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VHDL based synthesis

. . . : VHDL simulation component
Synthesis component library Synthesis component library library (may be VITAL)

chematic, netlist
@nmg file (SDF),

results

Physical layout tool

VHDL source
code text files

esign constraints,
operatin condition
ire load model

FIGURE 8.12 Synthesis framework.



VHDL code

architecture RTL1 of RESOURCE is
begin
seq : process (RSTn, CLOCK)
begin
iIf (RSTn ="'0") then
DOUT <= (others =>'0");
elsif (CLOCK'event and CLOCK ="1") then
case SEL is
when "00" => DOUT <= unsigned(A) - 1,
when "01" => DOUT <= unsigned(B) - 1,
when "10" => DOUT <= unsigned(C) - 1,
when others => DOUT <= unsigned(D) - 1,
end case;
end if;
end process;
end RTL1;



:

w8 B8 ¢

TN

!

Synthesized
schematic
for RTL1 of
resource

[ k-
=

delay 57 ns
area 65
number of
flip-flops 16

0
Q O

00 | 90




HDL Design Verification

Implementation

Download

~— Behavioral '
Simulation ,

' Timing '
Simulation .
' In-Circuit '
Verification .

Implement your
design using
VHDL




Synthesis Design Verification

~~ Behavioral '
Simulation ,
i | | Synthesize the
Functiona ‘
design to create
i | an FPGA netlist
' Timing '
Simulation ;
: In-Circuit '
Verification .

Implementation



Implementation
Design Verification

' Behavioral '
Simulation ,

~~ Functional '
Simulation ,
i i Translate, place
and route, and
Simulation .

generate a

Implementation

bitstream to

T download in the
. Verification : FPGA




On-Chip Verification

ChipScope ILA System Diagram
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Digilab D2FT & DIO5 Boards

The Digilab 2FT/DIO5 board combination is an FPGA-based

development platform with a large FPGA and I/O devices to

support a wide range of digital circuits, including a complete
computer system.
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4-bit Shift Register
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clock 1

one_shiftreg

Ak

one_shiftreg

L3 L

— Choh

one_shiftreg

ok ] pr—




4-bit Shift Register
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Xilinx FPGA
Architecture

e 0 Blocks (10Bs)
Programmable iy IF 3 I ﬁq}
—rTy|IF 3F 3 3 D
Interconnect I+ T I Configurable
gﬁ 17 F & % Logic Blocks (CLBS)
Tristate | . ¥ A7 i]cﬂl}
Buffers TIF IF IF IF IF T
T oggiggdd gt
Global

Resources



CLB

« Flexible resources
— Wide-input functions
« 16:1 multiplexerin 1 CLB
— Fast arithmetic functions
 Two dedicated carry chains
— Cascadable shift registers in LUT
 128-b shift register in 1 CLB

« Ease of Performance
— Direct routing enabling high speed

COouT

TBUF!
TBUF

COouT

CIN Fast
Connects



Slice

: » Each slice contains two:
M — Four inputs lookup tables
i — 16-bit distributed SelectRAM
— 16-bit shift register

« Eachregister:
— D flip-flop
| — Latch
 Dedicated logic:
— Muxes
— Arithmetic logic
— MULT_AND

— Carry Chain

[ Arithmetic Logic




CLB Structure

couT
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Each slice has 2 LUT-FF pairs with associated carry logic

Two 3-state buffers (BUFT) associated with each CLB, accessible by all CLB
outputs



Four-Input LUT

Truth Table
: : : Inputs(ABCD) Output(Z
 Implements combinatorial logic P 00(00 ) po @)
— Any 4-input logic function 0001 0
— Cascaded for wide-input functions 0010 1
0011 0
1110 1
1111 1

4-input logic function

-
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Distributed RAM

CLB LUT configurable as Distributed
RAM

— A LUT equals 16x1 RAM

— Implements Single and Dual-Ports

— Cascade LUTs to increase RAM size
Synchronous write
Synchronous/Asynchronous read

— Accompanying flip-flops used for
synchronous read

LUT

LUT

LUT

or

RAM16X1S
D

WE
> WeLK
A0 o
Al
A2
A3

L1l 1&1 ]

RAM32X1S

D
WE
PweLk
A0 o
Al
A2
A3
A4

LI L1181

RAM16X2S

DO
D1
WE

DWCLK 00 —

A0 o1
AL

A2
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Shift Register

LUT
Each LUT can be configured as shift IN b @ \
register CE ¢
— Serialin, serial out CLK >
Dynamically addressable delay up to 16 |
cycles o O
For programmable pipeline ;
Cascade for greater cycle delays
Use CLB flip-flops to add depth I I:D Q ouT
— — CE
o 3
e
........... X
................ o
D Q
CE
P
DEPTH(3:0]




12- Input OR Function

Output 4-Input NOR Truth Table

LUT3 Inputs(ABCD) Output(Z) Output(HEX)
1 MUXCY 0000 1
:2 — 0 _1\ Vce 0001 O 1
I S
| 0010 0
INIT=0001 0011 0
LUT2 1011 0
N MUXCY 1100 0
G 0 1 __ Vce 1101 0 0
F—T= 1110 0
INIT=0001 1111 0
« Utilization
LUT1 — 3LUTsand 3 MUXCYs
1= MUXCY — Asopposedto 4 LUTs
2 = Vee « Performance
B — T — 1logic level

INIT=0001

— Asopposedto 2 logic levels




High-Performance Routing

W . N N

| * INTERNALBUSSES

A <+ Internal 3-state busses
H—— e e mEe— | 0nglines and Global lines
“  General Routing I -— Bgﬁered Hex I|_nes

WEEL . Matrix (GRM) <+— Single-lengthlines
4 SLICE SLICE
-- - s — <€ Direct connections
CLB

Local routing

Direct connections

General Routing Matrix (GRM)

Single line, Long line, Hex line

CARRY
CARRY

«  Dedicated routing
— Internal 3-state bus

«  Globalrouting
—  Primary Clock Buffer lines, Secondary lines



Improved Clock-to-out Using DLL

+ Spartan-ll clock-to-out delays reduced over 50%

Output standard = LVTTL Fast 16mA Tek Run: 10.0GS/s ET Sample

T i

(OBUF_F _16) ‘
Temp=room, Vdd=2.5V, Vcco=3.3V ' ' '
C1 Period
20.13ns
Low signal
Waveforms: amplitude
1: CLKIN
2: DATA OUT (no DLL)
3: DATA OUT (DLL deskewed)
Timing
w/o DLL w/ DLL
r->r r->f  r->r r->f
EF 2.00VQ C : M 5.00ns 5 1.72V 30 Sep 1998
Ch3 2.00 vQ

17:46:13



CORE Generator

Design Verification

Instantiate

optimized IP within
= | the VHDL code

*~ Functional '

Simulation ,

I Timing '

Simulation ,

' In-Circuit '

Verification ,

i}

Implementation



Synthesize, Implement, Download
Design Verification

~~ Functional '
Simulation / Synthesize

: : Implement,
_ | e i and Download
Implementation ‘ the bitstream,
similar to the

original design

: In-Circuit ' flow
-




Xilinx IP Solutions

DSP Functions

P Additive White Gaussian Noise (AWGN)

P Reed Solomon
3GPP Turbo Code

P Viterbi Decoder
P Convolution Encoder

P Interleaver/De-interleaver
PLFSR
P 1D DCT
P 2D DCT
P DA FIR
P MAC
P MAC-based FIR filter

Fixed FFTs 16, 64, 256, 1024 points
P FFT 16- to 16384- points
P FFT - 32 Point
P Sine Cosine Look-Up Tables
$P Turbo Product Code (TPC)
P Direct Digital Synthesizer
P Cascaded Integrator Comb
P Bit Correlator
P Digital Down Converter

Key:

Math Functions

P Multiplier Generator
- Parallel Multiplier
- Dyn Constant Coefficient Mult
- Serial Sequential Multiplier
- Multiplier Enhancements
P Pipelined Divider
P CORDIC

Memory Functions

Base Functions

P Binary Decoder

P Twos Complement

P Shift Register RAM/FF

P Gate modules

P Multiplexer functions

P Registers, FF & latch based
P Adder/Subtractor

P Accumulator

P Comparator

P Binary Counter

P Asynchronous FIFO

P Block Memory modules

P Distributed Memory

P Distributed Mem Enhance
P Sync FIFO (SRL16)

P Sync FIFO (Block RAM)

P CAM (SRL16)

P CAM (Block RAM)

IP CENTER

http://www.xilinx.com/ipcenter

P = Parameterized, S = Project License Available,
BOLD = Available in the Xilinx Blockset for the System Generator for DSP




Xilinx CORE Generator

List of available IP from ng"C@,

“#- Xilinx CORE Generator

- Al
R or

liance

ki s

File Project Core Tools Help

O = CurrentF‘roject:1C:urainingx0hiraglencr\,rpt ;J ‘{( ' §

Wiew Catalog: ]by Function i

arget Family: W5 Virtex2 Contents of: Digitd
| Basic Elerments = S
Communication & Metwarking
Digital Signal Processing Cgspaded Intggrat
] Building Blacks D|Str|buteq Arithme
) Correlators MAC FIR Filter
1 Demadulatian
SqFilters .
__1mage Frocessing
1 Modulation
] Multiply Accurnulatars
] Transfarms
1 Trig Functions
1 Wiavefarm Synthesis
Math Functions
Memaries & Storage Elements =
ProtoType & Development Hardware Products LJ
T Ctmndard Doe bndadfmene
S 4
Generated Modules:
Core Mame

m Component Rlame ‘

1 Cascaded Integrator Comb Filter

B Parameters 1 Core Ovewiewl Cnmactl Bl vven Lmkai

laglC e

Cascaded Integrator Comb Filter

Component Karme

— Filter Type

* Intetpolatar ¢ Decimatar

— Options

Input Bus Width

MNumber of Stages

Differential Delay

i
—
—

Walid Range 1..32

-
valid Range 1.8 /

Walid Range 1.2

— Sample Rate

4 alid Range 4.16383

InitialFixed
— Information
Latency 1 Clk Cycles Result'Width 1
Generate Dismiss Data Sheet. WVersion Info... [ Display Core Footprint

Fully
Parameterizable
/




Xilinx Smart-IP Technology

Pre-defined placement and routing enhances performance and predictability

Fixed Placement &

Relative Placement Fixed Placement - -
05 Pre-defined Routing

OoOoOoooo oooooo OoOoOoooo
OoOoOoooo OoO0O0EE-O oog
OoOoOooon OoOoO0EEad oo
OFEEEO OooomEE-a ooo
OEEE@EO ooomEEa Dnn%
oooooo oooooo OoOooooo

Other logic has no Guarantees I/O and Guarantees

effect on the core Logic Predictability Performance

Performance is independent of:

lllll
lllll

Core Placement =
Number of Cores  E=8a=:
Device Size

fEEEEN(EEEN
[N EEEECOCOEEN




MATLAB

<\ The MathWorks

MATLAB™, the most popular system design tool, is a programming
language, interpreter, and modeling environment

— Extensive libraries for math functions, signal processing, DSP,
communications, and much more

— Visualization: large array of functions to plot and visualize your data and
system/design

— Open architecture: software model based on base system and domain-
specific plug-ins



MATLAB

4\ The MathWorks

»  Frequency response of

input sound file

File Edit Wiew Web Window Help

D@|%E‘7ﬁ|ﬁ|?|0urrer¢D

4

irectory:

=)

= | B & s[5

Name Size Bytes| Class

HH Fw 512x1 8192 double arra

E voice |86156x1 (529248 |double arra
-

4| Pl Launch Pad  workspace | 7

Current Directary

fc:

2] x|

ERER

[ File Type

All files
[1 NTDETECT.COM
[1 NTLDR
[4] sound.wav

bt
e ——— : _'I_I
i| b | Command History  Current Directory |

I—

>> voige = wavread('sound.wav’);
>> whes
Nam

Size Bytes Class

voicel 66156x1 529248 double

Gran ments using 5
>> Fw = fft{voice, 1024},

>> Fw = Fw(1:512);

>> plot{20*log10{abs{Fw}))

>> grid

+) Figure No. 1

=10 %]

File Edit Wiew Insert Tools ‘window Help

ps@a/ A s/ @eno

10

-50

200 300 400 GO0

Ready




Simulink

4\ The MathWorks

Simulink™ - Visual data flow environment for modeling and simulation of
dynamical systems

— Fully integrated with the MATLAB engine

— Graphical block editor

— Event-driven simulator

— Models parallelism

— Extensive library of parameterizable functions
 Simulink Blockset - math, sinks, sources
» DSP Blockset - filters, transforms, etc.
« Communications Blockset - modulation, DPCM, etc.



MATLAB/SIimulink

<\ The MathWorks

Real time frequency response from a
T B e : microphone: emphasizes the dynamic

- H| Discrete . u
- 3 Functions & Tables t f S I k
oE nature or simultin
- 2 Monlinear
- *| Signals & Systems
- M Sinks
- 2+ Sources
- B Commurications Blockset
- Control System Toolbox
- B Dials & Gauges Blockset
- | DSP B!
-2 D Eihequen-::y

| oD File Edit “iew Simulation Format Aools

TTolsaalree/oc]r o |5
y 4
4

+ | frequency/Frequency Frame Scope M=] E3

-
L= -

_ |4l M

— e FFT ——— = L Freq

lIJ P Complexta Frequenoy

From Wifave Magnitude-Anale fFrame Scopa
Device

MMM |

Ready |100% |oded5 -




Traditional Simulink
FPGA Flow

-----

System Architect | <) .

Simulink

FPGA Designer

w ‘ Functional Simulation) <

Implementation ‘ Timing Simulation
‘ In-Circuit Verification

Verify Equivalence



Creating a System
Generator Design

Invoke Simulink library browser

To open the Simulink library browser,
click the Simulink library browser
button

or type “Simulink” in MATLAB console

The library browser contains all the
blocks available to designers

Start a new design by clicking the
new sheet button

(O

ontinuous: simulink/Continuous
+ - W sirmwlink
+- W Communications Blockset

=] untitled
File Edit ‘“iew Simulation Format Tools Help

O =eE&E Harmal - || g &

This is a
Research
Using Toolks

To get star

Ready 100%. oded5




Creating a System
Generator Design

Build the design by dragging and dropping blocks
from the Xilinx blockset onto your new sheet.

Design Entry is similar to a schematic editor

W sink r g Connect up blocks by

B Control System Toolbox ‘ ; CIC .

W D3P Blockset pulling the arrows on the
o e o S - sides of each block

El Meural Metwork Blockset LL‘TLﬂ. FOAT ool

B Real-Time workshop
B 5-function demos . FFT
W@ simulink Extras :
El Syskem 1D Blocks s | B
B zilin Blockset i I HD|@E§‘%I@|9(Z|P .|a

# Basic Elements

y Cammunication o LFSR

# Control Logic

y Data Types Ztap
] DsP FIR

y Index FIR
% Math
y Mermnory

& Tocls Re.[100% [oded5 7

] untitled1 =

Fle Edt “ew Smulation Frmat Tools

=




Creating a System
Generator Design

/0 blocks used as interface between the Xilinx

Blockset and other Simulink blocks

mintegrate
File Edit Mew Simulati o Format Tools  Help

=101 ]

D|@E§|%Q£E|QQ|GE®|P = [Nomal |

T I
I I I S: ‘ Gai
I S
I I dbl it plll =1 a
I I R@* deNoi . b - bAddz |I|J-: z
I I Numbetl r |_k egister
: I deSCale - Del
I l Ready ! I [100% ~ odes ] v
simulink sources SysGen blocks Simulink sinks and

realizable in Hardware

library functions



Using the Scope

=101 ]

General | Data historyl Tip: trright clicking on axes

e [~ floating scope
auto

Tick labels: Ibottom awig only 'I

Click Properties to change the number of
axes displayed and the time range value
(X-axis)

Use the Data History tab to control how

many values are stored and displayed
on the scope

— Also can direct output to workspace

Click Autoscale to quickly let the tools
configure the display to the correct axis
values

Right-click on the Y-axis to set its value N .

Title [=<SignalLabel: ' replaced by signal name]:
| %<SignalLabel>

Mumber of &

Time range:

b | o |

=10l x|

Ok Cancel Apply




Design and Simulate
In Simulink

Push “play” to simulate the design. Go to “Simulation
Parameters” under the “Simulation” menu to control
the length of simulations

] ¥ Modulated Input
s

L ...
A5 -1 05 0 05 1 15




Generate the VHDL Code

E’ costas_tb/Costas_Loop *

File Edit “iew Simulstion Format Tools

[[{R—=2 = =R e S S

aaaaaaaaaaaaaaaa

—Hiline System Generatar

Once complete, double-click
the System Generator token

J System Generator :mac_fir_tesk 19 ;IQIEI

Synthesiz Tool

A

Target Directory

« Select the target device
« Select to generate the testbench
« Setthe System clock period desired

Product Family Device Speed Package
[xczvioon =] |4 N
[T |

v I:freate-TEjsthench

I c:/training/dsp_fow/|absdlab3 Brawse. . I

—System F'eriu.:d

Simulirk System Period [se2) 1

FPGA System Clock Period [ns) 6

Hierarchh:al__Cnntrb_I

Dveride with Doubles IAccording to Block Settings
Generate Cores

=
I.-’-‘n.cculding to Block Settings ﬂ

« Generate the VHDL
\@ oK | Apply | :canoe|l Help |




Inputting Data

from the Workspace

“From Workspace” block can
be used to input MATLAB data
to a Simulink model
Format:

— t=0:time_step:final_time;

— X =func(t);

— make these into a matrix

for Simulink

Example:

— Inthe MATLAB console,
type: t=0:0.01:1;
X = sin(2*pi*t);
simin = [t', X;

Block Parameters: From Workspace

— From wWorkspace

workspace.
Aray [or matni) format:
1-D zignal:
war=[TimeY alues Datay alues]
Far 2-0 zignal use structure farmat
Stucture format:
war time=[Time\ alusz]
war. zignals. values=[D ata alues]
war. zighals. dimenzsiohz=[Dim\ aluess]

data does not exist.

Read data values specified in array or structure format from MATLAR's

Type ‘FromWorkspace’
to view the example

Select interpolation to interpolate or extrapolate at time steps for which

— Parameters

v} Interpalate data

Fofim output after final data value by: IExllapDIation *I

|_ ] I Cancel |

Hep |

i
APEI pr—

=10l

Simulation  Format Tools  Help
S| imR(ec REL®| > =

sssss

aaaaa

nnnnn




Outputting Data
to the Workspace

=10l x|

File Edit “ew Simulation Formak Tools Help

DSHES 422 | REY®| > =

Sine Wave Fateway In1

Type ‘ToWorkspace’
= to view the example

Block Parameters: To Workspace

— Ta'workspace
Wiite input to specified array or structure in MATLAB's maigfworkspace.
['ata is not available until the simulation is stopped o pauged.

— Parameters
W ariable name: ‘

Isimout

Limit data points to last:

“To Workspace” block can be used to
output a signal to the MATLAB
workspace

The output is written to the workspace
when the simulation has finished or is
paused

Data can be saved as a structure
(including time) or as an array

|inf

Wiar |.;;-_=.|:| ace

== Rl R

Savefomat: [T - |

]

Cancel | Help

Apply

4|P LaunchPad  arkspace

Decimation: I Hz ]'

I1 Name Hize Eytes Class
Sarnple time: |@ ainout 11x1 83 double array

I'1 @tout 1lxl Gl double array




Assignment No. 26

 Discuss FPGA programming in Xilinx through MATLAB.



