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CSE2102 DIGITAL DESIGN 11
General Requirementsfor Laboratory Exercises
Dr Tim Ferguson (75-192)

1. CSE2102 laboratory sessions start from Week 2 and last urtil Week 12 of the semester.

2. All prelab exercises must be completed and included in your lab report. Prdiminaries duch as truth
tables, Karnaugh maps, state and circuit diagrams of all experiments ould be prepared BEFORE your
lab class starts.

3. Work individually for al pracs and reports must be submitted. When any part of an experiment is
finished, please ask the lab supervisor to chedk and make appropriate recording as evidence of completion.

4. The assessment consists of the following parts:

i Laboratory attendance

ii. Completion d experiments

iii. Completion d prelabs and exercises

iv. Quality and promptness of reports (no mark will be given if report is not submitted)

5. Percentage of each laboratory exercise (with assignment) in relation to the total subject assessment:

Prac/Assignment 1 (Weeks 2 and 3, report due end o Week 4): 4%
Prac/Assignment 2 (Weeks 4, 5 and 6, report due end of Week 7): 10%
Prac/Assignment 3 (Weeks 7 and 8, report due end of Week 9): &%
Prac/Assignment 4 (Weeks 9 and 10, report due end of Week 11): 8%

Prac/Assignment 5 (Wesks 11 and 12 repaort due end of Week 13): 10%

6. Guiddines for lab reports:

i. Beformal and clearly laid aut on A4 sized paper and have a formal report title page stating your name
and your student ID number. Text must be typed, not hand-written. Computer generated graphics and
diagrams are preferred.

ii. Have a short introduction stating what you set out to do and aconclusion summarising achievements and
important paints.

iii. Have themgjor part of your report concerned with the circuit design discussion, simulation results, etc.
iv. Hand in promptly at thedue date. Thereis apendty of 5% per working day for late submission s.
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DIGITAL DESIGN Il : LABORATORY EXERCISE #1

Schematic Capture and Simulation of Digital Circuits

PURPOSE
The purpose of this lab is to become familiar with schematic capture and smulation of digita
circuits using the Mentor Graphics EDA software padkage. This prac. takes two weeks.

PRELAB

Two programs from the Mentor Graphics EDA package will be involved in this experiment,
"Design Archited" (da) for schematic capture and "Quicksm II" (quicksm) for circuit
smulation. The programs can be invoked individually or from the program manager (dmgr). You
can find relevant documents for the Mentor Graphics padkage and circuit Smulation under the
HEL P menu option.

EXPERIMENT

Part 1 Creating a Schematic

a) Add "/swifpgadv/Modeted/sunoss" path to your .login file. Also make sure the following
lines are alded to your .cshrc file, and are activated (by re-login or source the file).

source /sn/mentor/mentor.env

source /swifpgadv/Modeltech/modeltech.env

b) Make aworking drectory under your home direcory by issuing the following command:
mkdir mentor

c) Go to mentor directory, invoke Design Manager by "dmgr &".

d) From the pull-down menu, verify that the working drectory is correctly defined,
MGC > Location Map > Set Working Directory

€) Invoke Design Architect by double-click the design_arch icon from the T ools window.

f) Fill the screen with Design Architect by clicking the Maximize button on the top right corner of
the Design Archited window.

g) Open a new design sheet by clicking the Open Sheet icon on the Session-palette menu (on the
right hand size of the window), and specify:

Component Name: practl

Shed: sheetl

h) Familiarize yoursdf with the four different menu operations for the issue of commands.
(Banner, Pop-up, Palette, Stroke).
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i) Insert components by clicking the Library icon from the Session-palette menu. This will bring
youtotheMGC_BPL _Libraries(Board Process library).

j) Fetch the two components $iown in the given Figure 1 (a ring counter) from the Glue Logic
library.

k) From the Connectivity Symboals library, add "Gnd", "Vcc", "Portin" and "Portout" instances
asindicaed in the drcuit diagram. Connect up thecircuit usng Add Wire icon.

[) Assign names to the "Portin™ and "Portout” instances asin Figure 1. To do this,
seled dl the wiresthat are directly connected to the "Portin® and "Portout™” instances,
press the Right mouse button and choose Name Nets: from the popup menu;
modify the Net Value to appropriate signal names.

m) When the drcuit is completed, ched the schematic and if there ae no errors, save it. To do
this, from the pull-down menu, select

Check > Sheet > With Defaults
Verify that there ae no errors and warnings. Then saveyour design.

n) There are two ways to generatethe print filefor the schematic diagram:

1. Use xv to grab the schematic diagram from the terminal. Then modify the background
colour to white, and darken other colours.

2. From the pull-down File menu, select Export Graphics. Then choose Export EPS
format and set up the path name for your schematic. You need to do some further
modificaion before you can encapsulate this EPSfile in your report (see Section "Fixing
aposscript file").

0) Exit the Design Architect.

Part 2 Circuit Simulation

a) From Design Manager window, invoke smulation program by double-click the Quicksm Il
icon from the Tools window. Choose desgn practl and click OK.

b) Open the schematic by clicking the Open Sheet icon from the Setup-palette menu. Your
circuit diagram should appear in a small window.

c) Open the trace window by clicking the Trace icon from the Stimulus-palette menu. You
should provide dl signal names you want to trace & waveforms. Or you can select dl signdsin
the Schematic View window, and wse the popup menu to add the selected signals to the Trace
window.
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d) Setup the smulation kernel,
Setup > Kernel > Analyss

€) With the trace window active, you can apply stimulus (called forces) to the inputs of the
circuit. There are other methods available, such as waveform databases and logdfiles. In this
practical exercise, we use forces.

f) To generate repeating clock signal, select the CLK signal from the trace window, then click the
Add Clock icon from the Stimulus menu. Set clock period 1000ns, single transition, 50% duty
cycle, active high. This will set up a dock signal with a period d 1000ns and 50% duty cycle,
starting with 0 and jumpingto 1 after 500nsin each clock cycle.

g) To set the CLR sgnal, select the signd, then use Add Force icon from the Stimulus menu.
Under Force Multiple Values window, enter Value 1, Time O in the first row, then Value 0,
Time 5 in the seand row, and Vaue 1, Time 6 in the third row.

h) Run the simulation by typing run <time>, eg run 8000. (runfor 8000ns and observe results).
Or you can use the Run icon from the paette menu.

i) To reset the simulator, click the Reset icon from the Stimulus menu, then select the State
button, and wnselect the Save ‘results Waveform DB. Next click on Delete Forces button.

|) There are two ways to generatethe printfilefor the trace results:

1. Usexv to grab the trace results from the terminal. Then modify the background colour to
white, and darken other colours.

2. Make sure the trace window is active, and then from the pull-down File menu, select
Print > Active Window. Next choose Export Graphics, and EPS format in the Print
Traces window. Make sure the path name is ®t. You need to do some further
modificaion before you can encapsulate this EPSfile in your report (see Section "Fixing
a postscript file").

k) Demondtrate to your tutor that you can simulate the ring counter circuit correctly.

Part 3

Become familiar with the Mentor Graphics windows manager (dmgr), design architect (da) and
quicksim 11, and demongtrate to your tutor that you can carry tasks spedifiedin Part 1 and Part 2.

Fixing apostscript file

Usuadly a postscript file generated by Mentor Graphics toals is too big and badly placed with
respect of its bounding box, hence it is difficult to ercgpsulatein the xt (your report). In order
to fix it, edit a *.eps file with your favorite text editor.




Search for 'scale’ so you can find the following sequence of postscript statements:

0. 240000 0.2 40000 scal e

sm1lsl w
0. 000000 300. 000000 tr

Modify them to read, say:

10 -290 tra nslat e
0.160. 16sc ale
sm1lsl w

Then fix the boundng box accordingly to read, say:

ansla te

%WoBundi ngBox: 00 360 230

In addition, search for ‘PageSiz e ...” and delete the whaleline, for example,

<</ PageSize [595 841]> > set pagedevice
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DIGITAL DESIGN I1: LABORATORY EXERCISE #2

Digital Circuit Simulation with Mentor Graphics
(The Effed of Look-Ahead Carry Circuit)

PURPOSE

The purpose of this lab exercise is to compare the propagation delay values of 16-bit unsigned
integer addition on ALUs with and without a look-ahead carry circuit. This lab. takes three
weeks.

PRELAB

Study the provided data sheet of the ALU 74S181 and look-ahead carry generator 74S182. A
single 745181 adder configuration is given in Figure 1. Y ou should know how to design a 16-bit
adder with and without a look-ahead carry unit.

EXPERIMENT

1) Congruct a 16-bit ripple cary adder circuit with the 74S181 using Design Archited. (The
tools manager, “dmgr” is recommended). You are expected to use the bus notation
extensively. Simulate the drcuit and find out the worst case delay (i.e. there is a arry from
LSB through to MSB). Note on the number of temporary results on the output bus. Plot your
circuit diagram and simulation waveform such as the examplein Figure 2.

Note on simulation : You have to setup the smulation kernel, enable the Delay timing mode,
and set the timing mode Visble.

2) Modify the drcuit with alook-ahead cary chip 74S182 and reped 1).
Note: You should not use the same inpu and output names asin Part 1 design.
What is the improvement? How many temporary results you can observe now?

REPORT
Reports must include appropriate discussons and origind circuit diagrams with amulation results
(photocopies not aacepted).
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National
Semiconductor

DM545181/DM74S181 Arithmetic Logic

Unit/Function Generators

General Description

These arithmetic logic units (ALU)/funclion generalors per-
form 16 binary anthmelic operalions on lwo 4-bit words, as
shown in Tables 1 and 2. These operalions are selecled by
the four lunclion-select lines (S0, §1, 52, 53) and includo
addition, sublraction, decrement, and slraight lransfer,
Whan periorming anthmehc manipulations, the internal car-
nies must bo enabled by applying a low-level voltage ta the
mode control inpul (M). A 1ull carry look-ahead schema is
available in these devices for fast, simullaneous carry gen-
eration by means ol two cascade-oulpuls (P and G) for the
four bits in the package. When used in conjunction with the
DM545182/DM745182 {ull carry look-ahead circuits, high-
spead anithmelic operalions can be performed. The typical
addiion times shown below illusirale how little time is re-
quired for addiion of longer words, when full carry look-
zhead 15 employed. The method of cascading 182 circuits
with hese ALU’s 1o provide multi-level full carry look-ahead
s illustraled under typical applications dala for the

Features
u Arthmelic operaling modes:
Addition
Sublraction
Shilt operand A ong posilion
Magnilude comparison
Plus twelve other arithmelic operalions
n Logic funclion modes:
EXCLUSIVE-OR
Comparalor
AND, NAND, OR, NOR
Plus ten other logic operalions
m Full look-ahead lor high-speed operations on long
words

DM545182/DM745162. (Continued)
Connection Diagram Pin Designations
Dual-in-Line Package Deslgnation Pln Nos. Functlon
INPUTS QUTPUTS
5 A3, A2, A1, AD 19,21,23,2 Word A Inpuls
¥ 18 Az B2 A} BY G K F A=8 F)
g i 83,82,81,80 | 18,20,22,1 |  WordB Inpuls
umﬁuu.;m uﬂ#uc_ﬂc—_u v _u_Aw _s_._.._ 3
$3,52,51,50 3,4,5,6 Funclion-Select
Inputs
9] Q Ch 7 Inv. Carry In
. 3 Mode Control
Input
F3,F2,F1,F0 [ 13,11,10,9 Function Qulpuls
A=8 Comparator Oulput
Carry Propagale
71 i 2 Output
;|
_. T i ol ] _o To__ _; Cptd 16 Inv. Carry Oulpul
B0 K0 S3 52 51 50 Cu M FO FI F2 GHO g Cairy Generate
NPUTS OUTPUTS G ¢ Quiput
TUFIB4T3-1 | _(__ _ﬂ
Order Number DMS45181J or DM745181N Vec 2 Sunply Vollaga
See NS Package Number J24A or N24A GND 12 Ground

General Description (continues)
(21 111 (2304220 (2131200 119} (18)
AD DO [1h} L2 B2 Al R]
171 —e—lc,
5181 A=g [14)
18} W
FO. fy F) F3 LR |
190 (1) (1) (13} (171 [15)
13[4 () 7 (i)
Yo xo X1 Y 2 Yl x)
X
¢, 5182
(13}
Y
Caty Cnty Crn+e
(] ny L]}
TLIFI6aT3-2
FIGURE 1
TABLE|
Aclive High Dala
Selection ....iu
M=H M = L; Arithmelic Operations
Loglc
S3 52 51 50 Functivns Ch = H (no carry) - Cp = L{(with carry)
L L L L F=A F=a F=APlusi
L i [ H F=A+0 F=A+8B F=(A+ B)Plus1
L [ H L F=AD F=A+0 F=(A+D)Pus
L L H H F= 0 F = Minus 1 {2's Compl) F = Zeo
L H L L F = AB F = APlus AB F = APlus ABPius 1
L H [i H F=0 F o= (A 4+ B)Plus AD F o (A 4 B) Plus AB Plus 1
L H H L FeABD F oo A Minus 3 Minus 1 F o AMinus B
L H H H F = AB Fu B Minus 1 F=AB
H L L L F=A+8 F = APlus AB F = APlus A8 Plys
H L L 4 F=A@H F = APlus8 F = APlusBPlus1
H 1 H L F=8 F = (A+ B)Plus AB F = (A + B) Plus AB Pius 1
H L H H F = AB F =.A8 Minus 1 F=AB
H H L I Feiiy F = APlus A® F = APlus APiys 1
H H L H F=A+B F=(A+B)PlusA F = (A + B)Plus A Plus 1
H H H L F=A+B F=(A+B)PusA F = (A + B)Plus A Plus 1
H H H H Fe=A F = AMinus | F=A
&d 10 Ina nexl more sigraheant position,
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DIGITAL DESIGN Il : LABORATORY EXERCISE #3

The Simulation of PLD and Memory Devices

PURPOSE
The purpose of this lab is to simulate a digital circuit consisting of a programmable logic device and a
memory device This prac. takestwo weeks.

PRELAB

1) Read the attached data sheet for GAL/PALCE 22V 10. Write a CUPL file for the attached ASM (Figure
1., aprac. in Digital Design 1) using a 22v10. You will need the following amendments if you still have the
sourcefile for that prac

a. Change the device name and pin assignments.

b. Add a reset input and thefollowing lines in the equation sedion:
g0.ar=reset

gl.ar=reset

O2.ar=reset

2) A state diagram (a prac in Digital Design 1) is down as Figure 2. It was implemented using
EPROM/D-FF method. Prepare the address/data list for the implementation. You can use what was
produced in semester ore if you still haveit.

EXPERIMENT

Partl

1. Compile the CUPL source file produced in Prdab 1to ¢t the .jed file and dbwnload that file to your
machine that runs Mentor Graphics.

2. Complete the schematic with PLD 22V10 (an exampleis given in Figure 3). The device @n be found in
the PLD library. Note thefile and path name at the battom of the device should be the same as your .jed
file mentioned in step 1. Simulate the completed schematic.

Part2

1. Complete the schematic of your implementation for Prdab 2. The memory device can be found in the
same library under the memory category. Pay attention to the access time when yau insert the device An
example schematic is given in Figure 4.

2. Create a ROM contents file according to the following gven. It is an ASCII file and you only need to
specify the used locations. The file and path name should be the same as the one at the battom of the
memory device mentioned in step 1

# address / data
0000/ 00;
0001/ 01,
- 12lines omitted
O0CE / 02;
OOOF / 03;



July 2004

3. Simulate the circuit. You should st up a clock period of 500ns for the simulation. The simulation
resolution can be st at 10ns for quicker results. Can you simulate the drcuit with a clock period shorter
than 500ns? If so, what is the minimum?

REPORT
Reports must include appropriate discussions and ariginal drcuit diagramswith simulation results.

Figure 1. The relevant ASM
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Figure 2. The relevant state diagram

Figure 3. Schematic of 22v10

Figure 4. An example schematic
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DIGITAL DESIGN Il : LABORATORY EXERCISE #4
Top-Down System Design and Batch File Simulation

PURPOSE
This prac. intends to create and simulate the data path of an 8-bit CPU using the top-down design concept.
Familiarity with batch file simulation is also an aim of this prac. This prac. takes two weeks.

PRELAB
Carefully study the data sheet of 74L.S181 and 74L S194 chips. They will be used in the prac. to build the
ALU and accumulator (ACC) block of the CPU data path.

EXPERIMENT

Part 1
1. Completethe symbal levd schematic of your design.
A. Use"DRAW" manual (right hand palette) to create the symbal graphics asillustrated in Figure 1.
Al. Clickon he ADD RECTANGLE paletteicon to draw the symbd rectangle.
A2. Click on he ADD PIN paletteicon and in the dialog box enter the pin rames as in Figure 1.
Specify the Pin Type: and the Pin Placement appropriately.
Place the pins by clicking the left mouse button one major grid dd outside of the symbd rectangle.
To adjust the text placement, put the cursor on the top of the text, press the F1 key, and sded the
MOVE icon from the palette menu.
B. Createtwo functional blocks (ALU and ACC) from the graphics generated in step A).
C. Convert each functional block (ALU and ACC) to a symbal.
C1. Sded the redangle by moving the cursorover it and pressthe F1 key. Then click the
ADD PROPERTY option at the bottom of F5 menu bar, and fill in the foll owing information:
Property Name: BLOCK_NAME
Property Value: ALU (or ACC)
Property Type String
C2. Click OK and position the string inside the corresponding bdock(s).
C3. Sdedthe symbd block with pinsand choose the following pull-down menu item:
Edit>M ake Symbol
C4. Make sure your current working dredoty is correct, fill in thecomponent name and click OK.
Note the changein colour from greento gray -blue.
D. Complaetheneasasillustrated in Figure 1. Check and Save the shet.

2. Edit the functional block schematics. doule click each functional block to complete the schemeatics, as
illustrated in Figures 2 and 3. These are lower level schematics. You need to Check and Save the
sheet at thisleve (and every leve).

3. UseQuicksimll to simulate the complete design at the symbd (top) level.

Part 2

1. Simulate the circuit. Thistime put all your simulation commands in an ASCII file. The commands must
be in correct sequence and each occupy a line. You can type the following command in Quicksimll to
executethe batch filee  dofile <command batch file>.
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Define aclock:
1) clock period: set clock period <time>,

e.g. set clock period 100 (clock periodis 100rs)
2) duty cycles  force <signal> <valuel>-r and

force <signal> <value2> <duty time> -r

e.g.

force dk O -r

forceclk 150 -r

QUESTION
How do yau avoid an XX output at Dout in the simulation? Refer to the 74LS181 data sheet for hints.

What arethe mgjor arithmetic and logical functions you can achieve with this design?

Figure 1. Symbol level schematic
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Figure 2. Schematic for ALU

Figure 3. Schematic for ACC
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DIGITAL DESIGN Il : LABORATORY EXERCISE #5

VHDL Compilation and Simulation

PURPOSE
Thisisaprac. onthe VHDL compiler and simulator. The quick VHDL padkage in Mentor Graphicsis
used for this purpaose. This prac. takes two weeks.

PRELAB

Analysethecircuit diagram given in Figure 1. Produce the ASM/state diagram for this circuit. Writea
pieceof VHDL code to describe the ASM/state diagram. Thetop-Down design methad is not gaing to be
used in this exercise.

EXPERIMENT
Part 1 (This part is designed to become familiar with the compiler and simulator)

1

2)

3)

4)

5)

6)

Add "/swifpgadv/Modelted/bin" path to your .login file, and make sureiit is activated by re-
login.

Make a directory to work with, for example adiredory cdled “vhdl”, and change to that directory.

Before you compileany VHDL code, you need a design library to hold the compilation results. Create
anew design library with the following command:
% gHib work

Copy the example file counter.vhd from ~timf/counter.vhd and compil e the file counter .vhd into the
library work viathe foll owing command:

% qgvhcom counter.vhd
By default, the VHDL file is compiledinto alibrary called work.

Look at thefiles written to the QuickVHDL library work by doing aUNIX |s command on the
directory work:

% Iswork
You will see thata subdirectory has been created in the library work labdled the name of the design
unit, counter. Look into this directory.

% |s work/counter
Inside the QuickVHDL design unit directory there are three files, namely, primary.dat, only.asm
and only.dat.

A more useful way to seewhat is created when yau compilea VHDL unit is to usethe ghdir
command. Run chdir on thelibrary work:

% ghdir
Issuing ghdir with no argumentslistsfor you the primary units compiled intolibrary work.
You will notice that each unit compiled into the library is prefaced with the type of unit that it
is, for example, ENTITY.
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7) To further see what architedures are compiled and associated with the entity counter, enter the
command
% ghdir courter
The architecure called only is compil ed for the entity counter.

8) Start the simulator by entering the command
% ghsim
This brings up the Startup Window because no design was indicated onthe command lineto invoke
the simulator on. From the Startup Window, you spedfy the QuickVHDL library which contains the
top-levd design unit you wish to simulate (again, the default is work), the name of thetop-leve entity
or configuration, and the name of the @rrespording architectureif the toplevdl isan entity. Youcan
also edfy the time resolution to smulate with (default isns).

9) Inthe Startup Window, sdect the following:
Simulator resolution: ns
Library: work
Entity or Configuration: counter
Architecture: only

After satting these, click L oad.

10) Bring up the simulation windows by entering the foll owing command in the QuickVHDL Window:
VSIM> view *

Scan through these windows to become familiar with the type of information that they contain.
11) Sdled the top-levd region of the design counter:counter(only) in the Structure Window.

12) Moveto the Signals Window so that you can add signals to the Wave and List Windows. To list the
top-leve signals, under the View pulldown menu, click List and select Signalsin region from the
dialog box Towavethetop-levd sigrals, click Wave and select Signalsin region from the dialog
box

13) Apply a stimulus to the clock input by moving the pointer to the QuickVHDL Window and entering
the foll owing command
VSIM> forceclk 1 50,0 1Q0 -repeat 100

Thisis interpreted as forceclk to the value 1 at 50 ns after the current time, then forceit to 0 at 100 rs
after the current time. Then repeat this pattern every 100 ns.

Seled the top-leve regionin the Structure Window. Moveto the Source Window and scroll until line
18isin view. Set a breakpointon line 18 by simply clicking in front of the number of the ine. A
breakpaint indicator isthen placed on that line (it lookslike asmall STOP sign).

14) Run the simulation via the pulldown sdection in the QuickVHDL Main Window Run -> 100 ns. The
simulation will stop at time 100 ns.
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15) To debug code, we set breakpaoints 0 that single stepping of code can be performed. Notice that the
breakpoint can be just as easily removed by clicking on the breakpoint indicator. Make sure the
breakpoint is sat before proceading to the next step.

16) Sded the Run -> Continue from the pulldown menu in the QuickVHDL Window to continue the
simulation. The simulator will hit the breakpoint and stop the simulation as shown by the break arrow
ponting at line 18 in file counter.vhd.

17) Single step through the ade by clicking on the Step button in the QuickVHDL Window. Watch the
lines of code in the Source Window as you cortinue to step, but also look at the variables in the
variables Window. The values of the variables will update as you step through the code.

18) Next, remove all the breakpoints, then sdect the Run->All from the pulldown menu. This causes the
simulator to run continuotsly.

19) To stop the simulation, click onthe Break button in the QuickVHDL Window.

20) In the Wave Window, click the left mouse button in the waveform area. Thiswill bring acursor into
view. The Wave Window invokes with ane cursor adive. Move this cursor to different placesi n the
Wave Window and notice how the static vauesin the name areaof the Wave Window update to show
their values rdativeto thelocation d the adive cursor.

21) Add another 1 or 2 cursors viathe pulldown Cursor -> New Cursor. Noticethat cursor measurement
is aways on when more than ane cursor is displayed and that each cursor has its own "track" at the
battom of the Wave Window. Click in the track to adivate that cursor. Experiment with scralling,
zooming, and using the aursor.

22) Exit the smulator by entering the following command in the QuickVHDL Window
VSIM> quit -f

Part 2
Compile and simulate your own VHDL code as required in the Prelab. Demonstrate the results to your
tutor.
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Figure 1. The circuit diagram



