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Abstract

This report describes the design of detailed specifications for a system, which transports an analogue Composite
PAL signal over an 800m link.

The report focuses on the digitising and receiver circuitry, which consist of analogue to digital conversion,
encoding, decoding and digital to analogue conversion. As the PAL signal has its subcarrier frequency at 4.433
MHz a quadruple sample rate of 17.72MHz is used to allow for the filter roll off rate. An 8-bit quantization is
proposed based upon the ITU-R BT.601-4 recommendations, hence the bit rate of the encoder is 141.76Mbit/s.

In order to achieve a stable clock recovery from the decoder, redundant bits are added to the transmission. Two
encoding schemes are considered; Manchester encoding an 8-bit to 10-bit encoding. The former is a brute force
method forcing at least one level change for each period of the clock frequency, making clock recovery stable
and simple. 8b/10b encoding is more efficient, requiring 62.5% link bandwidth compared to the Manchester
encoding system, but also more complex. Manchester encoding is the selected method.

The DAC decoder will contain a low pass filter at 8.82 MHz. As the guard band is about 10MHz, there is no
strict requirement for the filter roll-off. The maximum quantization error is 1.95mV.
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Introduction
Aim

Detailed specifications of circuitry is required for the following functions:

e Digitising circuitry for the conversion of a Composite Video (PAL format) signal, in preparation
for transmission [1].

e Receiver circuitry to obtain a Composite Video (PAL format) signal from the received signal and
drive a standard video input (75Q) [1].

e  Specification of the link input/output requirements

Background Information

The information in the task sheet provided for the group is included below so that the starting point of
the project, from which the circuit specifications are developed, is unambiguous [1]:

You are asked to design a Digital system to transport a Composite Video (PAL format)

video signal over 800m. This will require you to design the digitising circuitryC(Abd

supporting circuits) and the receiver circuitry (DAC and supporting circuits). The link

between the circuits is being designed by another team and a detailed specification of the

linkés required performance wibédrivebfoomgi ven. The
standard video source and the receiver is to drive a standard video inpa). (75

You are not expected to find the exact Integrated Circuits (ICs) required, however, it is
expected that the report will provide a detailed specificattwritie IC required and that
reasonable parameters are included.

There is no requirement to design a link, just to specify the properties of the signal that the link will be
transporting for the link team to utilise [1].

System Overview

The required system can be broken down into discrete sub-sections. For each sub-section a detailed
specification will be developed. The sub-sections will co-operate to form a complete system, hence
their specifications must take the specifications of the other sub-sections into account. The assimilation
of these specifications will describe the entire system.

A separate specification for the link requirements will be developed, to be provided to the link design
team.

i Standard

Composite Digitisin ! Receiver
Video Signal Ci% o I Link F Crouit Video
(PAL format) cuttry i i curtry Input (75Q)

Fig 1.1: Basic System Overview




Friday 19" October, 2007

2.1

PAL Composite Video
PAL Signal Properties

PAL is the standard television (TV) signal format in the UK and many other European countries. PAL,
Phase Alternate Line, has 625 lines per frame [2] compared to 525 lines per frame in NTSC [2]. The
frame rate of a general PAL signal is 25 frames per second with each frame consisting of two field
scans [2]. This frame rate is not chosen arbitrarily, there are two main reasons for it. The first is that
the human eye considers 25 fps as a moving picture or motion [2], while lower frame rates can be
distinguished as a progression of still images [2]. Secondly, the mains electricity system in the PAL
regions is 50 Hz, thus having a field scan frequency identical to this significantly decreases the
problems caused by mains noise [2].

Chroma Subcartier
frequency

vision carrier 1MHz | 1 MHz o
. - | . artier

L

1 PR i ; ; | 5 i

4433
loaret Chroma
sideband sideband MHz
suppressed
(1.25 MHz)

Fig 2.1: The spectrum of PAL signal showi'nq just the luminance and chrominance signal [2]

Figure 2.1 shows a typical frequency spectrum for a PAL signal. It can be seen that the main features
are that the Chroma Subcarrier frequency is 4.43 MHz and 6 MHz is the maximum frequency. The
maximum frequency is very important in analogue to digital conversions, refer to section 3 for more
information.

A typical PAL signal comes in 3 parts:
e Luminance

o U

e V

The luminance signal forms the black and white intensity TV image. U and V are the colour
components of the picture. U becomes B-Y only when a weighting factor of 0.493 is applied. V can
become R-Y when a weighting factor of 0.877 is applied.[3]

This problem deals with the composite PAL signal, which incorporates the three signals together.
Figure 2.2 on the following page shows the various spectral components of the composite PAL signal
and the information each carries.
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Fig 2.2: A Composite Video Line Capture [4]

2.2 The Spectral Components of PAL

There are three main areas in the waveform of a PAL signal: the horizontal sync whereas the signal
synchronized with the lines so that the picture can be reproduced perfectly on the screen. The colour
burst is a signal used to keep the chrominance sub carrier synchronized in a colour TV signal. And the
bits at the end represent the colour bar. Different colours will have various voltage ranges and the
normalized voltage for a white colour is 1V while black is 300mV. The figure below shows the various
colours in the colour spectrum and a capture of the waveform for those different colours.

Fig 2.3: Signal containing the traditional seven colours (left) and its corresponding waveform (right) [5]
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3

3.1

3.2

3.2.1

Analogue to Digital Conversion
Subsystem Overview

Figures 3.1 and 3.2 are equivalent, the latter being a breakdown of the processes inherent to the former.

Digitising
Circuitry

- - b - ——

Fig 3.1: The Digitising Subsystem from Figure 1.1

- == > Samplin, uantizin Encodin ==
pling g g

Fig 3.2: Stages of the Digitising Process

However, figure 3.2 takes an oversimplified view of the breakdown. When the design of this stage is
considered in conjunction with the other subsystems it becomes apparent that a decoder is required in
the receiver circuitry (see section 4). If the design of the encoding and decoding circuitry is considered
in tandem, their design process is more efficient as each method is only be researched once and joint
analysis is be made over the suitability of each method.

There is an additional factor for adjusting the subsystem breakdown shown in figure 3.2, that an
analogue-to-digital converter (ADC) is able to sample and quantize in one process. Henceforth, figure
3.3 shows an improved breakdown.

---> Sampling Quantizing Encoding [-->
— —— _ -~ )
Implement using ADC Use separate
encoder

Fig 3.3: Stages of the Digitisation Process — ADC + Encoder

The encoding process is examined in section 4. The remainder of section three examines the analogue-
to-digital conversion.

ADC Requirements
Sampling Rate
The sampling rate has to be high enough to avoid aliasing [6]. If a signal X(t) is band limited to W, then
it is sufficient to sample a f = 2W [7]. The expression (1) gives the mathematical form of this
justification.

IftXf)=0for|f|=2W, T,=12W (1
In section 2, it was shown that a PAL signal is band limited to 6 MHz, thus the minimum possible

sampling frequency is 12 MHz. Indeed 12 MHz would be employed as the sampling frequency if there
were no other parameters to be considered.
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3.2.2

PAL signals are sampled at either 3 or 4 times the subcarrier frequency [8] because the composite
signal decoding process requires some kind of digital filter and it is much simpler to implement a filter
that is related to the sampling rate than an alternative frequency [8]. The suitable sampling frequencies
are:

13.29 MHz — three times the subcarrier frequency
17.72 MHz — four times the subcarrier frequency

17.72 MHz is almost universally utilised as the sampling frequency [8]. When the non-ideal roll off
rate of the low pass filter in the decoding process is considered, the higher frequency also provides a
larger guard band, simplifying the filter design and possibly enabling a flatter pass band.

For the above mentioned reasons the sampling rate of the ADC must be 17.72 MHz.

Quantization Levels

There are two types of quantization; uniform and non-uniform (also known as progressive taxation) [9].
The PAL signal has information spread across its entire amplitude range (see figure 2.3) so uniform
qunatization is required.

Figure 3.4 shows a sinusoid quantized at 3-bit (8 levels) and 16-bit resolution (65536 levels). There is

negligible quantization error with the 16-bit resolution, but the 3-bit resolution is extremely noisy — it is
difficult to reconstruct the sinusoid accurately.
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Fig 3.4: The Effect of Quantization Noise Depending Upon Qunatization Resolution

From this it is clear that quantization noise is inversely proportional to the quantization resolution.
Now the minimum acceptable quantization resolution has to be determined.

By inspection 8-bit resolution appears sufficient, see figure 3.5.
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Resolution: Resplution:

8-bit 7-bit
(256 levels) (128 levels)
Resolution: Rs;golution:

4-bit 2-bit
(16 levels) (4 levels)

Fig 3.5: Examples of Different Quantization Resolutions
Al t hough it appears to one" s -wtyyentizhtibpnorg¥olutiohie abov e

sufficient. This is not a thorough scientific test, but PAL TV is not a recent development (e.g. last
decade) and as such there are fully investigated, agreed standards for it. The ITU601 is one such
standard. It recommendations an 8-bit quantization resolution for PAL.

It is also worth noting that 8b/10b is a common form of encoding and 8-bit resolution is suitable for
this, refer to sections 3.1.2 and 3.2 for futher information.

3.2.3 ADC Encoder Interface
All the encoders considered require a serial data stream, thus the ADC must either directly output a
serial data stream or having a supporting Parallel In Serial Out Converter. The ADC must have

sufficient bandwidth to handle the serial data stream equal to the 8-bit sampled number, hence the
bandwidth is eight times the sampling resolution.

3.24  ADC Specification

Summary of the ADC requirements determined in this section:

e  Sampling Rate 17.72 MHz
e Quantization Resolution 8-bit (256 levels)
e  Bandwidth (at least) 17.72 MHz
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33

34

ADC:s and their Properties

There are three main types [11]:

e Ramp ADC —simple, but slow

e  Successive ADC —a speed compromise between the other two, quite complicated
e Flash ADC —simple, fastest (parallel ADC), most expensive

As long as the specifications are satisfied, the ADC may be any of these forms, but the cheapest is
desirable.

PISO

A Parallel In Serial Out converter is required to convert the 8-bit parallel signal from the ADC into a
serial data stream at eight times the frequency, so that the decoded signal is at the correct frequency.
There are many flip-flop based shift registers that are suitable for this task, as long as they satisfy the
following specification:

e Sampling Rate 17.72 MHz
e  Bandwidth (at least) 141.76 MHz
e Bitrate output 141.76 Mbits/s
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4. Encoding and Decoding
4.1 Encoding Methods

3.1.1 Manchester encoding

Manchester encoding is a synchronize clock encoding scheme use to encode the data and clock of a
synchronize bit stream. Instead of having the signal transition at the bit boundary, it makes the signal
transition in the middle of the bit period. The logic 1s and 0s is no longer represents by the voltage level
but represent by signal transition. A logic 1 is represent by a 1 to O transition and 0 is represent by 0 to 1
transition [12].

1 1
Binary Logic
Leval Data
0
Mancheaster
Encoded 1 4
Data
L 0
Logic "1’ Lagic 'O

Fig 1: Logic Levels Realisation Using Manchester Encoding [12]

This is achieve by simply having a clock pulse train with half the signal& bit period and put them into
logic gate to form the Manchester word.
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Fig 2: An Example of Manchester Encoding[13]
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3.1.2  8b/10b Encoding

The 8b/10b transmission code converts a byte wide word into a 10 bits symbol, by splitting up the byte
wide word into the most significant 3 bits and least significant 5 bits. This is then represent by two
decimal number with the least significant first, e.g. 11000101 will be represent by 5, 6. Data value is in
the form of D x, y or K X, y, where D indicate a data code and K indicate a command code, X is the least
significant bit and y is the most significant bit. The Encoding scheme is in two sub-block code, a 5b/6b
(ABCDE to abcdei) and a 3b/4b (FGH to fghj), tables of coding can be found at reference [14].

3.2 Implementation of Encoders

In this case, the Manchester encoding scheme is more appropriate due to the design of the encoder and
decoder is simpler than the 8b/10b encoding scheme.

MANCHESTER ENCIODER
EQUIVALENT CIRCLNT
BASC BINARY
WORDWPUT ™| \ = WTER
CLOCK PULSE T XX 2
TRAIN INPUT Lo 3 CuTPUT
GATE
I I P
=
SECOND
AND
GATE
Fig 3: A Manchester Encoder [13]
K_SEL[1:0]
K— K_ERR
KFLIP_RD
FLIP_RD
DATA[T-0] B Kcode_BB[5D) =
ENG_K CURRENT_RD
- Keode_4B[3:0] =
CLK125 . | SP_4B8_RODP
— BAD_K IMNVALID_K
RST_L SP_43_RDN —
INV_8B
INV_4B
— =MC D Dcode_SB[5:0] Stage 2 code_SB[5:0] Stage £ TX_DATA[D:0]
= Dicode_45[2:0] Registers code_4B[3:0] Registers
CFLIF_RD
ENC_FLI® EN_INV_EE
EN_INV_4B
INV_4B_RD
]

Fig 4: An 8b/10b Encoder i Block Diagram [15]

And because the format of the Manchester word, it eliminates confusion produce by the signal when
consecutive 1s or 0s. Further more, the Manchester coding include a time pulse train in the transmitted
signal and that pulse train is regenerate at the decoder, it would be a useful information for the DAC.
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5

Link Requirements

e  Minimum required bandwidth - 283.52 MHz.
e Input - Manchester encoded pulse train, 283.52 Mbits/s.
e Output i assumed to be identical to the input signal
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6. The Receiver

A block diagram of the receiver end of the system is shown in Figure 6.1.

Manchester Encoded
Serial Data from the
Transmission Link

8-bit Serial Data

Digital to
Analogue Re-sample Low Pass Filter
Convearter
- _/

Decoder

8-bit Serial Data

Clock Signal

Analogue Out

Clock Recovery

Figure 6.1 Block Diagram of the Receiver

The signal from the transmission link is the Manchester encoded 10bit serial stream. First a decoder coverts the

data back into an 8bit word format. The data is then fed into a Digital to Analogue Converter (DAC), which

takes in the serial data and outputs an ;sanpl@indgue"” wa
sent into a low pass filter. The waveform is reconstructed at the output of the filter. A clock signal is extracted

from the encoded data and used in the rest of the circuitry.

6.1 Decoder

A decoder is needed at the receiving end to convert the Manchester encoded signal back into the digital signal
that was produced at the ADC end. The decoder is shown in Section 3.2.

6.2 Clock Recovery

A clock signal is needed at the receiving end in the DAC, re-sampler, etc. To recover the information correctly,
this clock signal needs to be exactly in sync with the clock signal used at the transmitting end. There are a
number of ways this synchronization can be achieved.

e A separate clock signal can be sent along with the data over the transmission distance. However this is
not feasible over long distances [9]. The cost of the system is raised because the bandwidth
requirements increase when a separate sub-carrier is used just for the clock signal. Also at high
frequencies there is no guarantee that the clock signal will travel at the same speed as the data stream,
and so it may be out of sync at the receiver.

e The clock signal can be extracted from the data signal itself.

The second method is efficient. No extra signal needs to be sent and a good level of synchronization can be
achieved. A binary (on — off) signal may contain a discrete component at the clock frequency. This can be used
to extract the clock signal.

There are many methods now in use for the timing extraction. [17] describes a Digital Signal Processing based
system for clock recovery, implemented in an FPGA. Another method to extract clock signals is to use Phase
Locked Loops (PLLs) to lock into the clock frequency component. Figure 6.2 below shows the functional block
diagram of an example IC that can achieves the clock recovery function using this method.
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Figure 6.2 Functional Block Diagram of the AD800 Clock Recovery and Data Retiming Phase Locked
Loop [18]

6.3 Digital to Analogue Converter (DAC)
The data is passed into a DAC once it had been decoded. The basic operation of a DAC is outlined below.
Figure 6.3 shows how a very simple Digital to Analogue Converter works. It is a summing amplifier, with the

resistor values scaled according to the binary weights of the input signals. The output voltage is a weighted sum
of the binary inputs.

[ Vour= —13 v

Figure 6.3 A simple analogue to digital converter

This simple DAC can only be used for a small number of inputs. As the number of inputs increase, the precision
of the resistors has to increase in proportion to the change in value. This requires a large number of very accurate
resistors. The architecture that is more commonly used in integrated circuit multiplying DACs is the R-2R ladder
network. A multiplying DAC is one in which the output equals the product of an input voltage (or current) and
an input digital code [21]. A R-2R ladder network DAC is shown in Figure below. The incoming signals at the
binary inputs may not be very precise (all the
Switches with a precision reference voltage supply are needed between the digital inputs and the resistors to
ensure precision at the output.

For the purpose of this task, a wide range of integrated circuit digital to analogue converters available. Some of
the factors that need to be taken into account when choosing a suitable IC are outlined below.

Some factors which affect the choice of the DAC

Resolution

bi

nary
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The resolution of the DAC is the number of output levels that a DAC can produce. For this task, 8 bits will be

leaving the decoder, so an 8 bit DAC is reqired (same resolution as the ADC). The resolution of a DAC can also

be defined as “the smallest change that can occur in
[20]. This is the step size at the output of the DAC. In this case, for example with a reference voltage of 10 volts,

the resolution of the DAC is given by:

Ars

2n

resolution=

=0.03%V
1

Where Agsis the full scale output voltage.
Accuracy

The accuracy of the DAC depends on the precision of the resistors and the precision of the digital inputs. The
former is easily achieved as resistor matching on an integrated circuit can be quite accurate. The latter is
achieved by having the precision voltage reference at the input.

Speed
The digital data coming out of the decoder, will be at a bit rate of 141.76 Mbits/s. The DAC should be able to
take in the bits fast enough.

Price
The cost of the DAC is important. Because the application does not demand very high accuracy or precision
figures, the chosen IC does not have to have very high specifications.

6.4 Re-sampling

“Glitches” may appear at t he o-tahqreshoot @ fin undersidhtGat A gl i t c
takes place in the output waveform of a DAC when it switched from one value to another. This causes a problem

when the filtering takes place, as the glitch may be mistaken for an analogue waveform, and may not be filtered

out. Re-sampling can help reduce this problem by removing the switching transients.

6.5 Reconstruction (Filtering)

A proper analogue waveform is reconstructed at the output through the use of a low pass filter. The high
frequency components of the DAC output are removed. Because initially the transmitted waveform was over-
sampled at approximately four times its bandwidth, the side-bands at the harmonics of the sampling frequency
are located far enough away for the filter to completely remove them. This is shown in Figure 6.4.

’< NN N

20 kHr 44,1 kHz BB,2 kHz 132,3 kHz 1764 kHz
sampling at 44,1 kHz

A

20 kHz 44,1 kHz 88,2 kHz 131,3 kHz |76,4 kHz
oversampling four times at 176,4 kHz

Figure 6.4 Over-sampling Example [KE]

The sketch in Figure 6.4 is not an example from a digital video system, but displays the effect that over-sampling
has. If the ADC had sampled the PAL signal at just twice the colour sub-carrier (just fulfilling the Nyquist
requirements), the frequency spectrum would have been like the figure on top. Over-sampling leads to a
spectrum like the one below, considerably relaxing the requirements of the filter.
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Conclusion

In this report we were able to provide the specifications for digitizing an analogue Composite PAL
signal to be transmitted over an 800m link. The specifications for the ADC where that it could handle a
sampling rate of 17.72MHz and a 8-bit quantization. The Manchester enconding scheme was proposed
to be used as there is a requirement for the clock recovery at the receiver. The encoding scheme doubles
the bit rate up to 283Mbits/s. The accuracy of the system is 1.95mV based on the quantization error. We
believe we have achieved a reasonable success in specification for the transmitter and receiver for the
entire system .



Friday 19" October, 2007

References

[1] John E. Mitchell (j.mitchell@ee.uclac.uk) , A Probl em Brief 2,0 Project bri
Monday 1% October, 2007, 09:54am, http://moodle.ucl.ac.uk/mod/resource/view.php?id=16130.
(N.b. this address is not openly acceptable, a copy has been included in Appendix A.)

[2] Guide to TV and video technology second edition, Eugene Trundle, TMIEEIE, MRTS, MRTS, MISTC,
publish by Newnes
[3] Glossary,| nfi niteRealityE Video Format Combiner User"
http://freon.chem.swin.edu.au/library/SGI_bookshelves/SGI_Admin/books/Combiner UG/sgi_html/go
01.html

S

[4] Intersilty, Composite Video Separation Technique, October 1996,
http://www.intersil.com/data/an/an9644.pdf

[5] Hamlet Video International, Test Signal, September 2006,
http://www.hamlet.co.uk/support/b_Test_signals.htm

[6] B. P. Lathi, Modern Digital and Analogue Communication ®ys$ 3 Ed. New York, Oxford
University Press, 1998, pp 60.

[7] John G. Proakis and Masoud Salehi, Communication Systems Engineerir®d® Ed. New Jersey,
Prentice-Hall, 2002, pp 46 i 47.

[8] John Watkinson, Television Fundamental®xford, UK, Focal Press, 1996, pp 116.

[9] B. P. Lathi, Modern Digital and Analogue Communication Syste®% Ed. New York, Oxford
University Press, 1998, pp 262 - 288.

[10] Rec. ITU-R BT-601.4, Encoding Parameters of Digital Television for Studitast amended 1994.
http://inst.eecs.berkeley.edu/~cs150/Documents/ITU601.PDF

[11] ifAnal ogue t o D ihtp:i/hyparbhysiCphy-aste.gsusdu/bbase/etectronic/adc.html.

[12] Dallas semiconductor, maxim, Manchester Data Encoding For Radio Communications, December
2004, http://www.maxim-ic.com/appnotes.cfm/an_pk/3435

[13] Aviation Electronics Technician, Manchester Word Encoding,
http://www.tpub.com/content/aviation/14030/css/14030_16.htm

[14] Aviation Electronics Technician, Manchester Word Decoding,
http://www.tpub.com/content/aviation/14030/css/14030 17.htm

[15] Actel Corporation, Implementing an 8b/10b Encoder/Decoder for Gigabit Ethernet in the Actel SX
FPGA Family, October 1998, http://www.actel.com/documents/SX_GB_Ethernet AN.pdf

[16] Gorry Fairhurst, Manchester Encoding, March 2007,
http://www.erg.abdn.ac.uk/users/gorry/course/phy-pages/man.html

[17] Gorry Fairhurst, 8b/10b Encoding, March 2007, http://www.erg.abdn.ac.uk/users/gorry/course/phy-
pages/8b10b.html

[18] P.M. Smithson,M. Toml i ns on a n dbasdd.clocorecaveryemplenyented th DFSIP
progr ammab | eNew &ynarorasatioralgchniques for Radio Systems, IEE Colloquium on
27 Nov 1995 Page(s):8/1 - 8/6

[19] Analog Devices Data Sheet, Clock Recovery and Data Retiming Phase Locked Loop AD800og
Devices.


mailto:j.mitchell@ee.ucl.ac.uk
http://moodle.ucl.ac.uk/mod/resource/view.php?id=16130
http://freon.chem.swin.edu.au/library/SGI_bookshelves/SGI_Admin/books/Combiner_UG/sgi_html/go01.html
http://freon.chem.swin.edu.au/library/SGI_bookshelves/SGI_Admin/books/Combiner_UG/sgi_html/go01.html
http://www.intersil.com/data/an/an9644.pdf
http://www.hamlet.co.uk/support/b_Test_signals.htm
http://inst.eecs.berkeley.edu/~cs150/Documents/ITU601.PDF
http://hyperphysics.phy-astr.gsu.edu/hbase/electronic/adc.html
http://www.maxim-ic.com/appnotes.cfm/an_pk/3435
http://www.tpub.com/content/aviation/14030/css/14030_16.htm
http://www.tpub.com/content/aviation/14030/css/14030_17.htm
http://www.actel.com/documents/SX_GB_Ethernet_AN.pdf
http://www.erg.abdn.ac.uk/users/gorry/course/phy-pages/man.html
http://www.erg.abdn.ac.uk/users/gorry/course/phy-pages/8b10b.html
http://www.erg.abdn.ac.uk/users/gorry/course/phy-pages/8b10b.html
http://ieeexplore.ieee.org/xpl/RecentCon.jsp?punumber=3651

Friday 19" October, 2007

[20] P. Horowitz and W. Hill, The Art of ElectronicsCambridge: Cambridge University Press, 1989

[21] R. J. Tocci and N. S. Widmer, Digital Systems: Principles and Applications, New Jersey: Prentice Hall,
2001



Friday 19" October, 2007

Appendix A

Problem Brief 2

You are asked to design a Digital system to transport a Composite Video (PAL format) video signal over 800m.
This will require you to design the digitising circuitry (ADC and supporting circuits) and the receiver circuitry

(DAC and supporting circuits)The link between the circuits is being designed by another team and a detailed
specification of the I inkbés required performance wil
standard video source and the receiver is to drive a standdebvnput (7%2).

You are not expected to find the exact Integrated Circuits (ICs) required, however, it is expected that the report
will provide a detailed specification for the IC required and that reasonable parameters are included.

A presentation ofgur preliminary designs is scheduled for Thursday @ttober at 10am.

Please submit your briefing document by 5prfi C&tober. Reports are to be submitted via the ELEC3001
Moodle sitg1].
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