CSE 370 INTRODUCTORY LABORATORY ASSIGNMENT

CONSTRUCTING SIMPLE LOGIC CIRCUITS

ASSIGNED: FRIDAY, SEPTEMBER 26,2008
DUE: END OF LAB SECTION

OBJECTIVES

Read the whole lab first before starting on any work. The first lab for CSE 370 will introduce you to the
Altera’s Terasic DE1 prototyping board and our primary design tool this quarter, Aldec's Active- HDL.
Both of these components are very important for all future labs so please pay attention and do not rush
through this first lab. Though we typically encourage you to work together, it is recommended you do
this lab individually to gain the full benefits of the lab.

If you have any questions at any point in the lab, make sure you have read the entire lab throughly. If
you still cannot find the answer you should ask your TA. And as always, there are no dumb questions,
please ask them, you don’t want to damage any of the expensive hardware that is provided for you.

LABORATORY DESIGN KITS

The design kits contain everything you need to construct most of the circuits assigned to you over the
course of the quarter. You are responsible for your lab kit and we expect that you will return the kit in
good working order with all pieces intact. This especially applies to the chips, which have very delicate
pins. Use care when extracting them from the solder-less breadboard.

e Altera Terasic DE1 Protoyping Board, the solder-less bread board attached to the prototyping
board, and the Input/Output Connectors attached to the prototyping board.

e A power supply, or a USB cable that will be used to power your prototyping board

e A logic Probe

e A Wire Stripper/Cutter

e Needle-Nosed Pliers

e [ASet of Provided TTL Logic Chips. All of these chips are Dual-In-Line Packages and are
compatable with your breadboard.
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e Chip Extractor Tool (This is the tool you should use to evenly remove chips from the breadboard.
Don't use your fingers to pry up the chips because it could snap the pins or you could injure
yourself on the tips of the pins

Please make sure all of the above are provided for you in your kit. We will provide additional materials
later on in the quarter if they are necessary to complete a lab.

We are aware that accidents can happen and the pins on chips may already been weakened from years
of use. Typically if you break a pin the chip will be replaced and the damage will be forgiven; however in
cases of gross negligence you will have to pay for a replacement. Take care not to Short out your board
by connecting Ground to Power. This results in infinite current which can quickly burn all the
components of the board including the board itself. Finally be careful not to snap off wires inside the I/O
connectors or the holes in the solder-less breadboard. Wires are best extracted with the needle-nosed
pliers.
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The picture above is a diagram of the prototyping board with most of the major components
highlighted. For the first few labs you will be using the various input/output devices located directly on
the board such as the switches and LEDs. Further details will be provided in each lab. Take note of the
large FPGA (Field Programmable Gate Array) that is highlighted on the board. Later on in the quarter you
will be programming this and directly interfacing with all the devices on the board. Think of it like a CPU
that all the devices can talk to. For now there is a program loaded into the FPGA to allow you to use the
Input/Output connectors on the board to make the earlier labs easier.

THE FPGA

An FPGA is short for Field Programmable Gate Array. Essentially it is a large array of logical elements
that have been connected together. What makes the FPGA unique is that the connections between
these logical elements can be programmed, which means the FPGA can be used to build many different
kinds of hardware all on the same chip. If you look at the HEX display on the bottom left hand corner of
your DE1 board you will see that it has a scrolling message which says CSE 370. This is a program that
the TAs have written and programmed into your FPGA’s non-volatile memory. By programming into the
non-volatile memory, each time the board is turned on the CSE 370 program will be loaded, regardless
of what you did previously.

SWITCHES, KEYS, AND LEDS

The image is a zoomed in picture of the prototyping board. As you can see, each little hole has a
corresponding pin mapping (more on this in later labs) and a pre-programmed functionality. Remember
the program that the TA’s put in the non-volatile memory mentioned above? Well in addition to having
the HEX display scroll CSE 370, the program also maps those holes to the indicated switches, keys, or
LEDs. So for example, if | hooked up the hole labeled "A13 SW9" to the hole labeled "D21 LEDR9" with a
wire, | would be controlling the red led labeled LEDR9 on the DE1 board with the switch labeled SW9.




THE SOLDER-LESS BREAD BOARD

The solder-less breadboard attached to your prototyping board is where you will be building all of your
circuits. Notice the red and black wires going to each of the rows at the top and bottom of the board.
The red wire denotes VDD (+5 Volts) and the black wire denotes Ground (0 Volts) Never directly connect
these two rows together in any way. You should have both a VDD and Ground at the top of your board
and a set at the bottom. Even though there are spaces between the rows all of the holes are directly
connected to each other. This means you have rails of VDD and Ground both at the top and bottom of
your board.

In addition to the rails of VDD and Ground provided for you on the board there are two 43 column holes
separated by an indented divider. All 5 holes in one column are connected to each other, however the
column on the top of the divider is not connected to the column below the divider. All of these
connections are underneath the board so you cannot see them. So remember, if you connect VDD into
one of the five holes in a column, all five holes now have VDD running across them.
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The red line marks where VDD runs across the board, and the black line marks were GND runs across the
board. The holes on the board are interconnected as the blue line shows, up-and-down for each 5 hole
segment.

WIRING YOUR SOLDER-LESS BREAD BOARD

Wires should be inserted as perpendicular as possible to the breadboard and should slide in and out
with just a little force. If you find that there is a lot of resistance in either direction, first review the
wiring guidelines below, and if that doesn't work, then please call over the TA or one of the lab staff.

Do not try to force anything larger than stripped wires into the holes, because this could damage the
protoboard (at great cost). If you need more wire help yourself to the provided spools of uncut wire in
the back of lab.

Before doing any work on the protoboard such as wiring and inserting/removing chips, be sure the
power is OFF. That is, unplug the power connector while you are constructing the circuit. After you have
finished wiring up your design and before you turn on the power, double check the power and ground
connections.

WIRING GUIDELINES

Wiring your circuit together can often feel tedious, especially in the beginning. However, if you are
patient and wire your circuit nicely, you will find that you will spend a lot less time tracking down wiring
errors. To aid you in this, here are a few tips to consider while wiring up your circuit. If anything is
unclear, ask your TA for an example.

e Make sure your wires are stripped nicely. This means that when you put the wire in your bread
board, there shouldn't be any un-insulated wire visible and the wire shouldn't crunch against the
bottom of the board.

e Your wires should always be nice and straight, there should be no twists or kinks in it, as they
can cause your board to short out when you insert them in your bread board.

e Arrange the chips on the protoboard so that only short wire connections are needed. Put tightly
connected chips closer together. Chips will only fit with one set of pins on one side of the center
divider and another set of pins on the other side of the divider.

e Do not make a jungle of wires. Long looping wires that go way into the air are easy to pull out (a
hard bug to find later when the circuit doesn't work as intended).

e Try to maintain a low wiring profile so that you can reach the pins of the chips and so the chips
can be replaced if necessary. The best connections are those that lie flat on the board. Try to
avoid wiring over any chips so that chips can be removed easily and replaced.

For those of you that learn better by seeing, here is a example and a example.
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USING THE LoGIC PROBE

The logic probe provides a very convenient way to check the value of any signal in your circuit. The
probe has two lights, Hl and LO, which indicate the value of the signal. The logic probe responds to the
input voltage in two ways depending on whether CMOS or TTL is selected. We will use the TTL setting
which lights the LO (Logical 0) light for voltages <0.8v. and lights the HI (Logical 1) light for voltages
>2.3v. If neither light is lit, then the signal is floating (i.e. not being driven by any active output) or has
some value between 0.8 and 2.3v.

ASSIGNED TASKS

1. Complete the jntroductory tutorial to Aldec’s Active-HDL 6.2. The version is slightly older, but
the software has remained very much the same. Ask your TAs if you have any questions about
any of the steps in the tutorial. At the end of the tutorial you should have a "Block Diagram
Schematic" with an AND and OR gate from the "lib370" part library and simulated the circuit for
all possible values. Your TA will need to check this waveform, so leave it open or save it
somewhere.

2. Use your logic probe to determine in which position the switches provide a 0 or 1.

To use your Logic Probe, first your logic probe needs power. Make sure your DE1 Prototyping
board is off and plug in a red wire into one of the VDD rails. Then plug a black wire into one of
the Ground rails. Remember, these rails are located at the top and bottom of your board, you
can tell which rail is which by looking at the color of the wire connected to the rail. Red being
VDD and Black being Ground. Be Careful that you never let a wire connected to VDD touch a
wire connected to Ground or you will short out your board. If that ever happens, or you smell
odor/see smoke, turn off your DE1 board immediately and pull the power.

There is a fuse and an
indicator light on your
prototyping board. If
you do accidentally wire
up GND to VDD, you will
mostly likely blow the
fuse "F1" and the light
"L1" will go off.

3.
4. We will now use the logic probe to determine the value of a switch. Power up your Logic Probe
by connecting the red clip to the red VDD wire you plugged in, and the black clip to the black
Ground wire you plugged in. Make sure the Logic Probe is set to use TTL.
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Connect a wire from the hole that corresponds with a switch to a 5-hole column on your
breadboard. Now that 5-hole column is connected to the switch. Plug another wire into the 5-
hole column, this will be your test wire. Usually you can just press the logic probe gently against
the holes to read a value, but it is often more accurate to use a test wire.

Turn on the power now and check the value on your test wire by pressing the tip of the logic
probe to the exposed wire. The plastic insulation on the outside won't give you a value, you
need to touch metal to metal. If your logic probe doesn't respond, make sure your connected
VDD and Ground properly on the logic probe and you did not make any wiring mistakes. Your
Logic Probe should either light up "HI" or "LO". Flip the switch a few times to check the
responsiveness and to make sure you are getting an accurate reading. If you do not have any
success, call over a TA.

Connect a switch to an LED

Once again, turn off the power before making any connections. We won't repeat this again, but
you should always remove power before making any wiring changes and only reconnect it
after you've double-checked that you've wired things correctly.

Place an inverter (NOT gate) between the switch and LED.

This is your very first chip, insert the '04 inverter packaged chip into the empty region straddling
the divider on the breadboard. Each pin of the chip is now connected to a 5-hole column on the
breadboard. Be sure to wire up VDD and Ground, chips need power in order to function, and if
you don't provide them with a ground, they won't function correctly. Make sure you connect
the right pins, Ground is pin 7 and VDD is pin 14 on the '04 chip.

The best way is to look at the to determine the orientation and chip inputs and
outputs for any of the chips we have provided for you. This '04 Chip has 6 inverters in one
package, pick one of them to use and hook up the switch's wire to one of the inputs and hook
up the output of the chip for that particular input to the LED. Now turn on the the power and
flip the switch a few times. Does it behave correctly? Does the LED turn on when the switch is
"Off" and turn off when the switch is "on"?

Finally, to make sure that inverter is really doing what it is doing, turn off the power to the
board. Now take the wire that used to go to the LED and wire it to the input of another inverter
located on the chip. Now wire the output of that input to the LED. Turn on the board and check
to make sure that the inverter is behaving as expected. Is the LED now following the switch?
Turning on when the switch is "On" and turning off when the switch is "Off?" It should do that
because two NOTs would logically cancel.

Connect a two-input NOR gate to two switches and one LED. We won't give you detailed
explanations on how to do this final task, however you should be able to apply your knowledge
from the pervious tasks to complete this one. Think about how a NOR gate works and see if you
can find all four combinations. The TAs will need to check you off for this. Finally if you aren’t
sure which chip is the NOR chip, look at your chip map.
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DUPLICATING NOT GATE BEHAVIOR

Read This, this can simplify later labs. Now that you have begun to use NOT and NOR gates did, you
know there are ways to duplicate the behavior of a NOT gate with a NOR or NAND gate? Conside the
two logic tables below: Notice what happens when drive both the inputs of a NOR Gate with the same
output, it acts like a NOT gate. The same applies for an NAND gate, when you drive both of the inputs of
a NAND gate with the same signal it acts like a NOT gate as well. Now if you are short an inverter, but
you have NANDs and NORs on your protoyping board you can use them instead for a NOT Gate instead
of digging out your other NOT chip.
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LAB DEMONSTRATION /TURN-IN REQUIREMENTS

A TA needs to "Check You Off" for each of the tasks listed below.

1. Show your simulation ouput (Waveform) of the AND and OR gates from Active-HDL.
2. Demonstrate your working NOT or Double NOT gate and NOR gate to your TA.

Comments to:cse370- webmaster@cs.washington.edu





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


