Anchorage School District

Career & Technology Education Curriculum

Course Title: PLTW Digital Electronics                
Course #H8112
Career Cluster: Science, Technology, Engineering & Mathematics
CIP #
Grade Level:  11—12 one year
Credits: 1 Credit
Prerequisite: Concurrent enrollment or completion of Algebra 1 
UAA Tech-Prep/Articulation: None
Core Credit: None
Course Description: Digital ElectronicsTM is a core course of study in the Project Lead the Way® (PLTW) program. The purpose of this introductory pre-engineering course is to develop a student’s logical thinking skills by solving problems and designing control systems. In this manner students will gain a better understanding of the digital circuits in microelectronic design, manufacturing, computer technology, and information systems.

Students use computer simulation to learn about the logic of electrons as they design, test and construct circuits and devices.
Students will:

        Use the design process by applying it to problem-solving activities and projects

        Develop critical thinking skills by designing and testing their own solutions

        Increase communication skills through design and presentation formats

        Develop team building skills by working collaboratively in groups

 

	Course Objectives
	Student Competencies/Outcomes

	Unit 1: Fundamentals
____________________________________

Unit 2: Number Systems
_____________________________________

Unit 3: Gates
_____________________________________
Unit 4: Boolean Algebra
____________________________________

Unit 5: Combinational Circuit Design
___________________________________
Unit 6: Adding
Unit 7: Flip-Flops
Unit 8: Asynchronous Counters

Unit 9: Families and Specifications

UNIT 10: Microprocessors

___________________________________

UNIT 11: Student Directed Study Topic


	Enabling Competencies:

1.1 Safe operating procedures must be practiced in an electronics laboratory environment at all times to avoid serious injury to oneself and/other members of one’s team.

1.2 Digital Electronics uses electronic components powered by electricity and chemicals which can do bodily harm.

1.3 Electron flow is the current produced by the movement of free electrons toward a positive terminal.

1.4 Conventional current flow is current produced by the movement of positive charges toward a negative terminal.

1.5 Three important parts of an atom are protons, neutrons and electrons.

1.6 Direct current is current flowing in only one direction.

1.7 Alternating current is current that is constantly changing in amplitude and polarity.

1.8 Very large units and very small units can be abbreviated with standardized notation.

1.9 Prefixes eliminate the need for using zeros in the value.
1.10 Conversions are as easy as moving decimal points.

1.11  All materials have a property that causes an opposition to current flow and all materials will conduct electricity. Conductors have very little resistance; insulators have a large amount of resistance.

1.12 A resistance that develops .24 calorie of heat when one ampere of current flows through it is said to have 1 ohm of resistance.

1.13 A resistor is a device that inserts resistance into a circuit in order to reduce the current or create an IR drop. Resistors are measured in ohms and rated in watts for the power it can dissipate. 

1.14  There is a direct mathematical correlation between voltage, resistance and current in all electronic circuits. Current is directly proportional to Voltage applied and inversely proportional to resistance.

1.15 The path or paths followed by the current flow is called a circuit. All circuits must contain a source of electromotive force (causing the electrons to flow through closed loops from the high potential side of the source to the low potential side), a load, and a conductor.

1.16 The purpose of a switch is to either open or close a path for the electrons to flow.

1.17 Symbols are used to draw a circuit, and these symbols are based on industry standards. 

1.18 The current flowing to a given point is equal to the current flowing away from that point.

1.19  The algebraic sum of the voltage drops in any closed path in a circuit and the algebraic sum of the electromotive forces in that path must total zero.

1.20 A capacitor, which consists of two metal plates separated by a dielectric insulating layer, stores a static electrical charge.

1.21 The rate the capacitor charges or discharges depends on the resistance in the circuit and can be predicted mathematically.

1.22 Analog and Digital Signals have different waveforms with distinctive characteristics.

1.23 Digital signals are composed of two well defined voltage levels.

1.24 Analog signals vary gradually and continuously.

1.25 Data sheets for integrated circuits contain valuable information needed by a circuit designer.
Integration Skills:
1.1 Students will be able to identify hazards in the lab and know locations of the safety equipment and how to use it.
1.2 Students will understand the causes of and the dangers from electric shock and explain methods to prevent it.
1.3 Students will understand that the process of designing an electronic circuit takes into account many factors, including environment concerns, and will be familiar with precautionary measures.
1.4 Students will be able to label the parts of the atom.
1.5 Students will explain the relationship of quantum energy required to strip away electrons from atoms to being classified as an insulator or conductor.
1.6 Students will be able to define and explain the difference between direct and alternating currents.
1.7 Students will be able to re-write any number using conventional prefix definitions.
1.8 Students will understand the material makeup of resistors and how they are used in circuit design.
1.9 Students will understand the symbols associated with resistors.
1.10 Students will be able to correctly setup lab equipment to measure resistor values in order to compare measured and rated values.
1.11 Students will calculate the tolerance levels of various resistors to determine if the measured value is within specifications.
1.12 Students will be able to draw and label the parts of a simple circuit.
1.13 Students will build and test a variety of series and parallel circuits, using simulation software and proto-boards, to prove the accuracy of Ohm’s and Kirchhoff’s laws.
1.14 Students will correctly select and utilize electrical meters to determine voltage, resistance and current in simple circuits.
1.15 Students will calculate the resistance, current and voltage in a circuit using Ohm’s Law.
1.16 Students will describe the component parts of a capacitor and describe how a capacitor holds a static charge.
1.17 Students will use and understand the units of measurement for capacitors.
1.18 Students will be able to calculate the value of capacitors mathematically and through the use of instrumentation.
1.19 Students will be familiar with different types of capacitors and their voltage polarity requirements.
1.20 Students will be able to draw a digital waveform and identify the anatomy of the waveform.
1.21 Students will differentiate between digital and analog signals when given the waveforms.
1.22 Students will wire and test a free-running clock circuit using a 555 timer.
1.23 Students will calculate the output frequency of a clock circuits using observations and the oscilloscope.
1.24 Students will successfully complete an internet search for data sheets for integrated circuits.
1.25 Students will become familiar with the information contained on a data sheet.
_____________________________________

Enabling Competencies:

2.1 Binary and Hexadecimal number systems are essential to designing and constructing digital circuits.

2.2 Binary and Hexadecimal number systems form the basis of all digital systems.

2.3 Learning to calculate using different number systems is essential to designing and constructing digital circuits.

2.4 Data is processed and transmitted by computers and other digital systems based on the binary number system. 

2.5 An understanding of the binary system and its relationship to other number systems, such as decimal and hexadecimal, is very important to digital electronics.

2.6 Binary (base 2), Hexadecimal (base 16) and Decimal (base 10) are similar and are based on the same place value principles, which is a key component to understanding different bases.
_____________________________________ 
Integration Skills:

2.1 Students will understand numerical place value. 
2.2 Students use mathematical symbols to represent different bases and will communicate concepts using different number systems.
2.3 Students will demonstrate the relationship of binary and hexadecimal to bits and bytes of information used in computers.
2.4 Students will convert values from one number system to another.
_____________________________________

Enabling Competencies:

3.1 Control of high and low logic levels is necessary to implement complex digital circuitry.  

3.2 Gates are devices that are used to control these logic levels.  

3.3 Combinations of these gates are necessary to create all types of circuits.  

3.4 To more easily design these circuits, each gate has its own symbol.
3.5 These symbols are necessary to graphically represent circuits for documentation.
3.6 There is a schematic symbol for each logic gate.
3.7  Each gate has a mathematical relationship that can be written as a Boolean expression.

3.8 The relationship between the outputs and the inputs can be expressed by a truth table.

3.9 Binary logic levels are represented as ones (highs) and zeros (lows).

3.10 Multiple input gates can be created by individual gates.

3.11 Each Integrated Circuit (IC) has a unique purpose, multiple gates, and a pinout diagram identifying pin function.
_____________________________________

Integration Skills:

3.1 Students will use schematics and symbolic Algebra to represent digital gates in the creation of solutions to design problems.
3.2 Students will identify the name, symbol, and function and create the truth table, and Boolean Expression for the basic logic gates through research and experimentation.
3.3 Students will apply logic to design and create, using gates, solutions to a problem. 
___________________________________
Enabling Competencies:

4.1 The truth table is a concise way of presenting the logic of a circuit.

4.2 Boolean algebra is the mathematics of digital systems.
4.3 The rules, laws, and theorems of Boolean algebra can be used to manipulate and simplify logic expressions.

4.4 All Boolean expressions can be expressed in one of two forms: sum-of-products or product-of-sums.

4.5 Logic expressions can be systematically simplified using a graphical process called Karnaugh mapping.

4.6 AOI logic circuit can be expressed using all NAND or all NOR gates.

4.7 Boolean expressions and truth tables can be derived from logic circuits.

4.8 Logic circuits can be designed from either Boolean expressions or truth tables.

4.9 From a truth table either a product-of-sums or a sum-of-products expression can be written.

4.10 NOR and NAND gates can be used to create any of the logic functions and are known as Universal Logic Elements.

4.11 Frequently money and resources can be saved by using NAND or NOR gates to produce others in a circuit.

4.12 The primary reason to learn Boolean Algebra is to minimize the number of logic gates in a circuit.

4.13 The fewer the number of gates used, the simpler an expression is considered to be.

4.14 Boolean Algebra is made up of certain well-defined rules and laws, which must be used correctly.

4.15 Karnaugh Mapping is a graphical technique used to simplify logic expressions.

​​​​​​​​​​___________________________________

Integrated Skills:

4.1 Students will recognize the relationship between the Boolean expression, logic diagram, and truth table.
4.2 Students will be able to create Boolean Expressions, logic circuit diagrams or truth tables from information provided in the solution of design problems.

4.3 Students will appropriately select the Sum-of-Products or the Product-of-Sums form of a Boolean Expression to use in the solution of a problem.
4.4 Students will apply the rules of Boolean algebra to logic diagrams and truth tables to minimize the circuit size necessary to solve a design problem.
4.5 Students will use DeMorgan’s Theorem to simplify a negated expression and to convert a SOP to a POS and visa versa in order to save resources in the production of circuits.
4.6 Students will formulate and employ a Karnaugh Map to reduce Boolean expressions and logic circuits to their simplest forms.
4.7 The students will create circuits to solve a problem using NAND or NOR gates to replicate all logic functions.
4.8 The students will apply their understanding of the workings of NOR and NAND gates to make comparisons with standard combinational logic solutions to determine amount of resource reduction.
__________________________________

Enabling Competencies:

5.1 A systematic approach to creating a circuit to solve a problem is most likely to produce the simplest, most effective and inexpensive circuit.

5.2 Combining gates to produce the required output is called combinational logic. 

5.3 Combinatorial logic circuits can be expressed by using a Boolean expression, truth table, and symbols and can be simplified using K-maps, and Boolean algebra.

5.4  IC chips are classified according to the number of equivalent gate circuits on each chip.

5.5 SSI (Small Scale Integration) have less than 12 gates, MSI(Medium Scale Integration): 12-99 gates, and LSI(Large Scale Integration): 100-9999 gates.

5.6 Multiplexers and demultiplexers are digital components that provide the solution to the bottleneck of multiple data sources and destinations. 

5.7 A PLD is a digital IC capable of being programmed to provide specific logic functions.

5.8 PLD family consists of a variety of device architectures and configurations.

5.9 Most common PLDs are based on AND/OR logic gate arrays and are programmable with SOP expressions.

5.10 PLDs can be programmed, erased and reprogrammed many times allowing easier design modifications.

5.11 PLDs offer design flexibility, reduce board space and package count and can be used to develop digital designs more quickly than fixed–function logic.

_________________________________
 Integration Skills:

5.1 Students will restate and simplify a digital design problem as part of the systematic approach to solving a problem.
5.2 Students will design, construct, build, troubleshoot, and evaluate a solution to a design problem.
5.3 Students will present an oral report presenting a solution and evaluation of a design problem of their choice.
5.4 Students will discover the code to create numbers on a seven segment display by experimentation.
5.5 Students will design a circuit to control a seven segment display with a decimal to BCD encoder and a display driver.
5.6 Students will control the flow of data by utilizing Multiplexers and Demultiplexers. 

5.7 Students will be able to design and implement combinational logic circuits using reprogrammable logic devices.

5.8 Students will create PLD logic files that define combinational circuit designs using Boolean Expressions.
5.9 Students will understand and use logic compiler software to create JEDEC files for programming PLDs.
___________________________________

Enabling Competencies:
6.1 Adder circuits are important in digital systems in which numerical data is processed.

6.2 Adders are built with basic gates (AND, OR, NOT, XOR).

6.3 Adder circuits can be designed, tested, and built using either discrete gates or MSI chips which will perform mathematical operations on binary numbers. Electronic devices can be designed to add numbers.

6.4 Binary numbers are used to add and subtract numbers in electronic systems.

6.5 There are MSI devices that can allow people to add binary numbers.

6.6 The outcome of the electronic adder can be predicted and checked mathematically.

6.7 Adding binary numbers is like adding decimal numbers; whenever the result of adding one column is greater than 1 digit; a 1 is carried over to the next column to be added.
_____________________________________

Integration Skills:

6.8 Students will demonstrate understanding of binary addition and subtraction by designing circuits to produce correct answers. 
6.9 Students will create and prove the truth table for both half and full adders.
6.10 Students will design, construct and test adder circuits using both discrete gates and MSI gates.
___________________________________

Enabling Competencies:

7.1 The building block for sequential logic is the flip-flop.

7.2 In sequential logic the current state (output) depends on the past state as well as the current inputs.

7.3 Flip-flops can be wired together to form counters, shift registers and various memory devices.

7.4 Flip-flops can be used in synchronous or asynchronous modes.

7.5 Flip-flops have practical applications, especially in the area of elementary memory storage and frequency division.

7.6 Latches are devices which have the capability to store data and can act as memory devices. Latches store data when the clock is low; a flip flop stores data when the clock rises. Sequential circuits store information between operations performed by combinational circuits.

7.7 A flip-flop has two outputs [image: image1] and, which are always in opposite states.

7.8 Flip-flops are circuits that can maintain their state indefinitely as long as power is supplied, and change their states when directed to by a control input. Flip-flops are given a clock input, which specifies specific moments in time to change state. What makes flip-flops special is that their output is connected back into their input, so that their proceeding state depends on both their current state and their control input.

7.9 The J-K Flip-flop is known as the Universal Flip-flop having features of all the other flip-flops.

7.10 The J-K flip-flop can be used synchronously or asynchronously.

7.11 The J-K flip-flop is used for many applications which include, but are not limited to counters, shift registers, and frequency dividers.

7.12 The clock signal used by flip-flops is not necessarily instantaneous, so there needs to be a way to prevent the flip-flop from changing state multiple times during a clock cycle. There are two basic methods; the first only changes state once the clock cycle is finished (Master/Slave) the other only changes state during a signal transition (edge triggered).

7.13 Factors such as propagation delay and pulse width must be taken into consideration when designing a circuit.

7.14 Common uses for Flip-flops are Frequency Division, Data Storage, Switch Debouncing, and Logic Synchronization.

_____________________________________

Integration Skills:

7.1 Students will construct and test simple latches and flip-flops from discrete gates.
7.2 Students will interpret, design, draw, and evaluate circuits using the logic symbols for latches and flip-flops.
7.3 Students will be able to interpret waveform diagrams from circuits they construct and compare them with combinational waveforms.
7.4 Students will compare and contrast operation of synchronous with asynchronous flip-flop circuits they construct.
7.5 Students will be able to create and interpret timing diagrams and truth tables for J-K Flip-Flops.
7.6 Students will understand the different types of triggers used by latches and flip-flops and select the appropriate one for the circuits they design.
7.7 Students will analyze timing diagrams that reflect triggering to identify distinguishing characteristics.
7.8 Students will conduct experiments with clock pulse width to determine the effect on the accuracy of data transmission.
7.9 Students will assemble circuits and compile information about the various applications of flip-flops.
____________________________________
Enabling Competencies:
8.1 Shift Registers and Counters are closely related and both consist of an arrangement of flip-flops.

8.2 Shift Registers are primarily used for the storage and transfer of digital data.

8.3 There are 4 basic types of Shift Registers which are classified by the input and the output.

8.4 There are two broad categories of counters: asynchronous and synchronous.

8.5 Registers are used to hold data that needs to be gotten at quickly and that often change. 

8.6 Shift Registers are created by a group of flip-flops operating as a coherent unit to hold data.

8.7 Manufacturers use Shift Registers in IC form for applications such as printers and modems.

8.8 Counters are controlled by a clock pulse fed to a series of flip-flops

8.9 For asynchronous counters, an external clock clocks the first flip-flop, all subsequent flip-flops are clocked by the output of the previous flip-flop.

8.10 Asynchronous Counters are also known as Ripple Counters.

8.11 Asynchronous Counters are slower than Synchronous Counters

8.12 Asynchronous Counters can be made using discrete gates or using Integrated chips.

8.13 Modulus Counters can be designed using Asynchronous Counters.

8.14 Counters are controlled by a clock pulse fed to a series of flip-flops.

8.15 A single external clock feeds all the flip-flops at the same time in Synchronous Counters.

8.16 Synchronous Counters are faster than Asynchronous Counters.

8.17 Synchronous Counters can be made using discrete gates or packaged in  Integrated chips.

8.18 Modulus Counters can be designed using Synchronous Counters.

_____________________________________

Integration Skills:

8.1 Students will conduct experiments to determine the basic principles of how shift registers work.
8.2 Students will evaluate the use of shift registers in product design and the speeds at which those products run.
8.3 Students will create a circuit using discrete flip-flops to discover the operation and characteristics of asynchronous counters.
8.4 Students will design, simulate, build, and test Mod counters using discrete gates in the solution to a design problem

8.5 Students will design, simulate, build, and test asynchronous Mod counters using an integrated counter chip (MSI).
8.6 Students will design, simulate, build, and test synchronous Mod counters using discrete gates to solve a problem.
8.7 Students will design, simulate, build, and test synchronous Mod counters using an integrated counter chip in the solution to a design problem.
____________________________________

Enabling Competencies:
9.1 There are many families of logic devices each with their own unique specifications.

9.2 Voltage levels differ between logic families.

9.3 Propagation delay and power dissipation are important IC family specifications.

9.4 Each logic family has its own definition of High and Low.

9.5 Each logic family has its own noise margin characteristic.

9.6 A gates input and output voltage levels differ in order for the Integrated circuit to function properly.

9.7 Electromagnetic radiation from nearby conductors may induce excess voltage in a device. 

9.8 Outputs do not appear instantaneously as the inputs are applied.  

9.9 There are a maximum number of gates that can be driven off one output.

9.10 Fan-out characteristics of digital ICs are determined by output drive and input loading specifications.

9.11 Transistor to Transistor Logic devices use current controlled transistors which are durable but consume energy and create heat. Complimentary Metal Oxide Semiconductor Logic devices use voltage controlled transistors which use much less power but are static sensitive.

_____________________________________

Integration Skills:

9.1 Students will be able to interpret the graphs, charts, and written materials contained in a data sheet and apply it to a design problem.
9.2 Students will be able to correctly setup and use an oscilloscope to observe and measure propagation delay in a digital circuit.
9.3 Students will be able to define, calculate, and measure noise margin, drive capabilities, fan-out and propagation delay.
9.4 Students will be able to list safety precautions for handling CMOS chips.

____________________________________

Enabling Competencies:
10.1 Microprocessors are embedded inside other devices so that they can control the features or the actions of the product.

10.2 Microprocessors are small and have low cost and power consumption.

10.3 Microprocessors are a digital integrated circuit that can be programmed with a series of instructions to perform specified functions on data.

10.4 It is possible to replace entire logic circuits comprised of discrete gates using a single microprocessor.

10.5 A microprocessor is composed of three basic elements, a Control section, an Arithmetic Logic Unit, and a Register Unit..

10.6 A microprocessor becomes a microcomputer with the addition of input and output devices and additional memory storage.

10.7 Microcomputers need to be programmed in order to function.

10.8 A Program is a list of instructions

10.9 At the heart of a digital control system is a microprocessor that does processing of sensor information. This includes the formation of control output based on the sensory feedback and established control algorithm.
10.10 There is frequently incomplete information from a sensor or groups of sensors. A microprocessor will combine the incomplete information to allow complete determination of a control variable that can not be accurately measured by any single sensor.

10.11 It is necessary to interface a microprocessor to control external devices with different amperage and voltage requirements.

10.12 A microprocessor that is primarily use to control external devices is sometimes called a microcontroller.

_____________________________________

Integration Skills:

10.1 Students will be able to formulate a flow chart  to correctly apply basic programming concepts in the planning of a project .
10.2 Students will be able to design and create a program, using correct syntax, to evaluate data and make decisions based on information gathered from the environment using external digital and analog sensors.
10.3 Students will create an interface to allow them to inspect, evaluate and manage program parameters in the microprocessor during the operation of a program.
10.4 Students will be able to design and create a program in correct syntax allowing a microprocessor to evaluate external data in order to operate motors and other devices to control the external environment.
10.5 Students will appropriately select, size, and implement interface devices to control external devices.

10.6 Students will design and create programming to control the position of stepper motors.
____________________________________

Enabling Competencies:
11.1 Utilize competencies from previous units in a capstone project of the student’s choice, or assigned by instructor.

_____________________________________

Integration Skills:

11.1 Students will either choose a project that interests them, or be presented with a project idea by the instructor. Working in pairs, the students will:

· Select a Problem.

· Develop a solution to the Problem.

· Implement the solution using the computer simulation software.

· Breadboard the solution using the appropriate parts.

· Present their design to the class.

· Submit a report summarizing their work.




