Fixed-Point Types in Xilinx Vivado:
Example of using the types ufixed and sfixed

Required Files:

To be included in all Vivado projects using the ufixed and sfixed data types:
o fixed float types c.vhd
o fixed pkg c.vhd
Specific to this example:
e Fixed test.vhd
e Fixed test tb.vhd

Please note that the files using the fixed-point representation types (in our case, Fixed test.vhd
and Fixed test tb.vhd) must contain the following declarations:

library ieee proposed;
use ieee_proposed.fixed pkg.all;

Step 1:

Create a new project (e.g., sfixed_test) and add
» fixed float types c.vhd
» fixed pkg c.vhd, and
* Fixed_test.vhd

to this project as design sources.

PROJECT MANAGER - sfixed _test

Sources 2 _ 0w x| Project Summary
Qa T &2 + o Overview | Dashboard
Design Sources
Settings  Edit
Constraints
Simulation Sources Project name: sfixed_test
sim_1 Project location: C:/Users/Kris Gaj/sfixed_test
Utility Sources Product family: Artix-7
Project part: xc7a35tcpg236-1
¢ Add Sources X
P Add Sources
VI\/ADO This guides you through the process of adding and creating sources for your project
HLx Editions
Add or create constraints
®) Add or create design sources
Add or create simulation sources
Hierarchy  Libraries  Compile Order
i
Properties 2 0O

& XILINX




PROJECT MANAGER - sfixed_test

Sources. 2 _ 0 x| Project Summary
Q = = + o Overview | Dashboard
Design Sources it
Settil it
> % Constraints ——
v = Simulation Sources Project name: sfixed_test
sim_1 Project location: C:/Users/Kris Gaj/sfixed_test
> = Utility Sources Product family: Artix-7
Project part: xc7a35tcpg236-1

4 Add Sources

Add or Create Design Sources

and add it to your project.

Hierarchy = Libraries  Compile Order

oy
Fixed_Testvhd xil_defaultlib  Z:/Windows/fixed_tes
fixed_float_types_cvhd  xil_defaultlib  Z:/Windows/fixed_test
fixed_pkg_cvhd xil_defaultlib  Z/Windows/fixed_test

Properties ?2_00

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on disk ’

Add Files ” Add Directories || Create File
Select an object to see properties [ Scan and add RTL include files into project
Copy sources into project
2 [ <Boex | [ Emisn | [ cancel |
Step 2:
e Fixed test tb.vhd
to the project as a simulation source.
| PROJECT MANAGER - sfixed_test
Sources 2 00 % | Project Summary
Qa 2 + 0 es % | Overview | Dashboard
v % Design Sources (2) -
> & Syntax Error Files (1) EEIeD =
“ Fixed Test/Dataflow) (Fixed Testuhd) Project name: sfixed_test
> % Constraints Project location: CUsers/Kiis Gaj/sfixed_test
% Simulation Sources (2) Product family: Artix-7
> sm1 ) Project part xcTa35tepg236-1
> = Utility Sources #° Add Sources

Add Sources

VIVADO!

This guides you through the process of adding and creating sources for your project
HLx Editions

() Add or create constraints
() Add o create design sources

(®) Add or create simulation sources

Hiel

rchy | Libraries  Compile Order

Properties ?_04

Select an object to see properties
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PROJECT MANAGER - sfixed_test
Sources 2 _ 0 x| Project Summary
Q =z 2 + 0s o Overview | Dashboard

Design Sources (2) v

Settil i
> = Syntax Error Files (1) o
@ - Fixed_Test(Dataflow) (Fixed_Test.vhd

Project name:

> = Constraints Project location:
Product family:
Project part:

#  Add Sources

sfixed_test

Simulation Sources (2)

> & sim_1(2)

> % Utility Sources

Artix-7

C/Users/Kris Gaj/sfixed_test

xc7a35tcpg236-1

Add or Create Simulation Sources

Specify simulation set:

sim_1

Fixed_Test_tb.vhd

xil_defaultlib  Z:/Windows/fixed_test

Specify simulation specific HDL files, or directories containing HDL files, to add to your project. Create a new source file on disk and add it to
your project.

Select an object to see p

Add Files “ Add Directories “ Create File
(7] Scan and add RTL include files into project
%) Copy sources into project
¥) Include all design sources for simulation
> [<ooa | [ news | [ | [conmt |

Step 3:

In the Sources window click on the tab Libraries

PROJECT MANAGER - sfixed_test

Sources

a|lx|s
z 2

v Design Sources (3)

VHDL (3)

v

xil_defaultlib (3)
® fixed_float_types_c.vhd
® fixed_pkg_c.vhd

® Fixed_Test.vhd
Constraints

v

constrs_1

v Simulation-Only Sources (1)

>

sim_1 (1)
Utility Sources
utils_1

v

? 00 X




Step 4:

In the Source File Properties window, set the library name for the files

» fixed float types c.vhd
» fixed pkg c.vhd

to
ieee_proposed.

Additionally, change the type of these files to VHDL 2008.

[ Utility Sources

v
Hierarchy | Uibraries | Compile Order
Source File Properties ? 00X
® fixed_pkg_c.vhd - &
A
Enabled
Location: C:/Users/Kris Gaj/sfixed_test/sfixed_test.srcs/sourc
Type: VHDL 2008 GGD
Library: xil_defaultlib o
Size: 295.5 KB
Modified: Yesterday at 00:17:46 AM
Copied to: C:/Users/Kris Gaj/sfixed_test/sfixed_test.srcs/sourc
Copied from: Z:/Windows/fixed_test/fixed_pkg_c.vhd
e . > v
General  Properties

16 ) package fixed float types is
7.

18

Types used for generic.

19

20

type fixed round style tyg

fixed_overflow_style |

type

¢ Set Library X

Set the library name for selected sources.

type

round_type is (round nearest,
round_inf,
round_neginf,
round_zero) ; —- [

d toward zero

(tru

® end package fixed float types;

Change the type of Fixed test.vhd to VHDL 2008. Your Sources window should now look as

follows:

v Constraints

constrs_1
> sim_1 (1)

v [ Utility Sources

utils_1

Hierarchy

Sources
a = ¢ +

Libraries

v iii jeee_proposed (2)
® fixed_float_types_c.vhd
® fixed_pkg_cvhd

v iii xil_defaultlib (1)

@ Fixed_Test.vhd

?

v Simulation-Only Sources (1)

Compile Order

OB X




Step 5:

Change the type of Fixed test tb.vhd to VHDL 2008. Your Sources window should now look as
follows:

Sources ?2 00 X
O = = 4+ & &
v Design Sources (3)

“ = VHDL 2008 (3)
v iii jeee_proposed (2)
® fixed_float_types_c.vhd
® fixed_pkg_c.vhd
v i xil_defaultlib (1)
® Fixed_Test.vhd
v Constraints
constrs_1
v Simulation-Only Sources (1)
v sim_1 (1)

VHDL 2008 (1)

v iii xil_defaultlib (1)

® Fixed_Test_tb.vhd

Hierarchy Libraries = Compile Order

Step 6:

In the Sources window click on the tab Hierarchy.

Sources ?2 00 X
Qa = ¢ + 0 o
v Design Sources (1)

® . Fixed_Test(Dataflow) (Fixed_Test.vhd)
> Constraints
v Simulation Sources (1)
v sim_1 (1)
von FixedfTestﬁtb(BehavioraI) (Fixed_Test_tb.vhd) (1)
® dut: Fixed_Test(Dataflow) (Fixed_Test.vhd)

> [ Utility Sources

Hierarchy Libraries Compile Order




Step 7:

Run Behavioral Simulation. Display the first 40 ns of the simulation waveforms. You should get

waveforms similar to:

> RWYA_F[3:-28] | 35433480.

> WB_F[3:-28] 18656264.
> ®OPCODE[1:0§ 1.0
> W'S_F[3:-28]

8clk

4 CLK_PERIOD 10000 ps i

Step 8:

71088419.625

35433480.1875

18656264 .1875

72904083.5

Highlight in turn, A_F, B_F, and S_F, right-click, and change Real Settings of these signals to:

Fixed point
Signed

Binary point: 28 (number of binary digits after the dot).

using the following windows:

Name Value

S A_F[3:-28]

> W'B_F[3:-28]
> % OPCODE( 1
> W'S_F[3:-28]

Copy
Copy Value
dclk Paste

¢ CLK_PERIODJ 100( Delete

Find...

Find Value.

Waveform Style »

Signal Color »

Radix

Reverse Bit Order

New Divider

88419.625

62641875 36161611.375 24401537.9375

B2155.4375

-24400782.9375 48502545.5625 18656264 .1875

0.5 1.0

11760828.4375 16777216.0

10000 ps

Default
Binary
Hexadecimal
Qctal

ASCIl

Unsigned Decimal
Signed Decimal
Signed Magnitude
Real

Real Settings..



36161611.37

52432155.4375 1 -24400782.9375 1 48502545.5625

0.5
> WS_F[3:-28] 167772164 . 71088419.625 { 11760828.4375 72904083.5 16777216.0
dclk 1
4 CLK_PERIOD} 10000 ps 10000 ps

¢ Real Settings

Please specify how a multiple-bit object is to be interpreted as a real
number value. 4

®) Fixed point
®) Signed Unsigned

Binary point:

Floating point

Exponent width: 1 : Fraction width: 2

? “ Cancel Apply

Step 9:

By moving in the simulation window, you should now be able to see timing waveforms for the
following operations:

Addition:

> MA _F[3:-28] A . 2.1554000005126 2.11199999973178

— ]
> MB_F[3:-28] A 1: -1.4543999992311 1.11199999973178

®'S_F[3:-28]
8 clk

4 CLK_PERIODJ 10000 ps 10000 ps

Subtraction:

AT 30 ns 32 ns 34 ns 36ns 38 ns ns 42 ns 44 ns 6 54 ns 56 ns 58 ns 60 ns

> ®A_F[3:-28] 1.11199999 1.45444500073791 2.11199999973178 ) 3.1678400002419
I s -
> R'B_F[3:-28] [ 2.2340000(] 2-89097699895501 1.11199999973178 2.76539999991655 ) 1.1457000002265

®' OPCODE[1:0) 01 10
95 F[3:-28) | 2.4842079¢ -1.19775000214577

# CLK_PERIODJ 10000 ps




Multiplication:

R A_F[3:-28]
%' B_F[3:-28]
®' OPCODE[1:0)
R'S_F[3:-28]
dclk

1.11199999973178

3.54439999908209 2.12200000137091
2.23400000110269 34430000185966 3.23222000151873

11

2.48420799896121 4.76473692432046 6.85877084732056

8 CLK_PERIOD | 10000 ps 10000 ps




