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1.0 Purpose

The purpose of this lab is to learn about the basic operation of sequential logic (circuits with
memory), by kilding them up from basicages. Yu will also lild a shift rgister from flip

flops, and learn o to invoke flip-flops from the VHDL language. As a sidéeet of luilding

bigger things from smaller things, we illustrate the concept and use of hieradsign.

2.0 Background

In class we h& corered the basic circuit for RS latches, D latches, eddR latches and
masterslave edge triggered D flip-flops, so you shoulde® your notes on these.

A shift register is typically used to send and reeedata, one bit at a time, under the control of
a clock signal. Figur& belav illustrates a 4-bit shift gaster lilt out of positve-edge
triggered D-type flip flops. On each posgticlock edge, thealue of the signal Dis copied
onto the alue of Q. Thus it taks four clock gcles for the original alue of 0, to appear as
Doyt The entire contents of the shifgrster can be initialized by resetting each flip-flop with
a reset signal.
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Figure 1 - 4-bit Shift Register

3.0 Preparation

Design and simulate (using timing simulation) the fellwy circuits, using the graphic editor

of maxplus2 DO NOT USE VHDL, except for part 5). ¥u should design all of these circuits
with gates from the “prim” libraryMake a separate directory for each of the circuits you
design. Rrts 1, 2, and 3 concern the basic operation of circuits tkatrhamoryand so we
have you design these from basatgs. Rrt 3 also demonstrates the use of hierarchical design
in maxplus2.

1. A set-reset latch, using cross-coupled 2-input NQRRg



2. Alevel-sensitve clocled D latch, based on the set-reset latch you designed.abo

3. Turn the D-latch into a symbol (usirfgle | Create Default Symbolmethod as
described in Ttorial 1) and use it to design a pogtiedge-triggered mastsiave D
flip-flop. By doing this, you are creating hierayctvhich is the essential method of all
large scale design.

4. Create a foubit shift register (as illustrated ale in Figurel) from D flip-flops, and
turn it into a symbol as you did for the D-latch in paiin3tead of using the flip-flop
you designed in part 3, use the D flip-flopsvailable in the “prim” library (as the
symbol “DFF”) . Make sure that the four outputs,@,,Q,, and @, are &ailable as
outputs from your shift gaster Recall that there are D flip-flops inside the basic
macrocell of the MAX 7128, and you need noilth them from scratch.

Design, enter and simulate a circuit that connects the outputs of the glstere
(Q3Q,Q1Qp) to the inputs XX,X1Xq of your circuit from Rrt 1 of Lab #3. The inputs

to your circuit should be a singlg 3ignal and the clock. The point here is to generate
the inputs to your circuit from Lab #3, serialhne bit at a time, rather than in parallel,
four bits at a time. du will again need define a symbol for your circuit of Lab #3, and
use hierarchin the graphic editor touild this circuit.

5. Build and simulate an edge-triggered D-type flip flop as described in the VHDL
Reference guide, Section A.10.2 on page 717 of Appendix A of xheBweild and
simulate a 3-bit D mjster the same ay, with an asynchronous reset signal as
described in Section A.10.4.

6. Building a waveform generatorBuild a 10-bit shift rgister in the manner thatas
describe in part 4 abe, including the “reset” signal. Connect the output of the final
bit's Q output to the first bit input of the Dgister so that the shift gester actually
forms a ring. Notice that a DFF has both a “Reset” input (labelled CLRN) and “Preset”
input (labelling PRN), which are aeti lov. CLRN sets the bit to be awpand PRN
sets it to be a highalue, asynchronously with the clock. Connect your reset signal to
some of the flip flo CLRN inputs, and connect some to the PRN input(you choose).
In your simulation, actiate the reset for an appropriate period, whiébctfely loads
a value into the shift gaster Continuous clock of this circuit produces aveform of
your design, based on which flip-flops you reset or present. In the lab you will connect
the clock of the flip flops to the on-board system clock that runs at 25MHz. When you
operate the circuit, agtite the reset, and then obsetiie output of the

4.0 In The Lab

Implement and test all of the circuits you designed in the preparation.estoh vorking part
to a leaching Assistant.

Note: you must set maxplus2 appropriately tovafibe clock to come in on agelar 1/0 pin,
except for part 6, in which you should use the on-board clock.

For Part 6: use the logic analyzer to obsethie output of the osciallator



