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Outline

* Design flow, design tool, development environment
for implementation of target system on FPGA

e Target board: Digilent Zybo-Z7
* Design tool: Xilinx Vivado 2017.4, XSDK 2017.4
1 Design flow overview

2 HDL design flow with logic simulation

3 Processor design flow



Conventional FPGA
Design Flow
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Register-Transfer Level (RTL) Design

 Combinational Logic
* Un-timed behavior (equation or truth table)

* Sequential Logic
 Timed one (Finite state machine (FSM))
* Register + Combinational logic

e RTL design

e Design behavior using high-level state machine (to be
explained)

* Remaining: Convert to sequential circuit



ardware Description Language (

e Represents hardware structure and behavior
e Can be processed by computers (as a software)

* VHDL, Verilog-HDL, AHDL, myHDL, MODAL

* Used for simulation/synthesis

// the body of the 4-bit counter.
always @(negedge clock or posedge clear)
if (clear)
qout <= 4'd0;
else
qout <= (qout + 1) ; //qout = (qout + 1) % 16;

| clock =

" o 2
0] D{3:0] Q3:0] "13'0

R

un3_qout[3:0]
[clear = ' qout[3:0]

DL)



HDL Design Flow with
Simulation



Target FPGA Board

* Digilent Zybo Z27-10/727-20

* Resource: https://reference.digilentinc.com/reference/programmable-logic/zybo-
z7/start

* Manual: https://reference.digilentinc.com/_media/reference/programmable-
logic/zybo-z7/zybo-z7 rm.pdf

g:l‘l Description g?xltl Description gzlt' Description
1 Power Switch 12 | High-speed Pmod ports * 23 Ethernet port
ZYBO- 5 _' ‘ ‘ 3 2 Power select jumper 13 User buttons 24 External power supply connector
A DlG“-ENt E@ ||| | ][ [[11JIH “ 3 USB JTAG/UART port 14 | User RGB LEDs * 25  Fanconnector (5V, three-wire) *
j&‘:‘:[ T g ﬂm ,’:E 4 MIO User LED 15 | XADC Pmod port 26  Programming mode select jumper
j m~ T AlLe 5 MIO Pmeod port 16 Audio codec ports 27 Power supply good LED
; 6 USB 2.0 Host/OTG port 17 | Unique MAC address label 28 FPGA programming done LED
7 USB Host power enable jumper 18 | External JTAG port 29  Processor reset button
8 Standard Pmod port 19 | HDMIinput port 30  FPGA clear configuration button
9 User switches 20 | Pcam MIP| CSI-2 port 31 Zynq-7000
10  User LEDs 21 microSD connector (other side) 32 DDR3L Memory

11 MIO User buttons 22 | HDMI output port * denotes difference between Z7-10 and Z27-20
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Run Vivado (Not HLS!!)

# source /opt/Xilinx/Vivado/2017.4/settings64.sh
# vivado &

File -> New Project

In "Create a New Vivado Project” window, Click "Next"

In "Project Name" window, set followings:

Project name: hello_ hw 1

Project location: C:/FPGA/lec2 (Windows)
/root/FPGA/lec2 (Unix)

Then, project will be created at: C:/FPGA/lec2/hello_hw 1

(/root/FPGA/lec2/hello_hw_ 1)
Next, Click "Next"



Settings (Cont'd)

In "Project Type", check "RTL Project”, then "Next"
In "Add sources"”, just click "Next", and in "add constraints"”, click "Next"
In "Default Part", carefully choose your FPGAI!, then "Next"

Finally, in "New Project Summary", then click "Finish"

Select: | {8F Parts | [l Boards

v Filter
Product category: = General Purpose v Speed grade: | -1
Eamily: Zyng-7000 v Temp grade: = All Remaining
Package: clg400 v
Reset All Filters
Search:  ©i- v
/O Pin  Available LUT . Block  Ultra Gb
2l Count  10Bs Elements | TWPFI%PS | DaMe | RAMs | 25T | Transceivers
{8} xc7z007sclg400-1 400 100 14400 28800 50 0 66 0
&} xc72010clg400-1 400 100 17600 35200 60 0 80 0
{8} xc7z014sclg400-1 400 125 40600 81200 107 0 170 0
&} xc7z020clg400-1 400 125 53200 106400 140 0 220 0



Vivado 2017.4 GUI

¢ hello_hw_1 - [C:/FPGA/lec2/hello_hw_1/hello_hw_1.xpr] - Vivado 2017.4 - o X
File Edit Flow Tools Window Layout View Help Q- Quick Ready
= )‘ I < TN £5 Default Layout v
Flow Navigator ¥4 8 PROJECT MANAGER - hello_hw_1 ? X
v PROJECT MANAGER 5
Sources ?2 00X Project Summary 200X
£+ Settings
a x & + hl
Add Sources Settings  Edit
Design Sources
Language Templates s & Constraints Project name: hello_hw_1
£ IP Catalog ~ = Simulation Sources Project location: CiIFPGAllec2/hello_hw_1
sim_1 Product family: Zyng-7000
Vv IPINTEGRATOR Project part: xc7z010clg400-1
Create Block Design Top module name: Not defined
Open Block Design Target language: Verilog
Simulator language: Mixed
Generate Block Design
v SIMULATION Synthesis Implementation
Run Simutaion Status: Not started Status: Not started
Messages: No errors or warnings Messages: No errors or warnings
L N Part Xc72010¢ig400-1 Part XC72010c1g400-1
> Open Elaborated Design Hierarchy | Libraries  Compile Order Strategy: Vivado Synthesis Defaults Strategy: Vivado Implementation Defaults
Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivado Implementation Default R
. - ”
Vv SYNTHESIS I = (o) () & Incremental compile:  None
P Run Synthesis &
> Open Synthesized Design DRC Violations Timing
Run Implementation to see DRC results Run Implementation to see timing results
Vv IMPLEMENTATION
P RunImplementation
> OpenImplemented Design B erey
ctan objectto see prop Run Synthesis to see utilization results Run Implementation to see power results
v PROGRAM AND DEBUG
i Generate Bitstream
> Open Hardware Manager
< >
TclConsole | Messages |Log |Reports | DesignRuns X ?2 00
Q = 2 %
Name Constraints ~ Status WNS TNS WHS THS TPWS TotalPower FailedRoutes LUT BRAMs URAM DSP Start Elapsed Run Strate
v > synth_1 constrs_1 Not started Vivado Syl
impl_1 constrs_1 Not started Vivado Im

EEE 0




Vivado 2017.4 IDE

¢ hello_hw_1- [C:/FPGA/lec2/hello_hw_1/hello_hw_1.xpr] - Vivado 2017.4 - o X
Ele Edt Flow Tools Wndow Laout View Help | O OuickAccess —
& « » B B X P> B & X %X & X 25 Default Layout v

FTEN PROJECT MANAGER - hello_hw_1 ? X
v PROJECT MANAGER
£ Settings
Add Sources
Language Templates

4F IP Catalog

v IPINTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

v RTLANALYSIS
> Open Elaborated Design

v SYNTHESIS

» Ru esis

.-Flow.
raCtr

» Run oY 4

> Open Implemented Design

v PROGRAM AND DEBUG
¥ii Generate Bitstream

> Open Hardware Manager

Tcl Console ‘Messages ‘Loa |Repom ‘DesianRuns x
Q | & K[> |(» |+ %

Name Constraints ~ Status WNS TNS WHS THS TPWS TotalPower FailedRoutes LUT FF BRAMs URAM DSP Stat Elapsed Run Strate

~ > synth_1 constrs_1 Not started Vivado Syl
D> impl_1  constrs_1 Not started P & L ° Vivado Im

< >

EEE 0%
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Logic Synthesis

e Synthesis of logic circuit (Mainly, sequential circuit)
from RTL description

e OQutput: Netlist

* Netlist: Represents a set of logic elements such as
primitive gates and flip-flops and their connections

Logic
always @(posedge clk) begin | synthesis s
if (sum > @)
X <= aj; a
else _D% x e

X <= b;
2 >
[_

end b
clk

(a) RTL description (b) Gate level netlist




Create HDL Source File

In "Sources”, right clock "Design Sources”, then click "Add Sources..."

In "Add Sources", confirm "Add or create design sources", then "Next"
In "Add or Create Design Sources”, click "Create File"

In "Create Source File", enter "hello_hw_top" to "File name:", then "OK"

Back to "Add or Create Design Sources", then "Finish", "OK", and "Yes"

Sources ? -00X ¢ Create Source File X
Q| =|[s |+ o
Create a new source file and add it to your
Design Sources project. ‘

Constraints
v Simulation Sot

. Hierarchy Update » File type: @ Verilog -
sim_ C' Refresh Hierarchy
. File name:  |hello_hw_top|
IP Hierarchy 3

Edit Constraints Sets._ File location: = &0 <Local to Project= v

Edit Simulation Sets. -

. ,/",'\

Add Sources... Alt+A




Write Your First HDL

Sources ? 00X Project Summary  x  hello_hw_topv*  x
Q E e + : Q C:IFP ec2/hello_hw_1/hello_hw_1.srcs/sources_1/new/hello_hw_top.v
v = Design Sources (1) Ql - X B N N/ B Q
“@a& hello_hw_top (hello_hw_tog.v) s T Preiect Gay d
> [ Constraints 10 Tt De Ye your coae
v Simulation Sources (1) 11 Too
> o sim_1(1) 1“ De
. 14 // Dependencied
Double click 15
1 Revision:
n [ 1]
hello_hw_top | Revision 0.01 - P Cre
Inresssres B o e 1 Additional Gomments:
Hierarchy Libraries Compile Order i

Source File Properties ? 00 X

@ hello_hw_top.v O 23 [~ module hello_hw_top(
24 | input [3:0]btn,
)

v Enabled -P outpl)J'f [3:0]led Enter HDL code
Location: C./FPGA/lec2/hello_hw_1/hello_hw_1.srcs/sour &7
28 assizn led[0] = btn[0] & btn[1]:
Type: Verilog 29 . assizn led[1] = btn[0] | btn[1]:
30 assizn led[2] = “btn[0];
Library: xil_defaultip | - 3 assizn led[3] = btn[1] & (btn[2] | btn[3]):
M 32 -] endmodule

< > P |



First Hardware

hardware must be
specified by

oo words module hello_hw_top(

input [3:0]btn,

- XILINX.

output [3:0]led i 53 ﬁ} l't"f Sl har
Assignment of a combinational logic
assign led[0] = btn[0] & btn[1];

1] = btn[0] | btn[1];
assign led[2] = ~btn[0];
3

assign led[3] = btn[1] & (btn[2] | btn[3]);

assign led|

endmodule



Specify Constraint

* Pins (Location), and its direction(Input/Output), scandalization (LVDS,
LVCMOS33,...)

* Download Digilent "Zybo-Z7-Master.xdc" from GitHub
https://github.com/Digilent/digilent-xdc/blob/master/Zybo-Z7-Master.xdc

Pull requests Issues Marketplace Explore

LI Digilent / digilent-xdc @Watchv | 11 &Star | 28 YFork 40
<> Code ssues 2 Pull requests 0 Projects 0 Wiki nsights

Branch: master v | digilent-xdc / Zybo-Z7-Master.xdc Find file = Copy path

artvwvb Added remaining supported boards 8f6665b on 13 Sep 2017

1 contributor

199 lines (156 sloc) 17 KB Raw | Blame History [J ¢ @

## This file is a general .xdc for the Zybo Z7 Rev. B
## It is compatible with the Zybo Z7-20 and Zybo Z7-10
## To use it in a project:

## - uncomment the lines corresponding to used pins

#% - rename the used ports (in each line, after get_ports) according to the top level signal names in the project

##(Clock signal
#set_property -dict { PACKAGE_PIN K17 IOSTANDARD LVCMOS33 } [get_ports { sysclk }]; #I0_L12P_T1_MRCC_35 Sch=sysclk

#create_clock -add -name sys_clk_pin -period 8.99 -waveform {@ 4} [get_ports { sysclk }];



Add Constraint File

Right click on "Constraints"”, and select "Add Sources..."
Make sure "Add or create constraints”, then "Next"

In "Add or Create Constraints", click "Add Files", then load

"Zybo-Z7-Master.xdc" from Digilent's GitHub repository, and
"Finish"

Sources ? O X
Q = ||+ &
v Design Sources (1

¥8& hello_hw_top (hello_hw_top.
> Constraints

v Simulatio

> sim_’

- Hierarchy Update 3
C' Refresh Hierarchy
IP Hierarchy 3
e ] Edit Constraints Sets...
Hierarchy L

Edit Simulation Sets...

) -+ Add Sources... Alt+A
Source File Pro|



Modify Constraint File

Sources ?
Q = & +

v Design Sources (1)

- OO0 X

& hello_hw_top (hello_hw_topv)
v Constraints (1)
v constrs_1 (1)
45 Zybo-Z7-Master.xdc
v Simulation Sources (1)

Double click
------------------------- Xdcfile-----.._.

> sim_1(1)

Hierarchy  Libraries Compile Order
Source File Properties ? 00X
gy Zybo-Z7-Master.xdc - o

Project Summary

X | hello_hw_top.v* »  Zybo-Z7-Master.xdc*

C:/Users/hirok/Desktop/Zybo-Z7-Master.xdc

, ##Buttons

narfyv
rty

. set_property
E set_property
. set_property
: set_property

##I CNe
)s

=L CUS

. set_property
set_property
. set_property
E set_property

Save your constraint

x B B N/ B Q

—Hint [ DANKARC N TR TACTANNADD | VAMNAC37 ]
dictl | U"w_ub"u.h__loul [10 1'.‘\5‘;"\\‘.-’;"“;.-' LVYLmUSss J

-dict { PACKAGE_PIN K18  IOSTANDARD LVCMOS33 }
-dict { PACKAGE_PIN P16  IOSTANDARD LYCMOS33 }
-dict { PACKAGE_PIN K13  IOSTANDARD LYCMOS33 }
-dict { PACKAGE_PIN Y16  IOSTANDARD LYCMOS33 }
-dict { PACKAGE_PIN M14  IOSTANDARD LYCMOS33 }
-dict { PACKAGE_PIN M15  IOSTANDARD LYCMOS33 }
-dict { PACKAGE_PIN G14  IOSTANDARD LVCMOS33 }
-dict { PACKAGE_PIN D18  IOSTANDARD LYCMOS33 }

Comment of "btn"s
and "led"s

X

lgel_ports | swlo

[get_ports { bt
[get _ports { bt
[get_ports { bt
[get_ports { bt

[get_ports { le
[get_ports { le
[get_ports { le
[get_ports { le



Do Logic Synthesis

Flow Navigator ? PROJECT MANAGER - hello_hw_1
v PROJECT MANAGER )
Sources ?2 00O X Project Summary X | hello_hw_top.v >
£ Settings
Q = £ + 0 & C:/Users/hirok/Desktop/Zybo-Z7-Master.xdc
Add Sources
v Design S 1)
Language Templates eslansouress Q « B K
b B
T 1P Catalog vt ¢ #5 Lasnch Ros Synthesis Completed
Vv |IPINTEGRATOR - - -
. Launchthe selected synthesis or implementation runs. )
Create Block Desiagn M Synthesis successfully completed.
>
Open Block Design
Generate Block Design | | Next
Hierar . .
Launch directory. & <Default Launch Directory= .
 SHULATION (®) Run Implementation
) . Source
Run Simulation - -
: Open Synthesized Design
o200 OPtiONS 2pen oy g
v RTL ANALYSIS Vi
§ - i View Reports
> Open Elaborated Design Y/ En @ Launchruns onlocal host: Number of jobs: 4
Locati
SYNTHESIS — Generate scripts only Dont show this dialog again
P Run Synthesis
Size:
¥ ed Design
- - MAAif. - - -
Generc Don't show this dialog again
Vv IMPLEMENTATION
P Run Implementation TclCon

> OpenImplemented Design Q

Name




Schematic View

Add Sources
Language Templates

¥ P Catalog

IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

SIMULATION

Run Simulation

RTL ANALYSIS
> Open Elaborated Design

SYNTHESIS
P Run Synthesis

v Open Synthesized Design
Constraints Wizard
Edit Timing Constraints
# SetUpDebug
© Report Timing Summary
Report Clock Networks
Report Clock Interaction
Report Methodology
Report DRC
Report Noise
Report Utilization

& Report Power

<R

-

-
-

3 hel

¢ Specify LUT Equation

> Specify LUT Equation for led_OBUF[3]_inst_i_1"

Cell Pi

Legal Operator Set:

@ XOR:'@ or™

@ AND: ™ or'& or"’
@ OR:+or’

@ NOT:~"or™

Examples:

@ 0=(0&NI1)+(11"12)
e0=10*~11|11*12
0=0

e0=1

LUT equation: |0=I0 &1M+I10& I2i

| Cancel l I Apply ‘

(il led_OBUF[3]_inst_i_1

12 11 10 O=I0&I1+I10&I2

0o 0 0 0

0o 0 1 0

0 1 0 0

0 1 1 1

1 0o 0 0

1 0 1 1

1 1 0 0

1 1 1 1

Edit LUT Equation...
Properties Power  Nets Cell Pi Truth Table < =

Tcl Console eports Design Runs

-

Hierarchv

«<Q = =2

” Hierarchy

- @ Q 1 &

btn[3:0] [D—

Utilization X

1

2

3

btn_IBUF[1]_inst
[¢]

IBUF
bin_IBUF[0] inst

©

IBUF
btn_IBUF[2]_inst
[¢]

IBUF
btn_IBUF[3]_inst
[¢]

IBUF

iF = C 12Cells 8lIOPorts 16 Nets o
led_OBUF[0]_inst_i_1 led_OBUF{0_inst
oo ‘a1 led[3:0]
i OBUF
LUT2
led_OBUF[1]_inst_i_1 led_OBUF{1Linst
1
0 o L=
I OBUF
LUT2
led_OBUF[2]_inst_i_1 led_OBUF[2]_inst
o o} o 2
Lum OBUF
F[3]_insTN
0 led_OBUF[3]_inst
TR o 3
2 OBUF
LUT3

>P

? 00
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RTL Simulation

e Confirm the designed circuit meets the required
specifications (or not)

 Simulation model

* Behavior of RTL description
e Verify correctness of functions and operations

* Synthesized netlist

* Timing and delay of signal change based on the delay time of
the assigned logic/memory element, analyze the state of signal
transition with propagation delay

* Allows analysis of power consumption
e Post placement and routing netlist

e Estimate wiring delay time and enable the most detailed timing
/power analysis



Set Simulation Source

Make sure "Sources tab" is selected

Right click on "Simulation Sources", then select "Add Sources..."

In "Add Sources", confirm "Add or create simulation sources", then "Next"

Sources X Netlist ? 006 i
Q=|¢|+ o
v Design Sources (1
& hello_hw_top (hello_hw_top.
v Constraints (1
v constrs_1 (1

g5 Zybo-Z7-Master.xdc
v Simulation Sources (1)

> sim_1 (1

Hierarchy Update »
C' Refresh Hierarchy

MY ek cmd cmd emd emdk emdh emdk amk et el

IP Hierarchy »

Edit Constraints Sets...

Edit Simulation Sets...

,,,,,,,,,,,,,,,,,,,,,,,,, < Add Sources... Alt+A
Hierarchy  Libraries Compneoraer I




Cont'd

In "Add or Create Simulation Sources”, click "Create File"

In "Create Source File", enter "test_hello_hw_top" in "File
name", then "OK", and "Finish"

In Define module, just "OK"

g  Create Source File X

Create a new source file and add it to your
project ¢

File type: ¥ Verilog v

File name: test_hello_hw_top

File location: & <Local to Project= v

7N\
[ )




Write TestBench

Sources X Netlist ? 010 | Device X | hello_hw_top.v X | Zybo-Z7-Master.xdc R
Q = s |+ : & C:/FPGAllec2/hello_hw_1/hello_hw_1.srcs/sim_1/newitest_hello_hw
. » Save your testbench
v Design Sources (1) - X BB / E ')
@& hello_hw_top (hello_hw_topv)
h —WIoP e e | Cmedile test_hel lo_tw:
v Constraints (1) 2 | reg [3:0]test_in;
v = constrs_1(1) i wire [3:0]test_out;
4y Zybo-Z7-Master.xdc Double click :

5 hello_hw_top hello_hw_top_inst(

testbench file ¢ :  -btn( test_in),

v & sim_1(2) A : .led( test_out)
CRIR

@& hello_hw_top (hello_hw_top.v)

v Simulation Sources (2)

@@ test_hello_hw (test_hello_hw_top.v) 0 initial begin
11 test_in = 47b0000;
12 10 test_in = 47b000T;
13 110 test_in = 47b0010;
14 0 #20 test_in = 47b0011;
15 end
16 endmodule

---------------------------------------------------------- | Write testbench



Run Behavioral Simulation

Vv SIMULATION

Run Simulation

Run Behavioral Simulation

Vv RTL ANALYS

< Untitled 1

Run Post-Synthesis Functional Simu

> Open Elz
Run Post-Synthesis Timing Simulati
v  SYNTHESIS
» Run Syni
v Open Synthesized Design v B test_in[3:0]
v/ Enablec .
Constraints Wizard ‘ - 3]
Pt @ [2]
& [1]
1% [0]
-
%3]
assign led[0] = btn[0] & btn[1]; &2
i [1]
assign led[1] = btn[0] | btn[1]; i 0]
assign led[2] = ~btn[0]; a

= btn[1] & (btn[2] | btn[3]); Verify your description with simulation result

4

assign led[3



Simulation Level

end

if (sum > 9)
X <= a;

else

X <= b;

always @(posedge clk) begin

(a) RTL description

Logic
synthesis

Technology
mapping

|-—>

B

clk

(b) Gate level netlist

LuT

L]

LUT —

(a) LUT level netlist

o)

sum

[3-8] U
CANCHE]
sflzgs

(b) Place

v

(b) Ga

]

LUT

e

clk

te level netlist

1l 5

(c) LUT leve

D)

I netlist
s
[]

Y HL

(c) Route

Behavioral Simulation:

Sim. Speed is faster,
but, low accurate

Post-Synthesis:
Sim. Speed is middle,
but, relatively accurate

Post-Implementation:

Sim. Speed is slower,
but, more accurate
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Technology Mapping

* Assign the synthesized netlist to the logic elements
of the FPGA

e Rewritable logic elements called LUT(Look-Up Table)
are used

Technology
s @' mapping

— s 1 O
'0} —2 ——wT—

chk

LUT

(b) Gate level netlist (c) LUT level netlist



Place-and-Routing

* Assign LUT-based netlist to logical resources and
routing resources on FPGA

* Generaly, after allocate logical resources and then
perform routing

LUT 3‘ 1 '|_I
o |0GE| o |0

— JLUT |— 3

(@) LUT level netlist (b) Place (c) Route



Launch Place-and-Routing

v SIMULATION

Run Simulation

v RTL ANALYSIS
> Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design

ented Design

v PROGRAM AND DEBUG

¥ Generate Bitstream

Hierarc

Source

@ test_f

v'| Eng

Locatid

2

Launch Runs

Launch the selected synthesis or implem

Launch directory: &5 <Default Launch

Options
® Launchruns onlocal host Nu

Generate scripts only

Don't show this dialog again

Implementation Completed

o Implementation successfully completed.

Next
@ Open Implemented Design
Generate Bitstream

View Reports

Don't show this dialog again

Cancel

General

Properties




Investigate FPGA Architecture

Device

@ - w7 3 R B o




Programming

* The completed circuit is converted as bitstream
(configuration data or program file) for

programming the logical and wiring resources in
the FPGA

* Send bitstream to the FPGA using the
programmer

e Direct writing by Joint Test Action Group (JTAG) to
program nonvolatile memory (Flash, EEPROM)

e Circuit configuration is erased due to power off or
reset of FPGA

e After writing, the board can be started as a
bootable unit
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Setup Zybo-Z7 Board

* Make sure the FPGA board is not connect to your PC

e Set jumper pins as shown in Photograph
e USB-power and JTAG mode

e Connect to the PC via mini-USB cable

e Turn on your FPGA board

[ﬂﬂm!!!
zvsoaﬂEC

TCI04,,,.,




Generate Bitstream
CO n fi g u ra t i O n d a ta Bitstream Generation Completed

o Bitstream Generation successfully completed.

0 ¢ LaunchRuns
Next

v SYNTHESIS

Launch the selected synthesis or implementatic

]

P Run Synthesis View Reports

> Open Synthesized Design <® Open Hardware Manag>er

Launch directory: @ <Default Launch Direct Generaga Memory Configuration File

Vv IMPLEMENTATION

P Run Implementation Options Don't shovgithis dialog again

> Open Implemented Design @ Launchruns on local host:  Number Cancel

Generate scripts only

Don't show this dialog again

Cancel




Programming

e Click "Open target", then "Auto Connect"

* Next, click "Program device", then "Program"

- —_ pa— —_——

A
I HARDWARE MANAGER - unconnectegd

© No hardware targetis op#h. Open target

- &7 Auto Connect
Hardware

Open New Target... |

I+ “time

i 2 2.

Dashpboard ~

A
I HARDWARE MANAGER - localhost/xilinx

Hardware

Q - e
B w

o There are no debug cores

cfiDigilent/210351A77F8DA

Program device JRefresh device

? 00 X hell

& ChF

Select a bitstream programming file and download it to your hardware device. You can optionally
select a debug probes file that corresponds to the debug cores contained in the bitstream

programming file.

Bitstream file:
Debug probes file:

v'| Enable end of startup check

C:IFPGA/lec2/hello_hw_1/hello_hw_1.runs/impl_1/hello_hw_top.bit

-]
(-]

Cancel

Ce=n



Welcome to HW world!




FPGA Configuration Methods

PC

Nonvolatile
memory

-

-
-
e
-
o

SD
card

—>| FPGA

Al (2)

T 3)

. <-- Memory write

. «— FPGA configuration !
(download) '



Processor Design Flow



Verification

Behavioral level |

simulation
NT
' High level synthesis I
Chap. 4.2
RTL RTL HDL RTLHDL
simulation \JF” description description
I | Logic synthesis
Synthesis : v
Netlist
Layout I
Timing I
verification -
Device I
Prototyping - I
L | | || || | | |

Behavioral
description

Design

Software
development
environment

Chap 4.5

Software
program




Board File Definition File

e Constraint File & IP cores for specified board

* Zybo-Z7: https://github.com/Digilent/vivado-boards/archive/master.zip
* Unzip and store to C:/Xilinx/Vivado/2017.4/data/boards/board_files
(For Unix, it is located in "/opt/Xilinx/Vivado/2017.4/data/boards/board_files")

> PC » Local Disk (C) » Xilinx » Vivado » 2017.4 > data > boards » board_files arty
O &% - EHEH &8 arty-a7-35
2 arty-a7-100
. li-imx274-mipi 20 T7A 0 T2V | | arty-s7-25
ultrazed_3eg_iocc 2017/02/ J74 0 T2 || arty-s7-50
' 4 . - -
ultrazed_3eg_iocc_es1 2( 174 ) 744 arty-z7-10
of ultrazed_3eg_pciecc 2017/02/ 774 )l 7245 Liarty-z7-20
+ ultrazed_3eg_pciecc_es1 2 T4 T2 basys3
- - -1
* ultrazed_3eg_som 2 2/ 74 ) 744 e
Itrazed_3 1 2017/06 7740 I35 AT
3 S 2 06/22 22:16 74 A%
ultrazed_3eg_som_e : - ’ ’ I
|_Recont MRS < b 7205 cora-z7-07s
zc702 2 7 1 A ’L' 7 cora-z7-10
2c706 2 774 T2 || genesys2
zcu102 2 T74IL TAILG| | nexys_video
d Files zed 2 2/25 16:32 T74 ) 7405 nexys4
@ ultrazed_board_definition_files_v2017_... 2017/06/22 22:17 NinRARZIP § nexys4_ddr
sword
zedboard
zybo
zybo-z7-10
zybo-z7-20




ello World on Zybo-Z7

e OQutput of "Hello World" with UART of PS section
and software on CPU

* Main part is PS section, but first we will make
hardware at Vivado

e After that, we will write Hello World software on
SDK



Create Project

Run Vivado 2017.4
File->New Project, then "Next"

Specify project name "hello_world 1" and its location is
"C:/FPGA/lec2_1" (For Unix, it is "/root/FPGA/lec2_1")

Select "RTL Project" with no sources and no

¢ New Project

Project Name
Enter a name for your project and specify a directory where the project data file

Projectname: |hello_world_1

Project location: C:/FPGA/lecZ_1

v'| Create project subdirectory

Project will be created at: C:/FPGA/lec2_1/hello_world_1



Select Zybo-Z7

In "Default Part", select "Boards" tab, and select your Zybo! (Z7-10 or Z7-
20)

Then, "Next" and "Finish"

¢ New Project X

Default Part
Choose a default Xilinx part or board for your project. This can be changed later. '

Select {8} Parts | ] Boards

v Filter/ Preview

Vendor: All v
Display Name:  All v
Board Rev: Latest v

Reset All Filters

Search:  Ci- v
Display Name Vendor Board Rev  Part 1/0 Pin Cc

| @ zypo z7-10 digilentinc.com  B.2 {8 xc72010clg400-1 400 =
@ zybo 77-20 digilentinc.com B.2 {8} xc72020clg400-1 400
@ Avnet UltraZed-3EG IO Carrier Card em.avnet.com 1.0 &} xczu3eg-sfvab25-1-i 625

@ Avnet Llltra7ed-3FG PCle Carrier Card em avnet com 10 {8} xc7u3e0-sfvaR25-1-i R25 b
<




Modern FPGA

e Processor System (PS) + Programmable Logic (PL)
* Hard macro IPs with dedicated IP (on PL)—> Short-time design

Processing System

Static Memory Controller Dynamic Memory Controller Programmable
Quad-SP1, NAND, NOR DDR3, DDR2, LPDDR2 ..
Logic:
System Gates,
DSP,RAM

X
12C

N LT e
1/0

™.A9 MPCore™ Cortex™-A9 MPCore™
MUX UART 32/32KB1/D Caches 32/32 KB 1/D Caches
i, il SEBLZtae S Comroltatsey)

"
A

P3|
SP
2

P3|
pA

2xSDIO

. with DMA .
2x USB

. with DMA .
2x GigE
it

with DMA

Multi Standards 1/0s (3.3V & High Speed 1.8V)

Multi Gigabit Transceivers

Source: Xilinx.com




I[P Design

* The scale of the digital system increases day by day, the
design-time is prolonged and the development cost is also
increased

 Modules such as interface, control of peripheral devices,
communication, encryption, compression, signal and image
processing are commaon in many cases

e Possible to reduce development time and cost problems
by reusing them

e Commonable and reusable hardware library

— IP (Intellectual Property)



Launch IP Designer

Flow Navigator

v PROJECT MANAGER
£+ Settings
Add Sources
Language Templates

F IP Catalog

Vv IPINTEGRATOR

Create Block Design

Open Block Design

Generate Block Design

Vv SIMULATION

Run Simulation

Vv RTL ANALYSIS
> Open Elaborated Design

PROJECT MANAGER - hello_world_1

Sources
Q = ¢+
Design Sources

> Constraints
v Simulation Sources

s

¢ Create Block Design

Please specify name of block design.

Design name: design_1|

Directory: & <Local to Project= v
Specify source set: Design Sources v
®

|




Select Zynqg PS

e Click "+" button and select "ZYNQ7", then ZYNQ IP core is
placed to BLOCK DESIGN Editor

e Click "Run Block Automation", and make sure "Apply Board
Preset" is checked, then "OK"

@ a ¥ Q + ¥ C 9

Search: O zyn| (1 match) * Designer Assistance a@un Block Automation >
@ZYNQ? Processing System)

npt\Press the + button to add IE

processing_system7_0

8

DDR + |||

- FIXED_IO + |||

M_AXI_GP0_ACLK ZYNQ Mfgiigﬂ;(:
FCLK_RESET0_N

ENTER to select, ESC to cancel, Ctrl+Q for IP details h ZYNQ7 Processing System




View Re-customize IP

Right click on "ZYNQ" block and select "Customize Block ...", then we can
modify the settings (However, these have already been specified by BDF)

ZYNQ7 Processing System (5.5)

© Documentation ¥ Presets

Page Navigator -

Zynq Block Design

PS-PL Configuration

Peripheral I/0 Pins

MIO Configuration

Clock Configuration

DDR Configuration

SMC Timing Calculation

Interrupts

IP Location @ Import XPS Settings

Zynq Block Design Summary Report
—l /0 Peripherals P
SPIO Settings Application Processor Unit (APU)
- SPL1 | swor |
M 12C 0
(15:0) j2c1 ARM Cortex -A9 ARM Cortex -A9
4 System Level cPU cPU
CAN Control Regs.
UART 0 64b
o UART 1 N L AXI
MUX GPIO N ; f oc eI ACP
(MIO) SD 0 B DMAS Slave
o D SD1 Channel l 512 KB L2 Cache and Controller Ports
USB 0
USB 1 o ocMm 256 KB
ENET 0 N CoreSight Interconnact SRAM
ENET 1 Central Components :
Bank1 +
MIO FLASH Memory - - l
(53:186) Interfaces - <= DAP
Me. »
NAND ’ <
QUAD SP1_V < | pEVE I Programmable DDR2/3,LPDDR2
T — Logic to Memory Controller
SMC Timing
Calculation
DMA Bync HEE
Clock 2 |9 [10]11 P S PS
4 [s |6 |7 rocessin stem
Resets l I Generation R g Sy (PS)
0|1]2] 3 DMA
I 1203 e a206P || 326P |cranmeis  Confin  |'RO Performamce XADC
MIO (EMIO) PS-PL AXI AXI AES/ AX132b/64b Slave
Clock Ports Master Slave SHA Ports
Ports Ports
Programmable Logic(PL)
I OK | I Cancel |
A T - = e =

7Yl

)

Block Properties... Ctri+E
% Highlight »

Orientation »

IP Settings...



Valid Design

* Right click on empty space, and select "Validate Design"

* This tutorial meets critical error

¢ Critical Messages X
° There was one error message while validating this design. processing_system?7 0
.
Messages DDR + |||====={"> DDR
. ) i FIXED 10 + —| > FIXED 10
0o [BD 41-758] The following clock pins are not connected to a valid clock source: - USBIND 0 4+ H -
/processing_system7_0/M_AXI_GP0_ACLK CLK ZYNQ LT G;O 4L
FCLK_CLKO -
FCLK_RESETO_N -

S

ng System

Open Messages View

W SelectAll Ctrl+A

4+ AddIP.. Ctrl+
Add Module...
IP Settings...

[ Vvalidate Design F6

Create Hierarchy...

Create Comment



Re-use PL Fabric Clocks

* PS generates 50MHz clock signal to control PL

¢ Re-customize IP

ZYNQ7 Processing System (5.5)

o Documentation Q Presets

Page Navigator -

Zynq Block Design

PS-PL Configuration

Peripheral I/O Pins

MIO Configuration

Clock Configuration

DDR Configuration

SMC Timing Calculatio

Interrupts

Clock Configuration

IP Location @ Import XPS Settings

Basic Clocking  Advanced Clocking

Input Frequency (MHz) 33.333333

« Q = £ =
Search:

Component
> Processor/Memory Clocks

> 10 Peripheral Clocks
~  PLFabric Clocks

v| FCLK_CLKO
FCLK_CLK1
FCLK_CLK2

FCLK_CLK3

. Al e o A ot

CPU Clock Ratio' 6:2:1

Clock Source

10 PLL v

10 PLL

10 PLL

10 PLL

Requested Frequ...

50

50

50

Actual Frequency(...

50.000000
10.000000
10.000000

10.000000

Summary Report

Range(MHz)

0.100000 : 250.000000
0.100000 : 250.000000
0.100000 : 250.000000

0.100000 : 250.000000

< ZYNQ

1

+ + + +

we] > DDR
wee] > FIXED_IO



Connect Clock Sources

Drag "FCLK_CLKO" and drop to "M_AX|_GPO_ACLK", then it automatically
connect them

Validate design again, then there are no errors

r B | |

w— > DDR
weeed > FIXED_IO
Connect from 'FCLK_CLKO' port to- B
, 'M_AXI_GP0_ACLK' port o
L ‘ ‘ processing_system7_0
r N\
DDR + |||===={"> DDR
FIXED_IO + |||====={"> FIXED_IO
- USBIND_O + |||
M_AXI_GP0_ACLK ZYNQ M_AXI_GPO + [
FCLK_CLKO
FCLK_RESETO_N o
- S
ZYNQ7 Processing System




Generate HDL Files

To re-use HDL design flow, do following steps:

1. Right-click on "design 1", and select "Generate Output
Products...", then "Generate"

2. Again, Right-click on "design 1", and select "Create HDL
Wrapper...", then "OK"

v Design Sources (1
%1 design_1 (design_1 hd)

> Constraints Source Node Properties...

v Simulation Sources (1 = OpenFile

’ sim_1 (1 & Create HDL Wrapper... D
View Instantiation Template
& Generate Output Products... >
Reset Output Products...




Synthesis Hardware and Export

¢ hello_world_1 - [C/FPGA/lec2_1/hello_world_1/hello_world_1.xpr] - Vivado 2017.4

FEile Edit  Flow Tools Window Layout View Help

e Click "Generate Bitstream", then "Yes" n kB 2

Open Project... )CK DESIGN - design_1
1 1 Open Recent Project
a n d O K Open Example Project...
-  a
Save ProjectAs... R = +

Write Project Tcl... Design Sources (1

L L
e Wait few minutes
L) - Constraints
ources (1

Close Project

* FPGA design tool do logic synthesis,  [—
place-and-routing, and generating
bitstream J e
* After finish bitstream generation, then- —

Open File

1 C | 1 ie... design_1.bd
a n C e v Open Recent File »

Open IP-XACT File... v| Enabled

ocation: C:IFPGAflec2_1/hello_wc
° 1] 11 nr: 11 1] b -
N enu , selec e an XPOor
Y 7 v ,
Qpen Source File... Sart Xc72010¢1g400-1
b "
en XpPOor draware
Export » Export Hardware...
345 PM
Launch SDK Export Block Design... |

* Check "Include bitstream"”, then "OK" | o, HEeremiy

TCUNTSUET eSS Sages ol Repoi




We are Here...

 Hardware (Processor) has already generated, however, there
are no software on the RAM

 HDF: Hardware definition file (Bitstream + Memory |/0O
map)

* Write software and compile it, then execute

ARM Processor

Zynq FPGA




Launch SDK

In Vivado, "Menu" -> "File" -> "Launch SDK" -> "OK"

Note: If you meet Visual C++ Runtime trouble, see
https://forums.xilinx.com/t5/Installation-and-Licensing/Vivado-Xilinx-SDK-
Error-Incorrect-Visual-C-Version/td-p/442628

-> Rename C:/Xilinx/SDK/2017.4/tips/win64/vcredist_x64.exe

(and xvcredist.ext both)
i

M Microsoft Visual C++ 2015
Redistributable (x64) - 14.0.24210

YAOAUI IO 7 SA O ARE

| |MICROSOFT VISUAL STUDIO 2015 H:3R#8E. VISUAL STUDIO SHELL,
§BLU C++ BEMOIEN T T

Eats.=Vrly J?b'ﬁ?:z 7*1’12,/7{%15 (BT r71<7’f12/2%1§h‘_’l,‘-l,‘-$ >

— L . e e ek A T L = e 4 AR

O34 2EERSMEREFCRETS(A




SDK Launched with designed

@ hello_world_1.sdk - C/C++ - design_1_wrapper_hw_platform_0/system.hdf - Xilinx SDK — O X
File Edit Navigate Search Project Run Xilinx Window Help
irY - |- R -0 iNDZRA@S Vi e [Quick Access| | g | (B

[ Project Explore = O  [ggsystemhdf &3 =8 Sox fyo *» = B

R
=3

=
v g design_1_wrapper_hw_platform_
|=) design_1_wrapper.bit
ps7_init_gpl.c
In] ps7_init_gpl.h

design_1_wrapper_hw_platform_0 Hardware Platform Specification o )
An outline is not available.

Design Information

Target FPGA Device: 72010

ps7_init.c Part:  xc7z010clg400-1

I ps7_inith Created With: Vivado 2017.4

@ ps7_inithtml Created On:  Wed Jun 13 22:17:11 2018
|5 ps7_inittcl

Address Map for processor ps7_cortexa9_[0-1]

|4 system.hdf

Cell Base Addr High Addr Slave I/f
Already loaded petintc st 0 ofoo0 st
ps7_gpio_0 0xe000a000 0xe000afff
ps7_scutimer_0 0xf8f00600 0xf8foo61f
ps7_slcr_0 0xf8000000 0xf8000fff
ps7_scuwdt_0 0xf8f00620 0xf8fo06ff
ps7_l2cachec_0 0xf8f02000 oxfafo2fff
ps7_scuc_0 0xf8f00000 0xf8f000fc
ps7_qspi_linear_0 0xfc000000 Oxfcffffff
ps7_pmu_0 0xf8893000 0xfBBI3FF
ne7 afi 1 MeFRONONNN N FRONGFFF M
< >
Overview‘
4} Target Connections §3 = B [# Pro.. 2 & Tasks B Con Pro.. ESD = 08 SDK Log &2 =0
&£ 19 4 22:42:16 INFO  : Registering command handlers fi .
, & Hardware Server Oitems 22:42:18 INFO  : Launching XSCT server: xsct.ba
Lirunc TCE A - A 22:42:21 INFO : XSCT server has started succes:
> & Hnux gent‘ Description Resource 22:42:21 INFO  : Successfully done setting XSCT
» (= QEMU TcfGdbClient 22:42:23 INFO : Processing command line option
22:42:23 INFO  : Successfully done setting SDK 1
v
< >



Make Project

In "Menu", "New" ->
"Application Project"

Set project name "HelloWorld"

OS: Standalone (default)

Hardware: (default)

Processor: ps/ _cortexa9 0

Language: C

Board Support Package (BSP):
HelloWorld bsp

(It is a library collection for your HW)

@ New Project

Application Project

Create a managed make application project.

Project name: | HelloWorld

Use default location

C¥FPGA¥lec2_1¥hello_world_1¥hello_world_1.sdk¥HelloWorl:

default

OS Platform: |standalone v
Target Hardware
Hardware Platform: | design_1_wrapper_hw_platform_0 New...
Processor: ps7_cortexa9_0 v
Target Software
Language: @C OC++
32-bit
N/A
Board Support Package: (® Create New HelloWorld_bsp
Use existing
7\ . .
() < Bacl Next > Finish Cancel




Check Source Code

"helloworld.c" has already been registered to a project

@ hello_world_1.sdk - C/C++ - HelloWorld/src/helloworld.c - Xilinx SDK
File Edit Navigate Search Project Run Xilinx Window Help

N-HE ®-R-EBiIH-O- NN RDME S D
[( Project Explorer 53 = B  |gg system.hdf Uiih, system.mss [g] helloworld.c §2
= \E| ¥ v * helloworld.c: simple test application
v 8 design_'1_wrapper_hw_|;'>latform_c * This application configures UART 16550 to baud rate 96@0.
’ =| design_1_wrapper.bit * PS7 UART (Zyng) is not initialized by this application, sinc
ps7_init_gpl.c * bootrom/bsp configures it to baud rate 115200
ps7_init_gpl.h
ps7_init.c * | UART TYPE BAUD RATE |
1 Ik ps7_init.h £ oo
; @ ps7_inithtml *  uartns550 9600
< = ps7_inittcl *  uartlite Configurable only in HW design
4 system.hdf *  ps7_uart 115200 (configured by bgotrom/bsp)
v 5 HelloWorld K
. % Binari
’ %’* Binaries #include <stdio.h>
> [ Includes #include "platform.h”
> (= Debug #include "xil _printf.h"
v [ (4
C > <l hell?world.c > - int main()
uuuu_\ullll\J.ll {
> [g platform.c init_platform();
> [n] platform.h
) Iscript.d print("Helle World\n\r");
=] Xilinx.spec

cleanup_platform();

> (s HelloWorld_bsp return @;




Environment Setup

Connect the Zybo to the PC, then turn-on power switch

In "Menu", "Xilinx" -> "Program FPGA", then "Program"

e Hardware is configured until you turn-off power

In SDK log, if "FPGA configured successfully..." is showed, then go to the
next slide, otherwise, turn-off and turn-on power, then try to "Program"

again

v
= B [ sDKLlog % B =0
W E ‘ B0 22:53:33 INFO : Connected to target on host "1 A
22:54:40 INFO : Connected to target on host 'l
22:55:11 INFO : Connected to target on host "1
22:55:13 INFO : "targets -s -14 r {itag cal
22:55:14 INFO & _FPGA configured successfully w O

—



Environment Setup & Run
Connect the Zybo to the PC

Run Terminal software (e.g. Tera Term for Windows, gtkterm
for Unix)

Connect "USB Serial Port" with 115200 bps

Select "HelloWorld" project in the Project Explorer, then, in
"Menu", "Run As" -> "Launch on Hardware (System Debugger)"

Bl ar w iy , 8T -
E:I projECt Explorer E:; = E VUL SILTITHUWULIULLG © AHTHIA DU
= 5 ‘ Y ¥ it Run  Xilinx Window Help
v (3 design_1_wrapper_hw_platform_C & @, Run Crl+F11 & v -
=| design_1_wrapper.bit &, Debug F11
) . i vorld.c 3 =
@ p57_fn!t_gpl.c , Run History > biario
@ p57_!n!t_gpl.h Run As $z 1Launch on Hardware (System Debugger)
[€ ps7_init.c LC o
. init.h Run Configurations...
@ pSZ_!n!:.ht | Debug History - %, 3Launch on Hardware (System Debugger or
@ ps7_inithtm =
- P 7—_ ol Debug As R & 4launch on Hardware (GDB)
=| ps7_inittc . o
— T 'l L St CI ICk (SEIeCt) Debug Configurations 5 Local C/C++ Application
Y, .

> ]

=7 HelloWorld

%%, Binaries
S Inclidec




Welcome to SW World!

00 o st
, since = pl
H
@ m
UART TYPE BAUD RATE
uartnss556 )6
iartlite Co in HW design
ps7 ua 1152 by beotrom/bsp

#include <stdic.h>
#include "platform.h”
#include "xil printf.h"

YT COMS - Tera Term VT
I74IWF) |EE) EZZE(S) IVRFO-UO) 24VEIW) ALT(H)

int main()
r Hel lo World

1
init_platform();
print("Helle World\n\r");
cleanup_platform();
return 9;

1

}




Exercise

1. (Mandatory) Execute the HDL design with following this
tutorial, and "hello world" software tutorial. Then, send

the source code and screen shot of your execution
situation by a PDF.

If you meet any troubles, don't hesitate to contact me.

nakahara@ict.e.titech.ac.jp
Deadline is 10™, July, 2020 JST PM13:20

(At the beginning of the next lecture)



