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Welcome to the third unit of Digital Electronics!  Now that we have a good handle on how to follow the circuit design 
process from truth tables to logic expressions, simplifying logic expressions, creating AOI circuits, then simulating and 
breadboarding them, it’s time to add new tools to our bag of tricks!  Here we’ll learn about a new kind of simplification 
procedure and two new logic gates!  In the end, the expectation is that you learn the following elements of digital logic: 

• How to simplify logic expressions using a process called K-Mapping (instead of Boolean algebra) 
• What a NAND gate is and how to use it in place of other AOI components 
• What a NOR gate is and how to use it in place of other AOI components 
• What the benefits are of using NAND-only or NOR-only logic 
• How to use NAND and NOR gates in Multisim circuits and breadboarded circuits 

As we move through this unit, you are responsible for making adequate progress through the assignments, and for being 
done by the Unit Due Date (October 18, 2019). You are also responsible for completing each part before moving on to 
the next.  Our unit is broken up into three main parts: 

Part 1: K-Mapping (30 pts) Approx. 3 days   
The first part of our unit is all about something called Karnaugh Mapping (K-
Mapping).  K-Mapping is a strategy for simplifying Boolean logic expressions 
without having to use all the Boolean algebra rules we spent the last unit 
practicing.  While the Boolean Algebra rules are nice to have around, we’ll 
find that K-Mapping is much faster. 

  Take Notes on K-Mapping 

  K-Mapping Assignment 

  Check-off from Mr. Benshoof 
  

Part 2: NAND/NOR Gates (60 pts) Approx. 3 days   
Next, we’ll add two new logic gates to our repertoire.  We’ve already 
looked at what Inverters, AND, and OR gates can do.  Now we get to look at 
the “Universal Gates” NAND and NOR.  You’ll start by learning what those 
gates can do for us when it comes to designing circuits.  Then, you’ll build 
some circuits in AOI logic and converting that to NAND-only or NOR-only 
circuits.  As usual, we’ll Multisim and breadboard the various circuits as 
well.  In doing so, we’ll learn pretty quickly the benefit of using NAND-only 
or NOR-only circuit design. 

  Notes on NAND Gates 

  NAND Gates Assignment 

  Multisim & Breadboard NAND 

  Notes on NOR Gates 

  NOR Gates Assignment 

  Multisim & Breadboard NOR 
  Unit 3 Quiz 

  

Part 3: Fireplace Control (40 pts) Approx. 3 days   
The unit ends with a complete circuit design challenge.  You’ll be presented 
with a situation involving a fireplace safety cut-off valve (similar to the Brew 
Cutoff from earlier).  You’ll create a truth table and logic expression, 
simplify that expression using K-Mapping, create the AOI circuit, replace 
parts with NAND-only and NOR-only logic, then Multisim and breadboard 
the complete circuit.  Stay focused, this is a tough one! 

  Truth Table & Expression 

  Simplify with K-Mapping 

  NAND/NOR Circuits 

  Multisim & Breadboarding 

  Flow Chart & Notes 

 Achievement: Recreate the Fireplace Control Circuit using new parameters 
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UNIT 3: NAND/NOR DESIGN                              PART1: K-MAPPING 
(30 pts) Approx. 3 days 

Our unit starts with an introduction to a new way of simplifying logic expressions: Karnaugh Mapping (K-Mapping).  This 
new process will support and/or replace the job of simplifying with Boolean 
algebra rules.  Instead, K-Mapping takes advantage of very specific patterns 
in grids of minterm combinations to let us simplify potentially large logic 
expressions in a few simple steps.   

At the right you see an example of a K-Map being analyzed, and below are 
the general steps that we’ll follow whenever we try to use K-Mapping to 
simplify a logic expression. In this part of the unit you’ll watch a 
demonstration of that work in action, review the rules and patterns, and 
then practice in an assignment as usual. 

1. Start by watching the presentations Simplifying with K-Mapping 
and K-Mapping.  As you review these presentations, take a full 
page of notes on the K-Mapping procedure.  Make sure that your 
notes include the following topics: 

a. How to setup K-Mapping grids (there is a handy reference 
on the website) 

b. How to fill in the 0’s and 1’s into a K-Map 
c. What patterns/groups to look for 
d. How to turn your groupings into logical minterms 
e. At least a few examples of K-Maps in action! 

2. Complete the K-Mapping Assignment.  Make sure that you show 
your work as you move through the assignment! 

3. Have Mr. Benshoof check-off your completed assignments before 
you move on! 
 
 
 
 

Part 1: Tasks 10 points 8-6 points 5-0 points 

 K-Mapping Notes 
 

+ Watch both the Simplifying with 
K-Mapping and K-Mapping 
presentations 
+ Take a full page of notes on 
those concepts  
 

- Less than a full page of 
notes on K-Mapping 
- Notes are missing 
important parts 

- Very brief or no notes 
in your engineering 
notebook 

 20 points 16-10 points 9-0 points 

 K-Mapping Assignment 

+ Complete the K-Mapping 
Assignment 
+ You showed your work 
throughout the K-Mapping 
Assignment 
 

- Assignment incomplete 
- Assignment not 
corrected 
- Little work shown 

- Assignment missing 
- Assignment totally 
incomplete 
- No work shown 

  

K-MAPPING STEPS 

1.  Draw the right-size grid 
2.  Label columns and rows with the 
proper minterms 
3.  Fill in the grid with 0’s and 1’s from 
the unsimplified expression 
4.  Look for as few grouping of powers-
of-two as possible to “use up” all 1’s. 
5.  Write the simplified expression as 
minterms from your new groupings 
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UNIT 3: NAND/NOR DESIGN                        PART2: NAND/NOR GATES 
(60 pts) Approx. 4 days 

The second part of our unit is all about the universal “NAND” and “NOR” gates.  A NAND gate is simply the negation (or 
opposite) of an AND gate… the NAND gate is only off (0) when both inputs are on (1).  Similarly, the NOR gate is the 
negation (or opposite) of an OR gate… the NOR gate is only on (1) when both inputs are off (0).  The advantage to these 
gates is that they can be grouped up in very specific ways to replace the AND/OR/INVERTER gates we’ve been using. 

1. Start by watching the Universal Gates Overview and NAND Gates presentations.  Take a full page of notes (at least) on 
the NAND gates and their use.  Make sure that part of your notes includes the details about how to substitute NAND-
only groupings for the AOI gates we’ve been using. 

2. Complete the NAND Gates Assignment, showing your work throughout! 
3. Then, use Multisim to simulate the two circuits (Booth-NAND, Alarm-NAND) and confirm that they work as they are 

supposed to. 
4. Breadboard the same two circuits and demonstrate that they work correctly.  Have Mr. Benshoof check-off your 

working breadboarded circuits! 
5. Move on by watching the NOR Gates presentation and taking another page of notes.  Make sure that your notes 

include details about substituting all-NOR groupings for the AOI gates we’re used to! 
6. Complete the NOR Gates Assignment, showing your work throughout! 
7. Then, use Multisim to simulate the two circuits (Booth-NOR, Alarm-NOR) and confirm that they work as they are 

supposed to. 
8. Breadboard the same two circuits and demonstrate that they work correctly.  Have Mr. Benshoof check-off your 

working breadboarded circuits! 
9. Take the Unit 3 Quiz by October 11! 

Part 2: Tasks 5 points 4-3 points 2-1-0 points 

 Notes on NAND Gates 

+ You took a full page of notes on 
NAND gates. 
+ Your notes include details about 
how NAND gates can substitute AOI 

- Your notes are less than a 
full page 
- Your notes do not include 
NAND substitutions 

- Very brief or no notes 

 10 points 8-5 points 4-0 points 

 NAND Gates Assignment 
+ You completed the NAND Gates 
Assignment 

- You did not complete the 
NAND Assignment 

- Your NAND Assignment is 
missing 

 Multisim & Breadboard 
NAND 

+ You completed the Multisim circuit 
for your NAND-only circuit   
+ You completed the breadboarding 
for the circuits 

- You did not complete the 
Multisim circuit 
- You did not complete the 
breadboarding 

- You did not complete the 
breadboarding or Multisim 
circuits 

 5 points 4-3 points 2-1-0 points 

 Notes on NOR Gates 

+ You took a full page of notes on NOR 
+ Your notes include details about 
how NOR gates can substitute for AOI 
gates 

- Your notes are less than a 
full page 
- Your notes do not include 
NOR substitutions 

- Very brief or no notes 

 10 points 8-5 points 4-0 points 

 NOR Gates Assignment 
+ You completed the NOR Gates 
Assignment 

- You did not complete the 
NOR Assignment 

- Your NOR Assignment is 
missing 

 Multisim & Breadboard 
NOR 

+ You completed the Multisim circuit 
for your NOR-only circuit   
+ You completed the breadboarding 
for the NOR circuits 

- You did not complete the 
Multisim circuit 
- You did not complete the 
breadboarding 

- You did not complete the 
breadboarding or Multisim 
circuits 

 Unit 3 Quiz 

+ You took the Unit 3 Quiz by the due 
date 
+ Your grade is based on number 
correct 

N/A - You did not take the Unit 
3 Quiz 
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UNIT 3: NAND/NOR DESIGN                       PART3: FIREPLACE CONTROL 
(40 pts) Approx. 3 days 

The final part of the unit asks you to use what you’ve learned to design, simulate, and build a circuit to address the 
following situation… READ IT CAREFULLY!  There is lots of information in there 

The Acme Fireplace Company has hired you to redesign the fireplace control circuit 
for their latest residential gas fireplace. The fireplace burner is equipped with four 
thermal sensors that output a logic 1 whenever a flame is present. These sensors 
are connected to the fireplace control circuit, which outputs a 1 to the emergency 
cutoff valve to keep the gas flowing (a 0 will turn the gas off). The original design 
of the fireplace control circuit was quite simple. For the gas valve to remain on, all 
four sensors needed to output a logic 1. During field testing it was discovered that 
variations in gas pressure and humidity cause the thermal sensors to occasionally output a logic 0 even when a flame is present. This 
caused frequent unnecessary shut downs and constant customer dissatisfaction.  For the redesign, the designers determined that the 

emergency cutoff value should remain open as long as three of the four sensors indicate that a flame is present. Additionally, the 
designers have asked you to add a second output indicator to the control circuit. This indicator will output a logic 1 when the four 
sensors do not all agree (not all on or not all off). This indicator will be used by the service technician to diagnose whether a faulty 

sensor exists.  IN ADDITION: The circuit that controls the emergency cutoff valve must be implemented using only 74LS00 two-input 
NAND gates, and The circuit for the possible faulty sensor indicator must be implemented using only 74LS02 two-input NOR gates 

 
1. Create a truth table of the “Fireplace Cutoff” situation. 
2. Use your truth table to make an unsimplified logic expression. 
3. Use K-Mapping to simplify your logic expression. 
4. HAVE MR. BENSHOOF CONFIRM YOUR SIMPLIFIED LOGIC EXPRESSION BEFORE CONTINUING! 
5. Create an AOI circuit of your simplified logic expression. 
6. Replace part of your AOI circuit with NAND-only logic, and another part with NOR-only logic 
7. Simulate your circuit in Multisim and confirm that it works as intended. 
8. Build your circuit on your breadboard using the built-in switches and LEDs.  Confirm that it works as intended. 

Part 3: Tasks 8-7 points 6-4 points 3-0 points 

 Truth Table & 
Expression 

+ Your truth table includes all 
necessary inputs/outputs 
+ Your truth table is correct 

- Your truth table is not 
correct 

- Your truth table is 
missing 

 Simplify with K-
Mapping 

+You created an unsimplified logic 
expression 
+ You showed your work to 
simplify your logic expression with 
K-Mapping 

- One of your 
expressions is missing 
- You did not show your 
simplifying work 

- Both your expressions 
are missing 
- Your expressions are 
wrong 

 NAND/NOR Circuits 

+ Your circuit has the required 
NAND-only components 
+ Your circuit has the required 
NOR-only components 

- Your circuit does not 
use only 2-input gates 
- Your circuit is wrong 

- Your circuit is missing 

 Multisim & 
Breadboarding 

+ Your Multisim circuit works 
correctly 

- Your Multisim circuit 
does not work correctly 

- Your Multisim circuit is 
missing 

 Flow Chart & Notes 
+ You took notes on your process 
and created a flow-chart of the 
circuit design process 

- You took only brief 
notes 
- No flow chart 

- No notes or flow chart 

    
Achievement: Recreate your circuit (up through the Multisim simulation – no breadboarding) in which you make 

the emergency cutoff valve circuit with NOR-only, and the indicator with NAND-only logic 
 


