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1.0 Purpose

The purpose of this lab is t@igp eperience with state machines hyilding a much lager
one that controls a small adder/subtracter unit. This lab amountsldog a \ery simple
processor (computer). The lab also teaches about using pre-designed functioaatlwsées
the handshaking techniqueveéped in Lab #6 to properly synchronize communication
between tw devices.

Warning: this lab is difcult - be sure to allocate digient time for preparation. The good
news is that you will learn a great deal in this.lab

2.0 Background

1.

In Lab #5 you created a 3-bit D-typegigter (which vas simply three D Flip-flops

with the clock signals connected together), that also had a reset signal which set all of
the flip-flops to zero when aetited. Recall that agester with arEnable signal works

in the folloving way: if the Enable = 1, then thegister works as usual in response to

the clock. If Enable = 0, then the outputs)(@ not change in response to the clock.

The Altera maxplus2 sofave preides you with a number of pre-designed units,
called theLibrary of Parameterized Modules (LPM). These consist of adders,
adder/subtracters, multipliers, shifgreters, decoders and more - basicaligrgthing
you've been designing in this course, already done for you! The meaning abrithe w
“parameterized” here is that you can specify yndifferent things about the module.
For example, you can call up an adder and specify that it should be a 10 bjtadaler
20-bit adderYou can specify that a multi-bit Dgester has an enable signal (or not).

To look at the dierent modules that arevailable, bring up the graphic editor in
maxplus2 and double-click to bring up tEsmter Symbol dialog box. Select the
library that ends with “mga_lpm? The list of symbols that appear are thefeti#nt
modules. Scroll don the list and select the modufen_add_sub. This is a module
that will act either as an adder or a subtraadepending on theale of a control
signal.

When you select the Ipm_add_sub, a symbol appears on the graphic editor and at the
same time a dialog box appears. This dialog boxvallgou to preide specifications

of the type of adder/subtracter that you requiae. é&kample, to obtain a 3-bit adder/
subtracterselect the parameter from the list at the bottom labelled “LPM_WIDTH” by
double clicking on it. In the field meto “parameter alue” type the alue 3.



To specify that you ant this to be an adder/subtracter unit (as opposed to simply an
adder), in the list at the top of the dialog box, select the name “add_sub” and click on
the “used” litton under Port Status. This creates a signal, attached to thecadider
add_sub, which when set to 1, causes theide to add its tw inputs, and when set to

0, males it subtract them. (Later in class, we will\stecircuit that does this).

To learn more about theakious parameters of this module, click on the “HELP”
button in the dialog box, use the main help menu, under MEGAFUNCTIONS/LPM.

Click OK in the dialog box to create the adder/subtracteu can modify your
choices by double-clicking on the list of parameters that appear in the graphic editor

Recall from lab #6, that to transmit data betweemn devices, it is often necessary to
provide handshaking signals that ensure that the data is kexkicorrectly This is

particularly true when tar devices are running atevy different speeds. Consider the
situation illustrated in Figurg, in whichn bits of data are to be transmitted from
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Figure 1 - Handshaking

Device #2 to Deice #1. When Ddce #1 requires me data, it raises the
Data Request line high (to “1”). Once #2 sees this and has placed the correct data on
the nData lines, it raises th®ata _Ready line high. When #1 has tak the data
(typically stored in a D-mgister) it lovers theData Request line after which #2
lowers theData Ready line. Device #1 can only raise a werequestafter the
Data_Ready line is lovered. This procedure is called a “full handstfaénd ensures

that the data is transferred correctdyen when the tev devices are running atastly
different speeds.

We will make use of this concept in this lab, becauseid2e#1 will be a state machine
running at 25 MHz, and g&e #2, will beyou, (i.e. you will be preiding both the
data through switches, and the Data Ready signal) and you run considenably slo
than 25MHz. This isery similar to the machine yowilt in Lab #6.

3.0 Preparation

Note: all preparation schematics, VHDL code and simulation oiipu®T BE PRINTED
on paper for marking, before the lalpbes.

1.

Create a 3-bit D-type gester symbol that hasReset signal and aifcnable signal as
described aba (either by creating youmam symbol from basic DFFs or by using
module Ipm_DFF). Simulate yourgister to be sure that you understandavhbe
Enable vorks.



Create a 3-biunsigned adder/subtracter LPM unit in the graphic edit@vith an
add_sub control signal) as described in part 2 of the background. Simulate the unit to
malke sure that you understandahi works. It is easier to simulate if yoedp the 3-

bit inputs grouped together asasband in the eweform editor specify thesealues

as a group.

Build the circuit of Figure in the graphic editoSimulate the use of this circuit to add
two numbers, applied one at a time through the input A, similar to Lab #5.

Using the circuit of Figur@, simulate the subtraction of twnumbers. (Setting
add_sub = 0 mads this unit a subtracter).

Input A[2..0]

v
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Figure 2 - Processor DataPath

You are to design a finite state machine that controls the circuit of Rigared
interacts with you as the usdihe clock signal (for both the finite state mactand

the Rajisters A and B) will be connected to the 25MHz (period 40ns) clock signal that
is generated on the Altera board, and appears at pin #83 of the MAX 7128 (the global
clock input).

The outputs of the finite state machine (illustrated in Figuere:

I. EnableA - the enable signal forgister A. When this is turned ongister A
will, on the nat positive edge of the clock, cgghe input data A[2..0], coming
from user switches into gester A.

i. EnableB - the enable signal fogrster B. When this is turned ongrster B



will, on the net positve edge of the clock, cgpthe output of the adder/
subtracter into gister B.

lii. ResetB - an aaté lowv signal which should set the contents dfiseer B to
zero. Male this asynchronous reset.

iv. Request Data - is an output (to be hemkip to a light on the digital switch
board) which will signal to you that the machinanis you to input data.

v. add_sub - is connected to the add_sub signal of the adder/subtcatedrit
which function to perform. (=1 means add, =0 means subtract)

The inputs of the finite state machine are:

I. GO - actve low (i.e. actve when signal = 0). When agied, this causes the
machine to bgin operation, as described b&lo

ii.  Function - this is an input from the user which indicates the “instruction” that
is desired. Function = 1 means that the mmbers should be added. Function
=0 means that the twnumbers should be subtracted.

lii. Data_Ready - this signal should be connected to a switch on the switch board.
It is the other part (with Request_Data) of the handskakween you and the
state machine. Once the data is regay raise the Data_Ready signal. Once
the Request_Data signal isMered, you must lger the Data_Ready signal.

When the GO signal is aeéited, your machine should requesb fpveces of 3-bit data

from the user (one at a time) and either add or subtract them, depending on the
Function input. To obtain the tw pieces of data, you must use the handshaking
protocol described abe in the background sectio@ode your Finite state machine

in VHDL. Turn it into a symbol and connect it to the circuit of Fig2inesing the
graphic editar
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Figure 3 - The Finite Sate Machine
4.0 Inthe Lab

Build and test the circuit of part 5 of the preparation. dsiire thaall of the clock signals on
flip flops and the state machine are connected to the 25MHz clock (pin 83 of the 7128).



