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BTEC International Engineering
Unit 6: Microcontroller Systems 

	Unit title
	Microcontroller Systems 
	
	Key to learning opportunities

	Guided learning hours
	120
	
	AW
	Assignment writing
	RS
	Revision session

	Number of lessons
	36 weeks x 2 lessons (72)
	
	GS
	Guest speaker
	V
	Visit

	Duration of lessons
	2 hrs (Practical – P)
1 hr 20 mins (Theory – T)
	
	IS
	Independent study
	WE
	Work experience

	Links to other units
	
	
	
	
	

	Unit 19: Electronic Devices and Circuits
Unit 20: Analogue Electronic Circuits
Unit 21: Electronic Measurement and Testing of Circuits
Unit 23: Digital and Analogue Electronic Systems
	


	
	
	
	



	Week/ Lesson
	Topic
	Lesson type
	Suggested activities
	Classroom resources

	Learning aim A – Produce a technical specification and a design for a microcontroller system to solve a problem 

	1/P


	Issue of learner tool kit for use throughout the unit and across other units as necessary.
Health and Safety procedures for: 
Using soldering irons, wire, and braid. Importance of extraction.
How to use a breadboard.
Cutting and stripping wire.
	IS
	Ensure each learner is issued with the minimum of the following:
Pointed nose pliers – wire cutters
Soldering iron – solder braid
Solder stand – solder wire
Red/black/yellow/white wire – 1 m of each
Double breadboard
5V power supply component kit
8 red LEDs
7-segment display
Potentiometer 
LCD display
Multi-meter
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
 Search and share with learners videos on soldering and on breadboard

	1/T
	A1 Control hardware
	IS
	Lead-in (20 min): tutor-led discussion of control hardware of a modern microcontroller and internal architecture, eg PIC 16FXXX. Issue a PIC to each learner.
Tutor-led activity and discussion (40 min): learners to research the datasheet for the given microcontroller and discuss the individual aspects of the documentation and how to interpret it. 
Q & A activity (15 min): learners to locate specific details about the microcontroller from the datasheet.
Plenary (5 min): set research task – identify at least five items that have a microcontroller.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
PIC 16FXXX datasheet

	2/P
	A1 Control hardware
	IS
	Lead-in (15 min): tutor-led discussion and review on theory session. How to reference datasheets.
Tutor-led activity (45 min): create a component-based 5V power supply with light emitting diodes (LED) indicator function on the breadboard. Power and ground the microcontroller.
Tutor-led discussion (20 min): setting the clock timer on the microcontroller. Importance and effects of the clock.
Tutor-led activity (30 min): issue crystal and capacitors and connect the clock to the microcontroller.
Plenary (10 min): test power supply and ensure everything is functioning and the microcontroller is receiving power.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
LM7805, RED LED, 220ohm resistor

	2/T
	A1 Control hardware 
	IS
	Lead-in (10 min): review last theory session, datasheet and hardware. Question and answer session.
Tutor-led discussion (30 min): Discuss with learners  the large part that microcontrollers play in everyday life and the quantity that exist within our own homes. Use the internet to search for videos which may be appropriate to provoke discussions from learners. 
Tutor-led discussion (30 min): Allow learners to reflect on the discussions  and how different types of microcontroller are used for different applications and why they are chosen for those applications.
Plenary (10 min): review the aspects of microcontrollers that have an effect on cost and the applications for which they are chosen. 
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Search the internet for suitable videos regarding how  – microcontrollers are used in everyday life
Visit the nxp and microchip websites
(applications section)

	3/P
	A1 Control hardware 
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	IS
	Lead-in (10 min): introduce the chosen Integrated Development Environment (IDE). For this SoW the MPLAB® IDE will be used however, the classroom resources list shows all the approved IDE’s as listed in the specification.
Tutor-led activity/discussion (60 min): creating a project, file structure, saving a project, linking files, retrieving a project, opening a project, compiling a project. Creating a simple program.
Tutor-led practical (40 min): construct or issue programming interface for the microcontroller and IDE. Connect IDE, compile and download program 1. Test and check all learner connections.
Plenary (10 min): issue details of the free download for the MPLAB®IDE and video-sharing website video to create a project. Upload on Virtual Learning Environment.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Program – output a 1 to a pin on a port.
Microchip website
Go to YouTube and search for ‘Creating a MPLAB IDE project using PIC 16F877A micro controller’

	3/T
	A1 Control hardware 
	IS
	Lead-in (10 min): review previous theory lesson and microcontroller datasheet details.
Tutor-led activity/group discussion (20 min): consider the datasheet and identify at least five important aspects of the datasheet that are related to the performance and potential application of the microcontroller.
Tutor-led discussion on group responses (40 min): discuss each response and the effect changes would have on performance and application of the microcontroller.
Plenary (10 min): review the topic A1. Discuss the aspects that learners must consider if selecting a microcontroller for a specific task. Emphasise the importance of understanding the minimum specification required to realise a task.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Datasheets

	4/P
	A2 Input devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
	IS
	Lead-in (10 min): what is a system and what are its parts (inputs/process/outputs)? 
Tutor-led activity (40 min): take a common household device (e.g. washing machine/stereo/TV remote), break down its component parts and identify the inputs, processes and outputs. Learners must then suggest possible input components.
Tutor-led discussion (40 min): discussion with learners  What is the difference between digital and analogue inputs? Practical examples to include a) weight, b) trip wire pressure plate (relate to online games), c) height, d) other examples. Which are analogue and which are digital inputs? Get each learner to identify their chosen inputs as analogue and/or digital.
Tutor-led practical (20 min): issue to learners various input devices, mainly switches, buttons and a basic control potentiometer.
Plenary (10 min): review inputs and their characteristics.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Range of input devices such as switches, buttons and basic control potentiometer


	4/T
	A2 Input devices
A4 Selecting hardware devices and system design

	IS
	Lead-in (10 min): inputs – how are they selected, what determines the sensitivity? How do you ensure that it will suit its purpose?
Tutor-led research and Q&A (55 min): learners to research the different potential components to measure temperature and light. Obtain the datasheets and be able to answer questions on characteristics and operation.
Plenary (15 min): highlight the main temperature and light inputs that can be used with a microcontroller and include real life examples or gaming.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Temperature and light sensors

	5/P
	A2 Input devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	IS
	Lead-in (10 min): share the various inputs around learners and identify each one and its potential uses.
Tutor-led practical (100 min): connect eight individual LEDs, each in series with 220ohm resistors. Using a datasheet connect to a port on the microcontroller. Give learners a basic program to light all light emitting diodes (LED) (11111111), pause and light alternate light emitting diodes (LED) (10101010). 
Plenary (10 min): review all learners’ progress and note any issues with integrated development environment (IDE) and/or circuit construction.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Various microcontroller inputs for inspection by learners
Eight LEDs, eight 220ohm resistors for practical task

	5/T
	A2 Input devices
A4 Selecting hardware devices and system design

	IS
	Lead-in (10 min): review last theory session on temperature and light type inputs, when they are used and why.
Tutor-led research and Q & A (60 min): learners to research the different potential components to measure movement and presence. Obtain the datasheets and be able to answer questions on characteristics and operation.
Plenary (10 min): highlight the main movement and presence inputs that can be used with a microcontroller and include real-life examples or gaming.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	6/P
	A2 Input devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	IS
	Lead-in (10 min): discuss all the inputs identified to date. Prepare learners for an analogue input practical.
Tutor-led research and Q & A (100 min): connect the potentiometer to the ADC input, with output remaining on eight light emitting diodes. Give learners a basic program to output the position on a potentiometer onto the light emitting diodes.
Plenary (10 min): review all learners’ progress and note any issues with integrated development environment  and/or circuit construction.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Potentiometer for each learner

	6/T
	A2 Input devices
A4 Selecting hardware devices and system design

	IS
	Lead-in (10 min): discuss the different types of input interfacing that can be required to be completed by the microcontroller or by additional circuitry to realise a solution.
Tutor-led discussion and Q&A (60 min): discuss and explain signal conditioning, reasons for it use and types. Link to Unit 20: Analogue Electronic Circuits.
Plenary (10 min): review signal conditioning and reasons for its use.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores

	7/P
	A2 Input devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	RS
	Lead-in (10 min): review all previous practical sessions and advise learners the session will allow completion of outstanding tasks. 
Peer-led practical (100 min): give assistance and support to learners to complete outstanding tasks, encouraging peer support.
Plenary (10 min): note which learners are still not up to date on programming tasks and provide intervention sessions for them to catch up. 
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	7/T
	A2 Input devices
A4 Selecting hardware devices and system design

	IS
	Lead-in (10 min): review week 4 and discuss weight/height and analogue inputs. Start the debate on how a microcontroller can interrupt the analogue input. 
Tutor-led discussion presentation (60 min): a lesson on how analogue input is interpreted by digital circuitry. Explain the Analogue Digital Conversion process.
Plenary (10 min): review lesson. Leave learners to identify possible analogue inputs they could analyse and output on a suitable device.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	8/P
	A2 Input devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	IS
	Lead-in (10 min): review last theory lesson and ADC. Give overview of Pulse Width Modulation (PWM) and common uses.
Tutor-led research and Q&A (50 min): explain the PWM process and that some microcontrollers have it built within their hardware. Give examples or working examples if possible.
Tutor-led research and Q&A (50 min): common communication methods with inputs (and) outputs. Serial, parallel & I2C.
[bookmark: _GoBack]Plenary (10 min): review lesson – discuss problems, learner queries on topic A2.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
PWM Video: 
Go to YouTube and search for 
‘MikroC - PIC - PIC16F877A - 03 - Pulse Width Modulation (PWM)’
I2C Video:
Go to YouTube and search for ‘Interfacing the Microchip PIC18 MicrocontrollerMaster Synchronous Serial Port to I2C Devices’

	8/T
	A3 Output devices
A4 Selecting hardware devices and system design

	IS
	Lead-in (10 min): give an overview of topic A3 and what will be covered over the next few weeks. This week is optoelectronic.
Tutor-led research and Q & A (20 min): what are optoelectronic output devices? Research in groups of four at least two devices. What they are and what they would be used for?
Tutor-led research and discussion (40 min): issue a 7-segment display and binary coded decimal (BCD)-&-segment decoder to each learner. Issue a worksheet for learners to identify which segments need to light for each digit. Learners to obtain a datasheet for each component. Compare the segment output to the datasheet. What BCD input is needed for a specific output?
Plenary (10 min): review the 7-segment session. Preparation for next session. Identify the necessary connection required for a BCD to 7-segment.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
7-segment display
Binary coded decimal.  BCD – 7-segment decoder

	9/P
	A3 Output devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	IS
	Lead-in (10 min): learner practical to output 6 to a 7-segment display. Overview of the practical.
Tutor-led practical (100 min): connect a BCD-7-segment decoder to a 7-segment display. Interface with a port on the microcontroller. Give learners the basic code to output the digit 6.
Plenary (10 min): review all learners’ progress, note any issues with IDE and/or circuit construction.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Basic program to output 6 to a 7-segment display

	9/T
	A3 Output devices
A4 Selecting hardware devices and system design

	IS
	Lead-in (10 min): outline the use of liquid crystal display (LCD) and/or light emitting diodes (LED) displays and the interface with a microcontroller. When/Why are they used?
Tutor-led research and Q&A (60 min): identify a specific LCD, and get learners to obtain a datasheet and review the operation of the LCD. Concentrate on the fact it can be used in 4 or 8 bit mode and discuss when it would be used this way (4 bit if pins limited on micro etc.).
Plenary (10 min): review the information obtained in the lesson and learners review the set up sequence for 4 bit mode for the next practical session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
4 bit mode sequence for notes.
Character matrix

	10/P
	A3 Output devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	IS
	Lead-in (10 min): overview of learner practical of connecting an liquid crystal display LCD in 4 bit mode to the microcontroller and displaying a single character.
Tutor-led research and Q & A (100 min): connect the LCD to the microcontroller port in 4 bit mode with other relevant pins (read/write, etc.) connected to the rest of the port pins. Issue code for learners to input and download to output the character.
Plenary (10 min): review all learners’ progress, and note any issues with integrated development environment IDE and/or circuit construction.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
LCD for  each learner 


	10/T
	A3 Output devices
A4 Selecting hardware devices and system design

	IS
	Lead-in (10 min): overview of electromechanical and audio type outputs for a microcontroller.
Tutor-led research and Q & A (60 min): discuss and review the different components on show as outputs. When would they be used and why, and what is their purpose? (Remind learners if it does not have a purpose, it is not needed, as it draws power and takes up space.) Remind learners of the pulse width modulation PWM lesson and that type of output can be used to control an audio or motor output. 
Plenary (10 min): review lesson with Q & A and simple case study questions. (I need to ... – what components are best suited for the input and output?)
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Variety of output components of different types, sizes, and from different manufacturers

	11/P
	A3 Output devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	IS
	Lead-in (10 min): overview of the session: Practical to output to a motor using pulse width modulation PWM, built within the microcontroller, then to replace output with a piezo transducer.
Tutor-led research and Q & A (60 min): prepare the micro board, connect the motor to the PWM output of the microcontroller. Give learners a basic program that uses the PWM to control the motor. Once working adjust some of the values to change the speed of the motor. Replace motor with piezo transducer and carry out the same programming task.
Plenary (10 min): review all learners’ progress and note issues with integrated development environment IDE and/or circuit construction.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Small dc motor and a piezo transducer for each learner

	11/T
	A3 Output devices
A4 Selecting hardware devices and system design

	IS
	Lead-in (10 min): overview of the output devices reviewed over the last few weeks. Highlight that each has had different interface requirements.
Tutor-led research and Q&A (60 min): list the different types of interface used to date, and power requirements. Review I2C which have not been used to date but get learners to research why it is an effective type of device interface. List advantages over serial and parallel.
Plenary (10 min): review topic A3 as a whole and what learners have found useful, informative and difficult.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	12/P
	A3 Output devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	RS
	Lead-in (10 min): review all previous practical sessions and advise learners that the session will allow for the completion of outstanding tasks. 
Peer-led practical (100 min): give assistance and support to learners to complete outstanding tasks, encouraging peer support.
Plenary (10 min): note learners who are still not up to date on programming tasks and provide suitable intervention as appropriate to leaner need. 
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	12/T
	A4 Selecting hardware devices and system design
	IS
	Lead-in (10 min): overview of lessons to date. Learners have researched, connected, and programmed within microcontroller environments. How were the peripherals selected?
Tutor-led research and Q & A (60 min): discuss and review with learners that the inputs and outputs are not selected because we have them, but the first consideration is suitability for the task in hand. (For example, you don’t need an LCD when a pair of 7-segment displays will do, or a red or green LED.) Review parameters, range, usability, cost and interfacing.
Plenary (10 min): issue a template and discuss the importance of the aspects that need to be considered for selecting and justifying the use of any input or output component.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Template sheet for choosing and justifying a component, both input and output

	13/P
	A4 Selecting hardware devices and system design
B2 Programming techniques
	IS
	Lead-in (10 min): lesson to be two case studies with learner research, selection and obtaining the component.
Tutor-led research and Q & A (100 min): devise two standard microcontroller case studies. (You may want these to be working examples that you will use during programming delivery.) Learners must review the specification, identify the input, and select using the template given that includes cost and availability. Obtain the component from the technician’s store. Repeat for the necessary output. Depending on time taken you can use one or two examples.
Plenary (10 min): review the work undertaken and identify pitfalls (cost, availability and size).
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
 Provide a template  for selecting input
Provide a template  for selecting output
Sufficient components for learners to obtain

	13/T
	A4 Selecting hardware devices and system design
	IS
	Lead-in (10 min): review the last practical and the components that have been obtained to realise the client requirements.
Tutor-led research and Q&A (60 min): learners have identified components and justified selection. How are they interfaced with microcontroller, where will power come from, do they need to use ADC, PWM? The most effective method of ensuring that all is in place is to draw the circuit schematic to relevant standards. Learners must create the necessary schematics.
Links directly to other units. Learners should not be taught how to use schematic software in this or next session unless the software has a simulation element. 
Plenary (10 min): review schematics and any issues learners have in completion.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	14/P
	A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	IS
	Lead-in (10 min): highlight how important it is to complete the identification and selection of components, as well as the creation of schematics, before any practical assembly takes place.
Tutor-led research and Q & A (100 min): using your first case study, get learners to use knowledge from previous circuit builds and interfacing to connect up the microcontroller. Give learners the code or flow chart for the output needed for the case study. Learners should finish the session with a working prototype.
Plenary (10 min): review learner progress and note any issues or problems they have encountered for review in the next practical session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	14/T

	A1 Control hardware
A2 Input devices
A3 Output devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
	RS
	Lead-in (10 min): revision lesson to ensure all learners have all templates, notes, datasheets and understand hardware, input and output devices.
Tutor-led research and Q&A (60 min): a physical check for notes and documents and quick-fire Q&A on inputs, outputs, when to use and why. Hardware within chosen micro and its function/characteristics.
Plenary (10 min): sum up learning aim A and the importance of planning and preparation to ensure the successful outcome of a project.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	15/P

	A1 Control hardware
A2 Input devices
A3 Output devices
A4 Selecting hardware devices and system design
B1 Assembling and operating a microcontroller system
B2 Programming techniques
	RS
	Lead-in (10 min): revision and catch up. Review all previous practical sessions and advise the session will allow completion of outstanding tasks. 
Peer-led practical (100 min): give assistance and support to learners to complete outstanding tasks, encouraging peer support.
Plenary (10 min): note any learners who are still not up to date on programming tasks.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores

	Learning aim B: Develop and test a software and hardware solution for a microcontroller system to solve a problem

	15/T
	B5 Number systems
	IS
	Lead-in (10 min): overview of this topic as a whole and the important role it plays in the assessment. Link to other units as necessary.
Tutor-led discussion/Q&A (20 min): take the fear away from binary. Review the decimal (denary) numbering system, how it is made up and how we add and make up numbers as far as 10M eg 103 102 10 – 100s/10s/Units.
Tutor-led discussion/Q&A (40 min): introduce binary. Why binary, where it comes from and how it relates to electronics (bits/bytes) – link to other units. Representation of decimal numbers in binary up to 255. Conversion between (both ways) using a table and dividing by 2. Learners need to understand it can be done on calculators and phones, but the principle must be understood.
Plenary (10 min): link a binary pattern on a port to a 7-segment output. Highlight the importance of understanding the link between the decimal digit and binary output.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	16/P
	B5 Number systems
B2 Programming techniques
	IS
	Lead-in (10 min): refer back to practical programs – output a pattern to a row of eight LEDs. 
Peer-led practical (100 min): get learners to download and review the previous code. Now get the learner to output random numbers you select, requiring them to understand the binary output on the LEDs. Use the delay in the program used to output 11111111 followed by 10101010, to expand and amend the program code to count in binary from 1 to 255, with a delay in between.
Plenary (10 min): review and note any learners who are still not up to date on programming tasks and provide appropriate intervention sessions to enable them to catch up. 
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	16/T
	B5 Number systems
	IS
	Lead-in (10 min): review of practical and last theory lesson and understanding of binary representation. 
Tutor-led practical (30 min): it is advisable to include Hexadecimal here as it is easier to use in programming tasks than binary or decimal output in code.
Tutor-led practical (30 min): discuss and review serial and parallel communications and how they work and how the binary code 10101010 could be transmitted.
Plenary (10 min): review and test understanding use a range of methods – hot and cold quizzing – cold or open testing questions).
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM

Technician stores
Binary/Hex/Octal Video:
Go to YouTube and search for ‘Binary, Hexadecimal, Octal conversion’

	17/P
	B4 Structured program design
	IS
	Lead-in (10 min): ensure learners have access to all code issued to date. Discuss that everything is planned, not just created.
Tutor-led discussion/Q&A (20 min): issue out the pseudocode that exists for each example code that you have issued out. Compare the code with the pseudocode. Look at similarities, expressions, structure, and layout. Explain the structures. 
Tutor-led discussion/Q&A (40 min): explain the pseudocode process and importance of structure. Issue a simple task (opening their phone). Learners should attempt to write pseudocode to explain the steps and decisions taken to open the phone. Review answers and give the solution.
Tutor-led discussion/Q&A (40 min): discuss alternative methods that learners may wish to take, including flow diagrams and decision tables. Issue out an example of each for the first LED output program. Learners are to create one for their phone.
Plenary (10 min): ensure learners have an example for each type of structured program design. They will be able to use one or all in their assessment task.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Pseudocode to match all coding issued by tutor to date
A decision table for LED output
A flow diagram for LED output

	17/T
	B2 Programming techniques
	RS
	Lead-in (10 min): discuss the use of the IDE, problems encountered, errors resolved and mistakes made.
Tutor led discussion (Q&A) (40 min): discuss the common errors that have happened to date, the resolutions and why they happened in the first place. For example, a lack of accuracy when copying code, not setting the IDE to the right device, failing to compile the program, not creating the right file in the right location.
Peer-led practical group work (60 min): get learners to agree a checklist to use when creating a project on MPLAB, on which to record common errors and solutions centred on the creation and downloading of a program to the PIC device. This task will focus their minds and they will have an agreed checklist to refer to if an issue occurs during the assessment period. 
Plenary (10 min): ensure all learners are confident of the techniques necessary to ensure a successful program download and execution.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
You will want to have recorded the common errors and mistakes that learners have made to date on practical programming tasks

	18/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs

	IS
	Lead-in (10 min): review the programming example where the learner has counted from 0–255 in binary with a delay in between. Learners will most likely output 00000000 called the delay output 00000001 output delay etc up to………output 11111111 then a delay.
Tutor-led discussion (20 min): this is a long section of code to carry out a simple straightforward task. Explain and give pseudocode structure for the: (for loop, do while, while). Explain the loop functions and how they work. This allows the introduction of parameter passing as well. 
Peer-led Practical (80 min): get learners to change their programs to count from 0–255 using one while loop, do while and for loop, creating a new .c file or flow chart for each. 
Plenary (10 min): review the progress and issues that learners have encountered with discussions on the best solution/workaround.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	18/T
	B3 Coding constructs

	IS
	Lead-in (10 min): discuss the program and amendments learners have made in the last practical session. 
Tutor-led discussion (Q&A) (15 min): ask learners to take out the last working iteration of the loop constructs. Review the work, ask for a show of hands from learners on who has removed the comments that were on the initial tutor issue, or which learners have commented on the changes made.
Tutor-led discussion (Q&A) (15 min): the importance of commenting code and amendments made. Emphasise the importance of any programmer in a team being able to read and interpret the code so amendments could be made in their absence. Highlight that most code is written in sections by different people in the team and linked via libraries. Check that learners have added to the program design based on changes made (amendments to pseudocode, flow diagram, etc.). Get learners to make the changes necessary.
 Plenary (10 min): reinforce that the program design must match the program and the comments are important.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	19/P
	B1Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs

	IS
	Lead-in (10 min): review of the programs from the last practical session, which will now have all necessary comments and changes.
Tutor-led practical (40 min): the count program will be within the main routine at present. Create a subroutine called count. Advise on how it is declared (sometimes useful not to declare it so learners can see the compile error). Run the program as a working sub routine. 
Tutor-led practical (40 min): save a copy. Make amendments to declaring so it can call in an integer parameter with a suitable name, eg ‘count_value’. This count value will become the value of the count. Change the value in the call of the subroutine and run the program. Change the value and watch how the count value changes the output count.
Tutor-led practical (20 min): step through the program on the screen and explain how the parameter passing and declaration is enabling the changes to the count.
Plenary (10 min): review issues and problems that have arisen over this session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	19/T
	B3 Coding constructs

	
	Lead-in (10 min): review understanding of PWM/I2C.
Peer-led practical (60 min): give coding examples to walkthrough for the setup of PWM and I2C within the microcontroller. Highlight that in a lot of environments this is included with libraries given in the IDE.
Plenary (10 min): review the understanding with Q&A and practical examples of using PWM or I2C.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	20/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs

	IS
	Lead-in (10 min): review the practical lesson for the next three weeks.
Peer-led practical (100 min): devise a solution to read the input from an LDR and output onto the LCD stating morning, midday, evening. Give support throughout and make sure that learners develop plans and documentation as they progress. Give learners the plan for the code. Review with learners any new code constructs encountered. To stretch some learners, add the extension task of turning lights on or off via a relay.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	20/T
	B1Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs

	IS
	Lead-in (10 min): review the practical set.
Tutor-led practical (30 min): discuss how to write a short specification using the template given.
Tutor-led practical (30 min): discuss how to write and conduct testing. Discuss types of testing (code testing, function testing, outcome testing).
Plenary (10 min): review the additional documentation and discuss learners' understanding of requirements.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Create a short specification template to issue
Create a testing Testing schedule/plan to issue

	21/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the practical lesson set.
Peer-led practical (100 min): continue with practical activity set with tutor support.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	21/T
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the practical lesson set.
Peer-led practical (60 min): continue with practical activity set with tutor support.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores





	22/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the practical lesson set.
Peer-led practical (100 min): continue with practical activity set with tutor support on coding.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	22/T
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	RS
	Lead-in (10 min): review the practical lesson set.
Tutor-led practical (60 min): review and ensure all learners have been able to complete the practical and have written up solutions and supporting documentation. 
Plenary (10 min): identify positives from the exercise through either peer assessment or more formal summative assessment strategies.  
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	23/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): set the overview for a practical task for the next three weeks.
Peer-led practical (100 min): practical activity for learners to obtain a temperature input that produces a temperature reading output on an LCD. Task to stretch learners could be to sound an alarm when a specific temperature is achieved (either using a buzzer or through a piezo transducer via PWM).
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	23/T

	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the practical lesson set.
Peer-led practical (60 min): continue with practical activity set with tutor support on coding.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	24/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the practical lesson set.
Peer-led practical (100 min): continue with practical activity set with tutor support on coding.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	24/T
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the practical lesson set.
Peer-led practical (60 min): continue with practical activity set with tutor support on coding.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	25/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the practical lesson set.
Peer-led practical (100 min): continue with practical activity set with tutor support on coding.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	25/T
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	RS
	Lead-in (10 min): review the practical lesson set.
Tutor-led practical (60 min): review and ensure all learners have been able to complete the practical and have written up solutions and supporting documentation. 
Plenary (10 min): identify positives from the exercise.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	26/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): set the overview for a practical task for the next few weeks. 
Tutor-led practical (100 min): fun practical activity for learners to output a simple tune through the piezo transducer. 
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores




	26/T
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the last two large practical tasks and coding constructs encountered.
Learner-led discussion/Q&A support (60 min): discuss common problems encountered. Discuss unfamiliar coding constructs, giving clarity and guidance on how to walk through those identified.
Plenary (10 min): quick Q&A on different coding constructs, either via a handout quiz or on the board.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	27/P
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	IS
	Lead-in (10 min): review the practical lesson set (music).
Peer-led practical (100 min): continue with practical activity set with tutor support on coding.
Plenary (10 min): review learners’ work at the end of each session.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores


	27/T
	B1 Assembling and operating a microcontroller system
B2 Programming techniques
B3 Coding constructs
	RS
	Lead-in (10 min): review the practical lesson set.
Tutor-led practical (60 min): review and ensure all learners have been able to complete the practical and have written up solutions and supporting documentation. 
Plenary (10 min): identify positives from the exercise.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores





	Learning aim C: Project manage the development lifecycle and present the operation of a microcontroller system to solve a problem

	28/T
	C1 Development processes
C2 Documentation
C3 Project log
	IS
	Lead-in (10 min): give an overview of the steps that have been taken for each solution that the learner has worked upon. They might not have all been in an order that fits within the development process, but fitted within teaching.
Tutor-led group discussion/Q&A (20 min): identify each step with the learner. In groups select each step they have performed and documentation collected, and select which step in which they belong. issue learners with a template document to ensure they are clear on the developmental process stages.
Tutor-led discussion/review (40 min): review with learners their selections and what should be in which section and more importantly why. 
Plenary (10 min): review the project log part of the template document to ensure learners understand the reflective recording.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores
Provide a template for learners to use to ensure they follow the developmental process and ensure they remember what needs to be included

	28/P
	C1 Development processes
C2 Documentation
C3 Project log
	IS
	Lead-in (10 min): review the previous theory session and importance of the process 
Peer-led practical (100 min): take a minimum of two programs. A suggestion is the count using the LED output and analogue output on an LCD screen. Review all paperwork arranged within the development template, identifying items missing or in need of enhancement. Review each learner’s portfolio and check the format of the project log.
Plenary (10 min): the two main missing elements will be the operation manual and analysis of the finished system.
	PC access
MPLAB®IDE (MPELAB C) or Flowcode /Arduino IDE or Flowcode/ PICAXE Editor/Genie Studio or Circuit Wizard/ARM® MbedTM
Technician stores





	Assessment practice and issue

	29/P
	Learning aims A, B and C
	RS
	Walk through (120 min)
Use a simple circuit construction and program downloaded under a time constraint.
Output a value to an LCD (0–255) based on the input from a potentiometer.
The emphasis is on learners remaining calm during an exercise that they are familiar with.
Importance of fault-checking, connections, coding etc.
Audio/visual recording demonstration
	Technician/Store access/toolbox access/sole access to IDE and interface equipment
Audio/visual recording equipment

	29/T
	Learning aims A, B and C 
	RS
	Lead-in (5 min): discuss what you saw in the practical period. Discuss issues that need highlighting and good practice.
Peer-led practical (60 min): review the errors made, the solutions taken and the problems that were not resolved. How can the learner improve, and when should they walk away and work on another aspect of the specification? Hints and tips to remain calm and focus on the problem. Relate directly to work environment which has constant deadlines.
Plenary (10 min): prepare for the sample assessment exercise and what will be involved. Give specific timing for the next three weeks and advise on approach methods.
	

	30
T/P
	Learning aims A, B and C
	IS
	Sample assessment practice 
Tutor support and guidance throughout. Use the available Sample Assessment Material (SAM) available online.
	Technician/Store access/toolbox access/sole access to IDE and interface equipment




	31
T/P
	Learning aims A, B and C
	IS
	Sample Assessment practice
	Technician/Store access/toolbox access/sole access to IDE and interface equipment
Audio/visual recording equipment

	32
T/P
	Learning aims A, B and C
	IS
	Completion of Sample Assessment practice
	Technician/Store access/toolbox access/sole access to IDE and interface equipment
Audio/visual recording equipment
Storage device e.g. USB pen

	33
T/P
	Learning aims A, B and C
	AW
	Review of the sample assessment
	Technician/Store access/toolbox access/sole access to IDE and interface equipment

	34
T/P

	Learning aims A, B and C
	AW
	ASSESSMENT WEEK
	Technician/Store access/toolbox access/sole access to IDE and interface equipment
Audio/visual recording equipment
Storage device e.g. USB pen

	35
T/P
	Learning aims A, B and C
	AW
	ASSESSMENT WEEK
	Technician/Store access/toolbox access/sole access to IDE and interface equipment
Audio/visual recording equipment
Storage device e.g. USB pen

	36
T/P
	Learning aims A, B and C
	AW
	ASSESSMENT WEEK
	Technician/Store access/toolbox access/sole access to IDE and interface equipment
Audio/visual recording equipment
Storage device e.g. USB pen

	* 
Weeks 26 and 27 can be used to extend the two projects dependant on the learner ability.
Week 26, 27 can be swapped with 28, 29
The practical tasks are only possible examples and you are free to change amend or expand as necessary. 
Preparation is key, with working prototypes to hand with basic code. The use of practice materials such as SAMs will be beneficial throughout the delivery process and when preparing for the assessment task.
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