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Abstract

The oscilloscope is the most versatile electramétrument one can have on ones
work table today. It is a very expensive instrumemwever. | propose a new kind of
an oscilloscope. A box of electronics, with a CPatlts heart and VGA monitor as
its visual output, that provides the functionatifyan oscilloscope. This instrument

should also be a fraction of the cost of convemti@scilloscopes.

This thesis produces an instrument that fulfils thbjective — A cheap oscilloscope
that uses a VGA monitor as its output. It doeshaste the complete functionality of
conventional scopes, but it can be significantlpriaved. It can be used in
educational laboratories where financial resoudmesot permit the purchasing of the

commercial oscilloscopes.

During the design process, literature was reati@warious parts of the prototype
system. The UP2 Development Board and Quartusié wes primary tools used in

the design.

Experiments, Simulations and Research were thegpyimethods used to facilitate

the design process.

The prototype design consisted of 3 main proce3desse processes could however
be broken down in many other process. This is ditation of the top-down design

process followed.

The thesis was a successful in that it producesca ©f the input signal on the VGA

monitor. The input signal was a saw-tooth waveform.
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1. Introduction

1.1 SUBJECT OF THIS THESIS

This thesis outlines the design of an oscillosowmjile a VGA monitor output.

1.2 BACKGROUND TO THE THESIS

Oscilloscopes are one of the most versatile eleiastruments available. It allows
one to see a voltage at an arbitrary point in entednic circuit. It can also be used to
observe variables in other phenomena, providedplpeopriate sensor is available.
Such as perhaps a sound wave, when converteddieetnonic voltage by a
microphone — the microphone being the sensor. I0scipes are however very
expensive, and thus requires substantial monatagstment, which is greater than

the average student can afford.

VGA monitors are standard these in days with DgsRG systems. There is however
a surplus of these monitors available, especiatigesthe lifetime of the monitor is
much longer than the lifetime of the desktop PCthvthe accelerating changes in

desktop PCs these days, this surplus is likelp¢oeiase at an even faster rate.

This has created an interesting possibility — wihamh cheap oscilloscope could be

built that has as its display a VGA monitor.



1.3 THE OBJECTIVES OF THE THESIS
The objective of this thesis is thus to investighte possibility and come up with a
prototype design. The prototype design would haeedGA monitor plugged into it,

and then proceed to function as an oscilloscope.

1.4 LIMITATIONS AND SCOPE OF THESIS

The thesis tries to implement a low-end oscillogcaith downscaled features from

that of commercial oscilloscopes. It does not gitetm build the prototype with great
accuracy. It is merely an attempt to see if thaidgossible and if possible, build a

prototype system.

1.5 PLAN OF DEVELOPMENT

The thesis starts off by describing the literatingg was read to get a deeper
understanding of the problem. It then describesrathod used to attack the
problem, followed by a description of some of tieeelopment tools used during the

design. Then it describes some of the experiméatsxere performed.

It then gives an overview of the initial designléated by a description of the design

in detail, with pictures of some of the resultghad prototype system.

Finally it states some of the conclusions that weagle and recommends further

action that can be taken to improve the prototype.



2. Literature Review

This chapter is a description of the literaturetinaas read in order to solve the
oscilloscope problem. No literature has been foandhis specific problem. There is
however plenty of literature on the individual paused to solve this problem. These
parts are the Oscilloscope, the VGA monitor andRR&D. | felt that it would be a
good idea to read as much as necessary about thiéseent parts, and in this way
have a better idea of how to solve the problems@&lparts will thus be described in

the sections that follow.

2.1 THE OSCILLOSCOPE

When attempting to build an oscilloscope, one sthatart by understanding how
conventional oscilloscopes work. There are 2 kinfdsscilloscope — the analogue and

digital oscilloscopes

2.1.1 The Analogue Oscilloscope

Shown in figure 2.1 is a simplified block diagrafmeo analogue oscilloscope.

Y
input | wertical ~ | display
signal /| clrcuitry /| circuitry
. | horizontalf |
external — | triggering
trigger © | circuitry X

Figure 2.1 — Simplified diagram of an analogue odtoscope



The vertical circuitry
Thevertical circuitry conditions the input signal to levels acceptabletlie display

circuitry. It can be broken down further as shawfigure 2.2 below.

input | coupling [—— | input
signal mode attenuaton

. to display
circuitry

yertical position
Controls

to horizontal!
triggering circuitry

Figure 2.2 — Block diagram of the Vertical circuitry

In thecoupling module, the user selects the appropriate mode of coupliriige input
signal to the attenuator module. This can be AC, @GND. In AC coupling, the

DC (non-changing) component of the input signaéimoved, and the scope then only
displays the AC (or changing) component of the aligim DC coupling, the scope
shows both the AC and the DC components of theaki§hile in GND coupling, the
input to the next modulenput attenuatoj is simply connected to ground. This is

done so that the ground level of the trace carstabkshed.

Theinput attenuator is responsible for attenuating a wide range ofiirgignals to the
input sensitivity of the vertical amplifier. Thersgtivity of the vertical amplifier is
typically 5mV. A network of resistor dividers perios the division, and the volts per

division (v/div) setting, chooses the division farct



In order to provide a calibrated trace on the digphput attenuatorsnust have very
accurate resistive networks that have a flat respower the whole oscilloscope
measuring bandwidth. This means that an oscillaseaph a 20MHz bandwidth,
should divide input signals down by (the user chpsefactor from DC up to 20MHz.
If the oscilloscope is set to an input sensitivitgt is greater (e.g. 1mV) than the
sensitivity of the vertical amplifier (normally 5m\then the input signal is amplified

as opposed to attenuated.

Thevertical amplifier is responsible for amplifying the scaled input sigio the
levels required for the vertical plates of the @dih Ray Tube (CRT). The CRT

forms part of thelisplay circuitry.

An oscilloscope has different display modes — SmagylDual trace, Chopped or
Alternate display — a discussion of which is beytrelscope of this thesis. The
vertical amplifier is responsible for providing teeitching signals to facilitate these

modes. This is configured with thertical position controls

In addition, a DC bias input is also provided, ag pf thevertical position controls.

This allows the vertical movement of a trace ondtepe.

As shown in figure 2.2, there is a signal tap frbwn vertical amplifier, to the

horizontal / triggering circuitry This will be discussed next.



The horizontal / triggering circuitry

Thehorizontal / triggeringcircuitry handles the horizontal aspects of tedr how
long (in seconds) should the sampling window beybich portion of the input
waveform should the trace begin. Tharizontal circuitrymodule can be broken

down into 3 blocks. This is illustrated in figure82elow.

from wertical time/div
circuitry control
\ \ horizontal
{r_omextemalx trigger . [sweep . amplifier |
rgger 2| circuit 4| generator s, todisplay
7circuitry
horizontal
postion
control

Figure 2.3 — Block diagram of Horizontal circuitry

In thetrigger circuit block, the start of the sampling window, or traiseselected.
This is important else the trace will start ateliéint times, and this will make the

display unreadable.

The triggering conditions are tlsopeand thevoltage levebf the signal. These are
user adjustable parameters, and it chooses aartfmint on the triggering signal.

This is illustrated in figure 2.4.



-ve slope
trigger

trigge\ /
level \/ fime

slope =

INPUT SIGHAL

trigger
pulse

fime:

Figure 2.4 — Triggering illustration

The triggering circuitry also allows different soas to trigger the trace. These modes
are: the INPUT signal, LINE and EXTERNAL triggeringhe source of the

triggering circuit will from now on be called tteggering signal

LINE causes the slope to trigger on the AC power frequency, while EXTERNAL

allows the user to connect an external triggeradign

Another user settable parameter is the way thgdrigg signal is coupled to the

triggering circuit. Here the user has 4 choices; DEreject, HF reject and AC.

When DC coupled, the “raw” triggering signal is ds&he triggering signal retains

both its AC and DC components.

When in the Low Frequency reject (LF Reject) caupimode, the circuit only

triggers on the higher frequency components ofriggering signal.



On the other hand, when in High Frequency rejeét (&ject) coupling mode, the

circuit only triggers on the lower frequency comeots of the input signal.

Finally, when in AC coupling mode, the circuit nfils the DC components of the

triggering signal, and only triggers on the AC caments.

The output of the triggering circuit is a pulseisTpulse is sent to tHawveep
Generator. On the reception of the triggering pulse, thidole produces a linear

ramping voltage. This voltage is an input to H@izontal Amplifier

Figure 2.5 illustrates the various events that fslkee after a triggering pulse and

during the subsequent ramping cycle.

volts Iinear_
ramping
voltage
it
< electron electron
beam at beam at
left edge of right edge of blanking holdoff
CRT CRT period period
trigger
pulse
time

Figure 2.5 — Events after triggering pulse



The start of the ramping voltage coincides withdheetron beam being at the left end
of the CRT. It then progresses until the rampinlgage reaches a maximum, with the
electron beam reaching the right end of the CRE. dlactron beam will be explained
when describing the CRT in a later section. Tkelkof the ramping voltage

correspond with the input sensitivity of therizontal amplifier

When the ramping voltage reaches a maximum, thtag®is reduced back to zero.
During this time the electron beam is turned dfffiis is also called the retrace or
blanking period. A complete ramp is called a swédye rate at which this occurs is

called thesweep rate

The holdoff period varies with the sweep rate,dngures that there is complete

stabilization and retrace before the next triggmuos.

Time is a desirable measure of the input signak Trteans that the sweep rate should
be both linear and calibrated. A convenient meaguiol is the time/div, which is
user settable. The CRT’s horizontal display hasa#iqyle that divides the display

into equal divisions, which facilitates this measur

Thehorizontal amplifier simply amplifies the ramp voltage to the levelsuieed to

drive the CRT horizontal deflection plates.

Thesweep speedsan range from milliseconds to nanoseconds, thasniportant

that thehorizontal amplifierhas a wide bandwidth.



The horizontal position of the trace can also jasadd by the application of a DC
bias to the input of this amplifier. This is confrgd through the horizontal position

control.

The Display circuitry

This is the part of the oscilloscope that displdnesinput signal as a trace. By this
stage, most of the work has already been doneéoydttical and horizontal circuitry
stages. The display circuitry is essentially théhGde Ray Tube (CRT), and the

graticule, which is the calibration marking.

The CRT section consists of an electron gun, vertical lamrizontal deflection plates,

and the coating that produce the visual colours.

The CRT’s electron gun produces a stream of elestrbhese are accelerated to the
front end of the tube and on the way focused intaraow electron beam. The
vertical and horizontal plates, mentioned eartieflect this narrow beam of electrons
to a particular orientation. This forms the shapthe input signal. The display end of
the tube has a coating which when struck by tl@stedn beam emits a particular

colour (usually green). This is the trace, whichegrs on the display end of the tube.

Thegraticule, is that part of the display, which allows therusemeasure the
characteristics of the trace. It divides the digpho equally spaced horizontal and
vertical lines, which correspond to the time/divd amolts/div setting respectively.
Provision is also made for rise and fall time measwents of pulses, by the 0, 10, 90

and 100 percentage markings.
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2.1.2 The Digital Oscilloscope (DSO)

The simplified block diagram shown in figure 2.6rsuarizes the operation of the

digital oscilloscope.

signal

input
scaler

signal

¥

L 4

ADC

CLK
to
vertical DAC R *
amplifier
CPU « memory
to
horizontal DAL
amplifier

address
CLK counter

*broad arrows indicate digital data

Figure 2.6 — Block diagram of a Digital oscilloscop

Thesignal scaler is similar to thenput attenuatoiof the analogue oscilloscope
discussed above. Thertical andhorizontal amplifiers are also similar to those of

the analogue scope.

The ADC digitizes the signal output from the signal scaderd stores this imemory.
This however, only happens on a signal from the CRi¢ CPU thus completely
controls the sampling, the writing to and readiranf the memory, as well as the

transferring of the correct data to the vertical Aorizontal amplifiers, via thBACs.

Theaddress counter holds the current sample address and this is pestto

memory’s address lines.
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Because the DSO operates primarily with digitabdatw capabilities are created.
Mathematical and non-periodic signal analysis ghals is now possible. More
sophisticated triggering is also now possible,udalg pre triggering. is also now

possible. These topics are however beyond the sufahés thesis.

2.2 VGA MONITORS

Since a VGA monitor is the output device in thésid, an understanding of how it
works is necessary. This section describes thebasgithe VGA technology, and how

one goes about controlling it.

A VGA monitor is a complete video displaying systtrat provides a simple
controlling interface, for the displaying of videnages. This interface is defined in a
VGA standard. Video images can be defined as imtdgg<onsist of the 3 primary
colours in various intensities; this creates ar@eisional image that is lifelike in
appearance. The VGA monitor interface consists adriirolling signals. These are
the Red, Green and Blue colour signals (RGB), tirezbntal and vertical sync

signals.

2.2.1 VGA technology

At the heart of the VGA monitor is the CRT descdtsarlier. This time however,
there are 3 electrons guns for each of the priroalyurs. The electron beam is
scanned across the display section, row by rowtjrggefrom the top row. On the

displaying end of the tube, there are 3 differdragphors, for each of the colours.

12



The VGA monitor also contains the electronics thate the horizontal and vertical
deflection plates to control this scanning proc&é® scanning process takes place at
a constant rate, which is defined in the VGA stadda

The viewing part of the monitor contains 480 x @€iure elements, or pixels. The
voltage levels on the RGB control signals deterntiveecolour of each pixel, when

the electron beam scans across this pixel. In doderovide motion in the image, the
image needs to be refreshed at least 60 timespend as the human eye can spot
flicker at refresh rates less than about 30 tirezsspconds. For 480 x 640 pixels
VGA monitor, at a 60Hz refresh rate, approximatys is needed per pixel. A

25Mhz clock has a 40ns period.

2.2.2 Controlling the VGA monitor
Pixels are updated in a serial fashion. The pilagicruns at 25MHz. The electron
beam starts at (0,0) and goes horizontally thrabgtfirst row, up to the last row, and

last pixel at (479,639). This illustrated in figuter below.

(0.0) > (0,639
1,0
(1,0) .
-» 480
» pixels
- in row
-»
-»
(479,0) > (479,639
640 pixels
in column

Figure 2.7 — Updating of pixels on a VGA monitor
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This process is controlled by vertical sync (VSYN@H horizontal sync (HSYNC)
control signals. The colour data for the monitosesit out in the first 640 clock
cycles. The colour signals are then forced to #eeoblanking stage. During this
blanking stage, a pulse is put on HSYNC. This iatlis to the monitor that it should
move on to the next row. The process then rep€his.can be visualized in figure

2.8 below.

HSYHC

RGE data RGE data
6440 pixels forced to zero NEew row

Figure 2.8 — Horizontal refresh on application of EBYNC

There are constraints placed on the maximum andrmam length of the blanking

interval and the HSYNC pulse.

480 rows of pixels constitute a frame. After a fealhas been displayed the colour
signal are forced to zero. During this time, a pugsput on VSYNC. This indicates to
the monitor that it should move back to the rowozand start a new frame. This is

illustrated in figure 2.9.

14



¥S¥YNC

QNS rowy

|

1T framy

frame frame refresh interval rame
n|+1

Figure 2.9 — Frame refresh on application of VSYNC

Again, there are constraints on the size of the N8¥ulse and the frame refresh

interval.

2.3 FPLDs

This section on FPLDs is included, as a CPLD fotiesheart of the solution to the
oscilloscope problem. | did not have much knowlesfgePLDs, and it was thus
necessary to familiarize myself with them, andis way learn their capabilities and
shortcomings. The descriptions that follow are \&@mple as it is not necessary to

understand FPLDs in any more detail, for the pugmsf this thesis.

Field Programmabld.ogic Devices (FPLDs) are those devices that consist of
multiple copies of a basic logic element (LE). Edidly a LE consists of some
configurable logic gates and flipflops. These LE eonnected to one another by a
programmable interconnect array (P1A). ConfigurangE and interconnecting it with
other LEs can create complex systems. By configusrmeant loading a map of the

desired arrangement and interconnections of theadfsPIA into the FPLD.

15



A FPLD contains thousands of gates. Some new geéoefaPLDs contain a million
gates. They are thus much too complicated to cordign a gate level. Special
programming languages have been develop to faeilitds process. These languages
are called Hardware Description Languages (HDLgr€hare 2 standard HDLs

available today: Verilog and VHDL.

16



3. Methodology

This chapter describes my method and approach wassolve the problem

3.1 Research

A large component of my thesis had been the reaafiagwide range of literature.

The oscilloscope, and VGA interfacing and contngllreadings, had been essential to
understanding how these components worked. Thesefaidy straightforward

readings however.

A greater part of my reading however, was on FPab their configuration. | had

no experience with these devices, and thus hagbib & wide range of books, papers
and articles, in order to understand, what exacfPLD was and how to apply them.
| did not use most of the content | read on FPLidsyever, the reading was essential
in order to develop an initial “feel” for the caplities and limitations of FPLDs. This
reading was done throughout my thesis. These rgadiid of course gain greater
direction during the progression of the thesis, nvbertain concepts needed to be

understood on a deeper level.

3.2 Simulations

Most of my software testing was done in computewsation. This facility is
described in the section describing the Quartustirvare. | would program a process
and then simulate it. | did this for all the proses | have used in the solution to the

thesis. | would put processes together to formesyst and simulate the system again.

17



Software simulations have been a fundamental paneocdevelopment process in this

thesis.

3.3 Experiments
There was also a time for experimenting. | did sexmeriments in order to confirm

my understanding of certain process.

For example, when wanting to confirm my understagdif the timing diagram of the
ADC, | wired up the ADC and used a pulse generatdrigger it, and checked for

correct results.

| also experimented with the development boaradyder to verify my understanding

of its interface.

3.4 General Aspects of my approach

It will become apparent as you read through myighéisat a top-down design
approach was used to come up with the prototypeisyshis is not completely true
however, for as | reached the bottom end of theesys$ierarchy, it became necessary
to sometimes use a bottom—-up approach to the ddsigrat these levels hardware
properties started to become significant — for prgpagation delays of signals. Thus

the lower levels of the design sometimes guidedhibler-level decisions.

18



4. Development Tools

This section describes the development tools useddsigning the oscilloscope.

4.1 The Quartusll 4.1 programming software

| used the Quartusll 4.1 Web Edition software. Hafware is freely available from
Altera, and | found it at www.altera.com duringyd@D04. There is a licensing

procedure that needs to be undertaken before use.

The software has many features and tools to aideésggner. | will however only be

mentioning those tools that | had used.

Before | mention these tools, | first need to digechow the organization of a design
is implemented in Quartusll. Designs are basedrojet files. Project files contain
information about the specific FPLD used, the 10 @liocations, gate layout, and lots

of other information; i.e. every aspect of the gesand device.

A project file need to be created before any sitiwiacompilation, or other
functions are exercised on the design, as thestidms are dependant on the

information contained in a project file.
4.1.1 Design entry of the software to be programmed onto the FPLD

There were a numerous methods to enter the ddsiged 2 methods however:

Schematic entry, and HDL entry.

19



Schematic entry is exactly what it says. You visually place variasts, and then
join them using a wire or signal. You can placegid gate, which is on the lowest
level, to a complete system at the highest levglre 4.1 show a typical design

entered using the schematic entry method.

signal
EHEETTTT I/
VINPUTA D_%E;—'_\\
Lyt S P
inputs
) P OlTRl

INFUTE — e B e ot output

i monostabled

>— CLE out Pulse

— zampleCLE

: system

inst?

Figure 4.1 — Typical schematic entry file

Since systems can be entered into the schemasiendthod lends itself to the
engineering principle oAbstraction Where a design is entered at different levels of
implementation, such that the designer is abstlaatey from the details of the

implementation. This aids the designer’s thinkingomplex designs.

HDL entry is the programming of the software usingardwareDescription
Language (HDL). The 2 standard languages, Verifay\AHDL, are both supported
by the Quartusll software. | made use/¢fDL. An HDL editor is provided as part of

the Quartusll package.
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A HDL design can be used in a schematic file as.Wais is accomplished by first
creating a symbol file from the HDL design. ThesaiQuartus utility to do this. This
symbol file is a visual representation of the HDds@in. Symbol files can be made of

schematic files as well, which facilitates Abstiact

4.1.2 The Compiler
Compiling the design, involves the conversion @ design into FPLD resources, as

well as the placement and routing of these ressurce

Other processes also take place during compilagiach) as Optimization,
enforcement of certain timing and size constraems, much more. These however

are not necessary to understand for the purpogbssdhesis.

4.1.3 The Simulator

TheSimulator is a very useful tool, as it allows the user ¢oify the functionality of
the design, before configuring of the FPLD. Them2kinds of simulations:
functional and timing simulations. Both have a gamuser interface, but differ in

emphasis.

Timing simulationgake into consideration the actual propagatioaydebf signal,
when passing through gates, and across chip lenfjtescompilation process, as well
as libraries that contain the characteristics efattual FPLD used, generates this
information. Thus this simulation provides a velyse approximation to the actual

behaviour of the FPLD after it is programmed.
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Functional simulationspn the other hand, assume that the signal hagprepagation
delay — i.e. passes through the system instantahedihis is useful, as the design
algorithm can be checked for functional correctnespecially during the initial
design phase, when simply ideas are being testéeks&r advantage (some would
say greater) is that the compilation process isiretied to do such a simulation. This
saves significant amounts of time, as the compitapirocess takes a long time (2

minutes, on a 3GHz Pentium, for my design) on higystems.

The simulator works, by producing a set of outgrds a set of inputs. This

particular set of outputs and inputs, is defined WfectorwWaveformFile (VWF). In

this VWF you firstly place your desired input angmut ports on a graphic table, then
you change the values (e.g.1 or O, if type bithefinputs. You then run the

simulator. After a few seconds, there will be valoa the outputs.

4.1.4 The Assignment tool

TheAssignment toadimply takes care of your pin assignments. Thiamaghat you
define on which specific pin of your FPLD (or dejign the Quartus terminology),
you want your inputs and outputs. You also chobed=PLD, which is the target for

your design, here.

4.1.5 The Programming tool
The Programmermprograms/configures the FPLD. Before you prognama, first have
to setup which download cable you are using angbéncular computer port this

download cable is attached to.
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4.1.6 The Mega Wizard Plugin Manager

The Mega Wizard Plugin Manager is a useful toold®ating Megafunctions.
Megafunctions are essentially, predefined funclibihacks of logic, that are
efficiently implemented in specific FPLDs. Examptédghese blocks include RAM,

multiplexers and other digital modules.

As mentioned previously, there are many more t@sare included in the Quartus
software package. The ones mentioned above, wertegbrio complete this thesis.
The reader is referred to Altera’s website at wviiera.com, for a more

comprehensive overview of the software.

There is one more feature of the Quartusll softvilaa¢ deserves special mention.
After the design is compiled, the Quartus softwadécates how much resources have
been used by the design. The measure is the ambgates, and it is also given as a
percentage of the total amount of gates. Thistiemely useful, as it allows the
designer to choose an appropriately sized devicthédesign, at the corresponding

price as well.

4.2 The UP2 Development Board

When prototyping designs it is often very usefuh&wve a development board
available. This is a general board, with indicatbisDs, access to the input/output
(10) ports of a programmable device, and a hostloér peripherals, that are designed

to provide for most of the testing needs that agshes might have. Normally these
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boards contain a particular type of programmableceethat is very close to the

target device that a designer has in mind for Bsgh.

The University Program 2 (UP2) development boahis such board. This board

have 2 programmable devices — the EPF10K70 andRi7128S CPLDs.

The EPF10K70 is based on the well-known FLEX10Kifanit has 70 000 gates and

9 embedded array blocks (EAB). Each EAB provide$820its of memory.

The EPM7128S is based on the MAX7000S family. & R&00 gates.

On this board, each CPLD has its own share of pergls. The FLEX10K was used
in this thesis so only its peripherals will be désed. It is suffice to say that the

MAX7000 chip has similar support.

4.2.1 The peripherals

TheFLEX_EXPANSION (FE) slots, is a very useful peripheral. They provideess
to the 10 pins of the FLEX10K. There are 3 FEs: KLEXPANSION_A,
FLEX_EXPANSION_B, and FLEX_EXPANSION_C. Each slatsha numbering
system with a range of 60 down to 0. These nhumtmrespond to specific pin
numbers on the FLEX10K chip. Another useful featfréhe expansion slots is the
provision of a regulated and unregulated voltagews. This facilitates connecting

other systems to the board if necessary.
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The next peripheral is théGA female connector. This allows a VGA monitor to be
plugged into and controlled by the board. Somewytms of the FLEX10K are

hardwired to this VGA connector.

A seven-segment LED display is the next peripheral. Some output pins of the
FLEX10K are hardwired to this LED display. It shddde remembered that the
segments of the LED display have an active LOW inphis means that the LED

segment should be driven with OV to switch it on.

There is also aouse connector. A mouse can thus be connected and provide imput t

the FLEX10K. Again, dedicated pins exist for thigpose.

There are someEDSs, pushbuttons andDIP switchesalso available on the board.

Figure 4.2 shows a picture of the development hoard

Figure 4.2 — Picture of the UP2 development board
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5 Miscellaneous Experiments made during
thesis

This section describes the set of experimentsathatundertaken during the thesis.
These experiments were done to verify my undelisiguod certain concepts, and also
to test the limitations of certain ideas that | hadm condensing the experimental

setup and results in one subsection, for briefness.

5.1 TESTING THE ADC — TEST 1

5.1.1 Description of the ADC

The ADC used is the 8bit Flash ADC0820, from NagicdBemiconductor. | studied
the timing diagrams of the ADC. | then wire up &2C to see that it functions as |

expected. First a brief description of how the ADGrks.

The easiest mode of operation, for controlling pggs, is the stand-alone mode. This
mode is configured by tying thtRD (pin 8) input low. In stand-alone mode, a
conversion is started by putting a very narrow {g§0active-low pulse on the

notWE (pin 6) input. After a maximum time of 18 the conversion is completed and
thenotINT (pin 9) pin then goes low. When the conversion is comgléie data on
the output pins are valid. The notINT pin stays,lowtil the next notWE pulse. (note

that pin numbers are quoted for the dual-in-linekpge).

5.1.2 The experimental setup and results
| wired up the ADC to function in stand-alone mobiaen connected a pulse
generator — which was a programmable Hewlett Pddk& signal generator — to the

notWE input of the chip. The pulse length was paogned to beis. The sampled

26



voltage was from a simple 1Qkpot voltage divider. The input impedance allowéd o

the ADC allowed me to do this.

| then pulsed the ADC, and thereafter measureddhage on the ADC data outputs
with a multimeter. The outputs changed as | chatigedhput voltage and pulsed the
circuit. This was an indication that the ADC worlasl| expected, and that concluded

my test.

5.1.3 Motivation for the choice of the length o thiggering pulse

The triggering pulse was chosen to Ips,las a first guess. Ideally | would have liked
to choose the shortest possible pulse, which wagsl0 did not know how the
breadboard would deal with such short pulses howewasidering the stray
capacitances and inductances. Too long a pulgesi>#ould start limiting the
maximum sample rate (667kHz) that could be achieged cause the ADC sampling
rate capabilities to be underutilizeqislwas thus chosen. This would allow the
ADC'’s sampling rate potential to be fully utilizeas well as, minimize the “second
order” effects (ringing and overshoot) on the inpuise. The fis pulses worked, thus

justifying my choice.

5.2 - TESTING THE ADC — TEST 2

TEST2 is a similar to TEST1, except that in TES[T@geate my own pulse generator.

This was done to support the next experiment, wisictescribed in 5.3 below.
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5.2.1 The experimental setup and results

In this design the same setup is used as in TESXEpt that now the notWE pulse
comes from a positive edge triggered monostabkd, avijus time constant. This
means that on a transition from low-to-high onttirggger input of the monostable, a
1us pulse will be output. This pulse will be outpoithe ADC and a conversion will

result. This can be summarized in figure 5.1 below.

trigger input of monostable

steady state notWE pulse

level

lus

Figure 5.1 — TEST2 demonstration

The trigger was then fed with a periodic CLK. Thieduced periodic conversions as

expected.

5.3 DEVELOPMENT BOARD EXPERIMENT

A few other smaller experiments were done. Theyevedrintegrated in the following
bigger experiment. The goal of this experimenbisiimulate a small section of the
data2zmem module. The data2mem module will be exgdhin section 7.3. For now

it is enough to know that it waits for the notINUitput of ADC to go low, indicating
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a completed conversion, then it transfers the dathe ADC data lines to memory
inside the CPLD. This experiment will however trii@nghe ADC data to the 7-

segment LED display on the development board.

5.3.1 Experimental setup and results

This is experiment is setup as shown in figurebz@w.

CPLD
| | notWE
_ monostable
s_n_agrpent <=
display notINT
DEYELOPMENT
BOARD

Figure 5.2 — Experimental setup for Development bad experiment

The CPLD generates a 1kHz CLK. This causes the &b&ample its input signal at
1kHz. The input signal is the variable voltage dedi from the pot as explained
earlier. The CPLD then on reception of the notIkansition to LOW, routes the data
through to the 7-segment display. The experimeribpeed as expected. The output
was in real time as perceived by a human, in thal@ pot was adjusted the 7-

segment display changed.

5.4 GENERAL DISCUSSION OF EXPERIMENTS

In all of the experiments, the aims of the expemisi@vere never achieved on the first

try. There was always some form of error, in eitb@eme of the circuitry, or a logical
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error in the CPLD programming. In the end howeke, objectives of the

experiments were reached and the new lessons kkarne
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6. Systems View of Design

This section describes my design path, startingpftioe definition of the problem to
be solved, assumptions made at the start of prdj@aciugh to the final design that
was implemented. This final description is on desys level, with the later chapters

filling in the details.

6.1 Definition of Problem
The problem to be solved can be shown in the hegbtisystem diagram show in

figure 6.1 below.

input signal problem ?

volts fdiv statement: ’ trace on
seconds fdiv _,:-’ Oscilloscope using % :_F::.Anitur
trigger settings ¥GA monitor

Figure 6.1 — The problem statement

This can be seen as the proverbial black box, tthlelgm statement, system to be

engineered, etc. We have a set of inputs and asmonding set of outputs.

In this case the inputs are an input signal, aomgiditdivision, time/division and
trigger settings. The outputs are the VGA monitamtool and colour signals to

produce the trace.

We can add more body and definiteness to the probiedescribing a set of

specifications that our black box should adhere to.

The initial specifications are: i) IMHz input sarbandwidth;
i) 36V peak-to-peak maximum input signal
range;

iif) DC coupled, level and slope triggering
modes
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6.2 Initial assumptions
Here | will describe some of the initial assumpsidrmade of the design. This was

done to give some direction to a solution of thebpem statement.

1) | felt that at least 2 processes would be requiBete process would sample and
control the ADC, while the other, would handle toatrolling and displaying of data
on the VGA monitor. This is shown in figure 6.2 @&l

Display data
Sampler ::3:’ and control VGA

Figure 6.2 — Two-process architecture

Thesamplerprocess would sample the input signal at the apateptimes. The

display dataprocess, would display the data. This display ggeauns continuously.

2) Some form of memory might be needed. The samjplingess will store the
digitised samples. The display process would ream this memory at the

appropriate time.

6.3 Initial Considerations

As described earlier a VGA monitor has a 25MHz kldixel data are sent serially

and at this rate. This calls for fast updates &nd & fast processor.

The first option might be to design around a micogpssor that can handle the fast
processing. This was considered, but would haudtezkin complex software
coding. As at least 2 processes, sampling andayisyg of data, were to run

concurrently.
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Another alternative is to implement this controh@rdware, which is relatively fast,
and inherently parallel. Perhaps using a PLD.tldethis early stage that the design
might be more complex than a PLD could handle cidis to design around a FPLD,
and after the hardware had been designed, | cbaldgee if a less complex device
would suffice. Especially since, the design sofenvawas using shows the amount of
resources being used. This facilitates the choasiiray appropriate programmable

device.

The development board | had access to, had a FLEXCFLD on it. It also had an

expansion facility that allowed easy access td@hpins on the chip. | decided to

base my design around this board.

6.4 The Design

The first design of the entire system is showrigare 6.3 below.

configuring
processor
. ; CPLD Intertace
input adjustable s to YGA
signal ~ attenuator ADC Controller electronics [ monitor
trigger IL
™ controller
slope and . .
volts fdiv trigger time/div
levels
USER INPUT

Figure 6.3 — Block diagram of the complete system

Starting from the left we have adjustable attenuatofThis module scales the input

signal, down or up, to the input sensitivity of BC. The user selects the scaling
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factor. This block should have a high impedancerder to minimize the loading of
the circuit from which the input signal is beingasared. This input impedance

should also be compatible with the electrical cbignastics of standard scope probes.

Next we have th&DC. This module is responsible for the conversion efdahalogue
input signal to its digital form, for further pragsing. The conversion rate should be
as fast as possible as it has a direct bearingebandwidth of the scope. A faster
conversion rate implies a faster sampling time, thod a higher range of frequencies

that can be measured.

Thetrigger controlleris responsible for the selection of the triggenmngdes of the
oscilloscope. The user sets the trigger mode aml. [€his should be designed with
high impedance to minimize loading. The outputhid imodule is a fixed length pulse

which initiates a sampling frame, as will be desed later.

The CPLD controlleris the brain of the whole system. Essentiallynpiements the
2-process architecture mentioned earlier (sectidp he software that describes this
controller will be described in detail in the latdrapters. For now it is enough to
know that this module is responsible for:

i) The controlling of the ADC;

1)) Controlling the sampling rate.

iii) Starting a sampling frame in response to gger signal

iv) The transformation of input digital data fronb&, to a form

that can be displayed on a VGA monitor;

V) The controlling of the VGA monitor.
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Theconfiguring processoconfigures the CPLD at start up. This could be a

configuring ROM, especially made for this functi@m,a simple microprocessor.

Finally, the interface electronicsjmply provides the appropriate signal levels Fa t

VGA monitor control lines.

_\_\_\_\_'_'_,_,_,—o—'_'_‘_‘——_

This design covers the whole system — the blackdescribed earlier. Most of the
modules discussed above are fairly straightforwamahderstand. The CPLD

controller however, is a system by itself. A blat&ggram is shown in figure 6.4.

frumftu_%_}_ sampler |—=——| memory | —<—= |displayer — YGA

ADC signals
,{\ + CPLD

time fdiv
setting

trigger

Figure 6.4 — Block diagram of the Internals of theCPLD controller

Sampler controls the ADC, and also receives the digitisigdal from the ADC. It is
brought into action, when it receives a triggerspult is also responsible for adjusting
the sampling rate in order to provide a time-calibd sequence of input data to
memory. The time/div setting controls thidemory passively stores and retrieves
data when asked to do so by Sampler and Displakie MDisplayer reads,

transforms and displays the data in memory contislyo

These different blocks of the CPLD controller viié# described in more detail in the

following chapters.

35



7. The Sampler module of the CPLD system

This module is responsible for the sampling aspefctise CPLD controller.

7.1 General Description of Sampler
Figure 7.1 shows the input and output ports of samp

CLK -= - addressMux select

data from ADC 8 bit - -» addressOUT 10 bit

control lines from/to ADC 2 bjt <-= SAMPLER
-> data out 8 bit

trigger pulse -

time/division select 6 bit -> - memory write_enable

Figure 7.1 — Input and Output ports of Sampler

Sampler consists of 2 processes, which run conatlyrd-igure 7.2 illustrates.

SAMPLER

controlADC dataZmem

Figure 7.2 — Sampler — 2 process system
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7.2 ControlADC process

Figure 7.3 illustrates this process.

trigger -= -= sampleNo 10 hits
99 controlADC P

time fdivision 6 bit -> -= not_ WE

Figure 7.3 — controlADC'’s input and output ports

This process controls the ADC. This ADC was desttilm section 5.1. On the
reception of a trigger pulse, it sends out 646 fulses to theotWE pin of the ADC,
at a certain rate — i.e. 640 samples are takemeahput signal at this rate. This rate is
adjusted to provide a calibrated sampled sequérateorresponds to the
time/division setting. This time/division setting is set by tieer and is input to this

module
It also has an index countexafnpleNq that keeps track of the current sample. This is

important for addressing purposes, as we will seg.n

7.2.1 — Break down of ControlADC
ControlADC is in fact a system on its own. The lladgagram in figure 7.4 describes

this breakdown.
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volts fdiv

=  encoder
select .
_ 6 single bits . sampleCLK_select
trigger 3 bits
J/ sample_CLK_en
mux
Sampler10B CLK_generator i sampleCLK_out
counter +— monostable
resetCounter -
< - sampleMNo
notWE

Figure 7.4 — Breakdown of ControlADC

Most of the intelligence of controlADC lies gamplerl0B This procesgnablesthe
CLK_generator to send out an array of CLKs. These CLKs are ipiat &

multiplexor (mux8in), the select bits of which, comes fromexrcodedversion of the
volts/div bit selected. The output of this MUX feetsampling CLK at the calibrated
rate. This goes intormonostable thatconverts the sampling CLK tqu$ pulses. This
sampling CLK also goes into the samplettanter which increments on the
reception on a +ve edge on sampling CLK. The cousteeset after 640 samples by

sampler10B.
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7.3 Data to Memory (data2mem) process

Figure 7.5 illustrates this process.

-» addressMUX
addressIM 10 bits -
-> addressOUT 10 bits

dataZmem
notInt -

-> dataOUuT 8 bits

datalM 8 bits -
- mem_WE

Figure 7.5 — Data2Mem'’s input and output ports

The notINT output pin of the ADC initiates this pess. As described earlier, this
HIGH-to-LOW transition indicates that the ADC hasmpleted a conversion. On
being initiated, the process gathers the data thenADC (@atalN), the current
sample numbera@ddressIN) from the controlADC processdmpleNg, and makes
theaddressMuxbit high. This is in preparation to write teemory. The following
clock cycle, memory_write_enablmém_WE) goes high, which stores the
dataOUT bits inmemory. The next clock cycle, addressMux and mem_WE goes

low. This reason for this will be described next.

7.4 Discussion

The two processes of Sampler are independentairitiby are initiated from external
events, yet | put them in the bigger proc&smpler. This was done to aid in the
understanding of the design. Both of these prosadsal with the sampling and
subsequent shuffling of the data to memory. Theg thave something in common,

hence the grouping.

39



Another question might be why a memory write tabl@se in 3 clock cycles. This is
done to so that the write to memory can be staltiie. FLEX10K datasheets suggest
that the address and data busses be stable wheretheWE input is made high, for

effective writing. Hence the 3-clock cycle write.

640 samples are taken per sampling frame, as th& anitor have 640 horizontal

pixels. More light will be shed on this later.

Finally, the reason for theddressMuxwill be explained later, when tlreemory

anddisplayer modules have been described.

40



8. The Memory module of the CPLD system

This chapter describes the functionality of the Mgmmodule

8.1 Description of the RAM

The FLEX10K have memory modules embedded inside dhis can be efficiently
utilized as a RAM, by using a megafunction thapscific to the FLEX10K. A 1024
x 8 bit array of memory cells was implemented is tkesign. When writing to this

memory, the address and data line should be dtafidee the write mode is enabled.

8.2 General description of Memory module
Memory is a passive system, in that it is compjeteintrolled by processes external
to it. It is also a relatively simple module. Figi8.1 shows a complete breakdown of

Memory.

datali 8 hits

——
W/not R RAM

mode bit 1 dataOuT

address
from
control&ADC

addressMUX

address .
address bus 10 bits
from
Displayer

addressMUX_sel -

Figure 8.1 — Design of Memory module

This completely describes Memory module. In a latepter some of the design

issues — such as the size of memory, and its argtom — will be discussed
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9 The Displayer module of the CPLD system

This module describes the functionality of the Riger module. This module takes

care of the visuals of the oscilloscope.

9.1 Description of VGA monitor

The VGA monitor was explained earlier in more dethilt is now enough to say that
it consists of a 480 x 640 matrix of pixels; RGBal&s sent serially to the monitor;
and that control is accomplished by setting the M&Yand HSYNC signals at the

appropriate times.

9.2 General description of Displayer module

Displayer is responsible for conditioning the vatii¢he data sample stored in
memory, in order for it to be displayed on a VGAmitor. It then goes on to display
the trace stored in memory. Displayer runs contislyo Figure 9.1 summarizes the

Displayer module.

dataIM 8 hit vertical location 10 bit

from Memory t

word_extender

blue YGA control
displayer VGA_SYMNC signals

dataOUT
10 bit

green

hor location

grid_generator

vert_location

to
memoryAddress

Figure 9.1 — Block Diagram of Displayer
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VGA_SYNC outputs the horizontal location of the currentghiX his is sent to
Memory as an address. Memory produces the datégsaaddress, on thaatalN port,
when it is INREAD mode.Word_extendertakes in this data and extends it to a 10
bit data word, by adding a leading and a trailiigThe leading bit (MSB) is made O,
and the trailing bit (LSB) is made 1. This 10 bind is produced tdisplayer (not

the big system — Displayer). This process compidwesurrent vertical (row) location
to an inverted version of the 10 bit data wordh#y are equal, the current BLUE

pixel is set 1, else it is set to 0.

The Displayer also takes in the addressMux_seigetk(not shown) from the
sampler process. This is seen dmgy signal. If it is high, thelisplayer block (not
the big Displayer) outputs a 0 to tBeUE colour signal, regardless of the data on

DatalN.

Grid_generator simply takes in the horizontal and vertical locai®f the current
pixel, and set&SREEN to 1 if they are equal to the grid locations. Tiniel locations

are defined by logic.

9.2.1 A special note on VGA_SYNC

VGA_SYNC is the actual interface to the VGA control sign#isimply consists of
horizontal and vertical counters that keep tracthefcurrent pixel location on the
VGA monitor. It takes whatever signals are on tl@&BRnputs at a current time, and
sends them to the VGA RGB signal. It also sendgl@HSYNC and VSYNC
signals at the appropriate times.

VGA_SYNC is a module that was taken directly fromcaié.
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9.3 Discussions

The word_extender process was included, addle input (8 bits) was compared to
therow_address,which was 10 bits wide. There are programminglitaes for

VHDL, whereby a comparison could be made with défe data words. By using
only parts of the greater word and comparing theosmaller. However, the datalN

had to also be inverted and this made using thiemsgramming facilities difficult.

The datalN was inverted as the VGA monitor staotsnting from the top, whereas
my datalN word would have its least value at thiédmo. This orientation had to be

corrected by the inversion process.

The datalN was not inverted per se. There wasaatsaximum value of 480 placed
on this data after it had been inverted. This waaraitrary design decision, just done
to show that the input signal was saturating tiselely for testing purposes — an
indication to increase the volts/division setting the uninitiated. This could just
have been left unchecked. Then nothing will havenlshown at these saturation

sections, which is what conventional oscilloscopes

Finally, the fact that the LSB of the extended waab set to 1, meant that the trace

had a pixel resolution of 2 pixels. This is too #r@be spotted by the eye however.
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10. The CPLD system — in retrospect

This chapters unifies the entire CPLD system.db aliscusses the major design

decision that were made at the system level.

10.1 The CPLD system — a system description
We saw the individual parts, as well as the broaghaew of the CPLD system. Now

| will describe the operation of the whole system.

10.1.1 The Sampler module

The Sampler module samples the input signal 640 times at gpbagirate set by the
time/div setting. The maximum sampling rate is 399kThis data is written to the
Memory module, with the address being the current samieber. The Sampler
module controls the memory module, including whethe memory module is in
WRITE/not READ mode. When a sample is received ftoemADC, Sampler uses 3
clock cycles to write this value to memory. In thist CLK cycle the following
happens:

1. the address linesitput from the sampler module angput to one of the
address lines of the addressMux in memory, artogbe current sample
number;

2. the data linesutput from the sampler, andput to the memory, are set to the
ADC data lines;

3. the @dressMUX select bit,output fromsampler, and input to the
addressMUX select bit itTmemory is set to 1, which selects teampler

address as the address busi@mory;
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4. This addressMUX select bit also sets the iBWSY signal of theDisplayer
module.
During thesecondCLK cycle the mode of memory is set to WRITE, wheauses
the data word to be written. In thdrd and final CLK cycle, the AddressMUX bit of
memory is again set to route the Display-addressith to the memory address bus

and the mode bit is again reset to READ.

As can be inferred from the above description nteenory is normally in the READ
mode — i.e. the display address is always routdx ton the memory address bus via

the addressMux of memory.

10.1.2 The Memory module

This module is self explanatory, and is describédendescribing the other modules

10.1.3 The Displayer module

The Displayer module continually reads and disptigta from memory. If the
sampler module is performing a write, reading frmemory is disabled, and the 3
pixels that are missed during this time are justs8. The address to memory is the

current location of the horizontal pixel.

There are 640 horizontal pixels and thus 640 meraddresses for each of the pixels.

The value of the data determines its vertical heighthe monitor.
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10.2 Discussions

The sampler module controls the memory. This happecause relative to the rate at
which the display module does reads from memoritew/to memory occur rarely.
Reads from memory occur every 40ns during the alyspd of 1 row of pixels. Writes

to memory however, occur at a maximum rate of 5SGOKHS).

Also, a write to memory is more critical than addéam memory. If the display
process misses a few pixels in a single displapé;ahe observer of the monitor will
not see a difference; whereas if the write prodegs not write a few data samples,

that data is lost. The pixels are missing fromdisplay.

There are other reasons, such as the stabilityrezbjy a write, and more. But the

point has been made.
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11. The Supporting Electronics

This section describes the supporting electrorties implemented the prototype
system. Only the trigger circuit deserves specition, as the ADC was basically
just connected to the power supply and the |10 pafrthe development board. The
Demonstration circuit is included just for completss. The actual circuit diagrams

can be found in the appendix.

11.1 The Trigger System
The trigger system implemented positive slope,llenggering. Figure 11.1 shows

the simple system, and its description.

The pulse width was
designed to be as long as
1 frame time length, which

i about 17ms or 1f60Hz
input —
signal = ']
Cumnaratnr mDnDStﬂhIE —
: The monostable is wired to
f;'ﬂﬂer be +ve edge trigger, and
non-retriggerable

the trigger level could be
adjusted by a pot

Figure 11.1 — the trigger circuit

11.2 The Demonstration circuit

The demo circuit was just the popular 555 triangulave generator.
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11. Results of the Thesis

This section displays the results of the previdwgpters of work.

11.1 The Trace
The figures below are pictures of the trace. Ipldigs the images obtained from the

prototype system, with the demo 555 triangular w@eeerator as the input signal.

N

Figure 11.1 — the results

14.10. 2004
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13. Conclusions

You have seen the results. It works! It is howgysra partial solution to the problem

statement described in the introduction.

13.1 Shortcomings to the design
The prototype design has the following shortcomings
1) It does not have volts/division scalinthis is however an electronics problem.
It is very easy to add amplitude scaling.
2) It does not have a 1MHz input signal bandwidthe maximum sampling rate
is 500kHz. The initial limit to the sampling timethe ADC’s conversion rate.
It is rate at 1.fs — which implies a maximum sampling rate of 667kHz

The oscilloscope does however comply with the otegquirements of the design.

13.2 Potential of Design

The patrtial solution of getting a trace on a VGAnitar, has proven that these kind
of oscilloscopes are possible. This has enormotenpal for educational institutions
who often do not have the laboratory resourcesduige a high degree of user
interaction. Old VGA monitors can now be pluggetbithis oscilloscope board. With
this prototype as it is, | do not see any complicato adapting it to have a higher

input signal bandwidth.
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14. Recommendations

The person following on from this project is addise:

14.1 Increase the main CLK rate.
The CLK rate should be increase to at least 75MHzrovide the capability of a
higher ADC. Increasing the main CLK rate, is howes@upled to the next

recommendation.

14.2 Build the design on a PCB

This should be done to support the higher CLK reggsiired on the board.

14.3 User a faster ADC

A faster ADC should be used to support a greagitisignal bandwidth.

14.4 Add more coupling modes, for the trigger andniput signal

This is a very simple electronic addition to thetptype design.
14.5 Add a bolded horizontal and vertical centerlie on the display.

This does not require any extra resources. It simggjuires a modification of the grid

code.
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6.3 ADC

National
Semiconducitor

ADC0820

March 2004

8-Bit High Speed pP Compatible A/D Converter with

Track/Hold Function

General Description

By using a halfflash conversion technigue, the 8-bit
ADCO820 CMOS A/D offers a 1.5 ps conversion time and
dissipates only 75 mW of power. The half-flash technique
consists of 32 comparators, a most significant 4-bit ADC and
a least significant 4-bit ADC.

The input to the ADC0220 is tracked and held by the input
sampling crcuitry eliminating the need for an external
sample-and-hold for signals moving atless than 100 mVius.
For ease of interface to microprocessors, the ADCOB20 has
been designed to appear as a memory location or VO pont
without the need for external interfacing logic.

Key Specifications
B Resolution 8 Bits

2.5 ps Max (RD Made)
1.5 ps Max (WR-RD N

B Conversion Time

ode)

m Low Power 75 mW Max
m Total Unadjusted
Error +14 LSE and £ 1 LSE

Features

m Built-in track-and-hold function

Mo missing codes

Mo external clocking

Single supply —5 Ve

Easy interface to all microprocessors, or operates

stand-alone

Latched TRI-STATE output

® |ogic inputs and outputs meet both MOS and T2L
voltage level specifications

m COperates ratiometrically or with any reference valus

equal to or less than Voo

0V to 5V analog input voltage range with single 5V

supply

Mo zero or full-scale adjust required

Owerflow output available for cascading

0.3" standard width 20-pin DIP

20-pin molded chip carrier package

20-pin small outline package

20-pin shrink small outline package (S50P)

Connection and Functional Diagrams

Dual-In-Line, Small Outline
and SSOP Packages

Ly

Vm—1 20 _VCC

oBo—{2 19f=HC

pEl—3 18— oL

DRZ=— 4 17p=087

083 —{3 16086

Wit/RDY —{6& 15 =085

MODE —{7 14}—DB4

fi—a 13f-t3
[OE | 12]=Vggr (+)
GND—{10 1Yo (=)
Q0sE0101

Top View

Molded Chip Carrier

Package
B ow oW
s 58 EB
17 16 15 14 _
13f=C3
12 1=Vgpp (+)
M= Vaep (=)
10}=chD
al—iNT
5 6 7 8
25 82
2 EE
"n':-\. =
]

COSE0 33

@ 2004 Mational Semiconductor Corporation

D 5005501

www. national. com

uonoung ploHpideIL Yum sepeauod q/v ojdqnedwod drl peads ybiH Hg-8 02800aV
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16.4 — THE PROGRAMMING FILES

All the software can be found on the included CDRO@M software folder is the
projects folder with all the design files. Foldevghin this folder, contains the design
of the individual parts in a logical hierarchy. Thare not needed for the compilation

process however.

The CDROM is structured as follows:
1. The University Program 2 USER MANUAL
2. The Software

-> FINAL_SYSTEM is the top level schematic
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