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Hardware design for Zybo

In this lab we will use Xilinx Vivado to design hardware, it is easy to use and
has all the programs we need built in.

Name your project, and select a place to put it, once that is done select RTL
project and click next.

Click next for the next two dialogues, when asked to add a constraints file stop
and lets add the one that we downloaded from Digilent.

This should tell Vivado about the hardware we are going to use. Next we need
to tell Vivado what chip we are using, if we look back at the Digilent website for
the Zybo we can make a note of the following information:

The ZYBO offers the following on-board ports and peripherals:

ZYNQ XC7722010-1CLG400C 512MB x32 DDR3 w/ 1050Mbps bandwidth
Dual-role (Source/Sink) HDMI port 16-bits per pixel VGA output port Trimode
(1Gbit/100Mbit/10Mbit) Ethernet PHY MicroSD slot (supports Linux file system)
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OTG USB 2.0 PHY (supports host and device)

The top line is what we want and will help us identify the chip. From the drop
down menus select Zyng-7000 for Family, Zyng-7000 for sub family, clg400 for
package, -1 for speed grade and C for temp grade. You will have two choices left
xc7z010clg-400-1 and xc7z020clg400-1, choose the fist one since your Zynq chip
is the Xilinx Zyng-7000 (Z-7010) as mentioned on the Digilent website. You also
want to grab the hardware guide for Zybo, it will help in future posts if you are
following along.

We are ready to confirm and create the project

So we should now have Vivado open with a new project like the picture below.

Now we are ready to create the block diagram and add some IP.

In the left side of the screen click on create block design. I named my block
design system but I dont think the name really matters.

Now that we have a new block design, we can go ahead and add some IP to it.
Click Add IP on the green highlight that appeared in the diagram window. Scroll
down and select Zynq7 Processing System.

Press Enter and you should now see a Zynq processor on your block design.

So far so good, lets double-click the Zynq block and customize our IP to the
Zybo.
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Now lets import the XPS settings that we downloaded from the Digilent site
that will describe our hardware, click the import XPS settings button

Select the .xml file that we downloaded from Digilent, click OK. Now click
OK in the import XPS settings window.



1 ICLLY BT ALY b1 ) £ S L)

low Nawigator «

Block Design

system

write_bitstream C

[Q=<f=] Design Hierarchy = LR Z=Diagram x @ Address Editor X
. 3] & system
Project Manager |
@ Project Settings ) External Interfaces x P
&% add Sources |nterface Connections =N
Lk P catalog New Project
IP Integrator New Project Summary I
7 create Block Design DDR: DDR
5% open Block Design @ & newRTL project named 'zybo_xeno’ will be created. ED_IOda D
& Generate Block Design C_04h
& Mo source files or directories willbe sdded. Use Add Sources to add them later. 070 FIXED_IO
simulation _ 0
IND_0
& simulation Setings /Ay Mo Configurable IP files will be acided. Use Add Sources to add thern later. -Ocle
(@) Run Simulation |_GPO
RIL Analysis @ 1 constraints file will be added, LK_CLKO
> &% Open Elaborated Design SETO N&
@ The default part and product family for the new project;
Synthesis Default Part: xc72010c1g400-1
5 Synthesis Settings Product: Zyng-7000
Family: Zyng-7000
 Run synthesis Package: clg400
> ¥ Open Synthesized Design Speed Grade: 1
Implementation =
D[
3 Implementation Settings
P> Run Implementation —guex
> &% Open Implemented Design =
To create the project, click Finish
Program and Debug
5 Bitstream Settings <Back || ned> |[_Enish | [ cancer | F-20
¥ Generate Bitstream - —— - - - S—
> @* Open Hardware Manager Adding component instance block -- xilinx.com:ip:processing system7:5.3 - processing system7_0
8 Launch mPACT Successfully read diagram <system> from BD file </home/greg/zyng/zybo_test/zybo_test.srcs/sources_1/bd/systen/systen. bd>
open_bd_design: Tine (s): cpu = 00:00:15 ; elapsed = 00:00:10 . Memory (UB): peak = 4888.531 : gain = 38.828
[ D
S 7d console | Messages [l Log
File Edit Flow Tools Window Layout View Help Search commands.
oo RkhX|($ P8 S K T GE[HEodaut Layou e |® Ready
Flow Navigator «| | Project Manager -zybo_xeno x
azs Sources — O % || EProject Summary x o x
ECIL L L proj i
4 project Manager o Gl = Project Seitings =
) Design Sources = .
4 Project Settings | Constraints (1) Project name: ko xeno
&% Add Sources Simulation Sources Product family: Zyng-7000
£F 1P catalog L sim_1 Project part: %c72010¢clg400-1
Top modle name:  Not defined
4 1P Integrator
2 Create Block Design Synthasis % Implementation
B¥ Open Block Design Status: = Not started Status;
& Generate Elock Design Messages: Mo errors or warnings Messages:
= Part *%¢72010¢lg400-1 Part:
4 Simulation Hierarchy | Libraries Compile Order o
Strategy:  Vivado Synthesis Defaults Strategy:
4 Simulation Settings A Sources | ¥ Templates
Incramental Compil
@, Run Simulation =
Properties -0 x Summary Route
4 RTL Analysis k
> [ Open Elaborated Design ERAVultons) #7]| Timing
4 Synthesis DRC information is not available because it hasn't been run Timing informati
45 synthesis Settings
P Fun Synthecis Utilization 2 Power
> @ Open Synthesized Design
4+ implementation Utilization information is not available because it hasn't been run Power informatic__
45 Implementation Settings [ ]
|>¢ FRun Implementation Beriem D — o =
> B OpeniimplementediDesign i BN Name [ Part [ Constraints | Strateg [ Host | Staus | Prc
o [ synth_L %c72010clg4001 constrs_1 Vivado Synthesis Defaults (vivado Synthesis 2013) Not started
4 Program and Debug | Lo impl 1 %c72010¢clg400-1 constrs_1 Vivado Implementation Defaults (vivado Implementation 2013) Not started
45 Bitstream Settings =
¥ Generate Bitstream : 2
> @ Open Hardware Manager | | |4
Launch IMPACT »
«
Ll |
@ Tcl Console  © Messages Gl Log = 2 Reports % Design Runs

Figure 8: Fig 8



dle EQE How 100 Window Layout View Help Q- search commands

i moBRilX | ® DX S X| T G [EDoefaur Layout 2 X2 NE Ready
“low Mavigator « | Project Manager - zybo_xeno x|
=] Sources — O % || ZPproject Summary x oe x
—_— =& et R E9 i i A
1 Project Manager ] Sl = Project Settings
_— 5 Design Sources =

& Project Settings & Constraints (1) Project name 2yho_xeno

% Add Sources simulation Sources Product family: 2Zyng-7000

£F P catalog L sim 1 Project part: #7201 0clga00-1

Top module name: ot defined

IP Integrator

% create Block Design Synthesis 2 | Implementation
B¥ Open Block Design Status: = Mot started Status:
& Generate Elock Design Messages: Mo errors or warnings Messages:
- Part: *€7z010cIg400-1 Part:
+ Simulation Hierarchy  Libraries Compile Order
Strategqy:  Vivado Synthesis Defaults Strategy:
% Simulation Settings & Sources ¥ Templatgy

@ Run simulation Create Block Design Incremental Compil

Properties

Summary  Route

| Please specify name of block design

RTL Analysis

> ¥ Open Elaborated Design A Timing

Synthesis Design name;  [system ]

it available because it hasrt been run Timing informati
5 synthesis Settings

P Run Synthesis E

> @ Open Synthesized Design

2 Power

+ Implementation Utilization information is not available because it hasn't been run Fower informatic

1 D
Design Runs _Doex
Narne. [ Part [_Constraints | Strateq: [ Host [ Status [

= synth_1 ¥C72010cl9400-L constrs_L Vvadu Synthesis Defaults (Vivado Synthesis 2013) Not started |
L= impl_1 ¥c72010¢clg400-1 constrs_1 ion Defaults (Vivado ion 2013) Not started |

&5 Implemartation Settings I

D> Run Implementation

b ¥ Open Design|

+ Program and Debug
5 Bitstream Settings
¥ Generate Bitstream

> @® Open Hardware Manager
W Launch iMPACT

RL2FZvBHL

K|
BTl Console | © Messages ElLog | 2 Reports 3 Design Runs

“reate and add an IP subsystem to the project

Figure 9: Fig 9

W EUL MW LoUs wineuw  Layuus view e - vearen commanas
tEEwoRRX Q> D> %S X| L (S [oefaul Layout - eN|® Ready
low Navigator « | Block Design - system X

== Design Hierarchy — O X || i=Diagram X o x

*] & system

Project Manager
@ | (@ This design is empty. To get started, Add P from the catalog.

5 Project Settings
&% Add Sources
1F IP catalog

system

1P Integrator

L —

Marne T vy
[TF Viterbi Decoder xilinx. com, =
4k XADC Wizard xilinx.com,
- YCrCb to RGB Color-Space Converter xilin. com. B
L ZVNQ7 Processing System wilinx, com,
£F ZVYNQ7 Processing System BFM xilinx. com.
Select and press ENTER or drag and drop, ESC to cancel

# create Block Design

5% open Block Design
&3 Generate Block Design

simulation
5 Simulation Settings
(@ Run Simulation

=Kl

& Sources  H Design Hierarchy

o
Y
I§
o
o
&
=%
Ej
&
@

RTL Analysis

iy Properties —_ouex
> &Y Open Elaborated Design

@

Synthesis
5 Synthesis Settings
$ Run Synthesis
b @F open Synthesized Design

Implementation

#5 Implementation Settings K|

I Run Implementation Tel Console _oOu x
[ T open_bd_design: Tine (s): cpu = 00:00:15 ; elapsed - 00:00:10 . Hemory (WB): peak - 4888.531 ; gain - 38.828 B

= | [ close_projec

= Ueatepprgjezt =zybo_veno /home/greg/zyng/zyba_xeno -part xe72010clgd00-1

i

&

b @¥ Open Implemanted Dasign|

Program and Debug
5 Bitstream Settings
%] Generate Bitstream

inport_files -fileset constrs_| -force -norecurse /home/greg/zyng/2vB0_laster. xde

TNFO: [Designutils 20-336] TiTERIAL cE: Changing the constrs_type of fileset 'constrs_1' to "XOC'.
TNFO: [TP_Flow 19-234] Refreshing IP repositories

TNFO: [TP_Flow 19-1704] lo user IP repositories specified

TNFO: [TP_Flow 19-2313] Loaded Vivado IP repository '/opt/¥ilinx/Vivade/2013.4/datalip’.
create_bd_design "systen”

Mrete : </home/greg/zynq/zybo_xeno/zybe_xens.srcs/sources_1/bd/systen/systen. bd>

» w® Open Hardware Manager
® Launch iMPACT

HTd Console = Messages Gl Log

Figure 10: Fig 10



e Navigator « | Block Design - system * >
=8 Design Hierarchy Y = LS Z=Diagram x [ Address Editor x = NEREY
Project M Az 3] 4 system
roject Manager
s system ¢| @ Designer Assistance avallable, Run Block Automation

5 Project Settings Processing_system7_0 Processing system:s.3) | X L@ Deslg g

(5% add Sources LS

1k IP catalog &Y

[

IP Integrator &

4% Create Block Design

=Y

5¥ Open Block Design .

rocessing_system?7_0
& Generate Block Design & P! 9.5y =
& DoR+ |

simulation . 4 Fixep 104 |

1 Simulation Settings &* max o act 7VN|() M_AXI_GPO< |

(@) Run Simulation =1 - FCLK_CLKO|
- 4s sources £ Design Hierarchy @ FCLK_RESETO_N

nawes Froperties I L P —
> @Y Open Elaborated Design S ZYNQ7 Processing System
Synthesis

5 synthesis Settings

# Run Synthesis
b @F Open Synthesized Design
Implementation = m[;

5 implementation Settings

» Run Tel Console _ouex
> B [ THFO: [Designutils 20-336] INTERNAL UCF: Changing the constrs_type of fileset 'constrs_1' to XDC'. =

B openimplenented Dot | pieo, [1p_Fiow 192341 Refreshing IP repositories

S| INFO: [IP_Flow 10-1704] llo user IP repositories specified

Program and Debug m INFO: [IP_Flow 19-2213] Loaded Vivado IP repository '/opt/Xilinx/Vivado/2013.4/data/ip’.

5 Bitstream Settings & create_bd_design "

i S ——. B ;;::fgr;u;/hume/;re;/zym/zybum/zybu,xenu.sr;s/suur;esj bd/systen/systen.bd>
» @® Open Hardware Manager x create_bd_cell -type ip -vlnv xilinx.com:ip:processing system7:5.3 processing systen7_0

B Launch mpacT ;;;:ZELCEM: Time (s): cpu = 00:00:05 : elapsed = 00:00:05 . Memory (UB): peak = 4895.125 : gain = 0.000

Figure 11: Fig 11

2YNQ7 Processing System (5.3)

#Documentation @ Presets (1P Location & Import XPS Settings

2age Navigator

« [zyna Bloak esign

Brasoskosm ]
PS2L Configuration 7l 1/0 Peripherals [WI
Peripheral 10 Pins SPI Settings Application Processor Unit (APU)
MIO Configuration BankO SEi]
lock confy Mio e
Clock Configurati > w
ok contgurstion (15:0) 12¢ ARM CorteX'-A9 ARM CorteX -A9
DOR Configuration CAN 0 Srm o] cPU cPU
CAN1 c
iming Calculati ontrol Regs.
SMC Tining Calculation e B
Interrupts UART 1 AXI
o — —
MUX GPIO - GIc Snoop Control unit ] < s‘:"”.
(MI0) SD 0 DMAB 7y
< —[_sp1 [N > chanael j{ 512 KB L2 Cache and Cenlrollel' |_Ports
USB 0
USB 1 oc 256 KB
ENET 0 CoreSight Interconnecf SRAM
ENET 1 Central CompUIig —3
Bankl 1
Mio FLASH Memory T
Interfaces ~ L4 DAP }
SRAM/NOR Memory
<
Q DEVC Programmable DDR2/3,LPDDR2
~— J 'Y ) Logic to Memory Controller
SMC Timing
Calculation *rrx
g DMAJ Sync
»| Clock Processing System(P$
Resets | Generation [ & & 3y B (
0f1]2]3
0l111213! gy ¢anded 32bGP || 32bGP |cponnels Config | '@ | High Performamee XADC
MIO (EMI0) PSP axi axi AES/ AXI 32b/64b Slave
Clock Ports. Master || Slave SHA
Ports Ports D
Programmable Logic(P

Figure 12: Fig 12

So we now see some check marks beside some peripherals. Lets take a second
and look at the clock configuration. Click the clock configuration in the left side
of the window, you should see something like the picture below
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NQ7 Processing System (5.3)
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Make a note of the input frequency. This is DIFFERENT from both Zedboard
and MicroZed and can cause some really frustrating problems when trying to
add correct features to the device tree when we boot Linux. Il explain what I
ran into when we go over how to get Xenomai/Linux to boot. Click Ok and the
customization screen should close and our processor should now have some inputs



‘umentation @ Presets [ P Location @ Import XPS Settings

Navigator « [clock € i

Block Design € Input Frequency (M) [50.000000 cPU clock Ratio

_ configuration

Iheral 110 Pins ‘omponent [ Clock Source [Requested Fi Jactual Frequency..] Range(MHz)
ProcessorMemory Clocks

“onfiguration |- cru [ARM PLL_ [~] [650.000000 650.000000 50.0: 667.0
[

T L oor DDRPLL (1] [525.000000 _ ]525.000000  200.000000: 53400,
10 Peripheral Clocks

Configuration I smMc 10PLL 100 10.000000 10.000000 : 100.000.
L osei opi  [-][0000000  ]200.000000 10000000 200.000.

Timing Calculation [
L eneto 0P (-] (1000 Mbps 125.000000

rupts L ENETL 10 PLL 1000 Mbps 10.000000
[ soo o P [ ]s0000000  10.000000:125.000
Lspi 0PI 166.666666 10,0000 0000000 ; 200.0000.

PL Fabric Clocks

L@ Fox oo 0Pl (-] [100.000000 100.000000 0.100000 : 250.0000.

-0 Faxcua DDRPLL 175.000000 175.000000 0.100000 : 250.0000.
O Fax ok ARM PLL 12.288000 12264151 0,100000 + 250,0000.
Lo raxa 10PLL 100.000000 100.000000 0.100000 : 250.0000.
system Debug Clocks

L 1Py External 200 200000000 10.000000 : 300.000...
Timers

|- wor cPU_IX 133333333 108333336 0.100000 : 200,0000..
& 0

o TTCL

Figure 15: Fig 15

EEIEEL LRI 33 1 L e £ et Reac

wr Navigator «| | Block Design - system *
BaEg Design Hierarchy —owe x Z=Diagram x E§ Address Editor x ow >
# t
Project Manager |4 system
€ Project Settings @ [@ Designer Assistance available. Run Block Automation
5% add sources & t
<F IF catalog &
IP Integrator I ;
# create Block Design processing_system7_0
=y
5% open Block Design
& Generate Block Design S oor+ |l
g i FiXED_104 ||
Simulation = nc_o< |||
1 Simulation Settings x M_AXI_ GPO_ACLK ZYNO‘ us::::&s# |
(@ Run simulation [~ - 04 Il
& Sources i Design Hierarchy @ M_AXLGPO+ (||
RTL Analysis e e FCLK_CLKO
p lock Properties —ow
» @ Open Elaborated Design 2 & FCLK_RESETO_N
Synthesis ik processing_system?_0r ZYNQT Processing System
1 synthesis Settings
 Run Synthesis Name: processing system?_0
b @ Open Synthesized Dasign Parent name: system
blcmetisien General Properties o]
5 Implementation Settings
[» Run Implementation el e g
> B TUFO: [IP_Flow 19-1704] flo user IP repositaries specified =
L) CrEm e BoelE) INF0: [IP_Flow 19-2313] Loaded Vivado IP repository ‘/opt/Xilinx/Vivado/2013.4/data/ip".
create_bd_design "systen”
Program and Debug Wrote : </home/greg/zyng/zyba_xeno/zybo_xeno, srcs/sources_1/bd/systen/system. bd>

) Bitstream Settings
%) Generate Bitstream

startgroup
creats_bd_cell -type ip -vlnv xilinx.com:ip:processing system7:5.3 processing systen?_0

= create_bd_cell: Time (s): cpu = 00:00:05 : elapsed = 00:00:05 . Memory (MB): peal = 4895.125 : gain = 0.000

endgroup

set_property -dict [list COUFIG. PCW_TUPORT_BOARD_PRESET {/heme/greg/zyng/ZVB0_zynq_def.xnl}] [get_bd_cells processing systen7_0]
TUFD: [PS7-11 Applying Custom Presct /home/greg/zyng/ZYB0_zyng_def.xnl...

b @® Open Hardware Manager
W Launch IMPACT

Xij&sSH#H

Figure 16: Fig 16

and outputs.
Connect the FCLK_CLKO to the M_AXI_GP0O_ACLK, once we scroll over the
input a pencil appears and then connect each input similar to Labview if anyone
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Figure 18: Fig 18

has used that before.
This pretty much just feeds a clock to the FPGA and is the most basic FPGA
design we can do. Im not a FPGA expert and plan to use the Zybo to further my
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Figure 19: Fig 19

learning when it comes to FPGA design. I believe this pretty much brings the
FPGA up and nothing else, so nothing on the FPGA is being used. Lets validate
our design, before we start to create the HDL wrappers and bit file. Run the Block
Automation as suggested by the green highlight.

Click the sources tab on the block design and right-click the system.bd file and
select Create HDL Wrapper.

Once that is complete we should see some Verilog or VHDL files. Now we
can go ahead and generate the bitstream file, this should be on the left side of the
screen near the bottom.

Once we are done, we can open the implemented design.

We are pretty much done! The next step is to export our design to the Xilinx
SDK to create the first stage bootloader. This will be the subject of my next post.
Remember to save your project since well need it in my next post.

If anyone runs into problems let me know I may have a step or two out-of-
order, but I was able to create the bit file again following these steps. Questions
and comments are always welcome.
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