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Lab 6 Outline

] Basic questions (2%)
B Individual assignment
u Due on 12/2/2021. Demonstration on your FPGA board (In class)

B Only demonstration is necessary. Nothing to submit.

n Advanced questions (5%)

Group assignment
eeclass submission due on 12/16/2021. 23:59:59.

Demonstration on your FPGA board (In class)

Assignment submission (Submit to EEClass)
] Source codes and testbenches

m Labreportin PDF



Lab 6 Rules

| You can use ANY modeling techniques

| If not specifically mentioned, we assume the following SPEC
B clkis positive edge triggered
B Synchronously reset the Flip-Flops when rst_n == 1'b0

B Please ignore the violations of these rules in the provided IPs.



Lab 6 Submission Requirements

B Source codes and testbenches
B Please follow the templates EXACTLY
B We will test your codes by TAs' testbenches

B Lab 6 report
B Please submit your reportin a single PDF file

B Please draw the block diagrams and state transition
diagrams of your designs

Please explain your designs in detail
Please list the contributions of each team member clearly

Please explain how you test your design

What you have learned from Lab 6
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Basic Questions

B Individual assignment

B FPGA demonstration (due on 12/2/2021. In class.)
B VGA sample code

B Mouse sample code

B Demonstrate your work by FPGA



Basic FPGA Demonstration 1

B VGA sample codes

B Please implement the VGA sample codes released on
eeclass

B Mouse sample codes

B Please implement the mouse sample code released on
eeclass
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Advanced Questions

B Group assignment

B FPGA demonstration (due on 12/16/2021. In class.)
B Dual FPGA communication
B The slot machine

B Thecar



Dual FPGA Communication
Requirements

B Please design a simple FPGA-to-FPGA communication protocol
B The protocol is required to fulfill the following requirements:

B Use the Handshaking protocol described below to send a
number from a Master FPGA to a Slave FPGA

B [Master -> Slave] Request
B [Slave -> Master] ACK
B [Master -> Slave] Send data (number)

B Your design should be demonstrable in an observable speed so

that TAs can know whether your design is correct or not

B Your design should be stable and should avoid signal loss



Dual FPGA Communication
Data Representation

For the Master FPGA, please use switches to represent numbers in one-hot form
For the Slave FPGA, please display the numbers on your 7-segment displays
Please illuminate LED[O] for at least 1 second when FPGA receive a request or an ACK

Below are input and the corresponding 7-segment display

A o o A a8

A s Al A

Otherwise : l
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Dual FPGA Communication
Button Control

The UP button is for reset, and the MIDDLE button is for sending requests

The communication starts only after the send request button of the Master FPGA is
pressed

When the Master FPGA resets, it stop communicate with the Slave FPGA until the next
send request button is pressed

When the Slave FPGA resets, the 7-segment display 0 until next request

The reset action of the two FPGA is independent of each other

@ «  reset

.:,{

Send request



Dual FPGA Communication
Communication Process

B  The whole communicate process is designed as below:

Master: Set
switch input
_— T~

Master: press

Slave: display

send request

TUTIOELD button

Master: LED[O] Slave: LED[O]
illuminate illuminate
>=1 sec

B The display on the Slave FPGA should be held until the data of next request is received
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Dual FPGA Communication
Port Connection via Jumper

A demonstration of the ports connection via jumpers (as defined in the XDC file) is
provided below.

In case that some ports are malfunctioning or failed to work corrected, you are also
allowed to use the other ports, as long as the two FPGAs can communicate correctly
according to our problem specifications.

m  Areference PMOD port mapping diagram is provided in the next page.
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JA12:PWR
JA11:GND
JA10:G3
JA9: H2
JAB:K2
JAT:H1

JXAC12:PWR
JXAC11:GND
JXAC10: N1
JXAC9: M1
JXAC8 : M3
JXACT: K3

Dual FPGA Communication

CIEIGIEIGIE

plojojalale

PMOD Reference Diagram

JAG: PWR
JAS: GND
JAA: G2
JA3:12
JA2:L2
JAL:)1

JXAC6: PWR
JXACS5: GND
JXACA: N2
JXAC3: M2
JXAC2:13
JXAC1:13

Basys3: Pmod Fin-Out Diagram

B

BT ADiGILENT

JB1:
1B2:
1B3:
JB4:
JBS:
1B6:

ic1:
1C2:
JC3:
ica:
JC5:
iC6:

Alsd
AlS
B1S
B16
GND
PWR

K17
Mis
N17
P18
GND
PWR

alalalalala
o|a|a|alala

1B7: A1S
1B8: A17
1B9:C15
1B10:C16
JB11:GND
1B12: PWR

1C7:L17
JC8: M139
1C9: P17
1C10:R18
JC11:GND
1C12: PWR
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The Slot Machine

The slot machine will run in an upward direction as you press Start (1), and in a
downward direction as you press Start (1)

Press Reset to reset the machine
Remember to add debounce and one-pulse circuits to your buttons
The moving behavior of each digit should be the same that in the sample code

The slot machined should be able to be played again without pressing Reset

t Reset

t
797 2ecer

- - _ @

bd

=
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The Car

Please refer to another slide deck for the details.

Make sure your car can run on the track correctly.

Use ultrasonic sensor to detect the distance.

m If distance < 40cm, stop the car.

We will have two tracks.

B Inthe basic track, we only care about its correctness.

B Inthe bonus track, we will test its correctness and speed.






