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Quartus Prime - IP catalog

1. Exercise goals

a. The use of IP components in the construction of digital circuits
b. Simulation using 1/0 files
c. Implementation and testing on the FPGA platform

2. Simulation using 10 files

[!] Create a new Quartus Prime project and add files .vhd from the course server

& New Project Wizard

Add Files

Select the design files you want to include in the project. Click Add All to add all design files in the project directory to th

MNote: you can always add design files to the project later.

File name:

.

File Mame

_— ypE —__ Library Design Entry/Synthesis Tool HDL Version
.{../WHDL/lab5/dds_200M.vhd VHDL File

- VHDL/labS5/dds_ 200 est Bench File

['] Perform analysis and synthesis of entity dds_200M, get to know the structure of the system
by viewing the diagram at the RTL level

Tasks Compilation * =R
Task
~ P Compile Design
v * P Analysis & Synthesis
B Edit settings
B view Report
v > Analysis & Elaboration

¥ P Ppartition Merge

- Netlist Viewers
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The internal structure of the system should include a phase accumulator of the programmable
frequency generator as shown in the figure below

cN Addo phase_next[55..0]

A[55..0] OUT[55..0]
B[55..0]

fout

clk200[ >

[!] Configure RTL simulation using testbench dds_200M_tb

Review the testbench code, check how to save the results to the output file.

* Mew Test Bench Settings

Create new test bench settings.

Test bench name: |dds_200M_tb |

Top level module in test bench @S_EMM_@ |

Use test bench to perform VHDL timing simulation

Design instance name in test bench: |NA |

Simulation period
' Run simulation until all vector stimuli are used
'®) End simulation a(l‘l,\ | |D|

Test bench and simulation files

File name: | I | Add
File Name Library HDL Version | Bemove
/../VHDL/lab5/dds_200M_tb.vhd VHDL_2008
Up

Down

4 Y | Properties... |
OK | | Cancel | | Help |
e "
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(smotaion |

Specify options for generating output files for use with other EDA tools.

Tool name: | Questa Intel FPGA v

Run gate-level simulation automatically after compilation

EDA Metlist Writer settings
Eormat for output netlist: | VHDL i Time scale: | 100 us
Output directory: |simulationfquesta

Map illegal HOL characters Enable glitch filtering

Options for Power Estimation

Generate Value Change Dump (VCD) file script | Script Settings...

Design instance name:

More EDA Netlist Writer Settings...

Nativelink settings

MNone

®! Compile test bench( | dds_200M_tb ¥ | | Test Benches...

Use script to set up simulation:

Script to compile test bench:

Mare Mativelink Settings... Reset

[!] Run RTL simulation for 1 second of device operating time

Tasks RTL Simulation * = 1E X

Task Time

> Analysis & Elaboration

RTL Simulation

B Edit Settings

Start Again

After running the simulation, plot a histogram based on the data in the output file (from the
A\simulation\questa directory). Determine what component frequencies the tested DDS system
generates.

3. Preparing the PLL clock generator

[1] Using the Quartus Prime IP component catalog prepare a 200MHz input clock generator
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IP Catalog Ll
LY X

* 3 Installed IP

* Project Directory

Mo Selection Available
* Library
¥ Basic Functions
b Arithmetic
b Bridges and Adaptors
¥ Clocks; PLLs and Resets
ALTCLKCTRL Intel FPGA IP
T PLL

¥ Save IP Variation

ALTPLL_RECONFIG IP variation file name:

: . . | OK
¥ Configuration and Programming |D:f5emestrijuartustabchlk_ipl |

rofo Cancel
IP variation file type

o>

Verilog

Make the settings on pages 1 and 6 of the Settings Manager. Leave the rest of the settings at
default.

Page 1: 50MHz

Page 6: 200MHz

GeneraliModes InputsjLock Bandwidt

Currently selected device Family: sy 10

clk_i
_p Match project/default

i &ble ko implement the requested PLL
nold) inclkD frequency : 50.000 MHz B Y
reset Operation hdode: Mormal |
General
[t [ Ratiaf P iagf D
Leo | 11| o.00 | s0.00]
which device speed grade will you be using? Ay -

Usze miliary temperature range devices only

‘What is the frequency of the inclkd input? MHz -

Set up PLL in LYDS mode Drata rate: | Mok Available Mbps
PLL Type
‘Which PLL type will vou be using?

Fast PLL Enhanced PLL (®) Seleck the PLL bype automatically

Cperation Mode
How will the PLL outputs be generated?

(@) Use the Feedback path inside the PLL
® In normal mode
O In source-synchronous compensation Mode
() In zero delay buffer mode
Connect the Fomimic part (bidirectional)
() With no compensation
Create an fhin' input For an external feedback (External Feedback Mode)

‘Which output clock will be compensated For? LI 4
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cllk_ip
nclkd inclkd frequency: 50.000 kiHz
resst Operation hiode: Homal
Leof 4 o.00 | so.00]

c0 - Core/External Output Clock

Able ko implement the requested PLL

s this clack,
Clock Tap Settings

(®) Enter output clack frequency:

(") Enter output clock parameters:
Clock multiplication Factor

Clock division Factar

Clock phase shift

Clock duby cwcle (35)

Actual Settings

hd 200.000000
1 s
1 = << Copy

s |1]

50,00

Mote: The displayed internal settings of the
PLL is recommended for use by advanced
users only

E

=

@
>

Descripkion
Primary clock WCO frequency {MHz) 600,000
Maodulus For M counker 2

Modulus For M counter

—

._.
£

Generated IP core interface (VHDL code)

2 ENTITY clk _ip IS

PORT

(
arsset
inclkO
ci :
locked

y:

51 END clk ip:

IN STD LOGIC := '0°';
IN STD LOGIC := '0°';:
OUT STD LOGIC

Per Clack Feasibility Indicators
ca
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4. Device integration

[!] Create a new main level design unit according to the given specification

11 kntity top dds 200M is

12 Port ( main clk : in STID LOGIC; —-- DElO-Lite SOMHz

13 sw : in S5TD LOGIC VECTCR (& downto 0); -- ons hot
14 locked ! omt std logic; —— ledr[0]

15 fout : omt STD LOGIC); —— gpic[0]

16 end top dds 200M;

[!] Place the generated IP core in the system, connect the 200MHz clock to the input of the
DDS_200M block.

clk_ip:clk_ip_inst

R |

fout
6 aresetf = Jc0 | L30w[5.
main_clk locked > locked
5. Pin assignment
[!] Assign the pins of the system according to the attached specification:
locked PIN_A8
| s ez
| swis  |ewais |
| s |eweiz |
| swo)  |ewcio |
| sum [ewen |
| s ez |
| sz lenpiz |
| manck lewen |
| four lenwvio |
Use Pin Planner or Assignment Editor for this purpose. All pins in the 3V3-LVTTL standard.
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Lal=Es]

Groups

Report

Tasks 1@ =
- Early Pin Planning

|| Early Pin Planning...

P Run I/O Assignment Analys

|| Export Pin Assignments

W Pin Finder...
- Highlight Pins
55 1/0 Banks
= vrer Groups
= Edges i
1 b
& | Named: * ¥ |<¥ |Edit
a MNode Name Direction
W fout Cutput
& locked Cutput
‘3_ main_clk Input
»- swle] Input
- sw[5] Input
» swl4] Input
- sw(3] Input
= sw(2] Input
o B sw(1] Input
& |- swiol Input

6. Prototype testing

Location
PIN_V10
PIN_AS
PIN_F11
PIN_AT3
PIN_BE12
PIN_A12
PIN_C12
PIN_D12
PIN_C11
PIN_CT10

B e L L T ]

Top View - Wire Bond
MAX 10 - T0M50DAF484C6GES

W 11 12 13 14 15 18 1T 18 19 :0 o21 2
b . E

o o a

n
Q
L
L
-}
il
Q
a
n

1/O Bank

& 7 & a

VREF Group
B3_NO
B7_NO
B3_MNO
B7_MNO
B7_NO
B7_NO
B7_NO
BY_NO
BY_NO
B7_NO

[!] Perform assembly and program the DE10-Lite platform.

Connect the oscilloscope probe to the GPIO[0]. Test the operation of the system for different SW

combinations.

W1 1z 13 12 15 16 17 18 19 2 31 32

Fitter Location I/O Standard
PIN_AT 3.3-VLVTIL
PIN_R2 3.3-VLVTTL
PIN_R11 3.3-VLVTIL
PIN_A13 3.3-VLVTIL
PIN_B12 3.3-VLVTTIL
PIN_A12 3.3-VLVTIL
PIN_C12 3.3-VILVTTL
PIN_D12 3.3-VLVTTIL
PIN_C11 3.3-VLVTTIL
PIN_C10 3.3-VLVTIL

nom B onomow

Reserved

Curren
8mA (d
8mA (d
amA (d
8mA (d
8mA (d
8mA (d
amA (d
amA (d
amA (d
amA (d
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