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Lab Summary: In this stage, we will build and design decoders, registers, and buffers to be added to our
system we developed in the Programmable Logic Devices Module. When they are combined with an ALU, we
can process data. However, we will need to manually set certain control switches as we still have no language
in which we can program our system (i.e. brainless microprocessor).

Lab Goal: The goal of this lab is to understand how to create a 4-bits brainless microprocessor circuit and
understand its functionality.

Learning Objectives

Compile and simulate a Decoder symbol in Quartus® 11 (web edition).

Create, compile, and simulate a one and four-bits register circuit/symbol in Quartus
Create, compile, and simulate 4-bit buffer circuit/symbol in Quartus® II.

Create, compile, and simulate the Data Shuffling Circuit: The Brainless Microprocessor.

Program the design of the brainless microprocessor on a CPLD test board to determine its truth table.
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Grading Criteria: Your grade will be determined by your instructor.

Time Required: 7 - 8 hours

Special Safety Requirements

Static electricity can damage the CPLD device used in this lab. Use appropriate ESD methods to protect the
devices. Be sure to wear a grounded wrist-strap at all times while handling the electronic components in this
circuit. The wrist strap need not be worn after the circuit construction is complete.

No serious hazards are involved in this laboratory experiment, but be careful to connect the components with
the proper polarity to avoid damage.

Lab Preparation
e Read the WRE Micro& Embedded Controllers Part 2 Module Narrative.
¢ Read this document completely before you start on this experiment.

NOTE: This lab uses the information provided in Labs A and B that were completed in the WRE
Programmable Logic Devices Module. You will be referred to these sections to review the needed information
as required.
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Equipment and Materials

Each team of students will need the test equipment, tools, and parts specified below. Students should work in
teams of two.

Test Equipment and Power Supplies Quantity
The following items from the UP2 Educational Kit: 1
e Altera UP-2 circuit board with ByteBlaster Download Cable
e Quartus® Il Web Edition software
e AC adapter, minimum output: 7 VDC, 250 mA DC

ESD Anti-static Wrist Strap 1
#22 Solid-core wire As needed
Wire Strippers 1

Additional References:

1. Digital Design and Implementation with Field Programmable Devices textbook found with UP2 educational
kit.

2. UP2 educational kit data sheet found on Altera web site: www.altera.com

Introduction

In the WRE Programmable Logic Controller Module, we designed an arithmetic logic unit (ALU) that can be
used in a microprocessor. To use it in the microprocessor, the circuits must produce the input data and store the
output data of the ALU. To do this, we need circuits that activate memory locations that are described by a
binary address. Such circuits are one type of decoder.

In this stage of the lab, we will compile decoders, create the register, build a buffer, and build a data shuffling
circuit.

Decoders

Decoders take a numerical input and have one output for every possible input value. The outputs are numbered.
Usually the decoder will operate so that all outputs but one are 0 (active low decoder). Occasionally a decoder
will be built so all outputs but one are 1 (active high decoder). The input number determines the long
exceptional output. For example if the input number is two bits wide, there are four outputs, Yo, Y1, Y2, and

Y 5 (one for each possible value of the input number) or 23 = 8, where 3 is the number of inputs. If the input
number is 3 or (11 in binary), then output Y3 will be 1 and all other outputs will be 0 if it is an active high
decoder.

Often a decoder will be built with an “enable” input. This enable input will disable the decoder if it is a 0 so
that all outputs of the decoder will be 0. This extra input allows decoders to be stacked so that bigger decoders
can be made from smaller decoders. The decoder is used for selection like a multiplexer and demultiplexer. A
decoder's outputs are usually connected to the enables of other circuits so that the decoder selects which devices
are enabled and which devices are disabled. This is most often seen in memory address decoding in computers.
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We could stack five (2-4) decoders in a pyramid to form a (4-16) decoder. However, in this lab, we will use the
Altera library and test and compile an active low 4-16 decoder (the 74154 device from Others 2Maxplus2
library).

A low level on Gy and Gy is required in order to make the enable gate output high. Hence, Gin and Gy are
active low. The enable gate output is connected to an input of each NAND gate in the decoder so it must be
high for the NAND gates to be enabled. If the enable gate is not activated by a low on both inputs, then all
sixteen decoder outputs will be high regardless of the states of the four input variables (DCBA) as shown below
where D is the MSB and A is the LSB.

G2N|D|C|B|A|00|01|{02|03|04|05|06|07|08|09|10|11|12|13 14|15
GIN

1 1 (XXX xj1j1j1j1j1j1j1j1j1j1j1j1j1]1]1)1
0 o |j0jo0jojojoj2rj21j1 1|21 j1j1j1j1j1j1j]1j1)1
0 o |0jojoj1j1joj1j1j12j2j1j1j1j1j1j1j1j1j1)1
0 o (0joj1joj1j1jo0f1j12j1j1j1j1{1j1j1j1j1j1}1
0 o jojoj1j1j1j1)j1jo0j1j2 )1 j1j1j1j1j1j1j]1j1)1
0 o |j0Oj1jojoj1j21j1j1j0o(2j1j1j1{12j1j1j1j1]1)1
0 o joj1joj1j1j1)1j1}j1joj1j1j1j1j1j1j1j1j1)|1
0 O |oOj1j1joj1j21 111|101 j1f21]1j1]1]1]1]1
0 o joy1j1j1}j1j1)1j1}j1j1)j1jo0j1{1j1j1j1j1j1)1
0 0O |1j0joOjoOj1 211111 )1j1]j0f2]2|1]1]|1]1]1
0 o jrjo0joj1j1j1)1j1}j1j1)1j1}j1{o0j1j1j1j1j1)1
0 o |jrjo0j1joj1j1)1j1}j1j1)1j1j1{1j0j1j1j1j1)1
0 o jrjoj1j1}j1j1)1j1}j1j12)1j1j1{1j1j0j1j1j1)1
0 o |1 )/1jojoj1j1)1j1}j1j1)1j1}j1{1j1j1j0j1j1)1
0 o |1rj1joj1j1j21 111|121 j1j1{1j1j1j1j0]1]1
0 o |2 /1j1joj1j1)1j1}j1j1)1j1}j1{1j1j1}1]1j0]1
0 o |jrj1j1j1j1j1 )11 j1j1j1j1j1{1j1j1]1]1]1]0

Sequential Circuits

Combinational logic is logic whose output is a function of only the present inputs: its outputs do not depend on
past inputs. On the other hand, sequential logic has memory: its outputs depend on past inputs in addition to the
present inputs. One of the most important aspects of digital hardware is its ability to store information and it is
totally necessary in our microprocessor.

The most elementary storage device is the latch. A typical latch has one input for data and another input which
tells the latch when to store new data and when to hold the data it has. The latch has a single output which
always represents the current value stored in the latch.

Latches are useful and asynchronous devices. However, for our purposes, we need to deal with synchronous
devices. For this reason, we will not talk any more about latches but instead we will talk about an extended
latch called the flip-flop.
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Flip-flops also hold data like a latch but they do not have a normal input as their control input. The control
input of a flip-flop is edge-triggered which means that it is not activated by a 1 or by a 0 but rather by a
transition from a 0 to 1. This means that the time when the flip-flop loads data can be precisely controlled to a
single instant. Because the control input keeps the time of when data is to be loaded, the control input keeps the
time of when data is to be loaded. The control input is called a clock and is often given a special symbol on the
diagram of the device. In Altera software, there are several available flip-flops to we could use. The standard
D and JK flip-flops look like this:

: PRN : i PRN :

—P Q— 1Y QI

g CLRN g ; CLRN g

st Q@ nst! &
D Flip-Flop JK Flip-Flop

In the D flip-flop, you can think of the D as standing for “data," because the D input of the D flip-flop gives the
input data. The other input with arrow “->” is the clock which is the flip-flop's control input. Whenever the
clock goes from 0 to 1, a snapshot of the value present on the D pin is loaded into the internal storage of the
flip-flop. The PRN and CLRN (active low) pins are for setting and resetting the flip-flop. They are normally
connected directly to V. and are used to reset logic that is only activated in extreme circumstances. If PRN is
set to 0, the value inside the flip-flop is instantly set to 1. If CLRN is set to 0, the value inside the flip-flop is
instantly set to 0. It is unclear what the internal value will be set to if both PRN and CLRN are set to zero at the
same time. The value of Q is the value stored in the flip-flop.

JK flip-flops are similar to D flip-flops. The inputs are “->” CLOCK, PRN, CLRN, and Q pins are exactly the
same as on the D flip-flop. The difference is in the data inputs. Where the D flip-flop had one data input D, the
JK flip-flop has two data inputs, J and K. This gives more possibilities for what can happen when the clock
changes and a snapshot of the inputs is taken. The next value of the data stored in the JK flip-flop is determined
by the values of J and K at the time of the transition, as follows:

J | K | NEXT STORED VALUE

0 0 SAME AS LAST STORED VALUE

0 1 0 (RESET)

1 0 1 (SET)

1 1 INVERSE OF LAST STORED VALUE

Note: PRN and CLRN must be connected directly to V.
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In contrast, the D flip-flop has the following table:

D | NEXT STORED VALUE
0 |0 (SAMEAS INPUT)

1 | 1 (SAME AS INPUT)

So with the JK flip-flop, you have some additional capabilities built in. These capabilities are not too big a
difference; you can make a D flip-flop from a JK flip-flop and vice versa using only combinational logic.

The Altera JK flip-flop we will be using is a positive edge triggered flip-flop which means that it stores data on
the low to high (0 to 1) transition of the clock. Whether a flip-flop is negative edge triggered or positive edge
triggered makes little difference since you can easily change from one to the other with a single inverter. The
only considerations are which is most easily available and which you need in your design.

When you use a flip-flop, every input should be connected. Flip-flops have been known to behave strangely if
inputs are left unconnected, since electrical noise can reset or set the flip-flop.

Registers

The circuit formed from flip-flops that we will use in our microprocessor design project is a register. The
following is a circuit for a one-bit register (REGISTER-1). When four of these are combined, we get a four-bit
register, which has the Altera picture shown below. Note that the only differences between a register and a D
flip-flop are the absence of a PRN and the presence of an enable. It turns out that this enable (also called EN or
IE, which stands for input enable) is much more useful than you would think.

1-bit register

o e

T
g g e D

The one-bit register holds a single bit of information. In order for the information in the register to change (i.e.,
for data to be loaded into it), the input enable must be a 1, and the clock must simultaneously have a transition
from 0 to 1. When both of these occur, a snapshot of the data input(s) is loaded into the register. It is most
convenient in practice to have the clock be a square wave at a fixed frequency. When the clock is a square
wave, the input enable selects on which edges of the square wave the register is loaded. The input enable
becomes a load control, which is set to a 1 for those clock periods during which the register is to load new data.

5
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We can cascade four 1-bit registers to build a register-4 circuit as shown here

1hit_Register

Al — a1 1 SUTRUT ¥
CLE ——HELT » CLK
IE | ——L * IE
CLR | — #* CLR

B | —— A e SUTRUT 2

(Aa — a1 1 RUTEUT . V3

Thit_Register

e I 24 w4 SUTPUL . ¥4

The REGISTER-4 has four data inputs, four data outputs, one clear input, one enable input, and one clock.
Buffer Circuit

For the buffer circuit we could use the tri-state buffer available in the Altera software library. However, we will
need something just a little more elaborate, so we will build our own buffer circuit. The tri-state buffer in
Altera has a single active high enable. For our buffer (called BUFFER4), we want two active high enables,
which have to both be high to enable the four tri-state outputs. We will do this with four tri-state buffers and a
AND gate.
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b e aNDz
N o [ *
TEND WPLIT H
MGGt i
SIS
Pagt e HEUT ™ TR“‘“- lllllllllll OUTRUT ey
A S o Ve ; C
DUTRIT ———"y
"""""""""""""""""""""""""""""""""""""" HELT TR*\ GUTBUT ey g
A3 C—— i 41/“‘ o "
EN L
Ppg o e HEUT TR*\ lllllllllll OUTRUT ey g :
EM I:> W ; J‘[‘{\ : :> A i
EN1 | EN2 A’s Inputs Y’s Output
0 0 X Z
0 1 X Z
1 0 X Z
1 1 4 4
1 1 A A
1 1 C C

As long as one or more of the EN is 0, it does not matter what the input is, the output is always high impedance
(Z2). When both ENSs are high, the 4-bits buffer passes whatever you put on your inputs. INPUTS = OUTPUTS.

Data Shuffling Circuit

In the data shuffling circuit that we build in the lab, when the ALU is in “pass through” mode, the circuit of the
brainless microprocessor is in a “data shuffling” circuit. We can select how data is moved from the register
after the ALU back into “memory." If the ALU is not in “pass through” mode, the circuit still shuffles data, but
now the data is manipulating the ALU control lines. You can also select what operations are performed on the
data in between reading it in and writing it out.

The circuit is almost a microprocessor. It would be a microprocessor if it only had enough “brains,” more
frequently called control circuitry so that it could follow a set of instructions about what operations to perform.
We will add the control circuitry in the next lab. For now, you will function as the “brains” of the
microprocessor to manipulate the control lines to get it to process the data. This is used to familiarize you with
the microprocessor layout before we add the control.
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Most of the bottom right of the circuit in the brainless microprocessor is the microprocessor memory. There are
three types of microprocessor memory here: Read Only Memory (ROM), Read/Write Memory (more often
called Random Access Memory, or RAM), and Write Only Memory, which corresponds to an output device.

The circuit below is a single 4-bit ROM memory circuit:

Butterd inst
&1 v
Y " Y2
43
§§ A4 Y3
1A D_IL}LHI_H_L A4 " el L
I R
LEN o 11 UL 1[1.4]
: 1.4
EN: 1 R
DATA BUS

You select what data is “stored” in the memory by your selection on the 4 inputs. When both of the enables are
high, the 4-bit ROM circuit puts whatever data is stored in it out onto the data bus.

In the brainless microprocessor circuit, one of the enables is always connected to the read line. The Read line is
high whenever data is being read from memory. If data is being stored to memory, the read line will be a 0.

Since we only want to activate the buffer after reading a value from memory, the READ is connected to one of
the enables on the buffers.

The other enable is connected to a decoder which decodes the address of the data we wish to access. Each
ROM has a different address so by making the read line a 1 and making the address equal to the address of a
particular ROM, the value in that ROM will be put onto the data bus. This is how memory is accessed for a
typical read cycle.
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In addition to memory which can be read, there is also memory, which can be written to. One example of this is
the write-only output circuit shown below:

Al

Y[.4]

<1

ob
e 4bits_Reqister inat U
T am
Al
A2) =
A2 =
AL3] =
A3 Y11
= am Y1 iz
= Ad Y2
‘ < gz va YB3
["Enable D—M%LCL Y[4]
nst6__ .0 o |IE =
| Gk I—— 11 CLK
rER [ ST PP

This output circuit also has two enables. In our brainless microprocessor, one enable goes to the decoder to
select the memory address of this output, and the other enable goes to the write line. Read and write are never 1
at the same time even though they may both be 0. When write is a 1, data is being taken from the bus and put
into memory. So when the address of an output unit is selected and the write line is high, the register in the
output unit will store data off of the bus. Whatever is stored in the register, it should be seen on the register
output (OUT1...4), which is an output from the circuit. Note that since the output circuit is only active when
data is being written, and the ROM is only active when data is being read, an output circuit and a ROM can
share the same address.

Another type of circuit, the RAM, can be both written to and read from. Its circuit has elements from both the
output circuit and from the ROM:

4hitz_Register inzt1
— a1
— a2 Bufferd inzt
DATA BUS — A3 a1
v ! w1 —
— a4 w2 82
va — RN
e Hnd i — Y3
IE a4 ve
H— EfH
— CLR
ErZ2
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Data can be written into a RAM from the data bus, and then that data can be put back onto the data bus later.
Since a RAM can both read and write, it cannot share the same address with a ROM or with an output.

The register to the right of the ALU in the brainless microprocessor is special. It is not part of the normal
memory. When you are doing a write to memory, it is this special register that will be putting data onto the bus,
while one of the output’s or RAM’s reads the data off of the bus. When you read data from memory, the result
that comes out of the ALU will go into this register. A register used like this is often called an accumulator.

Understanding the Brainless Microprocessor

For those of you who have wondered how a computer works, in this task we come very close to asking you to
explain how a computer works. Because this circuit contains an ALU, both arithmetic and logical operations
can be performed. It is important that you stop and make sure that you understand how this circuit works.

We will briefly explain how an addition is performed. By selecting the appropriate control lines and then
giving the circuit a clock pulse, data can be moved from memory address 1 (ROM 1) to the accumulator. By
selecting the appropriate control lines again, data can be taken from memory location 2, added to the value in
the accumulator, and the result can be stored back into the accumulator. This is where the accumulator gets its
name, because here it is “accumulating” a sum. Next, by selecting the appropriate control lines, data can be
moved from the accumulator onto the bus, and stored back to output register. A complete addition has been
performed.

10
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Lab Procedure:
1. Compile and simulate a 4-16 Decoder
2. Design and Build a DECODER-4.
a. Use the Altera library and test and compile the 74154 device from Others >>Maxplus2 library.
Notice this is an active LOW 4-16 decoder.

“m“m.?1-1-"52““““-““m“-m.................................................

OON |y 0UTPUT  —— 00

CAN e SOUTPUT - —

02N fOUTPOT  —— (2

03N 5 OUTPUT  —— 003

O o {OUTPUT  ——— D4

A | LHELT A OSN3 0UTPUT — 115
B | NPT B OBMN  0UTPUT  ——— B
C | INELT C OFN 4 J0UTET ——— 07
o | NELT D O8N [ O0UTPUT  —— 18
G1h | |@ bJT G1M 09N OUTPUT — 19
G2h | |@ gT I O10M |3 0UTPUT  —— 10
ONMN [ oUTPUT ——— 11

O12N [ 0UTRUT  — 12

O13N [ QUTPUT  — 13

O14N | OUTPUT — 14

O15N [ OUTPUT ——— 15

inst_ DECODE

b. Test the above device and make sure your results correspond to the truth table as shown in the
introduction. Note: A is the LSB and D is MSB.
c. Your timing diagram results should look like this

pimulation Waveforms

aster Time Blar 11.226 ns 4| +| Pointer: 3Blns Interval: 2383 ns Start End:

0 ps TD.ID ns ZD.ID ] a0 p hs 4D.ID ns SU.IU ns E0. p e ?D.ID ns SU.IU ns a0, p ] TDUiD ns 110‘0 ] 12DiD ns TSUiD ns ‘
Name .25
]

Inputs T [ 1 ) 3 | O S v © Y7 Y & S G S S ) S G
»| G
BN
15
14
13
12
i —
10
09
0%
a7
0%
i
04 LT
i LT
02 L7
o 1 7T
0 L
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3. Create, compile, and simulate a one bit register.
Note: In Altera, these flip-flops can be found in the “Primitives, Storage” library

1-bit register

o e

BB
e G D

a. Use this symbol for register-1.
. 1bit_Register

— AT Y1 [—
— CLK
— IE
—CLR

inst

b. Run the timing circuit. Your results should look like this:

taster Time Bar: B0.0ms 4| v Painter: 2408 ng Irteryal -35.94 nz Start End

(ps 100ns 200ns M0 0ns |

Hame

A1 - & 1 1 [

CLK | | | | | | | I | | | | L
CLR

IE
¥1 - - 1 L

CICACACAC

Note: The JK flip-flop is a positive edge triggered.
There is a about 3ns delay between input A; and output Y according to our compilation.
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4. Use Altera Software to build the REGISTER-4 circuit by cascading 4 Register-1s as shown below. The
REGISTER-4 should have four data inputs, four data outputs, one clear input, one enable input, and one
clock.

1hit_Register
Al — a1 1 SUTRUT ¥
CLE ——HELT » CLK
IE | ——L * IE
CLR | — #* CLR

B | —— A e SUTRUT 2

(Aa — a1 1 RUTEUT . V3

e I 24 w4 SUTPUL . ¥4

5. Design the REGISTER—-4's picture and add it to your library.

Ahits_Register ingt
— Al
A2
— A3
Yo
| Ad Y2
T3
Y4
—E
— CLK
— CLR
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a. Test the Register_4 device. In your report, mention briefly how you tested them and comment on the
reliability of your test. Remember to add the device actual circuit when you create the new circuit. EX:
Register4.bdf

4bits_Register inst
AT — e A1
(A2 — vy A2
{ T
A C > A3 V1 GUTBLT
§A4 > II{I{%%T Ad Y2 QUTPUT :) Y2
v3 T e
Y4 QUIEUL [ 4
E >l |
CiKd il CLK
 CLR — CLR

b. Run the timing circuit. Your results should look like this:

Simulation Waveforms

Master Time Bar: 10.0ns 4| +| Painter: 24.08 ns Irkereal: 14.05 s Start: End:

0 ps 1D.IEI ns 2EI.P N BD.ID ng 4D.IEI ns EU.ID N BD.ID hg ?D.IEI ns BU.ID N SD.ID hg 1DUiU ng 11DiU ns|

Mame 10.0 ns

| CLK I I L | L L L L L L L L L
| = | CLR
EI:
i Inpuits 0 1 b 2 M 3 b 4 I & M 5 b 7 I [ b ] b & % B
3| @ Outputs 0 ¥ VI SN SRR SN D SR N SR
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6. Build the 4-bit Buffer with two active high enables which have to BOTH be high to enable the four tri-state
outputs.
a. 'You can do this with four tri-state buffers and a AND gate.
b. Design this circuit, and add it to your Library.

C.

m
=
=

- iclE
| ] e
] -
—
=
=8
) J

i oy

IWET ¢

WG

NPT

ST, —— e

IWEUT ¢
NG e

IWET

WG

i e

Use the following symbol layout:

[E——

A1
A2
A3
Ad

ENT
EN2
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d. As long as one or more of the EN is 0, it does not matter what the input is, the output is always high
impedance (Z). When both ENs are high, the 4-bits buffer passes whatever you put on your inputs.
INPUTS = OUTPUTS.

EN1 N A’s Inputs Y’s Output
0 0 X Zz
0 1 X Zz
1 0 X Zz
1 1 4 4
1 1 A A
1 1 C C

e. Test your Buffer_4 device. Your results should look like this:

himulation Waveforms
Simulation mode: Functional

aster Time Bar: 11.45ns 4| ¥| Pointer: I ps Interval: -11.48ns Start; End:
Vil ot 0 ps 1D.|D ng a0 ID ng an ID ng 4D.ID ns Eﬂ.p ng Sﬂ.p ng Tﬂ.p ng BD.Q ng Sﬂ.p ng 1DDiD ns HDiD ng 12Diﬂ ng |
Marne 1145 ns 11.4J5ns
EN1 H1
ENZ H1
o Inputs H7 i i [ i b A b B b b ] ¥ b b I 2
Dutputs H7 b i ] i H A H B H b ] b b b b N2

7. Build the Data Shuffling Circuit: The Brainless Microprocessor on the next page. Do not panic when you
look at this circuit! You already have everything you need to wire up this circuit. It is really not too hard to
build, but it has some very promising capabilities.
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8. Write a report to show that you understand

a. For your report:
i) Detail what the control lines must be for each step of this addition process.
ii) Repeat this to perform an OR operation on two numbers.
iii) Repeat this again to subtract two numbers by taking a two's complement. Do not worry about

overflow or carries.

b. Test all of your control line configurations on your circuit in Altera.

c. Record and report the results by making a truth table that includes all the control lines and the
appropriate functionality of the brainless microprocessor as follow:

Addition Operation:

Clear | Clock | Decoder | ROM | ROM A Invert | Logic | Read | Write | ACC. | ACC. RESULTS
1 2 Only IE OE

0 0>1 0 3 5 0 0 0 1 0 0 0 Pass data 3 through
the ALU

0 0>1 0 3 5 0 0 0 1 0 1 0 Data 3 is the input
value of the ALU B
inputs

0 0>1 1 3 5 1 0 0 1 0 0 0 Data 5 from ROM2
is on the A’s inputs
of the ALU.

You should also see
the addition of A=5
to B=3 of 8 on the
output of the ALU

0 0>1 F 3 5 0 0 0 0 1 1 1 The sum 8 should
show up on the
output of register 2

6. Program the design of the Brainless Microprocessor on a CPLD test board to determine its truth table.
a. Configure the device using the MAX7000s device family and the EPM7128SLC84-7 CPLD.
b. From Assignments menu, select Assign pins and then select the appropriate options as shown below:

Calegaey

U Linanmss Select the family and device wou want 10 taeget for compdation.

Titing Flecuremarts & Dptions
4 Dl Tool Settings

Cormpdation Process
W e

Fomde [MATO00S =] Devece b P Opters.. |

Tagel device
T Ao device sebeched by the Fims from the Wvadabie deviced it
1% Spociic devics seincind in Avalsbln devices' ot

r Assign Fin

ey
EFUTTIELSL CRLAN A~ | Showin ‘Avalatle devices' it

Backage:  [any =
Pricount  [any =
Specdgode [y x|
Coe volage. S0V

¥ Show fabvaercoes] Dervens

EPMAZEELLE0 o

[ e Cancel
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c. Compile your circuit one more time to make sure there are no errors.
d. Run functional simulation for sub circuits.

lab activity : i
e. Run atiming simulation.

7. Follow the directions from the previous labs to program the brainless microprocessor into the UP2 board.
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lab activity : i

1. For the following Decoder-4 device, which of the outputs (00...15) will be active based on the inputs of ABCD? Remember, A is the LSB and D
is the MSB.

Lab Questions

OTN o tUUTPUT 11
O2ZN o fUUTPUT 112
O3N o fUUTPUT 13
O4M p 0UTPUT  — D4
OSSN pS0UTPUT  — 05
OBMN p S0UTPUT  — OB
OTN peulell U7
VO N . I
k;IIH G Oan D—'-O—LEM—D 5
E Al GIN 10N py BB g
OVIN |y BB s
Q12N ST 3
O13N [pQUTPUT  — 13
O14M o S0UTPUT  — 14
015N |y SOUTBIT "7

............. i
/ST I
HE
/ST I
HE
/ST I

LA TR R

BT
G
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lab activity ﬁ
i

GIN[G2N[D|[C|[B|A 00 [0OL][02]03][04]05]06]07|08]09|10] 11|12 13| 14 ] 15
0 o |1]1]o0]o0 0

0 o |ofl1]0]|1 0

0 o |1]o]1]o0 0

0 o lolo]|1]1 0

0 o |1 |1]1]1 0
0 o |1]1]1]o0 0

0 o lolo|o|lo]|o
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lab activity

2. For the following Register-4 circuit, fill in the table below with the outputs values based on the inputs.

T R
iAd  — 21 1 SUTPUT T V1
CLE | — CLK
IE [ — I!J.P T E
CLR — CLR
A? | — IIII.PILIT a1 Y1 :'-UTPUT 3 w2
CLK
IE
CLR
in=st1
st — 21 1 SUTPUT T V3
CLK
IE
CLR
1hit_Redister
o T 21 1 SUTPUT [ Ve
CLK
IE
CLR
=t
IE[CLR[AL [ A2 [ A3 A4f[YL [ Y2]Y3] Y4
CLK
0>1] 1 0 1 1 0 0
021 1 0 0 1 0 1
0>1] 1 0 1 0 1 0
0>1] 1 0 0 0 1 1
0>1] 1 0 1 1 1 1
0>1] 1 0 1 1 1 0
021 1 0 0 0 1 1
0>1] 0 0 0 1 1 1
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lab activity ﬁ
i

3. For the following Buffer-4 circuit, fill in the table below with the outputs values based on the inputs.

Ll o .
(B2 C o+
ELLIC
- : ’TR ................. :
§A1 :) Ircl‘rfli‘l(lT : j‘[\f}_ ;OlJTPlJT :> 1
—
PAD :> IPUT ¢ TR‘l\\ OUTPUT :) Y3
: MG ] Jﬂ‘/ :
AL N :
—
R
: : [ :
iAS :> IchHP\ltiT - : / :OlJTPlJT :) 3
- : "TR ................. :
M :> Ir\sJ;?lflT : J‘:‘{u_ ;OlJTPlJT :) '
N1 | EN2JJAL | A2 | A3 | Ad]lY1|Y2]|Y3]|Y4
0 0 1 1 0 0
1 0 0 1 0 1
0 1 1 0 1 0
1 1 0 0 1 1
1 1 1 1 1 1
1 1 1 1 1 0
1 1 0 0 1 1
1 1 0 1 1 1
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lab activity @

4. For the Brainless Microprocessor, fill up the following table that with the appropriate control lines and the appropriate functionality.

a. OR Operation

Clear | Clock | Decoder | ROM | ROM A Invert | Logic | Read | Write | ACC. | ACC. RESULTS
1 2 Only IE OE

0 3 5

0 3 5

0 3 5 1 0 1

0 3 5
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b. Subtract Operation

lab activity ﬁ
i

Clear Clock Decoder ROM 1 ROM 2 A Only Invert Logic Read Write ACC. IE Agé: RESULTS
0 9 6
0 9 6
0 9 6 1 1 0
0 9 6
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lab activity ﬁ
A
c. NOT Operation:

Note: Before passing any data to the ALU, set up its control for the NOT operation (1’s complement). Aonly =0, Invert =1 and Arith/Logic
=1.

Clear Clock Decoder ROM 1 A Only Invert Logic Read Write ACC. IE Aé:é: RESULTS
0 7 0 1 1
0 7
0 7
0 7 0 1 1
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lab activity : i

5. After you have programmed the brainless microprocessor into the UP2 board, show the floor plans of our brainless microprocessor circuit
targeting the EPM7128SLC84-CPLD.
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