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Introduction

\_

Our centre i1s know for LIGHT sources

LASERS
SYNCHROTRON RADIATION SOURCE

We are Involved:
Basic Research
Design and Development
Applications
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Various laser based instruments has been
developed such as

Laser Instrumentation

Uranium analyzer using N, laser.
Land leveler,

Surgical CO, laser system
Density measurement system
Micrometer

Laser Marker

\ Laser fluorescence spectroscopy of tissues etc.

/
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/ Objective

Basic concept of embedded systems

Importance of FPGA based embedded systems
Embedded system design flow and available tools
Example design of FPGA based embedded system

Physical Aspect of Hardware Design

\_ /
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Embedded Systems

Embedded system is nearly any computing system

Single function

= Typically designed to perform a predefined function
Tightly constrained

»= Tuned for low cost

= Single-to-fewer components

» Performs functions fast enough

= Consumes minimum power

Reactive and real-time

= Must continually monitor the desired environment and react to
changes

K Hardware and software coexistence /

November 21, 2013 RRCAT, Indore - INDIA 5




/ Embedded Systems...

Examples:

Mobile phone systems
® Customer handsets and base stations

Automotive applications

® Braking systems, traction control, airbag release systems, and
cruise-control applications

Aerospace applications

® Flight-control systems, engine controllers, auto-piloting systems,
and passenger in-flight entertainment systems

Defense systems
® Radar systems, fighter aircraft flight-control systems, radio

K systems, and missile guidance systems /
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/ Embedded Systems...

Almost every embedded systems design includes
Logic circuit design
Processor-based hardware development
Memory

Other input output peripherals Interface

In a single or few chips solution.

\_ /
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CPU
CPU

Embedded Software Tools

Embedded Software Tool

FPGA +
Memory + IP +
High Speed IO

Logic Design Tools

Integration of Functions

Memory

7

Logic +
Memory + IP
+ Processors

Logic Design Tools

Programmable systems

usher in a new era of system

design integration
possibilities

K o { Logic Design Tools

Time

>
Curtsey: Xilinx Inc./
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Embedded System Design...

/ FABRIC

Embedded
Systems

with

Soft
Processors




-

H

, Transistor layout,
Synthesizable RTL, predefined glock
Gate level, IPs, (hardwired )
- ‘Technology — Process dependent
iIndependent
S High flexibility, -~ High Performance

Customizable

\_ /
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Advantages of Softcore Processors

Configurability to trade between price

and performance,
Faster time to market,
Easy integration with the FPGA fabric,

Avolds obsolesces.

/
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Softcores Processors...

Different soft processor available from different
FPGA manufacturers.

Xilinx : Picoblaze and Microblaze
Altera : Nios-lI
Actel . Cortex-M3(From ARM)

Lattice : Lattice Micro32(open-source)
ARM . Cortex-M3(open-source)

\_ /
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FPGA based Embedded Design .

Embedded design in an FPGA consists of
the following:

Develop FPGA hardware design

Customization of soft core processors and Custom IPs

Create the software application
® Software routines

K ® |nterrupt service routines etc /
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MicroBlaze™ Processor Based-
Embedded System Design

[-Cache
Local Memory . ™M — BRAM
BRAM |9 : I\/IIC_rOBIaze
Bus 32-Bit RISC Core
b | D-Cache
I BRAM

Fast Simplex PLB OPB
Link us - :
. Processor Local Bus On-Chip Peripheral Bus
I 0,1....15 I

Bridge
Custom Custom I I I I

Functions Functions Memory
10/100 Controlle UART GPIO

CacheLink

Off-Chip Memory | SDRAM FLASH/SRAM Curtsey: Xilinx Inc.
This is a v7.1 architecture. Versions 6.0 or earlier do not support PLB bus off the /

processor. Instead they have OPB bus
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Partitioning the design

Criteria for partitioning into hardware and software
components

- Picoseconds and nanosecond logic

To be implemented in hardware(fabric)

- Microsecond logic

Can be implemented in hardware or software

- Millisecond logic

Such as communication with slower peripherals can be

K mapped to software /
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Xilinx Embedded Development Kit (EDK)%

Embedded Development Kit is the Xilinx software for

Designing complete embedded programmable
systems.

Tools for customization and integration of soft
Processor cores.

Tools for integration of both hardware and software

K components of an embedded system. /
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Xilinx Platform Studio (XPS)

Access project Select cores from —
ﬁleS the P Catalog furkshupsicnurses.ﬂrillEmheddedIsp]ekitIsulutiuns...|_'._.||_'E_|r>__(_|
Edit Wiew Project bn Debug  Simulation Window  Help =S
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F:Ii-::tlr'ufc-rratiu.u.-'l'-.ea o E rl:,‘ rl:,nl {;EJ Bug Interfaces | Parts " Addresses | EEIVE”F Filters
|_I o] " PR IC%QDHS | alalog | B B B Marme Buz Connection | IP Type IPer
e A\ | —a—a—a— P mvcrobiaza O riicroblaze 7.00.a
Descrig D Vv I f war s i Imb_s10 1.00.a
Ana e e Op SO t are f— & glim Irnb_% 10 1.00.a
iy @pplications P mis ol plb_v46 1.00.2
[=)- Clo - 0 o oimd)_cnfl Imb_bram_if_cntlr - 2.10.a

91 Clock Generatar = < i) ol Irnb_bram_if_cntlr 2.10.a

+'r Digital Clock b anager [DOM] BRAM_PORT J_a'inﬁ_porf

OFB Intenupt Controller ) 'T_O_ Q;};Mﬁa b bk 10
97 Processor System Reset Madule -J'aﬂ;b_ ram ram_Blee 'IIEIEI.a
o || =& oo,

30 #PS Interupt Contraller - B push :EE_EE:E . DD:
Communisation High-Speed o ||mosszmoc wps_uartte 1.00.2 20
Communication Low-5peed @/ E0s 254 ¥p3_qpio 1004
Debug ? " - | on.

3 o gafuag modide mdn
DMA and Timer d e — —
General Purpoze [0 w 4
< | > /Y‘ Syztem Agzembly Wiew ‘ Block Diagram | \
/ R
Lr2=FiNiinininininl ﬂu!ﬂﬂﬂl#-F-F-F'l ot yes sl lE mh plb F.Y
; L
Connect the hardware View a block diagram s e
system of the system .
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Adding IP and Bus Connection

= =
P
5 ©
- =
El =
% &

e eﬁ‘*‘ﬁ
% Fop apyanceD

Add IP cores to an
existing project, select
the IP Catalog tab in

XPS

Select a core and drop
It in the system view or
double-click on it to

add

Select a bus instance
to which it need to

connect

& Xilink Platform Studio - CyMy_Work ALL 2011/ICSSA 3011, Labs/EDK Lab Tempreystemamp - [System Assembly Viewd] |

DEHELR B

File Edit View Project Hardware

PR oea 2B/ RHEBER AT PechBeg M2 EX B

Software Device Configuration Debug Simulation Window Help

37 XPS Watchdog Timer
= Cenitral DMA Cont

¢ Fixed Interval Timer
Debug

General Pupose 10

10 Modules

Intemprocessor Communic: ation
Memory and Memary Controller
FCI

Peripheral Controller
Processor

Lhility

Project Local peores - C:WMy_Wor...

) II\..| II\-I'I @J Bus Interfaces | Ports | Addresses |
P IP Catalog B B Nami Bus Connection IP Type IP Wersion
Bkl B microblsze microblaze 7.10d
Description IP Versi ] B glimb Imb_v10 1.00.a
- & EDK Ingtall - C:\Xilirec\10.1NED... P jimb mb_v10 1.00a
Analog -
Bus and Bridge O— 9 P dlimby_entlr mb_bram_ff_cntr  2.10.a
Clock, Reset and Intemupt L ® P ifmty_cntlr Imb_bram_f_cntlr  2.10.a
Communication High-Speed SR
Communication Low-Speed L 4
< fmb_bram bram_block 1.00.a

imer L b
# XPS Timer/Counter 1.00.5 L <>

1.00b

1012 100s

201a
200a
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reated Hardware: Block Diagram

Block diagram of created
hardware shows the
Interconnection between the
selected peripherals and
processor

e T

In also shows the input
and out ports of the system

/
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/XPS Functions

Platform management

Project management

file

Creation of MHS or MSS file
Xilinx Microprocessor Project (XMP)

Tool flow settings
Software platform settings

Tool invocation
Debug and simulation

Software application Management

November 21, 2013

Hardware HW/SW
Design Simulation
I I Curtsey: Xilinx Inc
Software HW/SW
K Design Debug /
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Library Generation Flow

\_

Then Library Generator (LibGen) utility generates the
necessary libraries, drivers and user project directories
for the embedded software processors

The LibGen takes Microprocessors Software
Specification(MSS ) file as input and produces an
archive of object files libc.a, libxil.a and libm.a

The MSS file, generated by XPS, defines the defines
the drivers associated with peripherals, standard

Input/output devices, interrupt handler routines and
other related software features /
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/ SDK Application Development Flow

\_

# Platform studiol

@ Platform Studio SDK

Generate Hardware !
Platform I | Create software
Generate Software I App Project
Platform -~ v
/’6\‘] Add sources
, "«9/. + Edit
%, 73 I
b@’ds \\A
Compile + Link Debug / Profile
I T 5
i [
Import ELF file, . Done?
Download to board || v .
Curtsey: Xilinx Inc

Libraries can be generate/updated from SDK

/
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/Merging Hardware and Software Flows

Final download.Dbit file generated from the input
files system_ bd.bmm, system.bit and
executable.elf files, which contains information
regarding both the software and the hardware part
of the design

This invokes the data2MEM tool, which initializes
the instruction memory of the processor

This Is the stage where hardware and software

flows come together.
K Download the generated bitstream file /
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/Example Design of Embedded System

Designed system consists

MULTI AXIS
POWER

of softcore processor SQWER O

DRIVERS
Custom IP for multi axis 1’;
motor controllers, Encoder
Interface. UART

XILINX
UART and general ENCODER i
. INTERFACE XC3S500AN-4]

purpose I/Os Peripheral TQ144

Interface. CLK & RST |

KAppIication Software for
soft-core processor.
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/ Development Board for
Embedded Applications

ot

G, ‘a,‘i‘p
Wog FOR AQYAWCED T

30N
VIRTEX-%S
XCSVLXS0T ™

......

(LLICETE LETe Curtsey : Xilinx

Development Board

Custom Board
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Hardware Design

Why customization required?
How to customize FPGA boards?
Practical Example

Advantages of customization
Some Tricks and Techniques
Tools Avallable

Overview

\_

November 21, 2013 RRCAT, Indore - INDIA
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Why Customization Required?

\_

Customization technigue used very widely:

Fulfill specific requirements.
Gain the competitive edge.
Save time, money and space.
Minimize board complexity.
Reduce unused components
Make it flexible.

November 21, 2013 RRCAT, Indore - INDIA
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How to customize FPGA Boards?

Specify your product features
Selection of FPGA
Incorporating essential circuits
Specify the constraints
Implementation techniques
Testing and debugging

\_ /
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ﬁ-low to customize FPGA Boards? (cont..) </ g

Specification of Product Features

UART/USB/Ethernet
DISPLAY(LCD/OLED/Touch Screen/Matrix)
Key Board/Buttons

External Memory Interface

ADCs/DACs

Indication and Debug port

\_ /
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m-low to customize FPGA Boards? (cont..)
Selection of FPGA

An appropriate FPGA for specific application
IS determined by the following features.

Density

No. of 1/Os

Package

Speed Grade

Vendor

Series

\ Part no. /
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G—Iow to customize FPGA Boards? (cont..)

Incorporating Essential Circuits

Power Circuit

Clock Circuit

Reset Circuit

In system programming circuit (JTAG)
Configuration Memory Interface
Debug Port

\_ /
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ﬁ-low to customize FPGA Boards? (cont..)

Power Circuit Design

While designing power supply to fulfill the power
requirements of FPGA and other peripherals on
board, we keep following points in mind.

Voltage and current requirements
Voltage tolerances

Power distribution

Sequencing

Monotonicity

\ Power up ramp time. /
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G—Iow to customize FPGA Boards? (cont..)

S Wy

£

a\%’;’f FOR ADYANCED e
Power Circuit Design ....

0 Voltage Requirement: I\/Iostlof FPGASs require multiple power
supply.
Internal core logic power supply (VCCINT).
Input Output drivers power supply (VCCO).

Auxiliary power supply (VCCAUX).

a Current Requirement: Depends on
Logic utilization,
Frequency of operation
Other on board peripherals.

Hence estimate power requirement before designing

K the power circuit. /

November 21, 2013
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ﬁ-low to customize FPGA Boards? (cont..)

S

£

Power Circuit Design....

\_

Voltages Tolerances: Check the voltage tolerances of FPGA and
peripherals. Generally voltage tolerances of FPGA in the order of 5% to
10% of voltage requirement.

Power Distribution: Power distribution should be such that to maintain
power around the device during peaks and drops.

Power Sequencing: It is good design practice to switch on power in
se%Jence (core and then I/O) to avoid Initial power on surges. Most of the
FPGAs do not require power sequencing,

Monotonicity: Ramp the voltages without any dips in the power ramp up
to respective threshold.

Power up Ramp Time: It should neither be fast nor be slow. EXx.
Minimum ramp time is 200 micro second and maximum is 100 mili

seconds.

/
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Switching vs. Linear Regulators

G—Iow to customize FPGA Boards? (cont..)

S Wy

£

applications
® Few external components
® Low output noise

® Fast response to output
disturbances

Disadvantages

® Lower efficiency

® Higher power consumption
® Limited range for Vin/Vout

\_

Linear Regulators Switching Regulators
Advantages Advantages
® Good for low power ® Higher efficiency

® Lower power consumption

® Large Vin/Vout range,

largely independent of load

current

® Ability to step-up and step-

down.
Disadvantages

® More external components

If modules are not used

/

November 21, 2013 RRCAT, Indore - INDIA
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How to customize FPGA Boards? (cont..)

Power Circuit Design....

et
Wrgg FOR AQYAWCED T

us TPS70358
GND__ 1| anD/Hs1 GND/HS_24 24 GND
5VDC 2 23 VCCO
VIN1_2 VOUT1 23
- 5VDC 3 22 C37
R2 10K MRZ" 5 %4 VSENNWéFE‘zé 20 Ezup
R3 10K MR1__ 6 | 432 29 (19 “ pG 10 31 —
7 | MR 18
R2 10K ggg b RESET [0 10K, R34 RVee
cND 9 | SEQ NC_17 g~ VCCINT
o= GND VSEN2/FB2
~ BVDC 10 15
c33] I 5vDC 11 VINZ_10 VOUT2_15 7 2.2uF
—— GND 12 | VIN2_11 VOUT2_14 —~3—3GNp c32 EﬂuFTCSB
o4uF | GNDHS12 GND/HS13
— 3.3V & 25V —

Example: Power supply design for Spartan-Il FPGA

November 21, 2013
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ﬁ-low to customize FPGA Boards? (cont..)

Decoupling Capacitors

Power and Ground voltages are affected by logic transition and
may cause the operational issues.

The external package pins should be properly decoupled,
which provides local energy storage, for stable power supply
and ground.

Proper decoupling improves the overall signal integrity .

Decoupling capacitors should place as close as possible.
Smaller the capacitor package, lower the Inductance and hence

K recommended. /
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How to customize FPGA Boards? (cont..)

Decoupling Capacitots...

.
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% =
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£

s
Wog FOR AQYAWCED T
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Curtsey : Xilinx
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G‘IOW to customize FPGA Boards? (cont..)

Clock Circuit

A Vg,

£

External clock should
be connected to global

clock inputs (GCLK) pin
of the FPGA.

GCLK pins are low-
capacitance, low-skew
Interconnect lines well-
suited to carrying high-
frequency signals
throughout the FPGA.

cz24| ¥2
0.01uF VDD OE/ST
¥

V3P3

e

39
21 GND o ckop [A—RAANA—KCLK 50MHZ
o

SiTeo02A |

Sitime

~

Fig.: Clock Circuit using oscillator

Mfr P/N :SiT8002A-40 to 85°C-43-33E-50.00000T

/
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m-low to customize FPGA Boards? (cont..)

Reset Circuit

Most of the FPGA
has internal power

on reset. | |

Its good design | % AR
practice to provide b il s Bl
external power on T E——es won ez
reset

RST should be

connected to global Fig.: Reset Circuit

Set/Reset (GSR)

K pin of the FPGA. /
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/ How to customize FPGA Boards? (cont..)
In System Programming (ISP)

Dedicated JTAG port is available in all FPGA.

Every package has four dedicated JTAG pins. Namely,
TDI, TMS, TCK (Input) and TDO (Output).

Internal charge pumps create high voltages for
programming the memories powered by VCCAUX.

The signal integrity of the TCK signal is critical because
all JTAG operations are synchronous to the TCK clock.

The JTAG Iinterface is easily cascaded to any number of
FPGAs by connecting the TDO output of one device to
the TDI input of the next device in the chain. The TDO

output of the last device in the chain loops back to the
K port connector. /
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/ How to customize FPGA Boards? (cont..)
In System Programming (ISP)

ot

@ s
Wog FOR AQYAWCED T

Curtsey : Xilinx

+1.2V +1.2_’u’
Y
VCCINT VCCINT
®l> HDE’s  veco ofe veco o ®l> BGDE’s  veco ofe—veco o
VCCO 2 | vceo 2 VCCO_2 | vceo 2
4 —m{ M2 ‘4 —m M2
JTAG 1o i JTAG 1o i
M A Y Mode | —wmo
@ 7 XILINX &7 XILNX
Spartan-3E/3A FPGA Spartan-3E/3A FPGA
;ﬁﬁﬁ VCCAUX j#— vCCAUX VCCAUX | vCCAUX
B2]|e o i Tms ™S
To||a o " s TeK — el Tek
22F 4 oo
Sollm o= AL TDI piole] i -] TDI TDO P
E=|w al|ne PROG_B DONE s iml PROG B DONE [
= | A GND GND
= =
- = =
PROGRAM
_§ = Dedicated internal pull-up resistor

UG332 o8 0 _120106
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ﬂ-low to customize FPGA Boards? (cont..)
In System Programming (ISP)

1.9V
I ® XCFxxS = +3.3V
VCCINT XCFxxP = +1.8V
(P)—»| Hswap VCCO_0 [4—VCCO_0 Eg
veeo_2 (V) < VCCINT
Serial Master DIN = Do VCco "‘@
Mode CCLK »| CLK
‘0 —- M2 DOUT »
‘0 —a| M1 INIT_B #| OE/RESET
0 —s| MO +2.5V
Platform Flash
~ ~
Spartan-3E 2 XCFxx
FPGA 8> 5 o
! »| CE CEO =
25 Lo __] L ___]
JTAG VCCAUX |a— +2.5V VCCJ |-— +2.5V
oIS »| TDI TDO » TDI TDO |-
™SO | TMS »| TMS
TCK|(» - TCK —m TCK
TDO| et GND
PROG_B DONE | L
GND =
.
PROG_B .
Recommend
open-drain
dniver

DS312-2_44 002009

Figure 51: Master Serial Mode using Platform Flash PROM

Mode configuration Pin: MO. M1,M2.

Curtsey : Xilinx
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Debug & Testing Port

\_

Wherever it is necessary, implement the hardware

debugging and testing point must tap and brought
out of circuit.

Ex. Power supply, clk, Rx and Tx etc

Some of I/0O of the FPGA may also be connected
through switch/LED and brought out for debugging of
hardware. This port may also be used for
Implementation debugging.

November 21, 2013 RRCAT, Indore - INDIA
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/ Practical Example:
FPGA Based Motor Controller

CUSTOM BOARD with FPGA

DECODER :‘a :
vﬂ;mﬂh‘:ﬂ!w
DPRAM LOGIC
AND H-Bridge
INTERFACE Drive Circuit
PWM |

Brushied Balor

DIR/

SPEED /
FPGA AN BLDC Motor
. — Curtsey : Actel
Hall Feedback /
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Schematic Design:

For Motor Controller

k¥ OrCAD Capture CIS - Demo Edition - [/ - (SCHEMATIC1 : PAGE1)] E
@ File Edit View Tools Place Macro Accessories Options Window Help ciden:e - | B
e =N~ =) 9 @ [ce Y8 QA Q@ HaXtQ: v 8-
aTa
== |
1 =
1+
A
v B
| el
Ix
RN
% %
[ f'% abc
[+]
il
ﬁ ....... Yo aa; o b I REEL L TR Bt Bt T v et L G gl wa R D I T
(13.40. 7.90) =
<<l ¥
e e e e O 0 items selected Scale= 51% X=14.40 ¥=9.50
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Tools Available

PADs

\_

a Cadence PCB design Tools:
OrCAD PCB design tools
Allegro PCB design tools
OrCAD/Allegro FPGA system planner

0 ModelSim PCB design Tools

O Zuken PCB design tools

and many more...

November 21, 2013
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/ PCB Designing Tools...

Almost all available PCB design tools are bundle of
following modules used for different stages of the
PCB design.

Schematic design tool
PCB design tool

Foot print editor
Thermal analysis tools
EMI analysis tools
Verification Tools

\ Simulation tools /
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OrCAD FPGA System Planner...

FPGA
Vendor
Tools

OrCAD
FPGA
System Planner

OrCAD

OrCAD
Capture/CIS

PCB
Designer

e e—
OrCAD
Part Library

Symbols, Footprints

Curtsey : Cadence

Fig.: The OrCAD FPGA System Planner Methodology
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/ PCB Design

for Motor Controller

After Routing

ey cadence
e i HHAq o iffago® vé i@

; I .. S - |
s fo e e gyl e aaea | Sl 1 g
VOO0 VOOCOEE | TN S L
W | . S N S B i DRSS | . E
: : -‘ : = = | SRR ERRRRREES - . . ..

..... ] =
....................... JFlanes [¥] B}

- . : : j(Top [ R |
""" = | S S DSOS RRREEEREE : - . : EEEOME |
e WO |

|
!
&

5

®

t):‘(

| @ ® @@

N SR

Pensmisss

x [Dpening exitting drawing... x
4 |Fevising data for compatibility with current saftware. 14
. |Grids are drawn 40.00, 40.00 apart for enhanced viewability. 1
& |Pick in world window to enter eecond point of new display window. =
=3 [ ! ! : ! 3
E |Pick in world window to enter second point of new display window. T
S |Command » =
- =
3540.00, 720.00 | [P) [A) [brc |
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