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ANSWER ALL FOUR QUESTIONS

QUESTION ONE  (30 marks total)
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The diagram above depicts an AC motor control system based on an embedded PIC microcontroller.

a) Give a general overview on the principles of  how a system such as this operates, ensuring you describe the basic function and purpose of each component/block in the diagram (10 marks)

AC mains in
Filter to remove HF noise generated by the Switching circuit being passed back into the grid.
Cap/Res PSU circuit does not use a transformer – rather a simple cap/resistor circuit (usually with a simple zenner regulator) that passes a very small current, but is just enough to power the micro.
PIC microcontroller to provide timed trigger pulses to fire the triac.
Potentiometer, so the PIC can read the value (into an analogue input pin), and allow variable power control by varying the phase angle timing.
LEDs for visual feedback e.g. rough power output or simply on/off,
User interface (such as an LCD display) for visual feedback such as actual set power
UART as a digital interface to allow remote serial control of the motor.
(1 mark for each area covered)

b) The PIC16F1618 above contains a ZCD (Zero Cross Detection) module. With the aid of diagrams, explain what ZCD is, and what is its purpose in designs such as this is. (5 marks)

Ans:
To provide the requisite timing delay to fire the Triac, the system must first have a reference point to synchronise from. The voltage at which the AC mains input crosses the 0V line is used for this.
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c) Using diagram(s) to assist your answer, explain the principles behind phase angle control in situations such as the motor controller above. (10 marks)

Answer to include details of how some form of ZCD detector circuit provides a timing reference, then after a predetermined delay, one, or a series of pulses, is used to drive the gate of the SCR device. This time delay is related to the angle (0deg being the zero crossing point and 180deg being a complete half cycle). The SCR device then conducts until the applied voltage across it falls under the conduction voltage (usually thought of as when it again crosses the zero volt point). The timing cycle then repeats.
Answer should include some kind of diagram such as below showing the output waveforms at various power settings.
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Answer should also have some diagram showing the firing angle derived from the ZCD point, such as some part of the graphic below. 5 marks for written text, 5 marks for suitable diagram(s)
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d) Explain why is it prudent to include the Isolation barrier? Also give one example of how you might actually implement it. (5 marks)

Ans:
Direct connection to the mains is potentially lethal without the usual isolating transformer in a PSU (not used in this case)
Voltage spikes/faulty circuitry could take out not just the motor controller, but also any devices connected to it unless isolation is used.
Some kind of opto isolator could be used:
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or a dedicated capacitive data coupling IC such as the ISO7220 family.
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(2.5 marks for the explanation why, 2.5 marks for how to solve)



QUESTION TWO (20 marks total)
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The diagram above depicts an embedded microcontroller (U1) that is being used to control a high power LED in a flashlight.
a) What is the purpose of R1? (5 marks)

Ans:
R1 is NOT the usual current limiting resistor for a LED. Rather, it has a very small value, so minimal power is wasted as heat when current passes through it, however there is enough of a voltage drop so that this can be monitored by the Micro via the analogue input pin3, from this, V=IR can be applied to calculate the current through the LED.

b) Explain what type of signal/waveform you would expect to see coming out of Pin7 to drive Q1. Use diagrams to augment your answer. (5 marks)

Ans:
A PWM type signal. 2marks for correct identification, 3 marks for appropriate diagrams
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c) What is the purpose of L1 and why is D1 needed? (5 marks)
Ans:
L1 is a choke that is used to smooth the hard edges of the PWM based drive signal (inductor absorbs high frequency energy and releases it when the drive signal fades, converting stored magnetism into current)
D1 is used as a flywheel diode to absorb any potential negative spikes generated by the choke which could damage the semiconductor junctions of Q1
(2.5 marks for each part)

d) What advantages does using an embedded system as shown give over a dumb/passive implementation where an LED is simply driven via a current limiting resistor? (5 marks)

Ans:
Doesn’t waste large amounts of current as heat through the resistor thus more energy efficient (1 mark)
Allows feedback, so constant LED power can be achieved (1 mark)
From above – brightness doesn’t have to decrease with decreasing battery voltage and/or LED life is increased if driven hard (1 mark)
Extra features can be implemented – flashing, variable power etc (2 marks for 2 features)


QUESTION THREE (20 marks total)

a) Explain the general principles of what the Boundary Scan method is and why it was originally developed (10 marks)

Ans along the lines of:
Boundary scan is a method for testing interconnects (wire lines) on printed circuit boards or sub-blocks inside an integrated circuit.
The boundary-scan test architecture provides a means to test interconnects between integrated circuits on a board without using physical test probes. It adds a boundary-scan cell that includes a multiplexer and latches to each pin on the device. Boundary-scan cells in a device can capture data from pin or core logic signals, or force data onto pins. Captured data is serially shifted out and externally compared to the expected results
Boundary scan is also widely used as a debugging method to watch integrated circuit pin states, measure voltage, or analyze sub-blocks inside an integrated circuit.
(5 marks)
Needed because circuits can have:
Too dense connections to facilitate easy probing with bed of nails type approach.
Tracks might be under components
Tracks might be inside a multi layer board
Test points might be part of a module that is within a custom device, FPGA etc.
(5 marks)

b) JTAG has subsequently been expanded to allow additional functionality over Boundary scanning alone. Give two additional situations where JTAG is now used. (5 marks)

Boundary scan is also widely used as a debugging method to watch integrated circuit pin states, measure voltage, or analyze sub-blocks inside an integrated circuit.
Also used for storing firmware/programming of flash type devices. (2.5 marks each for 2 situations)

c) Briefly explain what is meant when an RTOS (Real Time Operating System) is said to be ‘deterministic’. (5 marks)

Determinism: An application (or critical piece of an application) that runs on a hard real-time operating system is referred to as deterministic if its timing can be guaranteed within a certain margin of error. (5 marks)







QUESTION FOUR (30 marks total)

Often, embedded systems require significant computing power and a PC type architecture is the most suitable solution.

a) Write a brief report explaining the principles behind the PC104 standard(s), and what benefits the system gives to embedded systems designers. (10 marks)

Answer to include details of typical form factor, CPU choices, I/O options etc. (5 marks)
Benefits are:
Small form factor (for a PC architecture)
Stackable architecture is robust.
Very powerful processing options compared to a standard microcontroller.
Can run industry standard PC type software if needed.
Off the shelf RTOS’s available – or runs windows.
Has wide hardware support for PC type peripherals with wide range of standard  interconnections such as wifi, LAN etc.
Takes user designed interface cards based on industry standard  ISA bus architecture.
(5 marks)



b) The original PC104 bus is derived from the IBM PC’s ISA bus specification. This allows fairly easy interfacing of custom circuitry directly to the CPU system busses. Sketch a block diagram that outlines the basic bus signals and include typical interface chips/methods that could be used to achieve this interfacing. (10 marks)

Diagram  to show:
Data bus
Address bus
Control bus/signals
(5 marks)

Interface method should have tristate buffers on the data bus, activated by e.g. a digital comparator and address decoder which also provides the chip select signals to map the interface ports into the appropriate memory map area. (5 marks)

c) Newer PC104 implementations can have PCI express links that use LVDS signalling. Explain the principles behind LVDS and give two advantages of using this method of data transfer over a conventional parallel bus. (10 marks)

Answer along the lines of:
LVDS uses differential signals with low voltage swings to transmit data at high rates. Differential signals contrast to traditional single-ended signals in that two complementary lines are used to transmit a signal instead of one line. That is, two signals are generated of opposite polarity, and then the data transmission references the two signals to one another. This transmission scheme provides the kind of large common-mode rejection and noise immunity to a data transmission system that a single-ended system referenced only to ground cannot provide. (5 marks)
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[bookmark: _GoBack]For the advantages – two relevant points from e.g. extracts from the following text:
The differential nature of LVDS has many inherent advantages. The most fundamental of these advantages is the ability to reject common-mode noise. When the two lines of a differential pair run adjacent and in close proximity to one another, environmental noise, such as EMI (electromagnetic interference), is induced upon each line in approximately equal amounts. Because the signal is read as the difference between two voltages, any noise common to both lines of the differential pair is subtracted out at the receiver. The ability to reject common-mode noise in this manner makes LVDS less sensitive to environmental noise and reduces the risk of noise related problems, such as crosstalk from neighboring lines. As a result, LVDS can use a much lower voltage swing compared with traditional single-ended schemes that rely on higher voltage swings to maintain an adequate threshold for noise tolerance.

The differential nature of LVDS not only reduces the effects of common-mode noise, it also results in a reduced amount of noise emission. When the two adjacent lines of a differential pair transmit data, current flows in equal and opposite directions, creating equal and opposite electromagnetic fields that cancel one another. The strength of these fields is proportional to the flow of current through the lines. Thus the lower current flow in an LVDS transmission line produces a weaker electromagnetic field than other technologies.

At first glance it may seem that one of the drawbacks of using LVDS in an application rather than a traditional single-ended data transmission method is that it requires twice as many wires to transmit the same number of channels. In reality, an LVDS application can easily reduce wires between the transmitter and receiver. With the higher data rates available in LVDS, the same amount of data can be transmitted serially across a single channel, avoiding the necessity of transmitting multiple bits in parallel at slower data rates to achieve the same throughput. Multiple channels of slower parallel data can be serialized onto a single high-speed LVDS channel and transmitted from one point to another. At the receiver the data can then be deserialized and separated into the slower parallel channels. The combination of a serializer and deserializer (SerDes) is a common architecture found in many applications today including CameraLINK and PCI Express.

Another major benefit of LVDS is the low power consumption of LVDS devices. The current-mode driver of LVDS provides a constant 3.5 mA of current through the differential pair. The power consumption at the load can be calculated using the power equation, P = I2R, which states that power is equal to electrical current squared times resistance. Given the 3.5 mA of current through the 100 Ω termination resistor, the power equation results in (3.5 mA)2 x 100 Ω = 1.2 mW. In comparison, another differential data transmission technology, RS422, dissipates 90 mW of power at the load. Other differential signaling technologies, such as RS485, ECL, and PECL, also dissipate significantly more power than LVDS.

(2.5 marks each for 2 points included above)
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