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Tutorial Overview

In the ISE/EDK tools, we'd use the Base System Builder to generate a base project for
a particular hardware platform. Now with Vivado, the process is a little different but
we have more control in how things are setup and we still benefit from some
powerful automation features. In this tutorial we'll create a base design for the Zynq
in Vivado and we'll use the MicroZed board as the hardware platform.
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Requirements

Before following this tutorial, you'll need the following;:

e Vivado 2014.2
e MicroZed

e Platform Cable USB Il (or equivalent JTAG programmer)

Create a new Vivado project

Follow these steps to create a new project in Vivado:

1. Open Vivado. From the welcome screen, click “Create New Project”.
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2. Specify a folder for the project. I've created a folder named “microzed_custom_ip”.

Click “Next”.

Project Name
Enter a name for your project and specify a directory where the project data files will be stored ‘

Project name: |microzed_custom_ip |

Project Jocation: | E:/Github/fpgadeveloper/microzed_custom_ip | D

Create project subdirectory

Project will be created at: E:/Github/fpgadeveloper/microzed_custom_ip
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3. For the Project Type window, choose “RTL Project”. Click “Next”.

Project Type
Specify the type of project to create. ‘

(@ RTL Project
~ You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation,
design planning and analysis.

Do not specify sources at this time

) Post-synthesis Project
" You will be able to add sources, view device resources, run design analysis, planning and implementation.

[ ] Do not specify sources at this time

I/O Planning Project
Do not specify design sources. You will be able to view part/package resources.

Imported Project
Create a Vivade project from a Synplify, XST or ISE Project File.

4. For the Add Sources window, click “Next”. We will add our multiplier source code
later.

5. For the Add Existing IP window, click “Next”.

6. For the Add Constraints window, click “Next”.

7. For the Default Part window, select the “MicroZed Board” and click “Next”.
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Default Part
Choose a default Xilinx part or board for your project. This can be changed later. ‘

Specify Filter

& Parts Vendor | All -
Display Name | All
Board Rev | Latest
Reset All Filters

Search: |Qv |

. ' ) " Availa
Display Mame Vendor Board Rev  Part I/O Pin Count  File Version DBs
¢ MicroZed Board em.avnet.comle | xc7z010clg400-1
@ 7edBoard Zyng Evaluation and Development Kit em.avnet.com d @ xc7z020clg484-1 484 1.0 200
@ Arti-7 AC701 Evaluation Platform xilinx.com 1.0 @ xc7a200tfbg676-2 676 1.0 400
M Kintex-7 KC705 Evaluation Platform xilinx.com 1.1 @ xc7k325tffgo00-2 900 1.0 500
# Virtex-7 VC707 Evaluation Platform xilinx.com 1.1 G xchvdB5tfg1761-2 1,761 1.0 700
E Virtex-7 VC709 Evaluation Platform wilinx.com 1.0 i wcIvx690tfg1761-2 1,761 1.0 850
B ZYNQ-7 ZC702 Evaluation Board xilinx.com 1.0 @ xc7z020clg484-1 484 1.0 200
B ZYNGQ-7 ZC706 Evaluation Board xilinx.com 1.1 @ xc7z045ffgo00-2 900 1.0 362
4 I L =]

BT=0 6 colllc coligin: -0

8. Click “Finish” to complete the new project wizard.

Change the project’'s default language

By default, the project will be created using Verilog as the default language. As we'll
be importing VHDL, let's change that to VHDL:

1. From the menu, select Tools->Options.

2. In the “General” tab select target language : VHDL.

Setup the Zyng PS

The new Vivado project starts off blank, so to create a functional base design, we
need to at least add the Zynq PS (processor system) and make the minimal required
connections. Follow these steps to add the PS to the project:

1. From the Vivado Flow Navigator, click “Create Block Design”.
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§> microzed_custom_ip - [E/Github/fpgadeveloper/microzed_custom_ipl/microzed_custom_ip.xpr] - Vivad... b‘ﬂg
—

File Edit Flow Tools Window Layout View Help Q- Search commands
AR @ RERX > D WS K E G Eutaon -] K&K © Ready
| Flow Navigator “ l Project Manager - microzed_custom_ip x
= = Sources — 0O Z Project Summary O 17 % ||
AT E = = = - -
IA Project Manager ‘ J aﬁl. z Project Settings
. ! 4= Design Sources = . . .
ﬁ Project Settings & Constraints Project name: micro;
&% Add Sources =+ Simulation Sources Product family: Zyng-]
1F P Catalog ~Sisim_1 Project part: Micro;
. : Top module name:  Not de
I In_tegrator Libraries | Compile Order |
Create Block Piesign Board Part
f ook & . & Sources | © Templates |
Open Block D = i . i
p Create Block Design — Display name: MicroZe
@ Generate Bo{ oate and add an P subsystem to the project. Board part name: em.avn
=] ¥ TESE ; . il
4 Simulation = Repository path:  C:/Xilin
%5 Simulation Settings E URL: hitp://v
i « [ »
(@ run Simulaton | | |—
Design Runs — 0O ¢ =
4 RTL Analysis a
> &% Open Elaborated Design . Name Constraints ~ WNS  THS WHS THS TPWS  Failed
e | [ = synth_1 constrs_1
4 Synthesis =|  =impl_l constrs_1
% Synthesis Settings 2
& Run Synthesis 4
> @¥ Open Synthesized Desig—| | W
4 Implementation :
&% Implementation Settings &
[» Run Implementation lll I I o
> @¥ Open Implemented Desi 5 Tcl Console LD Messages LE‘i Log Llé Reporté\i) Design Iluns]
Create and add an IP subsystem to the project r T—;‘ {

2. Specify a name for the block design. Let's go with the default “design_1" and leave

it local to the project. Click “OK".

¢ Create Block Design

@ Flease specify name of block design

Design name: |design_1

Directory: |Eﬁ <Local to Project>

3. In the Block Design Diagram, you will see a message that says “This design is
empty. To get started, Add IP from the catalog.”. Follow this advice by clicking on the
blue “Add IP” link, or by using the “Add IP” icon.
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4. The IP catalog should appear. Go to the end of the list and double click on the
block named “ZYNQ7 Processing System” - it should be the second last on the list.
Vivado will now add the PS to the block diagram.

Search: |q_.
&1
Mame VLMW
iF SMFTE2022-5/6 Video ov... xilinx.com... -

iF SMFTE 2022-1/2 Video ov... xilinx.com...
iF SMPTE 2022-1/2 Video ov... xilinx.com...

iF SMFTE SD/HD/3G-5DI xilinx.com...
iF System Cache xilinx.com...
iF Test Pattern Generator xilinx.com...

iF Tri Mode Ethernet MAC xilinx.com...
iF utility Differential I0 Buffer  xilinx.com...

iF Utility Reduced Logic xilinx.com...
iF Utility Vector Logic xilinx.com...
iF Video Deinterlacer xilinx.com...

iF video In to AXI4-Stream xilinx.com...
iF video On Screen Display xilinx.com...

iF Video Scaler xilinx.com...
iF video Timing Controller xilinx.com...
iF VIO (Virtual Input/Output)  xilinx.com...
iF Viterbi Decoder wilinx.com...
iF ¥ADC Wizard wilinx.com... =

. Hilinx.com...

“Talincom... [N

¥ilinx.com... =
Select and press ENTER or drag and drof;ESE-to' mancel

5. In the Block Design Diagram, you will see a message that says “Designer Assistance

available. Run Block Automation”. Click on the “Run Block Automation” link and select
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“processing_system7_0" from the drop-down menu. Block Automation makes
connections and pin assignments to external hardware such as the DDR and fixed
|0. It does this using the board definition of the hardware platform you specified
when you created the project (MicroZed). We could make these connections
ourselves if we were using a custom board, but for off-the-shelf boards, Block

Automation makes the process a lot easier.

) & 3 Ready
x|
R JE“ Diagram Xlﬂhddress Editor X T
#l| 2 design_1
-ocessing Sy &i [ Designer Assistance available. Run Block Automation |
W procesd iF /processing_system?_0 .
s poR=H]|
i o - FIXED_104:]||
.Tar'"@ E =fvna_croaclk 7Y IRY) M_AF)::I L_KG_F;OL?{}- |
O~ x ﬁ FCLK_RESETO_N
', ZYNQ7 Processing System
; 1 e 1 o, = i o, e .

=|
M A = |

6. In the Block Automation window, make sure “Apply Board Preset” is ticked and
click “OK".

Zyng7 block automation applies current board preset and generate external connections for
FIXED_IO, Trigger and DDR interfaces

MOTE: Apply Board Preset will discard existing IP configuration - please uncheck this box, if you
wish to retain previous configuration

Instance: /processing_system7_0
Make Interface External: FIXED_IO, DDR
Apply Board Preset:

Cross Trigger In:

Cross Trigger Out:

7. Now our block diagram has changed and we can see that the DDR and FIXED_IO
are connected externally. Now the only remaining connection to make is the clock
that we will use for the AXI buses. We must configure the Zynq to generate a clock

and enable a general purpose AXI bus. To make these settings, double click on the
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Zynq PS block.

J:—ﬂl)i!grdm x]&Address Editor X] m]
ﬂ Fu design_1
Q .
;-_E processing_system7_0
[
E DDR=k ||—
fe)
o d FIXED_IO <k ||— DDR
7 usBIND_0<5 || Lo FIXED 10
I . TTCO_WAVEQ_OUT -~ 2 B
8 ZYNQ. TTCO_WAVE1_OUT —
@
& TTCO_WAVE2_OUT —
FCLK_CLKO —
FCLK_RESETO_N —
ZYNQ7 Processing System
-".-an—::\m-_’_-\——’_\-ﬁ—h,-_\—r Sl
. -l =~

8. The Re-customize IP window will open. From the Page Navigator, select “Clock

Configuration” and open the “PL Fabric Clocks"” tree.

I¥YNQ7 Processing System (5.4) ‘
i Documentation #3 Presets [ IP Location #5 Import XPS Settings
Page Mavigator « || Clock Configuration Summary Report
Zynq Block Design Basic Clocking rAdvanced Clocking ]
PS-PL Configuration || 4= Input Frequency (MHz) 33.333333 CPU Clock Ratig 6:2:1  ~ |
_ ||
Peripheral /O Pins =1 Search: |Qv |
v
) e
MIO Configuration | Component Clock Source  Requested Frequ... Actual Frequency... Range(MHz)
|C|ock Configuration B [} Processor/Memory Clocks
! [+ 10 Peripheral Clocks
DDR Configuration = PL Fabric Clocks

'
FCLK_CLK1 10 PLL 100 100.000000 0.100000 : 250.000000

FCLK_CLKO 10 PLL v”1[][] 100.000000 0.100000 : 250.000000

SMC Timing Calculatior

Interrupts
FCLK_CLK2 10 PLL 33.333333 33.333336 0.100000 : 250.000000

FCLK_CLK3 10 PLL 50 50.000000 0.100000 : 250.000000
[+ System Debug Clocks
[ Timers
\‘--wﬂ-ﬁ — - -_ - .
Al OK* | ancel =

9. Make sure that the FCLK_CLKO is enabled (ticked) and that it is set for a frequency
of 100MHz. This will be our AXI clock.
10. Now from the Page Navigator, select “PS-PL Configuration” and open the “GP

Master AXI Interface” tree.
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11. Tick the “M AXI GPO interface” checkbox to enable it.

IYNQ7 Processing System (5.4) ‘
} @ Documentation ﬁ Presets [ IP Location ﬁ Import XP5 Settings
Page Mavigator || PS-PL Configuration Summary Report
nq Block Design
o 9 + Search: |Q'
|PS-PL Configuration <N
= | Name Select Description
Peripheral I/O Pins % . General

- DMA Controller
=l GP Master AXI Interface

MIO Configuration

Clock Configuration B M AXI GPO interface Enables General purpose AXI master interface 0
DDR Configuration F-M AXI GP1 interface k Enables General purpose AXI master interface 1
E [+ GP Slave AXI Interface
SMC Timing Calculatior [ HP Slave AXI Interface
[ ACP Slave AXI Interface
Interrupts
[+}-PS-PL Cross Trigger interface Enables PL cross trigger signals to PS and vice-versa
4] ] | 3
\F.qﬁcfpﬂ — — Y
- oK | ancel i

12. Now click “OK" to close the Re-customize IP window.

13. You should now see a new input port on the left side of the Zynq PS block. This is
the AXI clock input.

J:-' Diagram X l B Address Editor X] ]
A, design_1

T
x

processing_system7_0 i

DDR3 |[—
FIXED_IOk |||—
usBIND_0<: ||| | => DDI

M_AXI_GPOd: ||| =] FIX

—M_AXI_GPO_ACLK  7yNOT TTCO_WAVEO_OUT
TTCO_WAVE1_OUT
TTCO_WAVE2_OUT
FCLK_CLKO
FCLK_RESETO_N

m

CRASQE NG PBICTELL |

ZYNQ7 Processing System

- - - L
e e e i e T e T

- U

-

We must now connect the FCLK_CLKO output to the AXI clock input. To do this, click
on the FCLK_CLKO output and then click on the M_AXI_GPO_ACLK input. This will trace

a wire between the pins and make the connection.
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ﬂ A, design_1
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: & ll—
& FIXED_I045 |||—
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= usBIND_0¢: ||| | == DDI
b M_AXI_GPo<: || = FIX
g . I_GPO_ACLK ZYNQ TTCO_WAVEO_OUT
[} Connect from 'FCLK_CLKO' port to TTCO_WAVE1_OUT I
o ' '
& M_AXI_GPO_ACLK' port WAVEZ_OUT

FCLK_RESETO_N

ZYNQ7 Processing System
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Create the HDL wrapper

Now the Zynq is setup and all we need to do to create a functional project is to
create a HDL wrapper for the design.

1. Open the “Sources” tab from the Block Design window.
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o Block Design - design_1 *

Sources - O * |E—= Diagram
AT wet BE 31 design.
[=H= Design Sources (1)
. [H-4k design_1 (design_1.bd) (1)
[+ Constraints
EHE‘.' Simulation Sources (1)
H-Esim_1 (1)

M

LR R

IP Sources | Libraries | Com 4 » B

RS QY Ny LA E

System Met Pr — O 2 =

& > B35

T processing_system?7_0_FCLK_CLKD
| -

- -
|| T —— | T, T ]y —

Sources

2. Right-click on “design_1" and select “Create HDL wrapper” from the drop-down

menu.

nege  wrws | oo - | — ¥ | - - s | el

Block Design - design_1 *

Sources — O JE—- Diagram X @
QE%IE‘B&H. *[1| & design_1
[=H= Design Sources (1) Q¢

M= N design_1 (desion 1.bd) (1 3

'E'l Constraints | [& Source Node Properties... Ctri+E
E"%”"S‘:Eﬁi'”ifj‘ @ Open File Alt+0
| Create HDL Wrapper...

View Instantiation Temp}‘ﬁe
Generate Output Products...
Reset Output Products...
Fackage Block Design...

F'._.—,T“.' 'T"'-'T‘-H_"T'-\—
_____ S =

3. From the “Create HDL wrapper” window, select “Let Vivado manage wrapper and
auto-update”. Click “OK".
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@ You can either add or copy the HOL wrapper file to the project. Use copy option if you
would like to modify this file.

Options

(") Copy generated wrapper to allow user edits

(@) Let Vivado manage wrapper and auto-update

From this point, we have a base design containing the Zynqg PS from which we could
generate a bitstream and test on the MicroZed. We haven't exploited any of the FPGA
fabric, but the Zynq PS is already connected to the Gigabit Ethernet PHY, the USB
PHY, the SD card, the UART port and the GPIO, all thanks to the Block Automation
feature. So there is already quite a lot we could do with the design at this point, such
as running Linux on the PS or running a bare metal application on it.

Generate the bitstream

To generate the bitstream, click “Generate Bitstream” in the Flow Navigator.

[# LD L e ag

> @¥ open Implemented Design

4 Program and Debug

#f5 Bitstream Settings Properties |

| Generate Eitstrearr§ Tel Console
 @® Open Hardware Mg&=sss —

: L files E:/Githut
Generate Bitstream b/ fpgadevelop:

Generate a programming file after implementation.; gesign 1.vhd

VHDL. Jutput written to : design_ 1 Wrapp¢
Wrote @ <E:/Github/fpgadeveloper/micro:c
[~ make wrapper: Time (s): cpu = 00:00:13 ;
add files -norecurse E:/Github/fpgadeve.
update compile order -fileset scurces 1
update compile order -fileset aim 1

¥ iy B =

4|

Type a Tcl command here

I| Generate a programming file after implementation g =

Once the bitstream is generated, the following window appears. Select “Open
Implemented Design” and click “OK".
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-

Bitstream Generation Completed % 23

':o:' Bitstream Generation successfully completed.

Mext

@) Dpen Implemented Desigri

View Reports

Open Hardware Manager

Don't shows this dialog again

OK J | Cancel

Py e ™ ™ o,
PR P25 P L LT, P P e 0

L A

The implemented design will open in Vivado showing you a map of the Zynq device
and how the design has been placed. In our case, we haven't used any of the FPGA
fabric (only the PS), so the map is empty for the most part.

Implemented Design - xc7z010clg400-1 (active)

ol

Netlist _Oouwx I Project Summary X | & Device X O
< H|E

21 design_1_wrapper

B Nets (130

FeH@ design_1_i (design_1

1M

&b Sources., U Netlist

Properties —Ouw =

2

Oooo Ooooooo OO

Design Runs —Oe x

N Name Constraints WMS TNS WHS THS TPWS  Failed Routes LUT FF BRAM DSP  Start Elapsed  Status Progress

=+ synth_1 constrs_1 0.51 0.00 0.00 0.00 7f31f14 1:58 PM  00:00:51 synth_design Complete!
+ impl_1 constrs_1 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 7/31/14 1:59 PM  00:01:33 write_bitstream Complete!

4k &4
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