAND chip

























2.3.6 3D Models

[image: ]

Figure 15: 3D model of what the finished product will look like, viewed from front.
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Figure 16: 3D model of the IO panel

[image: ]
Figure 17: 3D model of the rear view of the finished product

2.4 Written Lab Manual

In addition to all the physical enclosures and circuitry, a detailed lab manual will be included with the product that will instruct users not only how to use the board, but include example labs that can be completed with the board while it guides you through it. The manual will be written completely from scratch and will integrate directly with the board as a learning tool. Full color photos, diagrams, tables, and any other relevant material will be included. People with little to no knowledge should have a basic grasp of digital logic upon completion of using this tool.

An outline of the contents:

1. Table of Contents
2. Electrical Safety
3. The Basics of Digital Circuitry: The Logic Behind 1’s and 0’s
4. Instructions on how to use the board
4. Labs:
Lab 1: Basic Logic Gate Functionality: NAND, NOR, OR, AND, NOT, and XOR
Lab 2: Creating Larger Gates From Smaller Gates
Lab 3: Creating Logic Gates From a Different Logic Gate
Lab 4: Full Adder
Lab 5: Multiplexer
Lab 6: Demultiplexer
Lab 7: Decoder
Lab 8: Comparator
Lab 9: Flip Flop



















3.0 Requirements and Verification


3.1 Power Supply

	Requirement
	Verification

	1) Transformer receives 120v AC (+/- 10v) at 60 Hz (+/- .1%)
	1) Using Fluke 289 multimeter, log voltage of outlet for 1 minute ensuring voltage stays within tolerated range.
2) Using Fluke 289 multimeter, log frequency for 1 minute ensuring frequency stays within tolerated range.

	2) Supply constant +5 and +12 volts DC (+/- .5v), regardless of load
	1) Log +5 and +12 volt outputs with a data logging Fluke 289 multimeter. Vary load to near 1.5 amp limit while logging and ensure voltage remains within tolerated range.

	3) Power supply overload protection, limited to ~1.5 amps per voltage regulator
	1) Slowly ramp up current from 0 amps while measuring current with multimeter. Ensure that the regulator shuts off power at approximately 1.5 amps (as given by spec sheet). Higher than 1.5 amps is acceptable. 
2) Ensure the regulator did not damage itself by repeating test after regulator has cooled.

	4) Voltage regulator can supply near capacity current for extended period of time
	1) Put a load that will draw 1.3 amps from the power supply and run for 2 hours to ensure power supply can handle a large load for extended period of time

	5) Short circuit protection
	1) Similar to overload protection, cause a short circuit to ensure voltage regulator shuts off before damage can be done to power supply
2) Repeat voltage and current verification tests to ensure no damage has been done after regulator cools from short circuit test.

	6) Prevent shock hazard
	1) Measure impedance of 3 people, taking readings from one hand to another. Using this impedance, calculate current. Ensure this current is < 5mA, the threshold of feeling DC current in the body.











[bookmark: _GoBack]3.2 Prober
	Requirements
	Verification

	1) Clock pulses are synchronized correctly	
	Ensure the clock is running correctly by:
1) Connect arduino clock pin to oscilloscope. See if oscilloscope displays 50% duty cycle at 480 to 520 Hz. Observe that  Vmax and Vmin are 5V and 0V respectively.
2) Connect lines to clock pins of the electrical detection module, location detection module, and lock-in detection module. Compare if frequencies are within + or  - 10% of the arduino clock frequency.


	2) Shift Register Functionality
	Ensure functionality of the SN74AL166 by:
1)Powering the Vcc pins and ground pins with 5V and 0V respectively.

2)Check according to the verifications in 1 that clock pulse is correct.

3)Connect randomly produced 8 bit string to each of the parallel load pins. Enable parallel load. Shift 8 times to working SN74AL164 connected with parallel out to a DMM, see if correct values are outputted for each pin.

Ensure functionality of the SN74AL164 by:

1)Powering the Vcc pins and ground pins with 5V and 0V respectively.

2)Check according to the verifications in 1 that clock pulse is correct.

3)Connect randomly produced 8 bit string to shiftin input. Enable parallel out. Read with a DMM the output voltage values, and see if the bitstrings correctly match up.



	3) Connections and solders are connected to the right pins.
	Ensure that continuity is held by:
1) Checking each individual module, inputting 20 random bitstrings, and seeing whether or not each input corresponds to the correct output.






3.3 Microcontroller 


	Requirements
	Verification

	1) Ensure interface to breadboard is working properly
	1) Test all connections from microcontroller to breadboard for continuity
2) Probe the interface’s OR gate and D Flip-Flop to ensure proper outputs are being sent through
3) Test outputs from microcontroller with a prober to ensure the correct bitstrings are being sent
4) Manually test the shift register’s load and shift pins to ensure correct functionality
5) Test LEDs and 7-segment display by powering them and seeing if they light up properly
6) Review shift_reg() function in code, build a small unit test to ensure code is functioning properly

	2) Ensure interface to prober is working properly
	1) Test all connections from microcontroller to prober for continuity
2) Test outputs from microcontroller with a prober to ensure the correct bitstrings are being sent
3) Manually test the interface’s shift register’s load and shift pins to ensure correct functionality
4) Test node switches in breadboard for continuity to the prober
5) Review shift_reg() function in code, build a small unit test to ensure code is functioning properly

	3) Ensure state machine turns on the correct control pins while in the proper states
	1) Write test case that walks through each state in the state machine and manually probe each output pin to see if the outputs are correct

	4) Ensure state machine moves onto the proper next state
	1) Write test case that lights up LEDs to determine which state we are in. Hook up inputs to switches, attempt all possible cases in the finite state machine to ensure proper functionality

	5) Ensure microcontroller lights up the correct LEDs
	1) Manually probe to see if misfunctioning LEDs are properly working
2) Test breadboard nodes for continuity to LEDs
3) Test breadboard nodes for continuity to microcontroller
4) 





 
3.4 Breadboard
 

	Requirement
	Verification

	1) All nodes have continuity and are isolated from other nodes
	1) Use a multimeter to check continuity between all points in a node
2) Use a multimeter to check discontinuity between different nodes.

	2) Internal switches should detect the insertion of a chip/wire 95% of time time
	1) Do a trial of inserting and removing a chip 100 times and recording results.

	3) Structural integrity of enclosure should support up to 10lbs of weight, which is much higher than any weight should be put on it
	1) Place 10lbs weight on several different parts of enclosure and visually inspect for stress in acrylic joints.

	4) Structural integrity of chip enclosure must be maintained after repeated use
	1) Insert and remove chip enclosure 100 times and ensure continuity between internal and external chip pins.
1) Place chip enclosure in frequently used backpack with books and other objects for one week. Test chip after this slight abuse for functionality. 

	5) LED do not show signs of dimming after 1 week of use
	1) Supply LED with 180 Ω of resistance (equalling approximately 30 mA of current) for 1 week. Make before and after observations to ensure luminosity didn’t decrease.

	6) Input buttons perform corresponding function 99% of the time
	1) Press each button 100 times and observe any miscommunications between button and microcontroller.














4.0 Ethics

IEE maintains a code of ethics for all electrical engineers to adhere to, regardless of project. Since this project is a learning tool, the product must properly convey this code of ethics to future engineers.

1. to accept responsibility in making decisions consistent with the safety, health, and welfare of the public, and to disclose promptly factors that might endanger the public or the environment;

Extensive testing will ensure that this project not only causes no harm to being or property, and that the instructions given are fact as established by electrical engineers everywhere. No false information or incorrect knowledge will be taught.

3. to be honest and realistic in stating claims or estimates based on available data; 

This project in no way guarantees that after its use, the user will have a solid grasp on the fundamentals of circuitry. Learning the material requires a great deal of teachings, and while this project aims to assist in that teaching, it is not a replacement for a formal education in the subject.

5. to improve the understanding of technology; its appropriate application, and potential consequences; 

The whole reason behind this project is because there seemed to be no other product similar to it. Should everything function as described in this document, a new learning tool could be on the market to help new people interested in electronic circuitry.

6. to maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations; 

Should this project ever become a marketed product, further testing and verification would be required by fully qualified educators in the subject.

7. to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others; 

Being a student project, we are fully open to critiques and suggestions from peers, colleagues, professors, and anyone else who has knowledge in electrical engineering.

9. to avoid injuring others, their property, reputation, or employment by false or malicious action; 

Our project will be safe, even in the event of improper use like short circuiting or overloading by design to prevent damage to the user or property.

10. to assist colleagues and co-workers in their professional development and to support them in following this code of ethics.

In addition to receiving help, we are also willing to assist others in any way we can if possible while still following the IEEE Code of Ethics.

5.0 Safety


Since our tool is an educational tool with the possible interaction with younger children, safety is a huge part of our project. Luckily these basic digital circuits require low voltages and amperages to operate, but this does not diminish the concern for safety. We will have extensive testing for short circuit protection to ensure both safety for the user and the product in the event of a short circuit. As previously stated, the power supply uses components with internal short circuit protection. Power will shut down before damage can be done to either the user or device. We must also make sure no shock hazard is present to the user with our open terminals on the breadboard. We will have 12v and 5v lines, and their amperages will be relatively low. Even while operating at the power supplies extremes of ~1.5 amps, shock hazard from the accessible DC voltage terminals is nil. The only potential shock hazard is within the power supply itself where the 120v AC comes in from the wall. The power supply will be well enclosed and electrically insulated to ensure no shock hazard. A standard power cable will be used for easy replacement of power cables.

6.0 Tolerance Analysis
Verify that the system works correctly by plugging in correctly functioning chips and seeing if the whole system can detect whether it is the proper chip or not. By running the system 100 times on randomly selected chips and seeing if the number reaches 99% accuracy with detection of the chips.
















7.0 Cost and Schedule

7.1 Cost Analysis

7.1.1 Labor

	Name
	Hourly Rate
	Project Hours
	Total
(Rate x hours x 2.5)

	Harrison Hilgers
	$35.00
	150
	$13,125

	Simon Huynh
	$35.00
	150
	$13,125

	Norman Lee
	$35.00
	150
	$13,125

	Total
	
	450
	$39,375






























7.1.2 Parts

	Item
	Quantity
	Unit Cost ($)
	Total ($)

	Female Banana Sockets
	400
	.10
	$40.00

	Male Banana Plugs
	100
	.20
	$20.00

	LEDs
	100
	.02
	$2.00

	220 ohm Resistors
	100
	.01
	$1.00

	Acrylic Sheet 24x48”
	2
	10
	$20.00

	120v to 12v AC transformer
	1
	8.00
	$8.00

	Arduino Microcontroller w/USB
	1
	30.00
	$30.00

	Tactile switches
	400
	.05
	$20

	Total
	
	
	$141




7.1.3 Grand Total


	
	Total

	Labor
	$39,375

	Parts
	$141

	Total
	$39,516















6.2 Schedule
	Week of
	Person - Task

	February 3
	Harrison - Finish and turn in project proposal
Simon - Learn microcontroller code, begin to code microcontroller logic
Norman - Design chip/wire recognition algorithm
Harrison - Order parts

	February 10
	Norman - Finish design chip/wire recognition algorithm (prober)
Harrison - Contact professors and potential sponsors
Simon - Code microcontroller

	February 17
	Harrison - Sketch up enclosures and discuss with machine shop
Norman - Design physical prober to interface with both the microcontroller and breadboard
Simon - Debug microcontroller code

	February 24
	Harrison - Design and build AC/DC power supply
Simon - Finish structures and basic control flow
Norman - Finalize Probe Design 

	March 3
	Harrison - Construct physical enclosures & board: mount banana plug jacks & LEDs
Simon - Begin interfacing and communications with other modules
Norman - Design PCBs for proper module

	March 10
	Harrison - Conduct power verification tests
Simon - Continue interfaces and communication between modules
Norman - build look-up tables for microcontroller

	March 17 
Spring Break
	Simon - Test and finalize interfaces, begin to work on lab language
Harrison – Write introduction in lab manual
Norman – Determine sequential circuit algorithm

	March 24
	Harrison - Write labs 1-5 in lab manual
Simon -  Continue to work on developing lab language for user created labs
Norman - Continue to debug PCB Board so that it functions properly, look into superior wire detection algorithms

	March 31
	Harrison - Finish writing lab manual
Norman - Safety testing
Simon - Finalize basic functionality for user created labs, determine if sequential circuits can be adequately verified

	April 7
	Simon - Add more advanced functionality for lab language, including ability to determine if labs are feasible on board
Harrison - perform breadboard verification
Norman - Safety verification

	April 14
	Norman - Finalize project, follow verification procedures to ensure proper functionality
Harrison - Review written lab manual, ensure complete functionality between board and lab manual
Simon - Polish enclosure (paint, markings), finalize an algorithm that will allow as many sequential chips as possible

	April 21
	Harrison - Prepare presentation
Norman - Prepare final paper
Simon - Demo

	April 28
	Harrison - Presentation
Norman - Final Paper
Simon - Ensure lab supplies are returned





7.0 Sources

“µA7800 Series Positive-Voltage Regulators”. Texas Instruments. Datasheet. May 2003

“74HC00”. NXP. Datasheet. 14 December 2011

Marshall, Vin. "Build a Simple DC Power Supply ." Popular Science. 2 Feb. 2010. Web. 24 Feb. 2013. <http://www.popsci.com/diy/article/2009-12/build-simple-dc-power-supply>. 

"Arduino Board Uno ." Arduino. Web. 28 Feb. 2013. <http://arduino.cc/en/Main/arduinoBoardUno>. 

8.0 Change Log
· Edited entire Requirements and Verifications section
· Fixed citations
· Fixed overall block diagram
· Added Tolerance Analysis section
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