Unit 3: Digital Logic Circuits/Counting BITS

Time
37.5 hours

Description
In this unit, students explore the various applications of microelectronics, computers and communications technologies. Activities are listed sequentially from introductory to more challenging. Although activities may be independent of each other, skills developed throughout the unit continue to build one upon the other.

Students apply various problem-solving strategies throughout this unit, and complete five processes by the end of the unit, including schematic drawing, circuit design, building bread boards, constructing a counter, and building a countdown timer circuit. Students will have the opportunity to become aware of career opportunities, educational programs or opportunities for co-operative education in the field of microelectronics in communications technology.

Strands and Expectations
	Strand
	Overall
	Specific

	Theory and Foundation 


	TVF.01.1W

TVF.02.1W

TVF.03.1W


	TF1.01.1W

TF2.04.1W

TF2.05.1W

TF2.06.1W

TF2.09.1W
	TF2.10.1W

TF2.11.1W

TF3.01.1W

TF3.02.1W



	Skills and Processes


	SPV.01.1W

SPV.02.1W

SPV.03.1W

SPV.04.1W


	SP1.01.1W

SP1.02.1W

SP1.03.1W

SP1.04.1W

SP1.05.1W

SP1.06.1W

SP2.01.1W

SP2.02.1W

SP2.03.1W
	SP2.04.1W SP2.05.1W

SP2.06.1W

SP3.01.1W

SP3.02.1W

SP3.03.1W

SP3.04.1W

SP4.01.1W

SP4.02.1W



	Impact and Consequences
	ICV.01.1W

ICV.02.1W

ICV.03.1W

ICV.04.1W


	IC1.01.1W

IC1.02.1W

IC2.01.1W

IC2.02.1W

IC2.03.1W
	IC2.04.1W

IC3.01.1W

IC3.02.1W

IC3.03.1W IC3.04 .1W


See Appendix E for full description of TGJ3E expectations

Activities

	Activity
	Activity Title
	Time

(minutes)

	1
	Learning the Binary System
	375

	2
	Digital Decision Making
	750

	3
	Count and Convert
	750

	4
	Count Down to Blast Off
	375


HRDC NOC Specialized Skills

The activities in this unit are designed for occupations that require troubleshooting electrical signals, designing and building analog circuits, writing test reports, reading schematics and using testing equipment.  Though most careers identified by HRDC as related to electronics can benefit from the skills and knowledge addressed in this unit, the following career categories are directly related to the activities in this unit:

	2133
	Electrical and Electronics Engineers

	2241
	Electrical and Electronics Engineering Technologists and Technicians 

	2242
	Electronic Service Technicians (Household and Business Equipment) 

	7332
	Electric Appliance Servicers and Repairers 

	9483
	Electronics Assemblers, Fabricators, Inspectors and Testers 

	9484
	Assemblers and Inspectors, Electrical Appliance, Apparatus and Equipment Manufacturing 


Prior Knowledge 

In each of the activities in this unit, students will be drawing upon a variety of knowledge and skills in the world of electronics. They will have to connect results of investigations with specific purposes and utilize a variety of microelectronics procedures. In particular, students will need to study and understand logic symbols, logic diagrams, how a breadboard works, basic logic gates and introductory level binary system and its relationship to decimal conversion using lab work, written notes and descriptions, circuit drawings and calculations. They will be required to produce accurate drawings, evaluate their own designs against the original project requirements, and purpose modifications to improve the quality of the product. Students will need to determine factors that can affect the manufacturing process of products, such as the driving force of consumer need. Students must also demonstrate a basic knowledge of safety concerns, as they will be exposed to a variety of new technological processes through this unit.

Unit Planning Notes
Before initiating each of these units, teachers should secure the appropriate resources and work through each activity prior to implementation. These preparations will ensure that all facility, equipment, and material requirements are met. Some activities require the teacher to research new information. Students and teachers would benefit from contacting the local businesses in the communications technology sector for support in conducting the various activities. These members of the community may also provide students with insight into career opportunities, educational requirements and potentially offer students cooperative education learning opportunities in the workplace, college or university.

1. Learning the Binary system requires an understanding of how a number system works.

2. Fundamental gates activity requires using gates and the breadboard.

3. The process of counting encoding and decoding activity requires: Bread boards, 7 segment display, pulse source or multivibrator.

4. The rocket launch countdown timer circuit activity requires: breadboard, LED, decoder chip, multimeter, logic probe, soldering gun (some are optional).

5. The real world countdown applications require creative design and related materials. Length of time and a more interesting user interface panel are options.

Teaching / Learning Strategies
This unit uses a variety of experiential learning strategies, including student centered, teacher-facilitated, group work, and co-operative learning strategies. The teacher provides students with the resources necessary to work independently and in groups in problem solving, hands-on fabricating, following design procedures , report writing, brainstorming, and making safe lab procedures.

Assessment/Evaluation 
Methods of assessment and evaluation must include a wide variety of approaches to enhance the learning environment. Assessment methods may include: student-designed assessment criteria, performance assessment processes such as instructional questions and answers, conferences, classroom discussions, journals or log books, and standardized tests such as classroom tests or examinations. Each activity contains a sample rubric for assessment, which may be used by the teacher and/or students.

Resources
These resources will be used in this unit: (equipment, materials, print etc.)

	· ASCII table

· logic gate symbols

· bread board

· 7 segment display

· pulse source or multi vibrator

· LED

· decoder chip

· binary counter
	· AND gate chip

· 555 timer

· toggle switch

· push button switch

· power supply




Optional:

· multimeter probe, logic probe

· soldering gun

· computers to run electronic circuit simulations

Virtual Ventures, Carleton University, Ottawa

Websites:

http://www.iserv.net/~alexx/glossary.htm (Giant Glossary of Electronic Terminology)

http://www.howstuffworks.com/digital-electronics.htm

General:

Teacher-developed resources including handouts, worksheets, and activity sheets

Samples of student work

Manufacturer’s equipment manuals

Software manuals and tutorial exercises

Samples of digital electronic chips and circuit designs

Books:

Digital Works Software, The Electronic Workbench software product by Richard Parker and Bob Legresly, and the following books: Introduction to Electricity and Electronics (Book 1) by Frank D. Petruzella, Electricity and Electronics by Gerrish, Dugger, Roberts, Computer Technology by O.R. Lawrence, Electronics: A Practical Introduction by P.W. Braby, Digital Circuits by William J. Streib, Digital Electronics by Roger I. Tokheim, Electricity and Electronics Technology by P. Buban, M. Schmitt, C. Carter

Learning Binary

Unit 3: Activity 1

Time:  375 minutes

Description

The activity is teacher centered where the binary number system is explained and its use  is demonstrated.  This method continues with hexadecimal numbers, the relationship of binary, decimal and hexadecimal numbers and the conversion from one base to the other.  As well students also investigate how the computer keyboard commands called ASCII characters are represented in binary.

Strand and Expectations

	Strand
	Overall
	Specific

	Theory and Foundation 


	TFV.03W


	TF1.02W

TF2.06W
	TF2.11W

TF3.01W

	Skills and Processes


	SPV.04W
	SP3.01W
	

	Impact and Consequences
	
	
	


See Appendix E for full description of TGJ3E expectations

HRDC NOC Essential Skills

	· numeracy
	· problem solving
	· significant use of memory


See Appendix A for Essential Skill rubrics

Prior Knowledge

The students need to be familiar with the decimal number system and the concept of place value. 

Planning Notes

The teacher reviews the decimal number system and explains the relationship between it and the binary, octal and hexadecimal number systems.

The teacher makes copies of Appendix 3.1.1 which is the Number Comparison chart.

The teacher collects 8 cups, a peg board with eight pegs, 8 lights and 8 stick it numbers for the 4 workstations and makes copies of Appendix 3.1.2 Binary Counting

The teacher makes copies of Appendix 3.1.3 titled ASCII Code.  

Teaching / Learning Strategies 

· Students are introduced to the Binary system and are shown the relationship between 0 and 1 and the On and Off state of the two voltage levels. A digital circuit can have an output of 0 volts for Off and +5 volts for On. The two states are named 0 and 1. The prefix BI in binary means two.

· The Decimal number system is reviewed.  Decimal counting and placement value are used to demonstrate how 10, 100, 1000 are produced. Decimal numbers are compared to analog signals.

· Counting in binary is introduced. (This can be done by using a pegboard). See Appendix 3.1.1.

· The teacher demonstrates how to convert from the Binary to the Decimal number system.  See Appendix 3.1.2.  

· The students are assigned the task of finding out how other number systems such as Hexadecimal and Octal relate to the Binary number system.

· The teacher introduces the concept of code conversion and introduces the terms encoder and decoder.

· The ASCII (American Standard Code for Information Interchange) Code Chart for the keyboard is introduced and the teacher explains how it can be used to identify the binary code that is sent to represent the pressing of each key on a keyboard. Appendix 3.1.3

Assessment / Evaluation

•
Formative assessment of quiz at the end of the binary conversion exercise to show student progress and show understanding of the conversion process.

•
Summative assessment of conversion exercises.

Accommodations

Teachers are expected to be acquainted with the student’s Individual Education Plan and unique learning characteristics and should make necessary accommodations.

· Students with special needs can be given appropriate timelines for completion of this activity.

· Peer tutoring should be encouraged for those students who may need extra help.

· The teacher will provide visual aids and demonstrations to assist students as needed.

· The students will have access to enlarged chart of conversion method and ASCII character

· The teacher will use a variety of teaching styles to accommodate differentiated learning styles

Resources

Books

· Buban,P. Schmitt, M. L. Carter, Jr., C.G. Electricity and Electronics Technology 7th  ed. Toronto: Glencoe McGraw-Hill, 1999. ISBN 0-02-683427-8 Chapter 25

· Gerrish, H.H., Dugger, W.E.,Roberts, R.M. Electricity and Electronics. Tinley Park: Goodheart-Willcox, 1999.  ISBN 1-56637-436-7 Chapter 20

· Streib W.J. Digital Circuits. Tinley Park: Goodheart-Willcox, 1997.  ISBN 1-56637-338-7 Chapter 1

· Tokheim, R.L.  Digital Electronics 4th  ed.  Toronto: Glencoe McGraw-Hill, 1994. ISBN 0-02-801853-2 Chapter 2

Web sites

http://www.brunel.ac.uk/~cs96uub/numsys/binary.htm
http://www.cut-the-knot.com/binary.html
http://www.brunel.ac.uk/~cs96uub/numsys/binary.htm
http://www.kerryr.net/pioneers/binary.htm
http://www.danbbs.dk/~erikoest/binary.htm
Appendix 3.1.1: The Binary Number System

We use a counting system called the decimal number system which uses the digits 0,1,2,3,4,5,6,7,8,9  Combination of these numbers in various positions have values that we recognize and understand.   The base ten number system has place values shown as an example: 

106  

105  

104

103

102

101
     100
which gives a decimal value of

1 000 000
100 000
10 000
1 000

100

10
        1

The computer uses the binary number system which relies on base 2 and uses two digits 0 and 1. The base two number system has place values shown as an example: 

26  

25  

24

23

22

21
     20
which gives a decimal value of

64

32

16

8

4

2
      1

The two digits are used in two states of a logical circuit.  The digit 0 stands for OFF or NO and the digit 1 stands for ON or YES. This is often shown electronically as a 5-volt pulse for the digit 1 and no pulse for the digit 0.

The hexadecimal number system consists of 16 digits.  Base 16 uses the digits 0,1,2,3,4,5,6,7,8,9, A,B,C,D,E,F. The A,B,C,D,E,F are equivalent to 10,11,12,13,14 and 15. The base sixteen number system has place values shown as an example: 

166  

165  

164

163

162

161
     160
which gives a decimal value of

16 777 216
1 048 576
65 536
4096

256

16
        1

Since the binary numbers can be very large, they are often converted to hexadecimal numbers. This is done by dividing up the binary numbers into sets of 4 digits each. Each four bit number, as they are called, is changed to a hexadecimal number. A $ sign is placed in front to indicate that it is a hexadecimal number. An example


1101 
0000 
0100 
1111

$
D
0
4
F

or $D04F

The computer uses 8 bits (0’s or 1’s) to identify a number or character.  There are 2 groups of 4 bits which are converted to a hexadecimal digit.


1111 

1111

$
F

F


or $FF

Use your fingers to show binary numbers and calculate the decimal conversion. [image: image1.wmf]
1.
Complete the chart below. Count using the binary number system.

Decimal


Binary Number


          Hexadecimal

Number








Number

	
	27
	26
	25
	24
	23
	22
	21
	20
	161
	160

	0
	
	
	
	
	
	
	
	
	
	0

	1
	
	
	
	
	
	
	
	
	
	1

	2
	
	
	
	
	
	
	
	
	
	2

	3
	
	
	
	
	
	
	
	
	
	3

	4
	
	
	
	
	
	
	
	
	
	4

	5
	
	
	
	
	
	
	
	
	
	5

	6
	
	
	
	
	
	
	
	
	
	6

	7
	
	
	
	
	
	
	
	
	
	7

	8
	
	
	
	
	
	
	
	
	
	8

	9
	
	
	
	
	
	
	
	
	
	9

	10
	
	
	
	
	
	
	
	
	
	A

	11
	
	
	
	
	
	
	
	
	
	B

	12
	
	
	
	
	
	
	
	
	
	C

	13
	
	
	
	
	
	
	
	
	
	D

	14
	
	
	
	
	
	
	
	
	
	E

	15
	
	
	
	
	
	
	
	
	
	F

	16
	
	
	
	
	
	
	
	
	1
	0

	17
	
	
	
	
	
	
	
	
	1
	1

	18
	
	
	
	
	
	
	
	
	1
	2

	19
	
	
	
	
	
	
	
	
	1
	3

	20
	
	
	
	
	
	
	
	
	1
	4

	21
	
	
	
	
	
	
	
	
	1
	5

	22
	
	
	
	
	
	
	
	
	1
	6

	23
	
	
	
	
	
	
	
	
	1
	7

	24
	
	
	
	
	
	
	
	
	1
	8

	25
	
	
	
	
	
	
	
	
	1
	9

	26
	
	
	
	
	
	
	
	
	1
	A

	27
	
	
	
	
	
	
	
	
	1
	B

	28
	
	
	
	
	
	
	
	
	1
	C

	29
	
	
	
	
	
	
	
	
	1
	D

	30
	
	
	
	
	
	
	
	
	1
	E

	31
	
	
	
	
	
	
	
	
	1
	F

	32
	
	
	
	
	
	
	
	
	2
	0


1. Define the following terms: bit, byte, kilobyte, gigabyte, terabyte, ASCII, BCD, alphanumeric, encoder, decoder, LCD, LED, 

Appendix 3.1.2:  Binary Counting

There are four workstations setup to count in base 2.  There are 255 combinations since 8 0’s and 1’s are being used. 

Each group will try out each workstation and make a chart that counts from 0 to 255 using 8 binary digits. Do 64 binary numbers at each station. Make an extra column for the ASCII characters.

Workstation #1: Cups

8 cups are lined up in a row.  Cup down is off or “0”.  Cup up is on or “1”.

[image: image2.wmf]
Workstation #2:  PegBoard

8 pegs are used.  No peg in a hole is off or “0”.  A peg in the hole is on or “1”.

[image: image3.wmf]
Workstation #3:  Lights

There are 8 lights.  A light off is “0”.  A light on is “1”.

	[image: image4.wmf]
	[image: image5.wmf]


Workstation #4:  Hands 

Use four fingers on each hand for a total of 8 fingers.  Each finger down is off or “0”. Each finger up is on or “1”.

[image: image6.wmf]
Appendix 3.1.3: ASCII Code Chart

	[image: image31.wmf][image: image32.wmf]
	
	
	
	
	0
	0
	0
	0
	1
	1
	1
	1

	[image: image33.wmf][image: image34.wmf][image: image35.wmf]
	
	
	
	
	0
	0
	1
	1
	0
	0
	1
	1

	[image: image36.wmf][image: image37.wmf]
	
	
	
	
	0
	1
	0
	1
	0
	1
	0
	1

	
	
	
	
	
	
	
	
	
	
	
	
	

	Bit 
	
	
	
	
	
	
	
	
	
	
	
	

	7     6   5
	4
	3     
	2
	1
	
	
	
	
	
	
	
	

	
	0
	0
	0
	0
	NUL
	DLE
	SP
	0
	@
	P
	\
	p

	
	0
	0
	0
	1
	SOH
	DC1
	!
	1
	A
	Q
	a
	q

	
	0
	0
	1
	0
	STX
	DC2
	“
	2
	B
	R
	b
	r

	
	0
	0
	1
	1
	ETX
	DC3
	#
	3
	C
	S
	c
	s

	
	0
	1
	0
	0
	EOT
	DC4
	$
	4
	D
	T
	d
	t

	
	0
	1
	0
	1
	ENQ
	NAK
	%
	5
	E
	U
	e
	u

	
	0
	1
	1
	0
	ACK
	SYN
	&
	6
	F
	V
	f
	v

	
	0
	1
	1
	1
	BEL
	ETB
	‘
	7
	G
	W
	g
	w

	
	1
	0
	0
	0
	BS
	CAN
	(
	8
	H
	X
	h
	x

	
	1
	0
	0
	1
	HT
	EM
	)
	9
	I
	Y
	i
	y

	
	1
	0
	1
	0
	LF
	SUB
	*
	:
	J
	Z
	j
	z

	
	1
	0
	1
	1
	VT
	ESC
	+
	;
	K
	[
	k
	|

	
	1
	1
	0
	0
	FF
	FS
	,
	<
	L
	\
	l
	|

	
	1
	1
	0
	1
	CR
	GS
	-
	=
	M
	]
	m
	}

	
	1
	1
	1
	0
	SO
	RS
	.
	>
	N
	^
	n
	~

	
	1
	1
	1
	1
	SI
	US
	/
	?
	O
	-
	o
	DEL


Give the ASCII for the following:

DEL 





a

NUL





?

A





BEL

ESC





CR
Control functions

	NUL
	Null
	DLE
	Data link escape

	SOH
	Start of heading
	DC1
	Device Control 1

	STX
	Start of text
	DC2
	Device Control 2

	ETX
	End of text
	DC3
	Device Control 3

	EOT
	End of transmission
	DC4
	Device Control 4

	ENQ
	Enquiry
	NAK
	Negative acknowledge

	ACK
	Acknowledge
	SYN
	Synchronous idle

	BEL
	Bell
	ETB
	End of transmission block

	BS
	Backspace
	CAN
	cancel

	HT
	Horizontal tabulation (skip)
	EM
	End of medium

	LF
	Line feed
	SUB
	Substitute

	VT
	Vertical tabulation (skip)
	ESC
	Escape

	FF
	Form feed
	FS
	File separator

	CR
	Carriage return
	GS
	Group separator

	SO
	Shift out
	RS
	Record separator

	SI
	Shift in
	US
	Unit separator

	DEL
	Delete
	SP
	Space


Appendix 3.1.4: 

Binary Number System and Conversion Rubric

	Criteria
	Level 1
(50-60%)
	Level 2
(60-70%)
	Level 3

(70-80%)
	Level 4

(80-100%)

	Knowledge/
Understanding

Describes and understands the binary number system
	demonstrates limited ability in describing and counting in the binary number system
	demonstrates some ability in describing and counting in the binary number system
	demonstrates considerable ability in describing and counting in the binary number system
	demonstrates thorough ability in describing and counting in the binary number system

	Describes the function of the binary number system
	demonstrates limited ability in describing and illustrating the function the binary number system
	demonstrates some ability in describing and illustrating the function the binary number system
	demonstrates considerable ability in describing and illustrating the function of the binary number system
	demonstrates thorough ability in describing and illustrating the function the binary number system

	Thinking/
Inquiry

Derives the character representation of  binary codes
	demonstrates limited ability deriving the character representation of  binary codes
	demonstrates some ability deriving the character representation of  binary codes
	demonstrates considerable ability deriving the character representation of  binary codes
	demonstrates thorough ability deriving the character representation of  binary codes

	Calculates the conversion of binary to decimal
	demonstrates limited ability calculating the conversion of binary to decimal
	demonstrates some ability calculating the conversion of binary to decimal
	demonstrates considerable ability calculating the conversion of binary to decimal
	demonstrates thorough ability calculating the conversion of binary to decimal

	Communication

Teamwork skills
	 demonstrates limited effectiveness as a team member 
	demonstrates some effectiveness as a team member
	demonstrates considerable effectiveness as a team member
	demonstrates a high effectiveness as a team member

	Problem solver
	demonstrates limited ability describing a problem-solving model
	demonstrates some ability describing a problem-solving model
	demonstrates considerable ability describing a problem-solving model
	demonstrates thorough ability describing a problem-solving model

	Application 

Ability to use the binary number system
	demonstrates limited ability to use the binary number system
	demonstrates some ability to use the binary number system
	demonstrates considerable ability to use the binary number system
	demonstrates a high ability to use the binary number system


Note: 
A student whose achievement is below level 1 (50%) has not met the expectations for this assignment or activity.

Digital Decision Making

Unit 3: Activity 2

Time: 750 minutes
Description

Students investigate the seven basic digital building blocks and then use them to design a circuit that will have consistent output results for defined input states.  The teacher introduces the students to the seven basic logic gates, truth tables and Binary expressions.  Students practise developing and analyzing various circuits based on word problems and complete their investigation with the development of a multi-gate circuit of their own design.
Strands and Expectations
	Strand
	Overall
	Specific

	Theory and Foundation


	TFV.01W TFV.02W
	TF1.02W

TF2.06W
	TF2.11W TF3.01W

	Skills and Processes


	SPV.04W
	SP3.01W
	

	Impact and Consequences
	
	
	


See Appendix E for full description of TGJ3E expectations

HRDC NOC Specialized Skills

2133
Electrical and Electronics Engineer

2133.1.6


2162 
Computer Systems Analysts

2162.1.2

2241 
Electrical and electronics engineering technologists and technicians

Technicians: 
2241.2.5
2241.2.6

2242 
Electronic service technicians (household & business equipment) 

2242.1.3
2242.1.4

7245 
Telecommunications line and cable workers 

7245.1.4
7245.1.5

7246 
Telecommunications installation and repair workers 

Telecommunications Service Testers 
7246.3.2


7332 
Electric appliance servicers and repairers

Small Appliance Repairers
7332.1.4

Major Appliance Repairers/Technicians
7332.2.3
7332.2.4
7332.2.5


9483
Electronics assemblers, fabricators, inspectors and testers 

Assemblers
9483.1.1


Fabricators
9483.2.2

Inspectors
9483.3.5

Testers
9483.4.1

See Appendix F for full description of NOC Specialized Skills

HRDC NOC Essential Skills

	· decision making
	· problem solving
	· writing

	· working with others
	
	


See Appendix A for Essential Skill rubrics

Prior Knowledge

· Students should be familiar with basic circuit breadboarding techniques, dc power source(s) and digital test techniques.

· Students should be familiar with the concept of binary numbers and their representation using 1’s and 0’s.

Planning Notes

1.
Students are expected to follow standard safety practices in the use of electronic devices and tools.

2.
Students should be encouraged to use a pencil for all of their circuit drawings and either a logic symbol template and straight edge or a computer program that will produce the circuit diagrams for them.

3.
Teachers need to familiarize students with the seven basic logic gates, logic gate symbols, truth tables and TTL datasheets (http://www.ti/com/sc/docs/psheets/pids.htm).

4.
Computer software that supports the drawing and analysis of logic circuits may be used to expand this activity, if available.

Teaching / Learning Strategies

· The teacher introduces the unit with a class discussion of where digital circuits are used in today’s society and what types of decisions these devices make.

· The teacher uses a physical display to show how all decisions can be made with seven basic gates: AND, OR, Invert, NAND, NOR, XOR, XNOR.  The logic symbol and binary expression for each of these is also introduced at this point.

· The teacher introduces the concept of a Truth Table to analyze the operation of any digital circuit and has students develop a truth table for each basic gate type.  Optionally, the students can also be asked to write the Binary expression for each output line in the Truth Table. Appendix 3.2.1, 3.2.2, 3.2.3, 3.2.4

· Th teacher uses the Appendix 3.2.5 Implementing Functions in NAND Logic chart to show how the more common NAND gates can be used to implement the seven standard gate functions.

· The teacher uses the 7400 pinout on the Implementing Functions in NAND Logic chart to introduce the concept of a chip data sheet and demonstrates how they can be located on the Internet (http://www.ti/com/sc/docs/psheets/pids.htm).

· The teacher uses basic word problems to develop the concept of combining gates to represent the solution to a problem.  Students draw the solutions and write the Binary expressions for the output of each gate.  They then develop a truth table for the circuit.  Time permitting, students can be asked to construct and test these circuits. Appendix 3.2.7

· The teacher assigns each student a defined number of input signals and a selection of different gates. For example, the student could be given a situation with three inputs, one AND gate, one OR gate and a NAND gate.  (The number of inputs and gate types can vary depending on the skill levels of the student involved.)  The student is to first develop a circuit on paper that includes all inputs and gates, write out the Binary expression at the output of each gate and then develop a truth table for this circuit.  This work should be checked before the student proceeds.  The student is then to construct their circuit and demonstrate its operation to the teacher. More advanced students can be asked to demonstrate the validity of their circuit expressions at various points throughout the circuit.

Assessment / Evaluation 

· Formative assessment of each student’s ability to work co-operatively with others in the solution of problems and sharing of resources.

· Diagnostic assessment includes students’ understanding of basic gate concepts, truth table development Binary expression development, and circuit development.

· Performance assessment is used to determine the student’s ability to meet the criteria.

· Summative assessment of completed circuit drawings and wired circuits.

Accommodations

Teachers are expected to be acquainted with the student’s Individual Education Plan and unique learning characteristics and should make necessary accommodations.

1. Students with special needs can be given appropriate timelines for completion of this activity.

2. Peer tutoring should be encouraged for those students who may need extra help.

Resources

A selection of digital devices that reflect the use of binary circuits in today’s technology.

Virtual Ventures

Books

· Buban,P. Schmitt, M. L. Carter, Jr., C.G. Electricity and Electronics Technology 7th  ed. Toronto: Glencoe McGraw-Hill, 1999. ISBN 0-02-683427-8 Chapter 25

· Gerrish, H.H., Dugger, W.E.,Roberts, R.M. Electricity and Electronics. Tinley Park: Goodheart-Willcox, 1999.  ISBN 1-56637-436-7 Chapter 20

· Streib W.J. Digital Circuits. Tinley Park: Goodheart-Willcox, 1997.  ISBN 1-56637-338-7 Chapter 2

· Tokheim, R.L.  Digital Electronics 4th  ed.  Toronto: Glencoe McGraw-Hill, 1994.  ISBN 0-02-801853-2 Chapter 3

Web Sites

Texas Instruments Chip Data Sheets
http://www.ti.com/sc/docs/psheets/pids.htm
Williamson Labs. A highly animated tutorial sites on basic gates and truth tables.


http://www.williamson-labs.com/home.htm
Digital Logic Systems. A more theoretical site on the basic logic gates with a historical background and sample circuit/truth Table
http://users.senet.com.au/~dwsmith/beginners.htm
Logic Gate Definitions
http://www.whatis.com/logicgat.htm
Appendix 3.2.1: LOGIC GATES

A logic gate is an elementary building block of a digital circuit.  Most common logic gates have two inputs and one output.  At any given moment, every terminal is in one of the two binary conditions OFF (0) or ON (1), represented by different voltage levels.  NOTE: Always make sure that all input terminals are connected to either 1 or 0.  A floating input terminal can sometimes pick up enough voltage to act as 1, even though it isn’t connected. The logic state of a terminal can, and generally does, change often, as the circuit processes data.  In most logic gates, the low state is approximately zero volts (0 V), while the high state is approximately five volts positive (+5 V).

There are seven basic logic gates:

AND, OR, XOR, NOT, NAND, NOR, and XNOR.

The AND gate is so named because, if 0 is called "false" and 1 is called "true," the gate acts in the same way as the logical "and" operator.  The following illustration and table show the circuit symbol and logic combinations for an AND gate.  (In the symbol, the input terminals are at the left and the output terminal is at the right.)  The output is "true" when both input one and input two are "true."  Otherwise, the output is "false."







Boolean Expression:









AND gate

Input 1
            Input 2
        Output
	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


The OR gate gets its name from the fact that it behaves after the fashion of the logical inclusive "or."  The output is "true" if either OR both of the inputs are "true."  If both inputs are "false," then the output is "false."







Boolean Expression: 
OR gate

Input 1
            Input 2
        Output
	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


The XOR (exclusive-OR) gate acts in the same way as the logical "either/or."  The output is "true" if either, but not both, of the inputs are "true."  The output is "false" if both inputs are "false" or if both inputs are "true."  Another way of looking at this circuit is to observe that the output is 1 if the inputs are different, but 0 if the inputs are the same.







Boolean Expression: 

XOR gate

Input 1
            Input 2
        Output
	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


A logical inverter, sometimes called a NOT gate to differentiate it from other types of electronic inverter devices, has only one input.  It reverses the logic state. A “0” in gives a “1” out.  A “1” in gives a “0” out.







Boolean Expression: 

Inverter or NOT gate

	Input
	Output

	1
	

	0
	


The NAND gate operates as an AND gate followed by a NOT gate.  It acts in the manner of the logical operation "and" followed by negation.   The output is "false" if both inputs are "true."  Otherwise, the output is "true."







Boolean Expression: 

NAND gate

Input 1
            Input 2
        Output
	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


The NOR gate is a combination OR gate followed by an inverter.  Its output is "true" if both inputs are "false." Otherwise, the output is "false."







Boolean Expression: 

NOR gate

Input 1
            Input 2
        Output
	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


The XNOR (exclusive-NOR) gate is a combination XOR gate followed by an inverter.  Its output is "true" if the inputs are the same, and "false" if the inputs are different.







Boolean Expression: 

XNOR gate

Input 1
            Input 2
        Output
	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	

	
	
	


Appendix 3.2.2: 
Logic Gate Quiz

Complete the truth table for the following logic gates.

[image: image7.wmf]
Appendix 3.2.3: Basic Logic Gates Test

[image: image8.wmf]
[image: image9.wmf]
Appendix 3.2.4:  Implementing Functions in NAND Logic

[image: image10.wmf]
[image: image11.wmf]
Appendix 3.2.5:  Digital Logic Word Problems

· Bob and Carol are present but Jim is not present.

· Only Carol is present.

· Neither Bob, nor Carol, nor Jim is present.

· The punch operator can only operate the equipment when both of his/her hands are on the safety switches and their foot is on the punch switch.

· The test room will only function when either both doors are open or both doors are closed , the safety interlock is engaged and the test switch is pushed.

· To win a prize, you must send in a coupon and also get at least one of the two questions right.

· A pair of sevens or a pair of nines will win the throw.

· If you take a course in Engineering or Science, or both, you must also take either English or Law but not both.

· Today’s luncheon special consists of a ham sandwich with either soup or a salad but not both.

· You can play doubles at tennis; but if a player on either team fails to show up, the game is called off.

· They will rent the apartment to a couple or to a single person but not to both.

· You can paint the walls blue or pink, but paint the ceiling white even if you don’t do the walls.

· To get into the concert you must either have $5.00 and a discount card or come up with another dollar.

· The left two signal lights on the car operate if the left turn switch is activated or if the emergency switch is activated and the two right turn signal lights operate if the right turn switch is activated or if the emergency switch is activated.

· The exhibition ride will only operate when the seat belt is fastened, the safety gate is closed, the run button is pressed, and the operator’s foot is on the dead-man’s switch.

· A circuit has three inputs and will only give an output when two or more inputs are a one.

· A farmer employs a hired hand who is not too bright.  The hired hand is to keep the goat away from the corn in the barn.  He is also to protect the goat from the wolf.  The farmer decides to build a box with three switches: DOOR OPEN; GOAT IN SITE; and WOLF IN SITE.  All the hired hand has to do is flip the switches and an alarm will ring if a dangerous situation occurs.  Assume that it is safe if the goat and wolf are not present and that the wolf does not eat corn.

· A conveyor belt carries empty boxes that are to be filled with breakfast cereal.  An alarm is to sound under the following conditions: A box is available and the cereal hopper is empty; no box is available and the electric power is lost; the cereal hopper is empty and the power is lost.

· A public swimming pool has controls to do the following: Valve V1 is to open if the water level is low and the pool is closed.  Valve V2 is to open if V1 is open and chlorine is needed or if the level is low.

· A circuit is required that will open valve V1 if the temperature and pressure are normal and the flow is too high, or if the pressure is too high.

· A circuit is required that will close valve V1 if the pressure is normal or if the flow and temperature are high.  Valve V2 is to open if V1 is closed and the temperature is high.

· A furnace fan will only run when the burner is on and the auto switch is on or if the manual switch is on.  The fan will never run if there is a fire in the house.

· The fan on a furnace will only run when the burner is hot or when the air conditioner is cold or when the manual fan override switch is on.

· A building has four fire detectors – A, B, C and D and a fire alarm that can be activated in three areas – Front Desk (FD), Boiler Room (BR), or Fire Station (FS).  The alarm rings at the Boiler Room if there is a fire detected at either B or C but not both or at B and D.  The alarm rings at the fire station if there is a fire detected at any location.  The alarm rings at the Front Desk if there is a fire at any one location but not more than one.

· A security system is required for a bank.  The alarm is to operate in the following manner: If a fire occurs (F=1) the alarm is to ring at both the fire station (FS=1) and at the police station (PS=1); if a robbery is attempted while the bank is open (BO=1) the alarm is to ring at the police station only (PS=1); If a robbery is attempted (R=1) while the bank is closed (BO=0) then the alarm is to ring at the bank, (B=1) and at the police station (PS=1).

Appendix 3.2.6: Wiring of Logic Gates Rubric

	Criteria
	Level 1
(50-60%)
	Level 2
(60-70%)
	Level 3

(70-80%)
	Level 4

(80-100%)

	Knowledge/
Understanding

Describes and understands logic gates
	demonstrates limited ability in describing and illustrating the function of logic gates
	demonstrates some ability in describing and illustrating the function of logic gates
	demonstrates considerable ability in describing and illustrating the function of logic gates
	demonstrates thorough ability in describing and illustrating the function of logic gates

	Describes the function of each pin of the logic gate
	demonstrates limited ability in describing and illustrating the function of each pin of the logic gates
	demonstrates some ability in describing and illustrating the function of each pin of the logic gates
	demonstrates considerable ability in describing and illustrating the function of each pin of the logic gates
	demonstrates thorough ability in describing and illustrating the function of each pin of the logic gates

	Thinking/
Inquiry

Derives Truth Tables for Logic Gates
	demonstrates limited ability deriving truth tables for logic gates 
	demonstrates some ability deriving truth tables for logic gates 
	demonstrates considerable ability deriving truth tables for logic gates 
	demonstrates thorough ability deriving truth tables for logic gates 

	Writes Boolean Equations for Logic Gates
	demonstrates limited ability writing Boolean equations for logic gates
	demonstrates some ability writing Boolean equations for logic gates
	demonstrates considerable ability writing Boolean equations for logic gates
	demonstrates thorough ability writing Boolean equations for logic gates

	Application 

Ability to wire logic gates
	demonstrates limited ability when wiring logic gates to construct circuits 
	demonstrates some ability when wiring logic gates to construct circuits 
	demonstrates considerable ability when wiring logic gates to construct circuits 
	demonstrates a high ability when wiring logic gates to construct circuits 

	Observes safety procedures
	demonstrates limited ability in safety procedures
	demonstrates some ability in safety procedures
	demonstrates considerable ability in safety procedures
	demonstrates a high ability in safety procedures


Note: 
A student whose achievement is below level 1 (50%) has not met the expectations for this assignment or activity.

Count and Convert

Unit 3: Activity 3

Time: 750 minutes
Description

Students investigate the basic memory building block, the flip-flop and combine it with simple logic circuitry to enable circuits to make decisions and convert information.  The teacher will introduce the concept of a flip-flop as a simple memory circuit and demonstrate how multiple flip-flops can be chained together to make a basic binary counting circuit.  The set and reset inputs will then be connected to basic gate circuitry to adjust where the counter starts and where it stops.  In the final stages of this activity logic gates will be added to drive a seven-segment display, thus producing a circuit that both counts up and down and also provides a decimal display output from a binary input.  Students will experiment with the construction of basic up and down counters with both binary and decimal output displays.

Strands and Expectations
	Strand
	Overall
	Specific

	Theory and Foundation 


	TFV.03W
	TF1.02W

TF2.06W
	TF2.11W

TF3.01W

	Skills and Processes


	SPV.04W
	SP3.01W
	

	Impact and Consequences
	
	
	


See Appendix E for full description of TGJ3E expectations

HRDC NOC Specialized Skills

2133
Electrical and Electronics Engineer

2133.1.1
2133.1.3
2133.1.5
2133.1.6

2147
Computer Engineers


2147.2.1


2241 
Electrical and electronics engineering technologists and technicians

Technologists
2241.1.1
2241.1.3
2241.1.5


Technicians 
2241.2.1

2242 
Electronic service technicians (household & business equipment) 

2242.1.3
2242.1.4

7245 
Telecommunications line and cable workers 

7245.1.5

7246 
Telecommunications installation and repair workers 

Telecommunications Service Testers 
7246.3.2

7332
Electric appliance servicers and repairers

Small Appliance Repairers
7332.1.3
7332.1.4

9483 
Electronics assemblers, fabricators, inspectors and testers 

Assemblers
9483.1.1

Testers
9483.4.1

See Appendix F for full description of NOC Specialized Skills

HRDC NOC Essential Skills

	· numeracy
	· decision making
	· writing

	· problem solving
	· reading
	· using documents


See Appendix A for Essential Skill rubrics

Prior Knowledge 

· Students should be familiar with basic circuit breadboarding techniques, dc power source(s) and digital test techniques.

· Students should be familiar with the binary and decimal number systems.

· Students should be familiar with the seven basic logic gates and how to interconnect them to produce pre-defined outputs.

Planning Notes

· Students are expected to follow standard safety practices in the use of electronic devices and tools.

· Students should be encouraged to use a pencil for all of their circuit drawings and either a logic symbol template and straight edge or a computer program that will produce the circuit diagrams for them.

· Teachers need to familiarize students with the JK flip-flop and the seven-segment display and their symbols.

· Computer software that supports the drawing and analysis of logic circuits may be used to expand this activity, if available. 

Teaching / Learning Strategies

· The teacher introduces/demonstrates the concept of a simple  RS Flip-Flop using either NAND or NOR logic.  Students will be asked to predict the output of the circuit for each input state.  The teacher demonstrates the circuit and has the students validate their predictions by completing a truth table for the circuit.  This will be followed by a discussion of how the circuit functions and where it  might be used. 

· The teacher uses the analysis of the operation of the RS Flip-Flop to introduce the concept of a Synchrogram and leading edge and trailing edge triggering.  (This can be enhanced with a demonstration if an oscilloscope or logic analyser are available.) Appendix 3.3.1 Teacher Aid: RS Flip-flop

· Students can be challenged to expand the RS Flip-Flop circuit to include additional circuitry that will allow it to be activated or deactivated by the presence of a clock pulse (Clocked RS Flip-Flop).  Once this circuit is analysed with the class, they can be asked to expand the RS Flip-Flop synchrogram to include this feature. Appendix 3.3.2 Teacher Aid: Clocked RS Flip-flop

· The teacher introduces the circuit for the JK Master/Slave Flip-flop and the students will be asked to develop a synchrogram to predict its operation.  The circuit (and synchrogram) can then be demonstrated and the students can verify their predictions. Appendix 3.3.3 Teacher Aid: JK Flip-flop

· The teacher summarizes the various flip-flop types and the concepts of positive and negative edge triggering. Appendix 3.3.4 Flip-Flops.

· The teacher works through a number of JK Flip-flop synchrograms with the students. Appendix 3.3.5 JK Flip-flop Synchrograms

· The teacher will give students a series of synchrograms  with different input states and have them determine the resulting output waveforms. Appendix 3.3.6 Assignment: Flip-flop Synchrograms

· The teacher will give the students the circuit diagram for two J-K Flip-Flops connected in a counter and have them construct the circuit and develop both a truth-table and synchrogram for it.  They will then be asked to expand it to a four-bit counter. Appendix 3.3.7 Counter Worksheet

· The teacher will review the 7400 chip pinout Appendix 3.2.5 and use it to introduce a discussion of chip structure and the Pinouts Workshops. Appendix 3.3.8

· Students will be assigned the task of adding additional logic circuitry to the J-K Flip-flop counter so that it resets when it reaches a pre-determined number.  (each student or group of students can be assigned a different reset number to ensure that they develop their own solution)  They can then build their circuit and verify its operation.

· The teacher will introduce the seven-segment display and the students will be assigned the task of designing a circuit to convert their binary output to drive the seven segment display.  They will then construct their circuit and verify its operation.

· Students will combine their four-bit counter circuit and their binary-to-decimal converter circuit into make a decimal counter.

Assessment/Evaluation 

· Formative assessment of each student’s ability to work co-operatively with others in the solution of problems and sharing of resources.

· Diagnostic assessment includes students’ understanding of basic Flip-Flop concepts, synchrogram development and Flip-flop reset circuitry and binary to decimal conversion circuitry.

· Performance assessment is used to determine the student’s ability to meet the criteria. Appendix 3.3.9.

· Summative assessment of completed circuit drawings and wired circuits.

Accomodations

Teachers are expected to be acquainted with the student’s Individual Education Plan and unique learning characteristics and should make necessary accommodations.

· Students with special needs can be given appropriate timelines for completion of this activity.

· Peer tutoring should be encouraged for those students who may need extra help. 

Resources

· Logic Chips Booklet (NOT, OR, AND, Flip-flop handouts)

· W G.U.C. (Guide to Useful Chips)

· Virtual Ventures: Flashing Holiday Lights Circuit Diagram

· Virtual Ventures: Diagram for Pseudo Random Number Generator

Books

· Buban,P. Schmitt, M. L. Carter, Jr., C.G. Electricity and Electronics Technology 7th  ed. Toronto: Glencoe McGraw-Hill, 1999. ISBN 0-02-683427-8 Chapter 24 p364-366, 624

· Gerrish, H.H., Dugger, W.E.,Roberts, R.M. Electricity and Electronics. Tinley Park: Goodheart-Willcox, 1999.  ISBN 1-56637-436-7 Chapter 20 p 334-336

· Schuler, C.A. Electronics 5th ed.  Toronto: Glencoe McGraw-Hill  1999.  ISBN 0-02-804244-1  Chapter 13

· Streib W.J. Digital Circuits. Tinley Park: Goodheart-Willcox, 1997.  ISBN 1-56637-338-7 Chapter 9 

· Tokheim, R.L.  Digital Electronics 4th  ed.  Toronto: Glencoe McGraw-Hill, 1994. ISBN 0-02-801853-2 Chapter 7

Websites

A Flip-Flop Tutorial
http://www.eelab.usyd.edu.au/digital_tutorial/part2/flip-flop01.html 

The RS Latch
http://www.play-hookey.com/digital/clocked_rs_latch.html
J-K Master/Slave Flip Flop
http://www.play-hookey.com/digital/jk_nand_flip-flop.html
74LS76 JK Flip Flop
http://minyos.its.rmit.edu.au/~s8951761/jk.html
Using J-K Flip Flops as Counters
http://minyos.its.rmit.edu.au/~s8951761/index.html
Seven Segment Decoder/Driver
http://minyos.its.rmit.edu.au/~s8951761/7447.html
Counter Tutorial
http://www.eelab.usyd.edu.au/digital_tutorial/part2/counter01.html

Digital Simulator
http://web.mit.edu/ara/www/ds.html
Glossary of Technical Terms



http://www.student.informatik.tu-darmstadt.de/~mjk/nepa/tech/glossary.html
Appendix 3.3.1:  RS Flip-Flop 

A Flip-Flop is a circuit which can remain in either of two stable states.  It is also called a bistable.

RS Latch (Set-Reset-Flip-Flop)

[image: image12.wmf]
Appendix 3.3.2:  Clocked RS Flip-Flop 

The straight RS Flip-Flop changes its output the instant that the input changes.  To delay this change until it is required, additional gates are added which will only trigger with the addition of a special pulse. This is called a clock pulse.

[image: image13.wmf]
Appendix 3.3.3:  The J K Master/Slave Flip-Flop 

This is the most versatile binary storage device.  It can perform the functions of both the RS and D type Flip-Flops as well as others.

[image: image14.wmf]
Operation:

On the positive edge of the clock pulse, NAND gates 1 & 2 are enabled and information is input to the master F-F. On the negative edge of the clock pulse, gate 1 & 2 are disabled and gates 3 & 4 enabled. This transfers data from the master to the slave where Q changes accordingly. 

Slave Table:

[image: image15.wmf]
JK Synchrogram

[image: image16.wmf]
The JK Flip-Flop is frequently used in its toggle state. This may also be obtained from RS and D Flip-Flops.

[image: image17.wmf]
Note that each of these will divide the input frequency by 2.

JK Flip-Flops also have the advantage that they are less likely to be effected by noise.

Appendix 3.3.4:  Flip-Flops 

[image: image18.wmf]
Flip flops are defined as being either positive or negative edge triggering.  Positive edge triggering means that all changes in  the output occur when the input pulse is rising.  Negative triggering means that all changes in the output occur when the input pulse is falling .  Negative edge triggering is indicated by a small circle on the input.



Appendix 3.3.5:  JK Flip-Flop Synchrograms 

[image: image19.wmf]

Appendix 3.3.6: Assignment:  Flip-Flop Synchrograms  

Draw the output Q with negative edge triggering for the input waveforms shown in each of the following questions.

[image: image20.wmf]
Appendix 3.3.7:  Counter Worksheet

[image: image21.wmf]
Appendix 3.3.8: Activity: Pinouts Workshop  

Problem or Task:

The Logic chips workshop is designed to help show the flow from logic boards to real electronics.  You learn to read and understand pinouts.  You will also complete a circuit using flip-flops. 

Learning Expectations:

1.
To show what a chip is made up of.

2.
To learn how to read pinouts.

3.
To build a circuit on your own using a chip.
Materials Required:

•
Logic Chips booklet or web site reference and pen or pencil for each student.

•
Instructor’s Logic Chip Answer booklet.

•
A NOT, OR AND, and Flip-flop chip for each student.

•
Wire, wire cutters, and wire strippers.

•
2-4 LEDs of varying colours for each student.

•
A breadboard and power supply for each student.

Activities:

· To show  what a chip is made up of:

(a)
Check out the underside of a logic board. This helps to grasp how certain pins on the chips are connected to the plug-ins on the top of the logic board. Find the “70XX” number for each of the basic logic gates.

(b)
Look at the inside of a chip. Use wire cutters or pliers to crack the chips. Inside, find the tiny IC board, and all the leads going through the protective material to the pins. The teacher will explain the purpose of the encasement (Explanation will also be given on the importance of cooling fans in computers, and air-conditioning in labs at this point). A microscope can be also used to take a close-up look at the chip.

· Learn how to read pinouts:

(a)
Complete basic pinouts with help from the teacher.

Using a pencil and a Logic Gate Booklet or reference a web site start with the easiest gate, the NOT gate. Draw the logic symbol, the Input/Output map and a chip skeleton (like the one on your handout). As a group, work through the Input/Output map and then move on to label the pins. You will begin to catch on to the order and placement of power and ground, inputs and outputs. Complete the above with the rest of the logic gates. Flip-flops will need a teacher explanation since you will not have done them. Understand what a clock is used for. It is the same as every time the clock in their digital watch rises, the second number switches up one.

        (b)    Test pinouts on real chips.

Test your knowledge on pinouts. Test your peers and your teacher. Try out the different chips you have just covered to test input and output with a resistor and LED.

(c)
Find a resource web site on pinouts.

· Build a circuit on your own using a chip:

2. Explain the purpose and uses of a flip-flop gate.

(b)
The teacher will demonstrate a flip-flop pseudo random number generator. Use one of the flip-flop handouts. Use the handout to find out how each flip-flop output can be used to create a binary number. Find out what would happen after one clock cycle. Record the binary numbers that come out. Add a logic gate to the front of the first flip-flop and use the outputs of two other flip-flops as the inputs. Find out how a pseudo random number generator can be created. The teacher will explain why this generator is only pseudo.

(c)
Explain flashing holiday lights circuit.

Briefly, using logic gate symbols, demonstrate how the lights can flash on and off.

3.
Build the circuit.

Starting with a drawing of the pinout, place the chip in the same position on the board. Draw the connections on the board one at a time (i.e. do power first, hook up set and reset) and erase pins once it is connected (this keeps circuit drawing clear). Record and explain why connections are being made. Once you understand how the two flip-flops will alternate on and off, add resistors and LEDs to those output pins.

Advanced Assignments:

You are provided with additional flip-flop chips, and NOT, OR, and AND chips. Try creating a pseudo random number generator. You can also attempt to build a more complex set of flashing lights.

Students investigate the basic memory building block, the flip-flop and combine it with simple logic circuitry to enable circuits to make decisions and convert information.  The teacher will introduce the concept of a flip-flop as a simple memory circuit and demonstrate how multiple flip-flops can be chained together to make a basic binary counting circuit.  The set and reset inputs will then be connected to basic gate circuitry to adjust where the counter starts and where it stops.  In the final stages of this activity logic gates will be added to drive a seven segment display, thus producing a circuit that both counts up and down and also provides a decimal display output from a binary input.  Students will experiment with the construction of basic up and down counters with both binary and decimal output displays.

Appendix 3.3.9: Logic Gate Rubric

Wiring logic gates to drive a seven 7-segment display rubric

	Criteria
	Level 1
(50-60%)
	Level 2
(60-70%)
	Level 3

(70-80%)
	Level 4

(80-100%)

	Knowledge/
Understanding

Describes and understands flip-flop circuitry
	demonstrates limited ability in describing and illustrating the function of flip-flop circuitry
	demonstrates some ability in describing and illustrating the function of flip-flop circuitry
	demonstrates considerable ability in describing and illustrating the function of flip-flop circuitry
	demonstrates thorough ability in describing and illustrating the function of flip-flop circuitry

	Describes the function of flip-flop circuitry
	demonstrates limited ability in describing and illustrating the function of flip-flop circuitry
	demonstrates some ability in describing and illustrating the function of flip-flop circuitry
	demonstrates considerable ability in describing and illustrating the function of each pin of flip-flop circuitry
	demonstrates thorough ability in describing and illustrating the function of flip-flop circuitry

	Thinking/
Inquiry

Derives how to make decisions and convert information using flip[-flops
	demonstrates limited ability deriving how to make decisions and convert information using flip[-flops
	demonstrates some ability deriving how to make decisions and convert information using flip[-flops
	demonstrates considerable ability deriving how to make decisions and convert information using flip[-flops
	demonstrates thorough ability deriving how to make decisions and convert information using flip[-flops

	Demonstrates how multiple flip-flops can be chained together to make a basic binary counting circuit
	demonstrates limited ability how multiple flip-flops can be chained together to make a basic binary counting circuit
	demonstrates some ability how multiple flip-flops can be chained together to make a basic binary counting circuit
	demonstrates considerable ability how multiple flip-flops can be chained together to make a basic binary counting circuit
	demonstrates thorough ability how multiple flip-flops can be chained together to make a basic binary counting circuit

	Communication

Teamwork skills
	 demonstrates limited effectiveness as a team member 
	demonstrates some effectiveness as a team member
	demonstrates considerable effectiveness as a team member
	demonstrates a high effectiveness as a team member

	Problem solver
	demonstrates limited ability describing a problem-solving model
	demonstrates some ability describing a problem-solving model
	demonstrates considerable ability describing a problem-solving model
	demonstrates thorough ability describing a problem-solving model

	Application 

Ability to wire the logic gates to drive a seven segment display
	demonstrates limited ability when wiring logic gates to drive a seven segment display
	demonstrates some ability when wiring logic gates to drive a seven segment display
	demonstrates considerable ability when wiring logic gates to drive a seven segment display
	demonstrates a high ability when wiring logic gates to drive a seven segment dis-play

	Observes safety procedures
	demonstrates limited ability in safety procedures
	demonstrates some ability in safety procedures
	demonstrates considerable ability in safety procedures
	demonstrates a high ability in safety procedures


Note: 
A student whose achievement is below level 1 (50%) has not met the expectations for this assignment or activity.

Count Down to Blast Off

Unit 3: Activity 4

Time:
375 minutes
Description

The grade ten Digital Electronics component of Communications Technology introduces students to the basic building blocks used in many of today’s devices.  This final segment of this component pulls together all of the information that students have gained into one realistic activity.  Here students will construct a circuit that could be used for the countdown and launching of a rocket.

Strands and Expectations
	Strand
	Overall
	Specific

	Theory and Foundation 


	TVF.02.1W

TVF.03.1W
	TF1.01.1W

TF2.04.1W

TF2.05.1W

TF2.06.1W
	TF2.09.1W

TF2.11.1W

TF3.01.1W

TF3.02.1W

	Skills and Processes


	SPV.02.1W
	SP1.02.1W

SP1.03.1W

SP2.02.1W
	SP2.05.1W

SP2.06.1W

	Impact and Consequences
	ICV.03.1W


	IC2.02.1W

IC3.03.1W
	IC3.04 .1W


See Appendix E for full description of TGJ3E expectations

HRDC NOC Specialized Skills

2133
Electrical and Electronics Engineer

2133.1.3
2133.1.5
2133.1.6

2147
Computer Engineers


Software engineers

2147.2.1

2241 
Electrical and electronics engineering technologists and technicians

Technologists
2241.1.2


Technicians 
2241.2.1
2241.2.4


2242 
Electronic service technicians (household & business equipment) 

2242.1.3
2242.1.4

7245 
Telecommunications line and cable workers 

7245.1.5

7246 
Telecommunications installation and repair workers 

Telecommunications Service Testers 
7246.3.2

7332 
Electric appliance servicers and repairers

Small Appliance Repairers
7332.1.3
7332.1.4

9483 
Electronics assemblers, fabricators, inspectors and testers 

Assemblers
9483.1.1
9483.1.3

See Appendix F for full description of NOC Specialized Skills

HRDC NOC Essential Skills

	· decision making
	· problem solving
	· working with others

	· oral communication
	· writing
	


See Appendix A for Essential Skill rubrics

Planning Notes

1.
Students should follow standard safety practices in the use of electronic devices & tools.

2.
Students should use a pencil for all of their circuit drawings and either a logic symbol template and straight edge or a computer program that will produce the circuit diagrams for them.

3.
Teachers need to review the basic logic gates, flip-flop circuits, seven segment displays, logic symbols, truth tables, synchrograms and TTL datasheets.

4.
Computer software that supports the drawing and analysis of logic circuits may be used to expand this activity, if available.

Prior Knowledge

· Students should be familiar with basic circuit breadboarding techniques, dc power source(s) and digital test techniques.

· Students should be familiar with the components and operation of counters.

Teaching/Learning Strategies

1.
The teacher introduces the 74S163 counter chip and reviews its operation.

2.
The teacher introduces the 74LS47 decoder chip and reviews its operation.

3.
The teacher reviews the operation of a basic counter and how to force it to stop or reset at predetermined binary states. Appendix 3.4.1, 3.4.2

4.
Students design and construct a launch circuit that has count characteristics as individually defined by the instructor. Appendix 3.4.3

Assessment / Evaluation

· Formative assessment of each student’s ability to work co-operatively with others in the solution of problems and sharing of resources.

· Diagnostic assessment includes students’ understanding of their circuit and its operation.

· Performance assessment is used to determine the student’s ability to meet the criteria. Appendix 3.4.4

· Summative assessment of completed circuit drawings and wired circuits.

Accommodations

Teachers are expected to be acquainted with the student’s Individual Education Plan and unique learning characteristics and should make necessary accommodations.

· Students with special needs can be given appropriate timelines for completion of this activity.

· Peer tutoring should be encouraged for those students who may need extra help.

Resources

• Logic Chips Booklet (NOT, OR, AND, Flip-flop handouts)

• W G.U.C. (Guide to Useful Chips)

• Virtual Ventures: Rocket Launch Timer
Books

· Buban,P. Schmitt, M. L. Carter, Jr., C.G. Electricity and Electronics Technology 7th  ed. Toronto: Glencoe McGraw-Hill, 1999. ISBN 0-02-683427-8 Chapter 24 574-576

· Gerrish, H.H., Dugger, W.E.,Roberts, R.M. Electricity and Electronics. Tinley Park: Goodheart-Willcox, 1999.  ISBN 1-56637-436-7 Chapter 20 p 336-338

· Streib W.J. Digital Circuits. Tinley Park: Goodheart-Willcox, 1997.  ISBN 1-56637-338-7 Chapter 10 

· Tokheim, R.L.  Digital Electronics 4th  ed.  Toronto: Glencoe McGraw-Hill, 1994. ISBN 0-02-801853-2 Chapter 8

Appendix 3.4.1:
A Troubleshooting Problem:

Decoder/Display Circuit

Expectations:

· to troubleshoot a decoder/LED display circuit.

· to determine which display segment is faulty and whether it is open or partially shorted.

Materials:

· 7447 BCD-to-seven-segment decoder TTL. IC

· faulty seven-segment LED display

· seven-segment LED display

· 150 ohm, 1/4-W resistors

· 5-V dc regulated power display

· logic probe

· voltmeter (VOM or DMM)

Procedure:

1.
Pick up a faulty common-anode seven-segment LED display and pin diagram from your teacher.  Do not mix the faulty unit with the good displays.

2.
Power OFF. Wire the circuit shown in Fig. 1. Connect a temporary test jumper wire from the LT(lamp-test) inout of the 7447 IC to GND.

3.
Power ON.  Observe the display.  All segment should be lit. If not you have a faulty display.

4.
Use a logic probe and voltmeter (VOM or DMM) to trouble shoot the circuit. Record your logic-probe and voltmeter results on a circuit diagram.

5.
Decide which segments on the seven-segment display are faulty.  Decide the type of fault to each faulty segment (open circuit, partial short circuit).

6.
Power OFF.  Report your conclusions to your teacher. Return the faulty common-anode seven-segment LED display to your teacher.

7.
Power Off. Replace faulty common-anode seven-segment LED display with a good display from your lab parts.  Be sure the pin diagrams are the same as the faulty display.

8.
Power ON.  Operate the circuit in Fig. 1.  Does it now work properly.  Power OFF.  Take down the circuit and return the equipment to its storage place.

.

[image: image22.wmf]
Appendix 3.4.2: Code Translators

Objectives: 
to wire and test an encoder-decoder system that converts from decimal to BCD to seven-segment code.

Materials:

· 1-Digital Circuit Trainer

· 1-7404 hex inverter IC

· 1-74147 decimal-to-BCD encoder IC

· 1-7447 BCD-to-seven-segment decoder IC

· 1-seven segment LED display Common Anode

· 7-150 ohm resistors

· 1-Keyboard (0 to 9 NO contacts)

Wiring Diagram

The following diagram shows a system that converts from to 8421 BCD code which is displayed on LED’s.  This code is then converted to the code required to drive a seven segment display.

NOTE:  Do not omit the 150 ohm resistors or you may burn out the LED display.

[image: image23.wmf]
Procedure:

1.
Wire up the circuit.

2. 
Press each push button, and complete the table below.

	Input
	Outputs

	Key
	BCD code
	7-segment code
	Decimal 

	Pressed
	
	
	Display

	
	D
	C
	B
	A
	a
	b
	c
	d
	e
	f
	g
	

	0
	
	
	
	
	
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	
	
	
	

	
	Not Lit=0

        Lit=1
	Segment Not Lit=0

       Segment Lit=1
	Example

8


3. The 74147 encoder translates from decimal numbers into what code? ___________

4. The 7447 decoder translates from the _________code to the ______________ code.

5. An input on the 74147 encoder is activated by a logical ________(0.1)

6. A segment of the seven-segment LED display is lit when a logical ______ (0.1) appears at the output of the 7447 decoder.

7. What is the purpose of the resistors between the seven-segment display and the 7447 decoder?

8. Why is it necessary to use the 7447 inverters?

Appendix 3.4.3:
Build a Model Rocket Launch Timer

Counter Circuits

Problem or Task:

“Should I cut the red wire, or blue one?” in the movies, the devices that detonate bombs are always extremely complex-looking.  But is it really difficult to count down the time to an event?  Build this timer and find out how the counter circuits work, and then use it to launch a model rocket! 

Learning Expectations:

1. To understand the operation of counters, decoders and fundamental logic chips

2. To design a rocket launch countdown timer circuit

3. To build the countdown timer circuit

Materials Needed:

•
Breadboard

•
7-segment LED, common anode

•
74LS47 BCD-to-7-segment decoder chip

•
74LS163 or 74LS161 synchronous binary counter

•
74lS08 quad 2-input AND gate chip

•
74LS04 hex inverter chip

•
Source of q 1-Hz clock (555 timer or Holtek clock chip

•
LED, any size, shape or colour, for “ready” indicator

•
SPDT toggle switch for “Master Arm” control

•
Normally-open, momentary-contact push button switch for ‘launch’ control

•
SPST relay, if using timer to activate real devices

•
5-volt power supply

•
lengths of jumper wire

•
(Optional) Multimeter and/or logic probe

•
(Optional) soldering iron, solder

•
14- and –16-pin chip sockets, if soldering the circuit permanently onto a board

1.  Making a Counter

	[image: image24.wmf]
	Examine the operation of the 74LS163 counter, most binary counter chips work in a similar manner.  The chip package contains a set of logic gates, mostly flip flops, that collectively form a counter.  Most of the common counter chips are designed to count 4-bit  binary numbers, starting from 0000  and counting up to 1111.  The variations among the different counter chips tend to lie in how versatile the counter is.

The 74LS163 (or 74LS161) counter was chosen specifically for its special features.  It is a synchronous 4-bit counter with two separate enable inputs,  and a “load” feature, which allows us to preset the counter with any desired value.  All of these features will become very useful, as we shall soon see.






The 74LS163 counter chip is packaged in a 16-pin DIP (Dual Inline Package).  Apart from the standard two pins for power and ground, the chip contains the four counter outputs, four load inputs, a carry out pin, a clock pin, reset pin, and two load enables, labeled Enabled P and Enable T.

(b)
Examine the function and operation of the 74LS47 decoder
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	The 74LS47 plays a minor role in the countdown timer circuit, but it could also be considered the most important part of the circuit.  Without it, there would be no way to easily see what the circuit is doing.  The 74SL47 is a decoder chip which accepts the 4-bit binary input and generates a 7-bit output.  These 7 bits are designed to be connected to a 7-segment LED display.  


The 74LS47’s job is to take the 4-bit binary input and light up the appropriate elements in the LED display to show that number. For example, if the 4-bit input is 0110, then the 74LS47 will output the correct pattern of 1’s and 0’s to light up a number “6” on the LED.

The 74LS47 has various inputs to control blanking, leading/trailing spaces, lamp tests, etc.  For the purpose of the countdown timer circuit, we will not have to worry about the other pins.

2. To design a rocket launch countdown timer circuit:

3. Review the operation of the 74LS08 AND gate and the 74Ls04 invertor. The 74LS08 chip contains four independent 2-input AND gates.  The 74LS04 chip contains a set of six independent inverters. 

4. Determine how to generate the countdown.
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	The first issue to undertake is getting the counter mechanism set up.  You may wish to initially breadboard or simulate a simple counter  circuit, consisting of only the clock, counter and 7447 decoder into the  7-segment display.

When this circuit is powered on, the clock will drive the counter to count from 0000 to 1111.  Each time the counter counts, the 7-segment display will reflect the decimal-value interpretation of the count. It should start at 0, proceed through 1, 2, 3, ...7, 8, 9, and then start showing odd values as the counter continues to count from 10 to 15.  These numbers do not show properly on a single 7-segment display.




For our countdown timer, we need to make some modifications to the basic counter circuit.  Instead of counting from 0 to 15, we need the counter to count 9 to 0.  The first step is to set the counter to count backwards, from 15 to 0.  After this is accomplished, we can focus on manipulating the count further.

The 74LS161/163 counters are not, by nature, b-directional counters.  There is no actual way to make the counter count backwards.  But consider what would happen if we took the output of the counter and looked at its inverse:

	Count Value

(ABCD)
	Inverse

(ABCD)

	0000

0

0001

1

0010

2

0011

3

0100

4

0101

5

0110

6

0111

7

1000

8

1001

9

1010

10

1011

11

1100

12

1101

13

1110

14

1111

15
	


Fill in the inverted values and find the decimal representation.  It should quickly become clear that in order to count backwards, we only need to invert each output of a counter that counts forward.

	

Build or simulate the circuit with the inverted outputs and examine the output..
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The next step is to determine how to start the count at 9.  We can accomplish this task at the same time as we determine how to start the count, which will be examined in more detail below.

5. 
Controlling the counter


One of the functions we would like to incorporate into the countdown timer is an enable switch.  In the case of the rocket launch system, we would call it a “Master Arm” control.  The countdown, and thus the rocket launch, should not begin until the operator arms the launch control, which is only done once the rocket is set up and everyone is clear of the launch area.


The 74LS161/163 counters have two separate enable inputs, both of which must be high for the counter to operate.  One of these will be connected to the output of a Master Arm control switch.  This is a two-way toggle switch which either connects to ground  or to the power rail (Vcc). Thus, the switch can send either a logic “0” or a logic “1” to its output.


Thus, when the launch controller is armed, a logic “1” is sent to the enable pin, and the countdown may proceed.  If the Master Arm switch is disarmed, a logic “0” is sent to the enable pin, and the count will freeze.  We may also wire the reset pin to the output pin of this switch, When the switch is disarmed, it sends a “0” to the active low reset pin, which resets the counter.


We now have a mechanism for starting and stopping the counter. If the switch is armed, the counter will count whenever it receives a clock pulse,  With the inverted-output  setup described above, the counter will count down form 0 to 15 and the cycle over again indefinitely, showing a series of characters on the LED display. If the switch is disarmed, the count will freeze and the counter itself will reset to 0000.  Because of the inverted outputs, the decoded /LED combination is sent the binary number 1111, which conveniently is shown as a blank readout on the LED.


The final component to the countdown timer operation is a Launch button.  So far, the countdown will cycle indefinitely whenever the Master Arm control is armed.  It also still counts incorrectly, form 15 to 0.  We would like a way to freeze the counter initially, while the system is armed and ready. We would like to count down form 9 to 0 when the user presses the Launch button.  When the count reaches 0, we would like it to output a signal to launch the rocket (or light an LED) and then freeze again, ready to launch again.  As it turns out, we will accomplish all these goals with one simple mechanism.


The first step is to hold the counter until we are ready to begin the launch sequence. when the counter first receives the power, it starts its count at 0000.  We can easily add some logic gates to control the other enable pin (recall that one of the counter’s enable pins has been connected to the Master Arm control, but the other one is still open for our use. We want the logic to disable the counter if the counter output is 000, but enable the counter for all other output values.  We can insert a combination of three AND gates and one inverter.

[image: image28.wmf]

Now, when the counter powers on and it starts its count as 000, activates the logic gates, and becomes disabled.  The counter has effectively locked itself out because it cannot count past 0000 until it is enabled, but it cannot be enabled by the external logic until it counts past 0000. So how, then can we start the count?


The answer lies in the 74LS161/163’s ability to preload any desired value into the counter. The counter can load the value at its four load inputs as soon as the “load” input pin is sent a logic “0”.  The Launch switch is wired so it will do just that .  But what value should we preload the counter with? 0001? This is certainly enough to take the counter out of its lockout, but the count is still counting incorrectly.  We want the final output to count from 9 to 0. Reading off the output table above, we can see that the LED display will show a countdown from 9 to 0 if the counter itself starts off at 6 and counts to 15.  Thus, we will preload the counter with 0110, which is the binary value of the number 6.

This completes the design of the countdown timer.  The full schematic is shown:
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To summarize the circuit’s operation:

1.

The countdown timer can do nothing at all if the Master Arm switch is set to “disarmed”, because this switch is directly tied to one of the enable pins on the counter chip.

2.

When the circuit powers up the counter is set to start counting at 0000. As soon as it outputs 0000, the counter is automatically frozen because the external logic is sending a logic “0000” to the other enable pin on the counter chip.

3.

The counter will remain frozen until the user presses the Launch button.  Assuming the Master Arm control is set to “armed”, pressing the Launch button will force the counter output to become 0110.  Now that the output is no longer 0000, the external logic allows the counter to count normally again.

4.

The output 0110 at the counter output is inverted and sent the 74LS47 as 1001.  The 74LS47 decoder shows this as the number “9” on the LED display.

5.

As the clock ticks the counter output continues to count up.  The 74LS47 chip continues to show the output on the LED display , as a countdown from “9” to “0”.

6.

When the output of the counter reaches 1111, it sends a logic “1” to its carry output.  Because this pulse is sent just as the LED display reaches “0”, we can use this output to activate an LED  or otherwise start the launch.

7.

After the counter reaches 1111, it rolls over and reaches 0000 again.  Once again, the external logic sees this 0000 output  and locks the counter.  The only way to start  it again is to press the Launch button again.

8.

At any time during the countdown, if the Master Arm control is set to “disarmed”, the counter is frozen and reset.  Since the counter is reset to 0000, the external logic again locks the counter. The only way to continue is to first re-arm the Master Arm control, and then press the Launch button again.

To build the countdown timer circuit:


(a)
Lay out the components on the breadboard.

· Identify all the different components and prepare to start breadboarding.  Don’t forget!

· LED’s have a specific polarity.  The anode end is the end with the shorter lead wire.  It is connected to the output of a logic gate (such as the counter’s carry output) or to a 5-volt supply. The cathode end is connected to a resistor through the ground.

· TTL logic ships require connections to a 5-volt power supply (Vcc) and ground.  These connections are usually are not shown on the schematic!  Make sure to connect the chips themselves to power and ground.

· LED’s whether in the 7-segment display or separate, can handle very little current.  If the LED is powered directly form a power supply, it may very quickly overload and burn out.  Always connect a resistor in between the LED and the ground rail.
(b)   Begin breadboarding the circuit

· Decide on a power rail, a ground rail, and  an LED-to-ground rail.  Mark them off with labels so you know which is which.

· Connect the LED-to-ground rail to the ground rail with a 100ohm or similar resistor.

· Place the four logic chips  and the 7-segment LED display on the bread board. Connect the common anode on the 7-segment display to the power rail through another 100 ohm or similar resistor.

(c) 
Wire the components together

· Connect Vcc and ground to each chip.

· Connect the 7 outputs form the 74LS47 chip to the 7 input pins on the 7-segment display.  You may wish to refer to the manufacturer’s pinout diagram for the 7-segment display to determine which pin controls a given segment.  Segments are labelled “a” through “g”.

· Connect the four outputs of the 74Ls161/163 counter to four invertors.  Connect the outputs of those invertors to the corresponding four inputs of the 74LS47 decoder chip.

· Connect the AND gates according to the schematic. Connect the output of the final AND gate to another inverter, and connect the output of that inverter to the Enable P input on the counter

· Connect the four load inputs of the counter to power or ground, according to the schematic. 

· Connect the pushbutton Launch switch to the counter and to ground.

· Connect the two-way Master Arm switch to power and ground, and connect its middle pin to both the Enable T input and the reset pin on the counter. Connect an LED from the switch to the LED-to-ground rail. This will be the “Armed” indicator light.

· Connect an LED to the Carry output when the countdown ends. This can be replaced later with a relay or transistor to launch a real rocket.

· Connect a 1-Hz clock signal to the clock input of the counter to complete the circuit.

(d)
Test and troubleshoot the circuit

· Make sure the circuit works as specified. When power is applied, the circuit should not appear to do anything. The “Armed”  LED should be either lit or dark depending on which way the Master Arm switch is turned.  Flip the switch to Armed; LED should light. Press and hold the Launch button. The counter should activate and start counting down from 9 to 0. When the count hits 0, the Launch LED should light up briefly. Repeat this exercise with the Master Arm switch disabled. The circuit should not continue counting.

· If the circuit does not work, troubleshoot by going over the wire connections carefully. Test for loose connections, reversed polarity, and broken components, in that order. Your may find it helpful to use a multimeter or a logic probe to find out what voltages are present at different locations in the circuit..

(Optional) To use a countdown timer in a real-world application



Perhaps the most exciting application of this project is to actually use it as a designed, and launch a model rocket.  These models are designed with a solid-fuel “engines”. Traditionally, a simple push-button circuit is used to apply 6 volts to two electrodes in the rocket. The flow of electricity heats up a component in the engines which ignites the fuel and sends the rocket flying. Because this is electrically “dangerous” to the circuitry in the timer, the ignition coil circuit must be isolated from the rest of the circuit through a relay or a power transistor.
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Or course, you could use the timer to activate anything you like, as long as it can be activated with a 1-second pulse through a relay or transistor.

Advanced Assignments:


You may wish to investigate how to modify the counter to allow countdown times longer than ten seconds. You are also to produce a more interesting user-interface panel with more decorative or information displays, flashing lights, etc.

Resources:

Reference-7408 AND gates



Reference-7404 NOT gates

Reference-7447 BCD-to -7-Segment Decoder
Reference-74163 4-Bit Binary Counter
Appendix 3.4.4:  Rocket launch timer rubric

	Criteria
	Level 1
(50-60%)
	Level 2
(60-70%)
	Level 3

(70-80%)
	Level 4

(80-100%)

	Knowledge/
Understanding

Describes and understands the 555 timer
	demonstrates limited ability in describing and illustrating the function of the 555 timer
	demonstrates some ability in describing and illustrating the function of the 555 timer
	demonstrates considerable ability in describing and illustrating the function of the 555 timer
	demonstrates thorough ability in describing and illustrating the function of the 555 timer

	Describes the function the 555 timer
	demonstrates limited ability in describing and illustrating the function of the 555 timer
	demonstrates some ability in describing and illustrating the function of the 555 timer
	demonstrates considerable ability in describing and illustrating the function of the 555 timer
	demonstrates thorough ability in describing and illustrating the function of the 555 timer

	Thinking/
Inquiry

Derives the process involved for the countdown
	demonstrates limited ability deriving process involved for the countdown
	demonstrates some ability deriving process involved for the countdown
	demonstrates considerable ability deriving process involved for the countdown
	demonstrates thorough ability deriving process involved for the countdown

	Communication

Teamwork skills
	 demonstrates limited effectiveness as a team member 
	demonstrates some effectiveness as a team member
	demonstrates considerable effectiveness as a team member
	demonstrates a high effectiveness as a team member

	Problem solver
	demonstrates limited ability describing a problem-solving model
	demonstrates some ability describing a problem-solving model
	demonstrates considerable ability describing a problem-solving model
	demonstrates thorough ability describing a problem-solving model

	Application 

Ability to construct a circuit that could be used for the countdown and launching of a rocket.


	demonstrates limited ability when constructing a circuit that could be used for the countdown and launching of a rocket.


	demonstrates some ability when constructing a circuit that could be used for the countdown and launching of a rocket.


	demonstrates considerable ability when constructing a circuit that could be used for the countdown and launching of a rocket.


	demonstrates a high ability when constructing a circuit that could be used for the countdown and launching of a rocket.



	Observes safety procedures
	demonstrates limited ability in safety procedures
	demonstrates some ability in safety procedures
	demonstrates considerable ability in safety procedures
	demonstrates a high ability in safety procedures


S      Q





R      Q
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