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1 FPGA Design

The primary objective of this day of training is to make participants proficient in the process of
developing, downloading and running an FPGA design on the NanoBoard. We will go through the
FPGA design framework and demonstrate just how simple FPGA design is with Altium Designer.

1.1 Learning Objectives

To be competent in developing FPGA designs using standard FPGA-based libraries and the
schematic capture environment

To understand and be able to make use of the FPGA build process

To be familiar with the peripheral capabilities of the NanoBoard and know how to incorporate their
use in custom FPGA designs.

To appreciate the different communication mechanisms used by the software to control and probe
a running FPGA design.

To be competent with the use of virtual instruments in an FPGA design.

1.2 Topic Outline

Core Topics
FPGA FPGA .
Project » Schematic > F';(r;:c S:;Id
Creation Extensions
FPGA design
built and
loaded onto
/ NanoBoard
NanoBoard | FPGA
Concepts Instruments

Advanced Topics (Time Permitting)

FPGA Core Digital
Components Simulation

Figure 1. Topic Outline for the FPGA Design training day.
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2 Introduction to FPGA Design

2.1 FPGAwhats???

FPGA: Field Programmable Gate Array. Conceptually it can be considered as an array of
Configurable Logic Blocks (CLBs) that can be connected together through a vast interconnection
matrix to form complex digital circuits.
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Figure 2. Exploded view of a typical FPGA

FPGAs have traditionally found use in high-speed custom digital applications where designs tend to
be more constrained by performance rather than cost. The explosion of integration and reduction in
price has led to the more recent widespread use of FPGAs in common embedded applications.
FPGAs, along with their non-volatile cousins CPLDs (Complex Programmable Logic Devices), are
emerging as the next digital revolution that will bring about change in much the same way that
microprocessors did.

With current high-end devices exceeding 1000 pins and topping 1 billion transistors, the complexity
of these devices is such that it would be impossible to program them without the assistance of high-
level design tools. Altera and Xilinx both offer high-end EDA tool suites designed specifically to
support their own devices however they also offer free versions aimed at supporting the bulk of
FPGA development. Both Altera and Xilinx understand the importance of tool availability to
increased silicon sales and they both seem committed to supporting a free version of their tools for
some time to come.

Through the use of EDA tools, developers can design their custom digital circuits using either
schematic based techniques, VHDL or a mixture of both. Prior to the Altium Designer system,
vendor independent FPGA development tools were extremely expensive. Furthermore they were
only useful for circuits that resided within the FPGA device. Once the design was extended to
include a PCB and ancillary circuits, a separate EDA tool was needed. Altium Designer has
changed all of this by being the first EDA tool capable of offering complete schematic to PCB tool
integration along with multi-vendor FPGA support.

Altium made the logical extrapolation of recent trends in the FPGA world and recognized that FPGAs
are no longer just for high-end designs. By making available a number of processor cores that can
be downloaded onto an FPGA device and bundling them with a complete suite of embedded
software development tools, Altium Designer represents a unified PCB and embedded systems
development tool. FPGAs are here to stay and Altium Designer ensures that you can make the leap
to the new world of digital integration with minimal pain.
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3 Creating an FPGA project

3.1 Overview

All components that will be combined together into a single FPGA design must be encapsulated
within an FPGA Project.

The term “Project” refers to a group of documents that combine together to form a single target.
Care must be exercised when creating a project to ensure that the correct project type is selected for
the desired target.

3.2 A quick word about projects and design workspaces
To the uninitiated, Altium Designer projects can appear a little

confusing; especially when projects contain other projects.
The important thing to remember is that each project can only
have one output. If you have a design that requires several LCD_Kevpad PRJFFG - m
PCBs then you will need a separate PCB project for each " _

File 5 Ed -
PCB. If you have a design that uses several FPGAs then you AL MOL S
will also need a separate FPGA project for each FPGA used SPY LCD_Keppad PRIFPG

Wwhorkspace] Dartwik * [workspace

on the final design. =/ Source Documents

-4 LCD_Keypad.Schboc
Projects that are related together in some way can be grouped [ TSKF Schboc
together using a type of ‘super project’ called a Design [ Divider. schdoc
Workspace. Design Workspaces are simply a convenient + L1 Seftings
way of packaging one or more projects together so that all : ’;E'je;';"r‘::gz:;‘;;i“m“
projects from a single design can be opened together. 3 KeyPadScanner SchDoc
Altium Designer supports a fully hierarchical design approach. x :Il E_ebttin_gs

+ Ioranes

As such it is possible for some projects to contain other

projects within them. Figure 3 shows a structural view of the + = Generated [Altera Cyclone]

+ L Generated [<iline SpartanZE]

LCD Keypad design that is distributed as an example in the - 5| LCD.PriEmb
Altium Designer installation. From this view we can observe = [ Source Documents
the hierarchy of the different projects involved. The top-level @lLeo.c

el led_cstart o

project is an FPGA project called LCD Keypad and has the
filename extension PRJFPG. Within this FPGA design is an
instance of the TSK51 embedded softcore. The program or
software that this embedded softcore executes is contained
within another project called LCD. PrjEmb. Furthermore the LCD Keypad FPGA project also makes
use of a core component called KeyPadScanner which has been defined as a core project
(extension . PRJCOR).

Figure 3. An example of project hierarchy.

The hierarchy of projects is given below.

PRIPCB PCB Project Output is a single PCB
PRIFPG L FPGA Project Output is a single FPGA

Source code for a program that will execute
PRIEMB Embedded Project on a single softcore

Figure 4. Possible Project Hierarchy for a design containing multiple projects

A PCB Project may contain one or more FPGA projects but never the other way around. If you think
about it you will recognize that it is quite intuitive; a PCB contains FPGAs whereas an FPGA can't
contain a PCB. Similarly, an FPGA could contain one or more custom FPGA cores or
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microprocessor softcores. A unique Core Project will define each FPGA core component and a
uniqgue Embedded Project will define the software that executes on each of the softcores.

3.3 FPGA project

An FPGA project should be used when the target is a single FPGA. The output of an FPGA project
will be a configuration bit file that can be used to program an FPGA.

The simplest way to create a project is from the File menu (File » New » Project).

EI [P | Eile | Edit  Wiew Project  Tools Debug  Window  Help

: 7 k i E— — ] a a
: Ll (= | HEw = Schematic = | 2 =2 | BB E
o Dpen Chrl+ B8 pce
Close Chrl-F4 ] WHOL Docurment
Y Open Project... 1 verilog Document
Open Design Warkspace. . 4 CSource Document
Rl € Header Document
= Save Chrl+5 "]
_|] A5M Source Dacurnment
Sawve As...
Save Copy As. ., =] Text Documenkt
Save Al =% CAM Document

[ Cukpuk Job File
Save Project As... :
[+ Database Link File
Save Design Workspace As, ..
I
| Praject b | Ewl  PCE Project
Page Setup...
N _ Library N |$] FPGA Project
. Prink Prewiew. ..
] Script Files » _€| Core Project
=4 Print... Chrl+P
Mixed-Signal Simulation ¥ 4} Integrated Library
n Prokel 99 SE Import Wizard. .. Other ) u] Ervbedded Project
. i )
Recent Docurments |l Design Workspace ] Script Project
Recent Projects b

Recent Design \Warkspaces k

Exit Ale+F4

Figure 5. Creating a new FPGA project
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4 FPGA schematic connectivity

4.1 Overview

Schematic documents used in FPGA designs are converted to VHDL in the process of being
compiled into the design. This process is totally transparent to the user and does not require the
user to know anything specific about VHDL. However the VHDL conversion process does place
some requirements onto the schematic document that must be considered to ensure that the
conversion process goes smoothly and that the resultant VHDL is valid.

In this section we will discuss some of the extensions that have been added to the schematic
environment for the purposes of servicing FPGA designs.

4.2  Wiring the design

Connectivity between the component pins is created by physical connectivity, or logical connectivity.
Placing wires that connect component pins to each other creates physical connectivity. Placing
matching net identifiers such as net labels, power ports, ports and sheet entries creates logical
connectivity. When the design is compiled the connectivity is established, according to the net
identifier scope defined for the project.

Note that while the environment supports compiling projects using either a flat or hierarchical
* b connective structure, FPGA projects must be hierarchical.

4.3 Including VHDL in a schematic

U4 U4
BCD_Counter.SchDoc BCD_CounterVHD
SBHCLK LED[6..0
SBHCLK. ™ cix LED[. 0] [pemreiiBal —SBHEE ™ cik LED(S 0] [ el
RESET > RESET RESET > RESET
l VHDLERntity: ECD_Count
I I L [
—-— SubModule BCE Counter. VHD
-- Created 24/11/2003 4:59:31 BPM
I Nl library
use 5 ] -all:
= [=) {5,
H g H encicy BCD Count is port
T_ = (
| — CLE : in std_logic:
|:>—T RESET 1 in std_ logics
M M LED T out std logic_wvector (6 downto 0)
I
end BCD_Count:
T T T

Figure 6. Linking schematic sheet symbols to lower level documents

VHDL sub-documents are referenced in the same way as schematic sub-sheets, by specifying the
sub-document filename in the sheet symbol that represents it. The connectivity is from the sheet
symbol to an entity declaration in the VHDL file. To reference an entity with a name that is different
from the VHDL filename, include the VHDLERtity parameter in the sheet symbol whose value is the
name of the Entity declared in the VHDL file (as shown above).

4.4 Establishing connectivity between documents

Hierarchical net and bus connectivity between documents obeys the standard hierarchical project
connection behavior, where ports on the sub-document connect to sheet entries of the same name in
the sheet symbol that represents that document, as shown below.
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(2 [
BCD_Counter.SchDoc BCD_Counter VHD

< - SBHCLK g s — o
SBHCLK v i LEs 5] ) L EDTE O CLK S LK LEDE O |, i S
RESET o 2=l RESET

VHDLERtity. BCD_Count

/

Erd_logic:
std_logic;
:oout std logic vectorid downto ®)

end BCD Count;

Figure 7. Connectivity between sheet symbols and lower level documents

4.5 Using buses and bus joiners

Typically there are a large number of  Looray o 700 U29 o0 Lep sTrose

related nets in a digital design. Buses 01 _LCD_LINE %{
can play an important role in 83 EESPE\SE,)TRST W,
managing these nets, and help o KEYPAD_RST S
present the design in a more readable o5

form. 0B

Buses can be re-ordered, renamed, 15D SSO?

split, and merged. To manage the -

mapping of nets in buses, there is a DOORS[3.0] wyz o1 U27 o501 NPUTS[5.0]
special class of component, known as

a bus joiner. Bus joiners can be JI S R

placed from the FPGA WINDOWS[3_0] IC[3 0]

Generic.IntLib library (bus joiner

names all start with the letter J). S LR

Figure 8 shows examples of using bus G

joiners. There are also many Figure 8. Examples of using bus joiners

examples of using bus joiners in the
example designs in the software.

Note that apart from the JB-type joiner, all bus joiner pins have an 10 direction — use the correct
joiner to maintain the 1O flow. Pin 10 can be displayed on sheet, enable the Pin Direction option
in the schematic Preferences dialog.

The use of bus joiners in FPGA designs is a significant departure from how bus connectivity is
established on other schematic documents however the benefits of bus joiners soon become clear.
Nets extracted from a bus joiner need not be related in any way — ie. have the same name and
differing only by number (Data[0], Data[1], Data[2], ... etc). The bus joiner example above shows
how a single bus can be used to route a number of LCD and Keypad signals together. Previously
this was not possible in a bus.

4.5.1 Bus joiner naming convention

Bus joiners follow a standardized naming convention so that they can be easily found within the
FPGA Generic.IntLib library.

J<width><B/S>[Multiples] <width><[B/S]>[Multiples]

For example:

J8S_8B: describes a bus joiner that routes 8 single wires to a single, 8-bit bus.
J8B_8S: describes a bus joiner that routes a single, 8-bit bus into 8 single wires.
J8B_4B2: describes a bus joiner that routes a single 8-bit bus into two 4-bit busses,
J4B4 16B: describes a bus joiner that routes four, 4-bit busses into a single 16-bit bus.
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4.5.2 Bus joiner splitting / merging behaviour

u1t7
The basic rule is that bus joiners separate/merge the bits (or bus slice) e
from least significant bit (or slice) down to most significant bit (or slice). OB[3. 0]
For example, in Figure 12 U17 splits the incoming 8-bit bus on pin 1[7..0] JBB_4B2

into two 4-bit bus slices, OA[3..0] and OB[3..0]. Obeying the least to most
mapping at the slice level, the lower four bits of the input bus map to u27
OA[3..0], and the upper four bits map to OBJ[3..0]. Following this through to AL Ol 1101

the bit level, 10 will connect to OAO, and |7 will connect to OB3. IB(3 0]

The joiner U27 merges the four incoming 4-bit slices into a 16-bit bus. With

this joiner IAO connects to OO0, and ID3 connects to O15. 1C[3..0)

4.5.3 Matching buses of different widths using the IPLe- 0 TN o

JB-type bus joiner . 7
Figure 9. Bus joiners
The JB-type bus joiner allows you to match nets in buses of different merge and split buses
widths. It does this via 2 component parameters, IndexA and IndexB that
map from one bus through to the other bus. These indices must be defined when you use a JB

joiner.
(IndexA) {IndexB)
NPUTSS 0] [15--0]I [31..16] PORTB[31.0]
TB

Figure 10. Join buses of different widths, and control the net-to-net mapping

Read the flow of nets through a JB-type bus joiner by matching from the nets in the attached bus, to
the first index on the bus joiner, to the second index in the bus joiner, to the nets defined in the
second bus net label.

Left Bus < IndexA < IndexB < Right Bus
The rules for matching nets at each of the < points are as follows:

DIN[T..0] ROMDATAO[T..O]
DOUT[7..0] £ ROMDATAIT..0]
- {IndexA) {IndexB)
[9..0] [9.0] 7
ADDR[9..0] & ROMADDR[13..0]
WWE = ROMWWR
ROMRD

Figure 11. An example of using the JB bus joiner to achieve sub-set mapping

¢ If both bus ranges are descending, match by same bus index (one range must lie within the other
for valid connections). In Figure 11 the matching is:
ADDR9 «» IndexA9 <> IndexB9 <> ROMADDRY9, thru to

ADDRO <> IndexA0 <> IndexB0 <> ROMADDRO

(In this example ROMADDR10 thru ROMADDR13 will be unconnected)

15..0 31..16
INPLUTS[15..0] [“]B] ° [ 5] PORTB[31.0]

Figure 12. Using of a bus joiner for offset mapping

¢ In Figure 12 the matching is:

INPUTS15 «» IndexAl5 <> IndexB31 <> PORTB31, thru to

INPUTSO <= IndexAO < IndexBO <> PORTB16
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INPUTS[0. 15] [15..0] o [31.16]  pORTE[31 0]
1B

Figure 13. Using a bus joiner for range inversion

FPGA Design

e If one bus range is descending and another is ascending, the indices are matched from left to

right. In Figure 13 the matching is:

INPUTSO <> IndexAl5 «» IndexB31 <> PORTB31l, thru to

INPUTS15 <= IndexAQ < IndexB16 <> PORTB16

15..0 31..16
neuTs15 01 | ]B] o [31..16] PORTE[0.31]

Figure 14. Another example of using a bus joiner for range inversion

¢ In Figure 14 the matching is:

INPUTS15 <> IndexAl5 <> IndexB31 <> PORTBO, thru to

INPUTSO <= IndexAO0 < IndexB16 <> PORTB15
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5 FPGA ready schematic components

5.1 Overview

A wide variety of FPGA-ready schematic
components are included with the system, ranging
from processors, to peripheral components, down ’ Libraries... ] [ Search... ]

to generic logic. Placing and wiring these )
schematic components, or writing VHDL, captures ® Components O Footprints Models

Libraries v X

the hardware design. The FPGA-ready schematic FPGA Proceszors IntLib I
components are like traditional PCB-ready FEGA Gerano il

components, except instead of the symbol being FRGA Irstumerts lrtLib

linked to a PCB footprint each is linked to a pre- FPGA Memaries. IntLib

synthesized EDIF model. FPGA ManoBoard Port-Plugin. ntLib

As well as components that you use to implement FRas Penheral'lntl"b

G4 Procezsors
your design, the available FPGA libraries include i = i ] aR=i= =y M
components for the virtual instruments, and the $ETSKS24 D T3KS24 OCD Microprocess
components that are mounted on the NanoBoard £E TSKB0A TSKA0A Microcontroller
and are accessible via the pins on the FPGA. The $ETSKE0A D TSK204 OCD Microcontialk
role of each type of component is described £ETSKBOB W  TSKA0B Debug Microcontr
below. £ETSKE0B_ WD TSKE0B OCD Microcontroll

Help for all FPGA-ready components can be SETSKOC W TSKEOC Debug Microcantre
£E TSKAOC WD TSKEOC OCD Microcontoll

accessed by pressing the F1 key whilst the = ; 2
component is selected in the library list. ¢ LoK1ESA LoE1ERA M'”"'”“"“““”’}

5.2 Processor cores

Softcore processors can be placed from the
\Program Files\Altium Designer
6\Library\Fpga\FPGA Processors.IntLib
library. At the time of release of this manual, the
following processors and related embedded
software tools are supported:

e TSK165 — Microchip 165x family instruction set
compatible MCU

o TSK51/52 — 8051 instruction set compatible
MCU

e TSKB80 - Z80 instruction set compatible MCU

e PPC405A — Embedded Power PC Core
available on some Virtex FPGAs.

e TSK3000 — 32-bit RISC processor.
There is also full embedded tool support for:

¢ Xilinx MicroBlaze soft core, which requires the
appropriate Xilinx device and license to use

e Xilinx Virtex-2 Pro based PowerPC 405

IFES1E Mocoe pascassex

ITESLE

¢ AMCC PowerPC 405 discrete processor family ~F/gure 15. The libraries panel

e ARM7, ARM9, ARM9OE & ARM10E families, supported in the Sharp BlueStreak (ARM20T)
discrete processor family
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5.3

NanoBoard port plugins

FPGA Design

Hardware resources on the NanoBoard can be accessed via the use of components from the
\Program Files\Altium Designer 6\Library\Fpga\FPGA NanoBoard Port-

Plugin.IntLib library. A summary of the components is given below:

NanoBoard Port-Plugin.IntLib

Name in Library Description Symbol

ADCDAC _I2C The MAX1037 ADC converter
provides four multiplexed analogue <= SDA -
inputs selectable by application <i=<_SCL 00O OO0y
software via the 12C connection.

AUDIO_DAC The NanoBoard provides and SPI-
based 8-bit audio codec, together :
with relevant analogue pre and post .I
conditioning circuitry (Maxim part = AUDIO SPICS >
number MAX1104).

CANCNTR The CAN Port is connected to a =
Microchip MCP2551 CAN R il

transceiver IC.

CLOCK_SUPPLY
CLOCK_BOARD
CLOCK_REFERENCE

An SPI-based system clock
generator provides a fixed 20MHz
clock (CLK_REF) and a user-
programmable clock providing
frequencies from 6 to 200MHz
(CLK_BRD).

DAISYIN_SLAVEIO
DAISYOUT_MASTERIO

The NanoBoard can be connected in
a daisychain configuration, allowing
multiple NanoBoard applications to
be controlled by the software. The
Master and Slave I/O headers can
be used to provide an application-
defined communication resource
between daughterboard applications
on separate NanoBoards in a
daisychain.

Daisy Outl

DIPSWITCH A standard DIP switch is wired as an
active low device to the NanoBoard m SW[7..0] =
daughter board.
KEYPAD The keypad array consists of 16
miniature pushbuttons arranged in a
4 x 4 matrix. The keypad is
organized so that a row-column
scanning process can read the
status of each key.
LED A set of 8 active high LEDs are

connected to separate pins of the
daughter board and can be driven by
a user application.

3 LEDS[7..0]
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NanoBoard Port-Plugin.IntLib

Name in Library

Description

Symbol

MEMORYO Two 128k x 8 static RAM devices are
included on the NanoBoard and
MEMORY1 wired directly to I/O pins on the
MEMORY256KX8 daughter board. The SRAM devices <RI
have a common Chip Select and - RAM0_WE
Address signals but separate 8-bit -1 _RAMO_OE
data bus and Read/Write signals.
<=>(RAMO DATA[7.0] >
RAM CS
«3 RAM ADDR[16.0
Y
iy
iy
iy
LCD The NanoBoard contains a 16-

LCD_MEMORYO
LCD_MEMORY1
LCD_MEMORY256KX8

character by 2-line industry standard
LCD with LED backlight.

LCD _LIGHT

LCD RS
LCD_DBJ[7..0

= A

- Dl @ ARy N

B v
@

NEXUS JTAG The Nexus, or soft devices chain, is ~(JTAG NEXUS TDI |
i i ; > JTAG NEXUS TDO >
CONNECTOR implemented in the FPGA design by 4
the inclusion of this connector. < JTAG NEXUS TMS _|
PS2A The NanoBoard features two PS2 <>(PSIA (LK > &
PSoB ports — PS2A nominally may be used TR
for a keyboard and PS2B may be
<<PS2B CLK__» =)
used for a mouse. < PSBDATA S =
RS232CNTR A standard DTE RS232 port is S R1X > o
provided with TXD, RXD, RTS and CRSRX | )
CTS signals connected. >f RS RTS =
SERIALFMEMORY Two ST M25P40 low-cost 4-Mbit (CSPLDOUT J
_serial flash RAM devicgs are :
installed as a non-volatile memory
source. {_SPI_ MODE |
{__SPLSEL |=
SPEAKER The NanoBoard’s magnetic audio

transducer can operate as a beeper
when driven by a square-wave signal
or can be pulse-width modulated to
produce more complex sounds.

L wEAkER > Q)

SRAM_DAUGHTERO
SRAM_DAUGHTER1

Provision has been made for
connection of to up to two 128k x 8
SRAM devices placed on a
NanoBoard daughter board.

<= SRAMO D[15..0
>t SRAMO E

@ SRAMO A[18..0

-]

SRAMO W
-t SRAMO OE

= SRAMO UB
> SRAMO LB

TEST_BUTTON

Although this button is labeled ‘Test’,
it has no intrinsic function and can be
used for any purpose by the user
application.

@ TEST BUTTON )t

VGACNTR

The VGA port provides a VGA
compatible RGB video monitor port.
With two-bits per color channel, the
VGA port is capable of representing
64 colors.

VGA HSYN
VGA_VSYN

bod i
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54 Peripheral Components

Many of the hardware resources present on the NanoBoard come with peripheral modules that can

be included in the FPGA design to ease interfacing to the external port.

Peripherals can be placed from the \Program Files\Altium Designer
6\Library\Fpga\FPGA Peripherals.IntLib library.

FPGA Peripherals.IntLib

Name in Library Description Symbol
CAN CAN Controller — parallel to serial interface, v
implementing a Controller Area Network - RCSLTK Dﬁgﬁ%;g{ -
serial communications bus on the serial side. DATAZ ~—
The CAN serial bus provides high bit rate, =S
high noise immunity and error detection. The — %ABLE MDY
Controller implements the BOSCH CAN 2.0B INTL (<—
Data Link Layer Protocol. The CAN controller & LCE-—
can be used in conjunction with the CAN —> MODE X0 p—
interface hardware on the NanoBoard. IX1 p—
TXEN b—
CLK_OUT b—
OUTCTRL[5..0] (s
CAN
EMAC Ethernet Media Access Controller — U?CLK o U?CLK o
EMAC MD _prowdes an 8-bit IEEE802.3 compliant
— interface between a processor and a =3 DELAY[7..0] a3 DELAY[15.0]
EMAC_MD W standard Physical Layer device (PHY). FPGA_STARTUPS FPGA_STARTUP16
EMAC_ W v
=+ CLK INIT —

«= DELAY[31.0]

FPGA_STARTUP32

FPGA_STARTUPS8
FPGA_STARTUP16
FPGA_STARTUP32

FPGA Startup — user-definable power-up
delay, used to implement power-on reset. An
internal counter starts on power up, counting
the number of clock cycles specified by the
Delay pin, the output pin being asserted
when the count is reached.

u?

u?

v

CLK INIT

«= DELAY[7.0]

== CLK INIT

e DELAY[15.0]

FPGA_STARTUPS

u?

FPGA_STARTUP16

i

CLK

e DELAY[31.0]

INIT &—

FPGA_STARTUP32

12CM 12C — parallel to serial interface, v
implementing an Inter-Integrated Circuit (12C) - %¥ SDSADT:T—fg [
2-wire serial bus on the serial side. SDATAI f—
Controllers only support a single master 12C — gﬁ:ﬁ%‘]’] SCLK EN
serial bus system. The 12C controller can be - SCLKO ——
used in conjunction with the 12C interface — ?V%DR[Z--O] SCLKI f—
—_—
hardware on the NanoBoard. o
—< INT
2CM
KEYPADA Keypad Controller — 4 x 4 keypad scanner v
with de-bounce. Can be used in a polled or RCSLTKJMHZ SO
interrupt driven system. Also available in ROW([3..0] (-
either Wishbone or non-Wishbone variants. . 220
) —— VALIDKEY
The Keypad controller can be used in
conjunction with the keypad on the KEYPADA
NanoBoard.
LCD16X2A LCD Controller — easy to use controller for a ol
2 line by 16-character LCD module. The LCD =T a L -
controller can be used in conjunction with the LCD RS ——
i @3 DATA[7.0
LCD display on the NanoBoard. ADDRE__O} D) Y T
— LINE LCD_DATAO[7..0] ¢
LCD_DATAI[7.0] s
—— BUSY
— STROBE
LCDI6X2A
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FPGA Peripherals.IntLib
Name in Library Description Symbol
PS2 PS2 Controller — parallel to serial interface -
_providing a bi-directional, synchronous serial - RCSLTK PSPZSCZLCIE% [
interface between a host MCU and a PS/2 PS2CLKI |o—
X @} DATAO[7..0]
device (keyboard or mc_)use). .The _PSZ _ DATAT0] I
controller can be used in conjunction with PS2DATAO ——
either of the two sets of PS2 interface — E}JlngE PS2DATAI (<—
—_—
hardware on the NanoBoard. T
—=> CLK_IMHZ
P2
— simple parallel to serial interface, fu ?
SRLO SRLO | llel t I interface, full .
duplex, single byte buffering. The SRLO can RCSLTK g
be used in conjunction with the RS-232
: e DATAI[7..0] RXO —
interface hardware on the NanoBoard. DATAG[..0]
@2 ADDR[3.0]
—F WR
— RD
— INT
SRLO
TMR3 TMR3 — dual timer unit, 16, 13 and 8-bit -
timer/counter modes. E RCSLTK GATEQ j
@3 DATAI[7..0]
@) DATAOI[7..0] B —
GATEB K—
@2 ADDR[2.0] TB OV —
—= WR
——F RD
— INT
TMR3
VGA VGA — VGA controller that creates a simple =
method of implementing a VGA interface, - RCSLTK sﬁg
presenting video memory as a flat address
space. Supports VGA and SVGA resolutions, == RESOLOION il
and B&W, 16 and 64 color. Outputs digital e &
RGB and H+V sync. The VGA controller can @3 DISPSIZE V[9.0] g(l)
be used in conjunction with the VGA output o =0
on the NanoBoard. @3 DATA[7.0]
@) ADDR PIXEL[18.0]
VGA
MAX1104_DAC DAC - This digital to analogue controller v
module provides a simple interface to the - %;( SP,;I—,?%‘{IE _
MAX1104 8-bit CODEC device on the SPI_SCLK
NanoBoard. e DATA[7..0] SPI_CS
MAX1104_DAC
PRTIO1X8 PRTx — The PRTx Parallel Port Unit is simply =& ) —- e =
a register interface for storing data to be — R s RS
PRTIO2X8 transferred to/from another device in a o e
PRTIO4X8 design. For example when used with a PRIOIXS PRTIOIYS
microcontroller such as the TSK80x, which e e il[aE Tl
PRTIOX1X8 does not have any on-core port interfaces, SRR I Uit
PRTIOX2X8 the unit provides a valuable new extension to —r T e
the processor’s feature set. TS ==
PRTIOX4xX8 PRTOXx — output only port devices = = =1 a0 B
—a DATAI[7.0] PDO[7..0] fm— wm—c2 DATAI[7.0] PBO[7.0] (m—
PRTO1X8 PRTIOXx — I/O port devices S N S
PRTO2X , . - - -
02X8 PRTIOXx — I/O port devices with additional oo o=
PRTO4X8 tristate buffer enable output for each port. . e
=& = = e =
TR L
e DATAO[7.0] e DATAO[7.0] “TRISB(7..0] :
— o P
mfam.\ - R0 —
bl—
— K TRISA[7..0] {m— TRISD(7.0] {m—
—= RST PAO[7.0] {rmm— PDO[7.0] (em—
= F T S e B
:‘; Q%DRU 0] 'Elg{z g} :
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5.5 Generic components

Generic components can be placed from the library  [EENE 57 28
\PrOgram Files\Altium Designer ’ Libraries. .. l [ Search... ] [ Place RAMD l
6\Library\Fpga\FPGA Generic.IntLib. This
library is included to implement the interface logic

FPGA, Generic. IntLib PP

in your design. It includes pin-wide and bus-wide v
versions for many componen'ts, S|mpllfy|ng the Component .. 7 | Desciiption [ Library

wiring compIeX|ty when Workmg with buses. As well -3 F RAMD Dual Port Random Access Memao FRGA Generic It
as a broad range of logic functions, the generic -1F RAMDE  Dual Port Random Access Mema FPGA Generic.Ir

-1 ERAMDR  Dual Port Bandom Access Memo FPGA Generic Iy

library also includes pullup and pulldown
y P P P 1 F RAMDRE  Dual Port Random Access Mema FPGA Generic. Iy

components as well as a range of bus joiners, used -1 F RAMS Single Port Randam Access Mer FPGA Generic Ir
to manage the merging, splitting and renaming of -1F RAMSE  Single Port Random Access Mer FPGA Generic Ir
buses. -1 FRAMSFA  Single Port Random Access Mer FPGA Generic. Iy

o X . X -1 ERAMSRE  Single Port Random Access Mer FPGA Generic |y
For a definition of the naming convention used in -iEROMD  Dual Port Fead Oy Memary  FPGA Generic It
the generic library and a complete listing of -1 EROMDE  Dual Port Bead Only Memary Wit FRGA Generic. |k
available devices, refer to the document: CR0118 -1 EROMDR  Dual Port Bead Only Memary witt FRGA Generic. |

. ) . -1 F ROMDRE  Dual Port Read Only Memaory Wit FPGA Generic. Iy
FPGA Generic Library Guide.pdf. -1 E ROMS Single Port Read Only Memory  FPGA Generic 1y

Wild card characters can be used to filter when -1 EROMSE  Single Port Read Only Memonye ' FPGA Generic. |y
-1 EROMSR  Single Port Read Only Memory wi FPGA Generic. It

searching the component library. - {F ROMSRE  Single Part Fead Only Memory 'w FPGA Generic I
5.6  Vendor macro and T3 B

primitive libraries ey —

DOTIAL] foe

If vendor independence is not required, there are -
also complete primitive and macro libraries for the WER [
currently supported vendors/device families. These N ———
libraries can be found in the respective Actel, LOUIE[] f=
Altera, Lattice and Xilinx sub-folders in \Program HECEEL] fom
Files\Altium Designer 6\Library\. The D
macro and primitive library names end with the : ) : : : - =
string *FPGA. IntLib. Note that some vendors Figure 16. Using wildcards to quickly find a specific

require you to use primitive and macro libraries that component in the Generic Library

match the target device. Designs that include
vendor components cannot be re-targeted to
another vendor’s device.

5.7 Exercise 1 — Create a PWM.

In this exercise we will create our first FPGA design. In order to complete this task you will need to
use the following components from their respective libraries:

1. Open a new FPGA Project. Save it as MyPWM.PrjFpg

2. Add a new schematic to your project and save it as MyPWM.SchDoc

Ul
Vi Q[7..0]
CE CEO B
Pxx (@) [[CIK BRD )= C TC =<
2 U3

U2 CL
B U4
PXX TEST BUTTON »—o] >C- A[7.0] - GT 10— pmQlllls TEDS[7.0]> T
: = CBSCEB B[7.0] LT 11

PXX,PXX,PXX,PXX,PXX,PXX,PXX,PXX

COMPMSB

[ SW[7..0] x
PXX,PXX,PXX,PXX,PXX,PXX,PXX,PXX

Figure 17. Place and wire the components to create the Pulse Width Modulator
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3. Using components from the two libraries FPGA Generic.IntLib and FPGA NanoBoard Port-
Plugin.IntLib, place and wire the schematic shown in Figure 17.

Component Library Name in Library

FPGA NanoBoard Port-Plugin.IntLib CLOCK_BOARD

PXX @ CLK BRD p=

FPGA NanoBoard Port-Plugin.IntLib TEST_BUTTON
rxx @)

m FPGA NanoBoard Port-Plugin.IntLib DIPSWITCH
PXXPXX,PXX,PXX,PXX,PXX,PXX,PXX
oxm FPGA NanoBoard Port-Plugin.IntLib | LED
PXX,PXX,PXX,PXX,PXX,PXX,PXX,PXX
ul FPGA Generic.IntLib CB8CEB
Q[7.0] ==
-+ CE CEO p—
> C TC p—
CLR
¢
CBSCEB
U2 FPGA Generic.IntLib INV
INV
U3 FPGA Generic.IntLib COMPM8B
«3 A[7.0] GT B
e R[7.0] LT —
COMPMSB
10 U4 o[7.0) FPGA Generic.IntLib J8S_8B
7]
13 ]
14|
15
16|
7]

18S_8B

Figure 18. Save your work — we will continue with this schematic soon
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6 Targeting the design

The schematic that we have just created contains all of the connectivity that must occur internally on
our FPGA device but we still need some further information to map the ports on the FPGA schematic
to physical pins on an actual FPGA device. This process is called targeting our design.

6.1 Constraint files

Rather than storing device and implementation specific data such as pin allocations and electrical
properties in the source VHDL or Schematic documents, this information is stored in separate files —
called Constraint files. This decoupling of the logical definition of an FPGA design from its physical
implementation allows for quick and easy re-targeting of a single design to multiple devices and PCB
layouts.

Below we see a conceptual representation of an FPGA design sitting inside an FPGA device. The
red lines indicate the port-to-pin mappings that would be handled by the constraint file.

g FEIRIERIE SRR I IR 2 218 =12 2R S EEEE 2 E 2 2
1 156
] (:) 155
] 154
7 ®
2 [152]
161
[ 7] 150
B e
F i3
0 147
ik 148
145
[144]
14
BE
[T 120
[140]
w i
il L Q] e i
g CE CED PN 137
prx () L EE e o e
EE m CLE m
: prx M et b ¥, % SE T e 134
[ 29 v o T e o FEEPNEPEER FEL PN YL [132]
25 COMFPMSE [122]
(WAL : [151]
2 PRAPXEPYLPUEPHXPUEPHEDUX 1 [130]
2 T3¢ 8B
2 [128]
30 =
- 125 ]
125
fiz4]
i iE
[122]

“thHE
zlkalbksl £

47
50)

51

52|

Figure 19. Conceptual view showing the linkage of ports on an FPGA schematic routed to physical device pins.
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6.2 Creating a new constraint file

A constraint file can be added to a project by right-clicking the FPGA project in the Projects panel
and selecting Add New to Project » Constraint File. A shell constraint file will be created.

6.3 Editing a constraint file

Constraint file additions / modifications can be made by manually editing the constraint file or by
using the Design » Add/Modify Constraint menu.

Design | Tools  window  Help

Impart Pin File., .. A g | m
| add/Modify Constraink. .. » Part... 1
Import Port Constraints From Project PCB... |
FPGA Signal Manager Part...
Pin...
Met...

Figure 20. Add/Modify Constraint... menu options

The two main activities that will be performed on a newly created constraint file are specifying the
part (device) and applying port constraints.

6.3.1 Specifying the part (device)

The design can be constrained to a specific device by selecting Add/Modify Constraint » Part and
selecting the desired part from the Choose Physical Device dialog:

Choose Physical Device

Yendors Spartan2E
Altera 1.8Y Spartan-llE FPGA
Base Device =C2550E ®C25100E ®C251S0E XC25200E XC25300E #C23400E  AC25600E

iy 182 202 265 289 329 410 514
Fine Pitch Thin Ball Grid Array (FT)

FPGA Families

CoolRunner2 F1256 17217 mm 182 182 182 182 182 182
CoolRunnerxPLAZ Plastic Quad Flat Pack (PQ)

Spartan2 28 28 mm 146 146 146 146 146

SpartanZE Thin Quad Flat Pack {TQ}

Spartand TQ144 20 20mm 102 102 g .
Virtes Fine Pitch Ball Grid Array (FG)

Virtexz 23x23mm - 202 265 289 329 329 E)
Virtexzp FG676 27 x 27 mm a - . . . 410 i
VirtexE

XC1aN0D

%cas00

Co500M.

XCo500KY

KCF

Temperature Grades

Industrial Grade

Speed Grades
Higher Performance

Standard Performance

Selected Device

Package 208-Pin Plastic Quad Flat Pack (PG208)
Pin Count 208
Speed Grade Standard Performance
Temperature Grade  Commercial Grade
SPARTAN:ITE User 1/0 Pins 146
i
i Bupparted 110 Standards. = -
IAGP 26,CTT GTLGTLe HSTL Class |, HSTL Class I, HSTL Class IV, LVCMOS 1.8, LVCMOS 257, LYTTL 33V, POl 33Mhe Shovach iy
g (3 2. PEI Bthe 3 39, FOIX 33V, SSTL2 Class | S5TL2 Class I $5T13 Class | $5TL3 Class Show PCE Foolprint
E0XIUNX Show 30 Model
Autodrstal Liary [

Figure 21. Choose Physical Device dialog box.

Select the Vendor, Family, Device and Temperature/Speed grades as desired and click OK. A line
similar to the one below will be automatically inserted into the constraint file:
Record=Constraint | TargetKind=Part | TargetId=XC2S300E-6PQ208C
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6.3.2 Specifying port constraints

Use the Add/Modify Constraint » Port to
apply a constraint to a port in the FPGA

Add/Modify, Port Constraint

projeCt. Targat CLk_BRD w
Constraint Kind  |FPGA_CLOCK_PIN ~

Constraint Walue | True v

[ 1] ] [ Cancel

Figure 22. Add/Modify Port Constraint dialog box.

Selecting OK from the dialog box in Figure 22 will cause the following constraint to be added to the
constraint file:
Record=Constraint | TargetKind=Port | TargetId=CLK BRD | FPGA CLOCK_ PIN=True

This constraint will ensure that the Vendor FPGA tools route the CLK_BRD port to a specialized
clock pin on the target device.

Alternatively, the FPGA PINNUM
constraint can be specified to lock the port

Add/Modify, Port Constraint

to a specific pin on the target device.
Target CLK_ERD W
Constraint Kind  |FPGA_PINMLRM ~
Constraint Walue | F185 v
[ Ok ] ’ Cancel

Figure 23. Add/Modify Port Constraint dialog box.

Selecting OK from the dialog box in Figure 23 will add the constraint FPGA_PINNUM=P185 to the
CLK_BRD port constraint.

6.3.3 Applying further constraints

Additional constraints other than those discussed here are available. Consult the TR0103
Constraint File Reference.pdf document for more information.

To summarize:

e Constraint files store implementation specific information such as device pin allocations and
electrical properties.

¢ A Configuration is a grouping of one or more constraint files and describes how the FPGA
project should be built.

6.4 NanoBoard constraint files

Constraint files for use with the NanoBoard daughter board modules can be found in the \Program
Files\Altium Designer 6\Library\Fpga directory. To protect these system files from
inadvertent modification, it is advisable to make this directory ‘read only’.

6.5 Configurations

A Configuration is a set of one or more constraint files that must be used to target a design for a
specific output. The migration of a design from prototype to production will often involve several
PCB iterations and possibly even different FPGA devices. In this case, a separate configuration
would be used to bring together constraint file information for each design iteration. Each new
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configuration (and its associated constraint file(s) ) is stored with the project and can be recalled at
any time.

Because configurations can contain multiple constraint files, it can sometimes be helpful to split
constraint information across multiple constraint files. Usually one would separate the constraint files
according to the class of information they contain:

6.5.1 Device and board constraint information:

The specific FPGA device must be identified and ports defined in the top level FPGA design must be
mapped to specific pin numbers.

6.5.2 Device resource constraint information:

In some designs it may be advantageous to make use of vendor specific resources that are unique
to a given FPGA device. Some examples are hardware multiplication units, clock multipliers and
memory resources.

6.5.3 Project or design constraint information:

This would include requirements which are associated with the logic of the design, as well as
constrains on its timing. For example, specifying that a particular logical port must be allocated to
global clock net, and must be able to run at a certain speed.

6.6 Configuration Manager

The grouping of multiple constraints into a single configuration is managed via the Configuration
Manager; accessible by right-clicking the FPGA project in the Projects panel and selecting
Configuration Manager from the menu.

Configuration Managen For SpiritLevel. PRIFPG

Constraint Files Configurations

Conztraint Filename ME_Cwell_240 | MEB_xiliny_Spartan2 | SpiritLevel Target_2E

NB1757)<E2SEDDE-BPQ2DS.E0nstraint ]
SpirtLevel Constraint O
Target_2E Constraint O

OO
O=O
EOOR

Configurations Add.. Delete.. Rename... Constraint Files Force Colurmns Into Yiew

Figure 24. Configuration Manager showing multiple configurations and constraint files.

Figure 24 shows the Configuration Manager dialog for a project that contains multiple configurations
and constraint files. The Constraint files are listed in the left column and can be included in a
Configuration (listed as the headings in the four right columns) by placing a tick at the row/column
intersection point. Although this example only shows one constraint file being used in each of the
configurations, there is no reason why a constraint file can’t be used by more than one configuration
nor is there any reason why a configuration can’t make use of multiple constraint files.
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6.7 Exercise 2 — Configuring MyPWM

1. Right click on the MyPWM.PRJFPG in the Projects panel and select Configuration Manager
from the menu. The Configuration Manager should be empty as depicted in Figure 25.

Px

Configuration Manager For MyPWH. PRIFPG

Constraint Files

Constraint Filenarne /

LCancel

Configurations Add.. Delete... Rename... Constraint Files fdd... Fiemove... Force Columies lnko View |

Figure 25. Configuration Manager with no Constraint Files or Configurations defined.

2. Because we are targeting our design for the NanoBoard, we will be using an existing constraint
file that has been previously defined for the Spartan-Il daughter board. Select the Add button
next to the Constraint Files label. The Choose Constraint files to add to Project dialog box will
be displayed. By default it should open in the Altium Designer 6\Library\FPGA directory. If it
hasn’t defaulted to this location then navigate to it.

3. Select the constraint file labelled NB1_6 XC2S300E-6PQ208.Constraint and click Open. You
should see the same as Figure 26.

Confipuration Manager For MyPWH.PRIFPG ‘E”‘s__(l

Constraint Files Configurations

Configurations Add... Delste... Fename... Constraint Files Add... Fiemove... Force Calumns Into Yiew

Figure 26. Configuration Manager with Spartan-Il daughter board constraint file present.

4. We shall now create a configuration that will make use of this constraint file. Select the Add
button located next to the Configurations label.

Mew Configuration x|

Mew Configuration M arme
[NEB_SpartanlIE

(] 4 I Cancel

Figure 27. Specifying a new configuration.

5. Call the new configuration NB_SpartanIIE and select OK.

6. Click on the checkbox to link the NB1 6 XC2S300E-6PQ208.Constraint file to the
NB_ SpartanIIE configuration.
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Constraint Files Configurations
Congtraint Filename MEB_SpartanllE

Configurations [ Add... H Delete... ” Rename... I Constraint Files [¥] Force Calumns Into View

Figure 28. Configuration Manager with a constraint file and configuration specified.

7. Select OK to close the Configuration Manager.

8. Notice how the newly added constraint file is now present under the Settings folder in the
Projects panel.

9. Save your project if you haven'’t already done so.

Workzpacel.Dentarh - IWnrkspace]
MyPwM PRIFPG | Froject |

{#) Fil= Wiew () Structure Editor
el

W,
=1L Settings
@, NB1_6 XC25300E-6P0208. Constraint (1001]

Help

Figure 29. Projects panel after a constraint file has been added.
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7 Running the design

Having just configured our design for the NanoBoard the next step is to build and run the design on
the NanoBoard.

71 Overview

Before an FPGA design can be downloaded onto its target hardware, it must first undergo a multi-
stage build process. This process is akin to the compilation process that software undergoes in
order to create a self-contained program. In this section we will discuss the various steps necessary
to build an FPGA design to the point where it is ready to be downloaded onto the target device.

7.2 Controlling the build process

The process of converting a schematic or VHDL description of a digital circuit into a bit file that can
be downloaded onto an FPGA is quite complex. Fortunately, Altium Designer goes to great lengths
to ensure that navigation through this process is as easy as possible. As a vendor independent
FPGA development tool, Altium Designer provides a transparent interface to the vendor specific
back end tools. Currently Altium Designer supports interaction with Actel Designer (Actel), Quartus Il
(Altera) and ISE (Xilinx) to perform FPGA processing. This is all handled seamlessly through the
Devices View (View » Devices). The Devices View provides the central location to control the
process of taking the design from the capture state through to implementing it in an FPGA.

—_— =
G | o

| & Devices | 2
- =i

S

@ Connected

[reL- {rog;

Live Manobosrd-NE1-B %1113

@ [E compile b @ [ Syrthesize * b @ [ Build « b @ [3] Program EPGA : _—||

|:| lgriore FPGA source
lgnare software

et

SpartanZE XC2S300E-6PGI208C
Reset

dyPyhd f MB_SpartanllE w

<

Soft Device Chain

Figure 30. Devices view of an FPGA design that is yet to be processed.

The Devices View is accessible by clicking the Devices View button ® or by selecting View »
Devices View from the main menu.

When run in the live mode, Altium Designer is intelligent enough to detect which daughter board
device is present on the NanoBoard. In the above instance, it has detected that the Spartan2E
daughter board is installed. With this information, it then searches the current project’s configuration
list to see if any configurations match this device. If more than one configuration is found, the drop
down list below the device icon will be populated with a list of valid configurations. If no configuration
can be found, the list will display the following:

[Mao Compatible Project Configurations Found)

Figure 31. This message indicates that the project is not configured to target the available FPGA.
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Assuming a valid configuration can be found, the simplest way to build and download a design onto
the NanoBoard is to left-click on the Program FPGA button. This will invoke the appropriate build
processes that need to be run. In the above example where no previous builds have taken place, all
processes will need to be run. In other situations where a project has just been modified, it may be

necessary for only a subset of the build processes to run.

7.3 Understanding the build process

- Device3|

@ Connected

[Ter

[#]Live Manoboard-MET-B +1.1.13

/\

/
1 Compile b @ [F Syrthesize b @ [3 Buil w b @ 5 Program EPGA, .,5_—||

|:| Ignore FRGA source
lgnore =ottvware

72>

Spartan2E XC25300E-EPR208C
Reszet

|WyEAN ¢ ME_SpartaniE v

Soft Device Chain

<

Figure 32. Navigating through the Build Process flow.

Building an FPGA project requires processing through a number of stages. Navigation through the
build process is accomplished via the four steps circled in Figure 32. The function of each stage will

be explained shortly.

74 Button regions

Each of the main buttons displayed in the Build Flow have several regions that provide information or

control over the individual build stage.
7.4.1 Status LED

Buid =

The colored indicator tells you the status of that particular step in the overall build flow.

o Grey - Not Available. The step or stage cannot be run.
o Red - Missing. The step or stage has not been previously run.
Yellow - Out of Date. A source file has changed and the step or stage must be run again in order
to obtain up to date file(s).
o Blue - Running. The step or stage is currently being executed.
® Orange - Cancelled. The step or stage has been halted by user intervention.
o Magenta - Failed. An error has occurred while running the current step of the stage.
& Green - Up to Date. The step or stage has been run and the generated file(s) are up to date.
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7.4.2 Run all
»([G)Build -

Clicking on the ‘arrow’ icon will force the current stage and all prior stages to run regardless of
whether they have run to completion previously. Selecting this icon will force a totally clean build
even if the design has been partially built.

7.4.3 Run

> 6@ .

Selecting the ‘label’ region will run the current stage and any previous dependant stages that are not
up to date. This is the quickest way to build a design as it only builds those portions of the design
that actually require it.

7.4.4 Show sub-stages
» [ Build (~)

Selecting the ‘down arrow’ will expose a drop down list of the various sub-stages for the current build
stage. The status of the various sub-stages is indicated by the color of the status ‘LED’. Where a
sub-stage has failed, the associated report file can be examined to help determine the cause of the

failure.
# [ Buid a
& Tranzlste Desion 28
& Map Design To FPGA Bl
® Place and Route Bl
& Timing Analysis Bl
& Make Bit File B
& =

Figure 33. Sub-stages available under the main build stage.

7.5 Accessing stage reports / outputs

All generated output files are stored in a folder with the same name as the configuration used for the
associated project. This folder is located in accordance with the output path defined in the Options
tab of the Options for Project dialog (Project » Project Options). In general only files that are
created as part of the build process should be located here. This ensures that projects can be
compacted by deleting this directory without fear of loss of important information.

Where a report is available upon running a stage step, clicking on the associated 2 icon can access
it. Use this feature to access detailed information relating to why a specific stage may have failed to
build.

7.6 Build stages

We will now explain the different stages in the build process.

7.6.1 Compile

& 3 Compile -

& Compile FPGA_51_C_1658_ASM_Buzzer [&

& Compile Buzzer =
& Compile Keypad =

Figure 34. Compile stage of the process flow.
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This stage of the process flow is used to perform a compile of the source documents in the
associated FPGA project. If the design includes any microcontroller cores, the associated embedded
projects are also compiled — producing a Hex file in each case.

This stage can be run with the Devices view configured in either Live or Not Live mode.

The compile process is identical to that performed from the associated Project menu. Running this
stage can verify that the captured source is free of electrical, drafting and coding errors.

Note: The source FPGA (and embedded) project(s) must be compiled — either from the Projects
panel or by running the Compile stage in the Devices view — in order to see Nexus-enabled device
entries in the Soft Devices region of the Devices view.

7.6.2 Synthesize

& 3 Synthesize -~

& Synthesize P1 (Buzzer PriEmi)
& Synthezize P2 (Keypad PrEmi)
& Synthesize FPGA_S1_C_1658_ASM_Buzzer @

Figure 35. Synthesize stage of the process flow.

This stage of the process flow is used to synthesize the compiled FPGA project, as well as any other
components that need to be generated and synthesized to specific device architectures. The vendor
place and route tools subsequently use the synthesis files generated, during the build stage of the
flow. Running this stage will determine whether the design is synthesizable or not.

This stage can be run with the Devices view configured in either Live or Not Live mode.

The actual steps involved in providing a top-level EDIF netlist and satellite synthesis model files for

use by the next stage in the process flow can be summarized as follows:

e The cores for any design/device specific blocks used in the FPGA design will be auto-generated
and synthesized (e.g. a block of RAM wired to an OCD-version micro controller for use as
external Program memory space). These synthesized models will contain compiled information
from the embedded project (Hex file).

e The main FPGA design is then synthesized. An intermediate VHDL file for each schematic sheet
in the design will be generated and a top-level EDIF netlist created using these and any additional
VHDL source files.

e For the particular physical device chosen, synthesized model files associated with components in
the design will be searched for and copied to the relevant output folder. Both System and User
presynthesized models are supported.

e The top-level folder for System presynthesized models is the \Program Files\Altium
Designer 6\Library\Edif folder, which is sub-divided by Vendor and then further by device
family.

o The top-level folder for user presynthesized models is defined in the FPGA — Synthesis page of
the Preferences dialog, accessed under the Tools menu.

e The following list summarizes the order (top to bottom = first to last) in which folders are searched
when looking for a synthesized model associated with a component in the design:

- FPGA project folder

- User models top folder\Vendor folder\Family folder

- User models top folder\Vendor folder

- User models top folder

- System models top folder (Edif)\Vendor Folder\Family folder
- System models top folder (Edif)\Vendor folder

- System models top folder (Edif).
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7.6.3 Build

& [& Build Y & [ Build Y
& Translste Design Bl & Translate Design ERE
& Wap Design To FPGA Bl & Wap Design To FPGA EE
& Place and Route 2E & Place and Route B8
& Timing Analysis Bl § Timing Analysis BE
& Mzke Bit File B & taks Bit File B

] =l

Figure 36. Build stage of the process flow for Xilinx (left) and Altera (right) devices.

This stage of the process flow is used to run the vendor place and route tools. This stage can be run
with the Devices view configured in either live or not live mode.

Running the tools at this stage can verify if a design will indeed fit inside the chosen physical device.
You may also wish to run the Vendor tools if you want to obtain pin assignments for importing back
into the relevant constraint file.

The end result of running this stage is the generation of an FPGA programming file that will
ultimately be used to programming the physical device with the design. There are essentially five
main stages to the build process:

o Translate Design — uses the top-level EDIF netlist and synthesized model files, obtained from
the synthesis stage of the process flow, to create a file in Native Generic Database (NGD) format
—i.e. vendor tool project file

e Map Design to FPGA — maps the design to FPGA primitives

¢ Place and Route - takes the low-level description of the design (from the mapping stage) and
works out how to place the required logic inside the FPGA. Once arranged, the required
interconnections are routed

o Timing Analysis — performs a timing analysis of the design, in accordance with any timing
constraints that have been defined. If there are no specified constraints, default enumeration will
be used

o Make Bit File — generates the programming file that is required for downloading the design to the
physical device.

When targeting a Xilinx device, an additional stage is available — Make PROM File. This stage is
used when you want to generate a configuration file for subsequent download to a Xilinx
configuration device on a Production board.

After the Build stage has completed, the Results Summary dialog will appear (Figure 20). This
dialog provides summary information with respect to resource usage within the target device.
Information can be copied and printed from the dialog. The dialog can be disabled from opening,
should you wish, as the information is readily available in the Output panel or from the report files
produced during the build.

Device Resources - Usage Summary
4-Input LUT= - Logic 2,990 7 6,144  48%
4-Input LUTs - Total 3,177 7 6,144  El%
Block RAMs 5/ 16 31%
Global Clock IS0 Buffers 1/ 4 Z5%
Global Clocks 2 F 4 50%
I/0 Pins z7 ldz 19%
%lice Flip Flaops 1,265 # 65,144  Z0%
Zlices with only related logic 2,176 / 2,176 100%
Zlices with unrelated logic 0 f E,L7E 0%
Slices i z,17s / 2,072 70%
Thuafs 16 / 3,200 1%

Show Results Summary dialog Maote: The Results Summary also appears in the Dutput panel

Figure 37. Summarizing resource usage for the chosen device.
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7.6.4 Program

w b & [ Program FPGA ¥ j

Figure 38. Program FPGA stage of the process flow.

Defined - Spartan2E KC25300E-EPG208C
Found - Spartan?E XC2E300E-6PC205C (Programmed)

Figure 39. Successful programming of the physical FPGA device.

P1
TsSKa1A_D
Running

Running

| TSK165B_D :

FPGA Design

This stage of the process flow is used to
download the design into the physical
FPGA device on a NanoBoard or production
board. This stage is only available when the
Devices view is configured in Live mode.

This stage of the flow can only be used
once the previous three stages have been
run successfully and an FPGA programming
file has been generated.

As the programming file is downloaded to
the device via the JTAG link, the progress
will be shown in the Status bar. Once
successfully downloaded, the text
underneath the device will change from
‘Reset’ to ‘Programmed’ (Figure 39) and
any Nexus-enabled devices on the soft
chain will be displayed as ‘Running’ (Figure
40).

e
*

T rsKk-51A [ “rsk-1658[—
—| on-chip — —| On-Chip —
_| Debug [— _| Debug [
TOH 7Ol TOO TO! TOO
Cotnpile Commpile
Buzzer_xrom.hex Keypad_xrom.hexi
Up fo Date Up to Date E
e ] . B ] P
Download Download
- w

7.7 Configuring a build stage

Should you wish to configure any of the specific options associated & [ Build -
with each of the different sub-stages in the FPGA build flow you can Transiats EIF Fil
do so by clicking on the appropriate configuration icon. = ® Trans E el
Consider the case where you want to generate a PROM file for ® tiap Design To FF (= &)
subsequent download to a Xilinx configuration device on a production | ® Blace and Route |- F]
board. In the process flow associated to the targeted FPGA device, & Timing Analysis =
expand the build section. The last entry in the build menu is Make & hizke Bit Filz
PROM File (Figure 41). ® =
Clicking on the = icon, to the far right of this menu entry, will open Figure 41. Accessing the
the Options for PROM File Generation dialog (Figure 42). From command to generate a
here you can choose the non-volatile configuration device that willbe ~ PROM file.
used by the production board to store the FPGA configuration.
Options for, PROM File Generation
Marne [ % alue
S et il PROM Options
Target FROM wcfl2s
ak ] [ Canhicel
Figure 42. Accessing the options dialog for PROM file generation.
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7.8 How Altium Designer interacts with back-end vendor tools

If you are already familiar with the build flows offered by Altera and Xilinx, you will be familiar with
one or both of the following panels:

Frocesses for Source: 'pwm-bagicpwm" I =101 ]
"""" [  AddExisting Source —&nalysiz & Synthesis— Fitter Aszembler Tlmlng Analyzer E D Metlist Writer—
"""" L] Create New Souce I | | oo

- fgh  Design Enty Utiies 00:00:00 00:00:00 DD 0000 nn 0000 00:00:00

[ @ User Constraints

- {307 Synthesize - 5T RIS R E b T 5| ¥ vl e el

EIO& Implement Design

Dap? Tianslate
To? Map
Ty Place & Route 00:00:00
[ G Generate Programming File
= » Start Stop Repart
B Process View I @ @

Figure 43. Xilinx (left) and Altera (right) vendor tool interfaces.

Although Altium Designer has its own VHDL synthesizer, it is reliant on back-end vendor tools to
implement the design on a specific device. This makes entire sense, as it is the device vendors who
have the most intimate knowledge of their specific devices and who have already developed well-
proven targeting technologies.

Most vendor specific tools have been developed in a modular fashion and contain a number of
separate executable programs for each phase of the implementation process. The vendor GUIs that
are presented to the user are co-coordinating programs that simple pass the appropriate parameters
to back-end, command-line programs.

When it comes to FPGA targeting, Altium Designer operates in a similar fashion in that it acts as a
coordinator of back-end, vendor-specific programs. Parameters that need to be passed from the
Altium Designer front-end to the vendor-specific back-end programs are handled by a series of text-
based script files. Users who are already familiar with the back-end processing tools may find some
use in accessing these script files should they wish to modify or ‘tweak’ interaction with back-end
processing tools. This however is considered a highly advanced topic and one that should be
handled cautiously. Ensure backups are taken prior to modification.

The files controlling interaction with vendor-specific back-end tools can be found in the System
directory under the A1tium Designer 6 install directory. The naming convention used for these
files is:

Device[Options | Script]_<vendor>[_<tool> | <family>].txt

i.e. DeviceOptions Xilinx PAR.txt controls the default options for Xilinx’s Place and Route
tool.

7.9 Exercise 3 — Run MyPWM on the NanoBoard

In this exercise we shall take our previously developed PWM design and run it on the NanoBoard.

1. Ensure that the NanoBoard is correctly connected to the PC, the XC2S300E (Xilinx) daughter
board is loaded, and the NanoBoard is switched on.

2. Open the Devices View and ensure the Live checkbox is ticked.

3. Click on the ‘label’ region of the Program FPGA button in the FPGA Build flow. The design will
begin building and may take a moment or two to complete.

4. If any build errors occur, diagnose and rectify the error and attempt the build process again.

5. Once downloaded, verify the operation of the design by switching different DIP switches off and
on. You should notice a change in the LED illumination.
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8 Embedded instruments

8.1 Overview

So far we have built our PWM FPGA design and run it on the NanoBoard. Fortunately this design
provided an output on the LEDs that enabled us to immediately verify that the circuit was performing
as we expected. But how do we verify other designs? In this section we will introduce the range of
embedded instruments that can be integrated into FPGA designs to facilitate on-chip testing and
debugging.

8.2 On-Chip debugging

A big concern of many embedded systems designers transitioning to FPGA based design is the
issue of debugging; how does one see inside an FPGA circuit to diagnose a fault? What these
people fail to recognize, however, is that the flexibility of FPGA devices enables typical test and
measurement virtual instruments to be wired inside the device leading to far easier debugging than
what has previously been possible.

The Altium Designer system includes a host of virtual instruments that can be utilized to gain visibility
into the hardware and quickly diagnose illusive bugs. These instruments can be found in the FPGA
Instruments.IntLib integrated library. The ‘hardware’ portion of the instrument is placed and
wired on the schematic like other components. Once the design has been built, real time interaction
with each instrument is possible from the Devices View.

& Connected
E
(oL {rog>

b

[“]Live Nanobosrd-ME1-B 1113
& 5 Compile ¥ b & [ Syrthesize v b & [l Buikd ¥ b & G Program EPGA yﬂ

lgnore FRGA, source
lgnore software

[Tor {Toc;
Spartan2E KC25300E-6PC20GC
Programmed
Ty Pt F B _SpartanllE R
b3
s L7 [ g
- CLRGEN I0B_1H8
Running Running Running Running
Legie e 1-Chx 8 Frequency
o r— fix) L. [ 7w Ll n+1 )
[ T ) [
TO! ITDI ?DOI ITDI ?DOI 1 o J'L?._JI ITDI TDOI

Figure 44. Embedded instruments displayed in the devices view.

The controls for the individual embedded instruments can be accessed by double-clicking their
associated icon in the Devices View.
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8.3 CLKGEN

5 2 1 Daud Rates | Other Frequency

| WMz soo |2so | 200 | 100 50 25 20 10 5 2 1

: Hz 500 250 | 200 | 100 | 5O 25 20 10 5 2 1

I St Time Rase =0 MHz Frequency Generator Medule

Figure 45. Frequency generator, used to generate the specified frequency

I

The frequency generator outputs a 50% duty cycle square
wave, of the specified frequency. Clicking the appropriate | TIMEBASE FREQ |[==
button can choose a number of predefined frequencies, or
a custom frequency can be selected using the Other
Frequency button. If the specified frequency cannot be
generated the closest possible is generated and the error
shown on the display. Note that when the frequency generator is instantiated in the FPGA it will not
be running, you must click the Run button to generate an output.

8.4 FRQCNT2

Freguency Generator
CLKGEN

31.25mSecs 25MH2 |

|
|
!
Freguency |
|
|

.SNJn’ 0.5 | 0.5 1.0s | S0s  10s [EC{ERIERN T Gating | O.1= | 0.5s  1.0s S0= 10s [EC{neRR RN T |

|
Mode |[Reset ‘Rum - jm S W Counter Options Mode | Reset Fun - o f . Counter Module |

Figure 46. Frequency counter, used to measure frequency in the design

FREQA,
FREQE

The frequency counter is a dual input counter that can display the measured
signal in 3 different modes; as a frequency, period, or number of pulses. TIMEBASE

FRQCNTZ

8.5 I0OB x

TS
TS

O7 D8 05 04 03 02 01 00 07 D& 05 04 03 02 01 00 HEX

0000000 0NO00D »>

e —— 1-Ch x 8-Bit Digital 'O Module

Figure 47. Digital IO module, used to monitor and control nodes in the design

The digital I/O is a general-purpose tool that can be used
for both monitoring and activating nodes in the circuit. It = AINTTS..0] AOUT[15..0]

is available in either 8-bit wide or 16-bit wide variants,

with 1 to 4 channels. 1 Chx 16 Bit Digital IO

Each input bit presents as a LED, and the set of 8 or 16 0B 1¥16

bits also presents as a HEX value. Outputs can be set or -

cleared individually by clicking the appropriate bit in the Outputs display. Alternatively typing in a
new HEX value in the HEX field can alter the entire byte or word. If a HEX value is entered you must

click the [E3l button to output it. The Synchronize button can be used to transfer the current input
value to the outputs.
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Figure 48. The logic analyzer instrument at the top, with two variations of the configurable LAX shown below it.
The LAX component on the left has been configured to accept 3 different sets of 64 signals (signal sets), the
one on the right has one signal set of 16 bits. The Configure dialog is used to set the capture width, memory
size and the signal sets.

The logic analyzer allows you to capture multiple snapshots of multiple nodes in your design. Use
the LAX to monitor multiple nets in the design and display the results as a digital or an analog
waveform.

The LAX is a configurable component. Configure it to simultaneously capture 8, 16, 31 or 64 bits.
The number of capture snapshots is defined by the amount of capture memory; this ranges from 1K
to 4K of internal storage memory (using internal FPGA memory resources). It can also be configured
to use external memory. This requires you to wire it to FPGA memory resources or to off-chip
memory (eg, NanoBoard Memory).

After placing the configurable LAX from the library, right-click on the symbol and select Configure
from the floating menu to open the Configure (logic analyzer) dialog, where you can define the
Capture Width, Memory Size and the Signal Sets.

The Configurable LAX includes an internal multiplexer, this allows you to switch from one signal set
to another at run time, display the capture data of interest. You can also trigger off one signal set
while observing results of another set.

' Note that the FPGA Instruments library includes a number of LAX components. The LAX
& component is the configurable version, all others are legacy versions.
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8.6.1 Waveform display features
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Figure 49. Digital waveform capture results from the logic analyzer

0.000m= 52.000ms= 10.00ms 1:35.00m= 20.00m=
Amplitude 4.000 %

0.000 %

Figure 50. Analog waveform capture results from the logic analyzer

The capture results are displayed in the instrument panel. There are also two waveform display
modes. The first is a digital mode, where each capture bit is displayed as a separate waveform and
the capture events define the timeline. Note that the capture clock must be set in the logic analyzer
options for the timeline to be calculated correctly. Click the Show Digital Waves button to display
the digital waveform.

The second waveform mode is an analog mode, where the value on all the logic analyzer inputs is
displayed as a voltage, for each capture event. The voltage range is from zero to the maximum
possible count value, scaled to a default of 3.3V. Click the Show Analog Waves button to display
the analog waveform.

8.6.2 Zooming in and out

In both the analog and digital waveform viewers it is possible to zoom in and out by hitting the Page
Up or Page Down keys respectively

8.6.3 Continuous display mode

Waveforms captured by the logic analyzer can be displayed as a single pass or as a continuously
updated display. Continuous updates can be enabled / disabled from the logic analyzer toolbar.

RR=A" ‘“{{_a.],;—j-_'a.f ¥
by

Skart Conkinuous Capture

Figure 51. Enabling the continuous capture mode.
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Exercise 4 — Using embedded instruments

A working design of a PWM circuit complete with embedded instruments has been prepared to
illustrate the features of FPGA instruments. Your instructor will tell you where to find it on your local

hard drive.

P182 @ CLK BRD jr= CLK BRD

Us

CLK BRD

<K JTAG NEXUS TMS

Pl

TIMEBASE

CLK_TICK
Jaz.0 T Ons o SEKCAR
- vee c S[15..0]
CLK BRD BT I\MEBASE ~ FREQ [~ Ut IB[7..0 = TRIGGER
Q[70] J8B2_16B
Frequency Generator Logic Analyser
CLKGEN CLK TICK | CCE C];Zg b LAX_1K16
U2 CLR U3 s
p3 [@] [TEST BUTTON 5 s A[7.0] GT 0 Ol 4 LEDS[7.0> I
: CBSCEB 2 B[7.0] LT P— 1 |
NV i 2 P55,P56,P57,P58,P59,P60,P61,P62
U8 COMPMSB i
=[AIN[7.0]  AOUT[7.0] S
6
1 Ch x 8 Bit Digital IO i
10B_IX8 J8S_8B
NEXUS JTAG PORT < -
NEXUS_JTAG_CONNECTOR P8 CLK TICK" FREQA
TDI}< <« ITAG NEXUS TDI £ FREQB
TDO— [ JTAG NEXUS TDO J
TCK << <CITAG NEXUS TCK. p10 CLK BRD
IMSS=—7ee

TRST

Figure 52. PWM circuit with several embedded instruments connected.

Open the provided project and download it to your NanoBoard.
Follow on your own circuit as the instructor discusses the various embedded instruments.
Double-click the NanoBoard icon in the Devices View to open the instrument rack for the

NanoBoard and set its clock frequency to 50MHz.

Instrument Rack - Nanoboard Controllers
REQUENCY - MH2

| 200 preemy ;

[ 50 | 40

|75 |le0 30

25 20 15

& {Min.)

Figure 53. NanoBoard controller.

4. Open the frequency generator’s
instrument panel. If the time base
indicated in the window next to the
Set Time Base button is not 50
MHz then press the Set Time
Base button to open a dialog box
that will enable you to set it
correctly. The Require 50/50
Duty checkbox should be
checked.

The frequency generator should
be set to 1MHz as indicated in
Figure 55.

175 |(480 | 133 |[125 (700 80 |l &0

10

Dther Frequency || Clock Cantro Options

FPGA Boot

Embedded

Frequency Counter
FRQCNT2

I |
FLASH RAM

UG M25PB0 8M-Bit
U7 M25PBD 8M-Bit

NanoBoard - NB1 Controller

Choose Time-base Freguency

Chooze the desired Time-baze Frequency.

50,000 | [MHz »]

Muote: The time-basze clock iz the basziz for all reguencies generated.
Generated frequencies must be an even divisor of the time-base

freguency,

The higher the time-baze frequency, the more accurate and greater

range of frequencies can be generated.

Fequire 5050 Duty

ok l [ Cancel

Figure 54. Counter options dialog
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Instrument Rack - Soft Devices
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I Hz So0 250 | 200 | 100 W BO 25 20 10 - 2 1 |
|

Set Time Basc Run & Options Invert Frequency Generator Module i

Figure 55. Frequency generator Panel

6. Open the frequency counter’s Counter, Module - Options
instrument panel. Select the
Counter Options button on the Display Update
frequency counter module and Update Display From Core Every ms

make sure the Counter Time Base
is also set to 50MHz (the same as

Counter Time Baze

Enter the Frequency of the time-base that iz connected to the

the NanoBoard clock frequenCY), TimeBase pin of the: counter module component.
as shown in Figure 56. Press OK. (50,000 Mz |
7. Use the Mode button as necessary Mate: The time-bage clock is the baziz for all frequency and penod
on each channel of the frequency calculations in the counter modules.
The time-base iz divided down to create the gating periods uzed by
counter module to toggle the [yt
dlsplay mode between frequency’ The mare accurate and stable the ime-base, the more accurate the
period or count. You should get countar,
the same display as depicted in
Figure 57. [ Ok J [ Carcel

Figure 56. Counter options dialog

Instrument Rack - Soft Devices

Gating |/01s | 0.8s 100 | [50s | 10s R R COS P PR T AT M Y T M Gating 0.5 Secs
Mode Reset Run = & " Counter Options Mode Reset Run = s "\ Counter Module

i : |
| TER C} LA ;0 R CH EL B |
Frequency Frequency |
j 3 " 9 06 KHz 1 MHz i
: |
; |

Figure 57. Frequency counter control panel

8. Open the Digital IOB’s instrument panel.

Instrument Rack - Soft Devices v

00000000D

Synchronire 1-Ch x 8-Bit Digital I'O Module

OF 08 05 04 03 0201 00 OF 0F 05 04 0F 02 01 00 HEX |
|
|

Figure 58. Digital IOB instrument control panel

9. Modify the Outputs of the IOB module and observe changes in the LEDs.

10. Adjust the output frequency of the frequency generator module to a lower frequency; try 1KHz.
Observe the impact this has on the LEDs. Modify the Outputs of the IOB and observe further
changes in the LEDs.

11. Adjust the output frequency of the frequency generator module back to 1MHz.
12. Open the logic analyser’s instrument control panel.
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Figure 59. Logic analyser instrument control panel

FPGA Design

i

Show Panel

16-Channel Logic Analyser

13. Select Show Panel on the logic analyser. Set the panel up as depicted in Figure 60

Logic Analyser Triggering

)
s

Bits (&) Magnitude () Triggering Mode Splt 8-Bit Channels
Trigger Invert
CH[7..0] |[00o000000][m || O
Mask
| """" | |FF | Delay Trigger
For After [] T
Bits(®)  Magnitude (O |
Capture
Trigger Invert ] Invert Cydes
CH[5..8]|[00000000][0 || O
|"““’3" [ @AND OOR (OXOR
"""" () CH[15.8] Only () CH[7..0] Only

Figure 60. Logic analyser triggering options.

14. Select Options on the logic
analyser. Set the clock capture
frequency to TMHz — the same as
the frequency generator module.
Adjust the other controls to be the
same as shown in Figure 61.

Select Arm and observe the
waveform displayed in the waveform|
viewer. Select continuous mode
and adjust the 10B output. Observe
the change in the PWM mark-to-
space ratio.

15.

Logic Analyser - Options

Optionsz
Capture Every Clock Edge

Enable External Trigger
|pdate Digplay From Core Every

Abort Capture &fter

Clock Capture Frequency

Analag full scale output valtage

O

200 o ms

3 % | Secs

1.00 MHz

33

l

o

K

IL Cancel J

Figure 61. Logic analyser setup options.
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Figure 62. Logic analyser waveform with bit-7 of the IOB set.
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Figure 63. Logic analyser waveform with bits 6 & 7 of the 0B set.

8.8

Where are the Instruments?

The important differentiator between Altium Designer's embedded instruments and other simulation-
based virtual instruments is that Altium Designer’'s embedded instruments are true physical devices
that are downloaded into the FPGA device as part of the design. The information provided to the
designer by the embedded instruments can be relied upon as it is taken from real physical

measurements taken on chip.

Figure 64 illustrates this point as it shows the FPGA real estate used by the embedded instruments.
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Figure 64. Floorplan of MyPWM_withinstruments.SchDoc after it has been placed onto an FPGA.

8.9 Enabling embedded instruments

The NanoBoard hardware incorporates the entire infrastructure necessary to support Embedded
Instruments and allow them to communicate with the host PC. All virtual instruments communicate
with the host PC via a ‘soft’ JTAG chain that conforms to the Nexus standard. To enable Nexus on
the NanoBoard, the NEXUS JTAG PORT and NEXUS JTAG_ CONNECTOR must be placed onto the
top level schematic. These respective components can be found in the FPGA Generic.IntLib
and FPGA NanoBoard Port-Plugin.IntLib Integrated Libraries.

NEXUS JTAG PORT

NEXUS_JTAG_CONNECTOR
JTAG NEXUS TDI |
JTAG_NEXUS TDO 10
JTAG NEXUS TCK | 11
JTAG NEXUS TMS | .

P8

Figure 65. NEXUS JTAG Port and NEXUS JTAG Connector.

To be able to use embedded instruments in custom designs, it is necessary to reserve 4 device pins
for the NEXUS JTAG_CONNECTOR and ensure that sufficient device resources are present to
accommodate the virtual instruments in the device. The JTAG soft chain and other communications
chains present on the NanoBoard will be discussed further in the next section.
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9 Interacting with the NanoBoard

9.1 Overview

The NanoBoard is pivotal to rapid embedded systems development with Altium Designer. It contains
a range of peripherals and expansion capabilities to allow it to adapt to a broad cross section of
embedded projects. In this section we will discuss the concepts necessary for a designer to make
effective use the NanoBoard’s potential.

9.2 NanoBoard communications

The NanoBoard contains 3 primary communication channels. A complete understanding of these
channels is not necessary to begin using the tool suite however it may be of interest to developers
keen to make use of Altium Designer’s debugging capabilities on their own custom designs.

The primary point of user control of the NanoBoard is via the Devices View. This view provides an
easy-to-use visualization of the various communications chains active on the NanoBoard.

| £ Devicesl |’,’|
@ Connected . o
s NanoTalk
Chain
Live Manohoard-ME1-B %1113
& [ Compile « b @ [ Syrthesize ¥ b & [ Build + B @ B Program EPGA, ?T‘
|:| lgnore FRGA source
lgriore softyware 3\
[ 750> JTAG
| Hard
SpartanzE HC2S300E-6PG208C Chaln
Programmed
r 1 J
Wty Pt J MEI_SpartanilE b
_______________ o~
us : u7 U ug - 3\
L&y _1K16 E CLKGEN DB _1X8 FREACMTZ
Running - Running Running Running
Analyser " C . Counter
| f{x) 1L R
. p——— =T S i
01 > —{ 701 700 |— {0 0o} {70 DO} {701 00| 755> JTAG
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Chain

4 | Source | Source Location

F:AMarty\Projects\Nexar\D esigns\E xercises\S chPWMA
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Figure 66. Devices view with its various communications channels highlighted.
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9.2.1 NanoTalk chain

NanoTalk is the proprietary communications protocol developed by Altium to enable multiple
NanoBoards to communicate with one another. The 10 pin NanoTalk headers can be found on both
the left and right edges at the upper end of the NanoBoard. Communications via this channel is
totally transparent to the user. There should be no need to interact with this standard.

9.2.2 JTAG Hard Chain

The JTAG Hard Chain is a serial communications channel that connects physical devices together.
JTAG devices can be connected end on end by connecting the TDO pin of an upstream device to
the TDI pin of a downstream device. The hard JTAG chain is visible in the middle portion of the
Devices View. Usually this is where an FPGA will be located however if you also have other
devices that are connected to the JTAG chain such as a configuration device then these will be
visible also.

The hard JTAG chain can be extended beyond the NanoBoard through the User Board A and User
Board B connectors. When using either of these connectors, it is imperative that the JTAG chain is
not broken —i.e. the TDI/TDO chain must be looped back to the NanoBoard.

9.2.3 JTAG Soft Chain

The JTAG Soft Chain is a separate JTAG channel that provides communication with the Embedded
Instruments that can be incorporated into an FPGA design. This chain is labeled as a soft chain
since it does not connect tangible physical devices together but rather connects soft or downloadable
instruments that reside inside a hard or physical FPGA device.

9.3 Technical background

TDI

!

JTAG
Parallel Cell

|

TDO

Figure 67. Conceptual View of JTAG data flows.

Data Flow

9.3.1 JTAG in depth

The acronym JTAG stands for Joint Test Application Group and is synonymous with IEEE 1149.1.
The standard defines a Test Access Port (TAP), boundary scan architecture and communications
protocol that allows automated test equipment to interact with hardware devices. Essentially it
enables you to place a device into a test mode and then control the state of each of the device’s pins
or run a built-in self-test on that device. The flexibility of the JTAG standard has also lead to its
usage in programming (configuring) devices such as FPGAs and microprocessors.

At minimum, JTAG requires that the following pins are defined on a JTAG device:
TCK: Test Clock Input
TMS: Test Mode Select
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e TDI: Test Data Input
e TDO: Test Data Output

TCK controls the data rate of data being clocked into and out of the device. A rising TCK edge is
used by the device to sample incoming data on its TDI pin and by the host to sample outgoing data
on the devices TDO pin.

%
o
F
=
m

STANDARD TI
JTAG DEVICE

Figure 68. Using JTAG Chain to connect multiple JTAG devices together in a digital design.

)

test logic reset
TMS=1 ! TMS=0

{ run test idle
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r 3
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TMS=1 TMS=0 TMS=1 TMS=0

Figure 69. JTAG Test Access Port (TAP) State Machine.

The Test Access Port (TAP) Controller is a state machine that controls access to two internal
registers — the Instruction Register (IR) and the Data Register (DR). Data fed into the device via TDI
or out of the device via TDO can only ever access one of these two registers at any given time. The
register being accessed is determined by which state the TAP controller is in. Traversal through the
TAP controller state machine is governed by TMS.
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9.3.2 Nexus 5001

The flexibility of JTAG for hardware debugging purposes has flowed over into the software domain.
In the same way that test engineers have sought a standardized method for testing silicon, software
engineers have also sought a standardized means for debugging their programs.

In 1998, the Global Embedded Debug Interface Standard (GEDIS) Consortium was formed. In late
1999 the group moved operations into the IEEE-ISTO and changed their name to the Nexus 5001
Forum and released V1.0 of IEEE-ISTO — 1999. In December 2003, V2.0 was released.

The Nexus 5001 standard provides a standardized mechanism for debug tools to interact with target
systems and perform typical debugging operations such as setting breakpoints and analyzing
variables, etc. There are 4 classes of Nexus compliance — each with differing levels of supported
functionality. The lowest level uses JTAG as the low-level communications conduit.

The implementation of Nexus 5001 on the NanoBoard has been labeled as the JTAG Soft Chain. It
is a serial chain just like the hard chain however rather than connecting physical devices together, it
connects virtual devices together. These devices include the set of virtual instruments that are
supplied with Altium Designer and described in the following chapter. Control of devices on the Soft
Chain can be performed from the Devices View — Soft Chain Devices are located towards the
bottom of the Devices View under the Hard Chain.

As with the JTAG Hard Chain, the Soft Chain can be taken off the NanoBoard via the User Board A
and User Board B connectors. This provides the means for target systems to also include virtual
instruments and to benefit from the Altium Designer development environment. Similarly to the Hard
Chain, it is imperative that a complete loop be maintained between the Soft Chain TDI and TDO
connections.

9.4 The NanoBoard controller

The NanoBoard Controller can be accessed by double-clicking on the NanoBoard icon in the
Devices View.

Instrument Rack - Nanoboard Controllers
i = 5 —

FLASH RAM

TR UG M25PB0 BM-Bit
(vl |7 M25PB0 BM-Bit

NanoBoard - NB1 Controlier

Figure 70. The NanoBoard Controller Instrument Rack.

The Clock Frequency indicated in the window will be supplied to the
CLK_BRD port on the NanoBoard. Accessing this clock on custom designs is
as simple as placing the CLOCK_BOARD component from the FPGA NanoBoard Port-
Plugin.IntLib Library.

P182 @ CLK BRD )=

Selecting a non-standard frequency is possible by clicking the Other Frequency button. The
NanoBoard clock system employs a serially programmable clock source (part number ICS307-02)
that is capable of synthesizing any clock frequency between 6 and 200MHz. Advanced access to
the Clock Control IC registers is available through the Clock Control Options button. A datasheet
for this device is available from the ICS website http://www.icst.com/products/pdf/ics3070102.pdf.
An online form useful for calculating settings for the clock control IC is also available at
http://www.icst.com/products/ics307inputForm.html.

To the right of the NanoBoard Controller is a section with the heading (T DOTT o
Flash RAM. The FPGA Boot button affords the facility to store a daughter v [ERSE L[ srionoe
o HE ek

board configuration file that will get automatically loaded into the daughter xx
P {SPLMODE |-

board on power up. The Embedded button exposes memory that can be & SPLSEL o

used by the user application to store non-volatle user data. The
Embedded Memory device is accessible via the SERIALFMEMORY component in the FPGA
NanoBoard Port-Plugin.IntLib Library.
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9.5 FPGA I/O view

Double-clicking a device icon in the JTAG Hard chain displays the Instrument Rack for that device.

I
Linked By To Project: MyPWHM.PrjFpg
Type Pin Number Port Mame Direction
Marmal TEST_BUTTOM
Mormal JTAG_MEXUS_TDI
Marmal JTAG_MERUS_TCK
Mormal JTAG_MEXUS_THMS
Marmal JTAG_MERUS_TDOD
Morrmal LEDS(T)
Mormal LEDSIE)
Morrmal LEDE[S)
Marmal LED=0 4
Morrmal LEDS03)
Marmal LECS(2)
Maormal LEDS01)
Marmal LEC:=(0)
Mormal CLK_BRD

BSDL Information = Live Update Hide Unassigned I/0 Pins  Top Level Document

Figure 71. The FPGA I/O Instrument Rack.

This interface enables the developer to see in real time the flow of signals across the device’s pins.
This can be particularly useful when ensuring that signals are being correctly propagated to and from
the device.

Placing a tick in the Live Update checkbox will cause the display to update in real time.
Alternatively, leaving the Live Update checkbox clear and selecting the update icon will
cause signal information to be latched to the display and held.

Check Hide Unassigned I/O Pins to remove clutter from the display.

The BSDL Information drop down list should only need to be accessed for devices which are
unknown to Altium Designer. In this case, you will need to provide the location of the vendor
supplied BSDL file for the device you are viewing.

The FPGA 10 instrument rack is available for all devices on the JTAG Hard Chain — including
devices on a user board that is connected to the JTAG Hard Chain.

9.6 Live cross probing

Probe directives can be placed on the FPGA 00FF
schematic on any I/O net and will update in real time _ £

as long as the Hard Devices Instrument Panel is ] SWI7..0] =

displayed. Use the Place » Directives » Probe to P63,P64,P68,P69,P70,P71,P73,P74

place a cross probe on one of the I/O nets.

Figure 72. Using Live Cross Probing.

7 Exercise 5 — View MyPWM on the NanoBoard

Reload your circuit from Exercise 3 again and run it on the NanoBoard.

Open the FPGA |O Instrument Rack.

Check the Hide Unassigned I/O Pins checkbox and the Live Update checkboxes.

Observe the change in switch states and LEDs as you toggle the NanoBoard DIP switches.

Use the Place » Directives » Probe option to place a probe point on the bus connected to the
DIP Switches. Observe the probe value as the DIP Switches are changed on the NanoBoard.

ok wd =210

www.cadfanpyly.com EMail:cadserv21@hotmail.com
The document is for study only,if tort to your rights,please inform us,we will delete


www.cadfamily.com
www.cadfamily.com

Altium Designer Training Module FPGA Design

10 Creating a core component

10.1 Core project

Altium Designer provides the ability to encapsulate an entire FPGA circuit into a single component
that can be used as a building block in other projects. These self-contained blocks are called core
components and offer the advantage of design reuse and design security. Core components can be
synthesized for a target FPGA and made available to others without exposing the underlying IP.

A Core project is used to create an FPGA component that may be used multiple times within one or
across many FPGA projects. The output of a Core project behaves in a similar fashion to a library
component in that it becomes an elemental unit that is used as a component in larger designs.

A Core project is useful when you wish to make some functionality available to a broad user base but
you do not want to expose the IP used to implement the functionality.

Projects - X
| LCD_Keypad DSNWRK + || arkspace| U Daatez
Dilurssllos
[z | LCD_K.eypad PRIFFG “ Project ‘ CLE_20MHEZ CLE_10MES [
CLE IMHZ [
() File iew (%) Structure Editar e anmEz [
ISF 1 | CD_Keypad PRJIFPG T e
EII_; LCD_Keypad.5chDoc " 1S5 Sk e e
= = 5 e FEVPAD EST [ ——t= Ear
= TSKS1 SehDoc EEYE.0] %. el e

Z4F P1([TSKS1A_D) et
_.,|,|,|] LCD.PIiE mb /Knypdkmx
1E M1 [RaMaEK]
=38 U_Divider K31 1 ker

| 4 Divider. schdoc m
= 4F U4 [KeyPadScanner] ’/ + CIE LEDE [f—m
E<H KeyPadScanner.PRJCOR k . If‘cnﬁkx“’x z:—
= 4 KeyPadScanner 5 chDoc — o LD eRRE] [ CRIA0] =
LAD ATORE.0] [ ADTES 0] LD DATA T3 f———
LeD LINE [, {={ LINE

LED DATAO[.N] [

alid oUD Frojects and Lonfigurations: MD_BUwa ETSY

= \Q] LCD_Keypad PRIFPG LiD_fIECER |:,| SIECEE LD DATAT[T.0]  pe—

= & Cyclone12_NB1 [EP1C120240C6]
% LCD_Keypad. Constraint LCTLE X2k
% MNB1_E_EP1C120240. Constraint

= @ Spartan300_MEB1 [<C25300E-6P0208C]
% LCD_K.eypad. Canstraint
% WNE1_E_=C25 300E -6PQ208. Constrain

il LCD.PrEmb

13l KeyPadS canner. PRJCOR

L

Help Mavigator K, !

Figure 73. Using a Core Component in an FPGA Project.

10.2 Creating a core component from an FPGA project.

It is possible to create a core component from scratch however often we wish to create a core
component from an existing FPGA design or project. In either case a blank core project must first be
created. If the core component is to be based on an existing design then use Project » Add
Existing to Project to add the relevant VHDL and / or schematic documents to the project. If the
core component is being created from scratch then its source documents will need to be created in
the same way that an FPGA project is built.

10.3 A word about EDIF

EDIF is an acronym for Electronic Design Interchange Format. It was originally developed as a
standardized format for transferring integrated circuit design information between vendor tools.
Altium Designer creates EDIF files as part of the synthesis process and these files are then passed
to the vendor back end tools for complete FPGA place and route.
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Although EDIF files conform to a standard, the information within a given EDIF file may contain
vendor specific constructs. EDIF files can not, therefore be considered as vendor independent.

It is also worth noting that although EDIF files do offer some form of IP protection, they are readable
by humans and can be deciphered with little effort. They should not be relied upon to maintain IP
protection.

10.4 Setting up the core project

Once the core project has been created it is important to make available its EDIF models when you
eventually ‘publish’ it. Make sure the Include models in published archive checkbox is ticked in
the Options tab of the Project Options dialog.

Options for, Core Project MyPWhCore. PrjCor

Ermor Reporting | Connection Matrix | Class Generation | Comparator EEMuIti-EHannel Default Prints | Search Paths Synthesis_ Simulation | Parameters

Output Path: E.F:\M artyhProjects\MexarDesigns\T est Exercise\Exercize B\ProjectOutputs B

Reorder documents on compile

HOL Optianz
[Juze vHOL 87

[Jusze Werilog 95

Set To Defaults ok l ’ Cancel

Figure 74. Setting options for a core component.

You must now specify the folder on your hard disk that you wish the EDIF models to be saved into.
This folder will be searched along with the standard system EDIF folders (\Altium Designer
6\Library\EDIF) when you synthesize any design. It is good practice to keep EDIF models generated
from core projects in a single location for easier searching. The location of the EDIF model folder is
specified in the Preferences — FPGA — Synthesis dialog.
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Preferences
+-[ ] Swstem [
+-[ ] Schematic FPGA — Svnth esis
- [5FPGA a
Al General ;
1] Simulation Compiler Synthesis Options
+fl Simulation Debugger :
/[ Synthesis * Default Device:  =C25300E-BPG208C
@ Devices Yiew
+- [ Wersion Control Copy preexisting models when available [[] 5ave on synthesize
+- [ Embedded Systerm
+- [ PCE Editar
+-[] Texk Editors
+1 [ CAM Editor URS RO SEEEEE E &, :
+ [ Wave | C:\MyCares @
’ Set To Defaults |~ ] [ Save... l ’ Load... ] [ Import From... |~ ] ok l [ Cancel l ’ Apply

Figure 75. Specifying the location of core component models.

10.5 Constrain / configure

The concept of constraint files and configurations is central to the flexibility of Altium Designer. They
provide a mechanism to allow FPGA circuits to be developed independent of the final physical
implementation. Rather than storing device and implementation specific data such as pin allocations
and electrical properties in the source VHDL or schematic documents, this information is stored in
separate files — called Constraint files. This decoupling of the logical definition of an FPGA design
from its physical implementation allows for quick and easy re-targeting of a single design to multiple
devices and PCB layouts.

There are a number of classes of configuration information pertinent to different aspects of an FPGA
project:

10.5.1 Device and board considerations:

The specific FPGA device must be identified and ports defined in the top level FPGA design must be
mapped to specific pin numbers.

10.5.2 Device resource considerations:

In some designs it may be advantageous to make use of vendor specific resources that are unique
to a given FPGA device. Some examples are hardware multiplication units, clock multipliers and
memory resources.

10.5.3 Project or design considerations:

This would include requirements which are associated with the logic of the design, as well as
constrains on its timing. For example, specifying that a particular logical port must be allocated to
global clock net, and must be able to run at a certain speed.

A configuration is a set of one or more constraint files that must be used to target a design for a

specific output. The migration of a design from prototype, refinement and production will often
involve several PCB iterations and possibly even different devices. In this case, a separate
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configuration would be used to bring together constraint file information for each design iteration.
Each new configuration (and its associated constraint file(s) ) is stored with the project and can be
recalled at any time.

To summarize:

Constraint files store implementation specific information such as device pin allocations and
electrical properties.

A Configuration is a grouping of one or more constraint files and describes how the FPGA
project should be built.

10.6 Creating a new constraint file.

Before a configuration can be built, a constraint file must exist. Constraint files have the extension
.Constraint. Constraint files for use with the NanoBoard daughter-board modules can be found in
the \Program Files\Altium Designer 6\Library\Fpga directory. In general it is advisable
to take a copy of these files and store it in your project directory before adding it to the project. This
way the project is kept self-contained and any edits you may inadvertently make will not affect the
supplied constraint file.

To add your own, new constraint file, right click on the project name in the Projects panel and
select Add New To Project » Constraint File.

A new blank constraint file will appear. To specify the target device select Design » Add/Modify
Constraint » Part and the Browse Physical Devices dialog will open.

Browse Physical Devices

Yendors Spartan2E
ACTEL 1.8Y Spartan-llE FPGA
Alkera Base Device XC2550E  RC2S100E  XC251S0E  WC2S200E  HC25300E  WC2S400E  HC25600E
Gl Zilinx Logic Cells IREZ 2700 3888 5292 6912 10K 15K
Lattice 1/0's L 202 265 280 329 410 514
sharp Fine Pitch Thin Ball Grid Array (FT)
FT256 17 % 17 mm 182 182 182 152 182 152
Plastic Quad Flat Pack {PQ)
FPGA Families ~ PQZDB 28 x 28 mm 146 146 146 146 146
CoalRtF RS -| | Thin Quad Flat Pack (TQ)
T TQ144 20 x 20 mm 102 102
Fine Pitch Ball Grid Array {FG)

Spaitans FG456 25 % 23 mm 202 265 289 329 329 329
SHaLELEE FGE76 27 % 27 mm . 5 = 410 514
Spartan3
SpartansE
Wirkex
Virbex2 w
Temperature Grades
Commetrcial Grade
Industrial Grade
Speed Grades Selected Device
Higher Performance " 7POZNEC
Standard Performance Package 20 lastic Quad Flat Pack (PQ203)

Pin Count 208

Speed Grade Higher Performance

Temperature Grade Commercial Grade

SPARTAN:IE User I/0 Pins 146
e ggpppgﬁa ng,;D Gs%indt?%df», HSTL Class I, HSTL Class Il HSTL Ciass [V, LVCMOS 1.8, LVCMOS 2.5v, LyDS, LyPECL, LyrTL| | L Show Schematc Synbol
= 3.3, PCl 33Mhz 3.3V, PCI BBMhz 3.3V, PCl¢ 3.3V, 55TL2 Class [L 55TL2 Class [1, S5TL3 Clase |, S5TL3 Class Il Show PCB Footprint
3 auNx Show 30 Model

Figure 76. The Browse Physical Devices dialog, where you select the target FPGA.
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| * Home‘ | % MyProject_Spattan2E Constraint

sConstraints File
Device
Board
Project

Created 20/08/2004

ecord=FileHeader | Id=DXF Constraints wi1.0

iRecnrlFCnnstraint | TargetKind=Part | TargetId=XCZ3300E-6PQZ0SC

I — i

Figure 77. Basic constraint file.

e Select the vendor, family, device and
temperature/speed grades as desired and click
OK. A line similar to the one above will be ‘ e Dt M HWU”’“SPBCEI
automatically inserted into the constraint file: ‘ MyPwM Core. PriCar H e I

e Save the constraint file. Typically it would be File i Shucture Edit - =
named to reflect its role — for example if the OIF LN @G
target device was a Xilinx Spartan-3 FPGA EER-| MyPwWMCore PriCor |

2 MyPwh SchDoc (1]

mounted on your project PCB you might call it 5108 Settings

MyProject Spartan2E.Constraint. You
will notice the constraint file has been added to
the project under the settings tab.

MyProject_Spartan2E . Constraint By

_

Figure 78. Project with constraint File.

10.7 Creating a configuration

As previously mentioned, configurations group a number of constraint files together to create a set of
instructions for the FPGA build process. To define a configuration ...

¢ Right-click on the project name in the Projects panel and select Configuration Manager

Configuration Manager For, MyPWiiCore. PrjCor, Elgl

Constraint Files Configurations

Configurations Add... Delete... Rename... Constraint Files Add... Remave... [Fanee b (i Yam i _ —

Figure 79. Specifying a configuration using the configuration manager.

o If you have just recently created a new constraints file, you will see it listed under the Constraint
Filename. Existing constraint files that currently aren’t in the project can be added by selecting
the Add button next to the Constraint Files text.

o To define a new configuration, select the Add button next to the Configurations text. A dialog
will appear requesting you to provide a name for the new configuration. The name can be
arbitrary but it is helpful if it provides some indication as to what the configuration is for.

¢ Having defined the new configuration, you may now assign constraint files to it by ticking their
associated checkbox. Here we have assigned the constraint file MyProject_Spartan2E to the
Target_XC2S300E configuration.
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e Click OK to save the configuration.

Configuration Manager For, MyPWiiCore. PrjCor,

Constraint Files Configurations
Target_xC25300E

Cnnﬁguratinns[ Add... ” Delete... ” Rename... ] Constraint Files [#] Force Columis |nto iew

Figure 80. Specifying a configuration using the configuration manager.

Although the above simplistic example only had one constraints file and one configuration, the power
of configurations really becomes apparent as the design matures. Below we see how a design has
been targeted to multiple platforms:

Configuration Manager For, SpiritLevel. PRIFPG

Constraint Files Configurations

/ NE_Cycll_240 [ NE_ilins_Spattan? [ Spiritevel Target_7E

i

_E . Constraint 1
SpirtLevel Constraint 1
Taiget_2E.Constraint 1

[
¥
O
|

OO
KOO

Confgurations |_aia. ][ oems ][ semeen. Canstrlnt Flles T ———

Figure 81. Example of a project with multiple configurations defined.

Configurations can be updated or modified as desired at any time throughout the project’s
development by returning to the Configuration Manager dialog.

10.8 Synthesize

Now that we have defined a
configuration we are ready to
synthesize the core for the
target. Entity/Canfiguration |
o With the top level FPGA
document open select
Design » Synthesize. If we
had defined more than one

configuration and wished to | ok | | Ccancel |

synthesize all configurations

Choose Toplevel

Architecture

at once we could select Figure 82. Specifying an FPGA project’s top level document.
Design » Synthesize Al
Configurations.

¢ If you have not already nominated the top level | MyWorkspace. Dsniwtk — mekwacel
entity/configuration in the Synthesis tab of the | by M Care, PrCor ” Project ]

Options for Core Project, the Choose Toplevel — _
dialog will appear. Enter the core project name or () File View ) Structure Editor

select from the dropdown list and click OK to continue.

e The project will be synthesized resulting in the
generation of VHDL files for the schematic, EDIF files
for the schematic wiring and parts, and a synthesis log

5] Sttings
= L1 Gererated (T arget_=C25300E)

file. These will all be located under the Generated ] MR VHD
. ; Ell MyPWhCore edn
folder in the project panel. =] MyPwWMCore_Synth.log

ﬁ

Figure 83. Files generated after synthesizing the
design
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e You will observe the configuration name in brackets beside the Generated Folder. Had we
synthesized more than one configuration then a separate Generated folder would have appeared
for each of the defined configurations.

e Confirm that the synthesis process completed successfully by observing the synthesis log file. A
line towards the bottom of the report should indicate whether any errors were encountered.

10.9 Publish

Now we can publish the core project. This will zip together (archive) all the EDIF files in the core
project’s Project Outputs folder and then copy this to the user EDIF models folder that was specified
earlier.

o Select Design » Publish. If the error message “cannot find ‘working folder” appears, make sure
you have set up the Use presynthesized model folder option in the FPGA Preferences dialog.

o Check the Messages panel to ensure the design has been successfully published.
e Save the core project file.

10.10 Creating a core schematic symbol

The core project has been successfully synthesized and published. It would be possible at this point
for other personnel to make use of your core through a VHDL instantiation process. This can be a
messy affair. A far simpler option would be for them to use a schematic symbol that is linked to your
core and associated EDIF files. To do this, we need to create our own schematic symbol from the
core component.

o With the top level FPGA document open select Design » Generate Symbol.

X schilibl Schiib *
SCH Librar v X
Components I |Descripli0n
| Pace | [ add | [ Deete || Ede |
|Aliases / |
|
- - | T
[ Add ] [ Delete ] [ Edt ] {1 CLK_BRD LEDS[?O]
PFirs | Name | Type | '[]"IT
—a CLE_BRD CLK_BRD Input... = TEST—B ON
—af Sw[7.0] SwWF.0] Input...
—of TEST_BUTT... TEST_BUTTON Input...
—af LEDS[7..0] LEDS[7.0] Outp...
| s || Delete || Edt |
|M0de| ¢ |Type | Description |
|
| s | pelee || Edt |
Mavigakar Help Projects
K ]

Figure 84. Creating a core component symbol.

¢ A new schematic library (Schlib1.SchLib) will be automatically created and opened to display the
generated symbol. By default the component name will take on the same name as the core
project name. Options controlling the new component’s appearance and style can be controlled
from the Options tab of the Project » Project Options dialog.

www.cadfamily.com EMail:cadserv21@hotmail.com 5- 49
The document is for study only,if tort to your rights,please inform us,we will delete


www.cadfamily.com
www.cadfamily.com

Altium Designer Training Module FPGA Design

Options for Core Project MyPWHCore. PrijCor

Enror Hepol.ting Coninection Matris | Comparatol Multi-Charnel | Default Prints __.Sear.ch Faths ::.S_l,lnthesisf Simulation __.F'arameters

—_

Output Path: :F “Marty\Projects\MexartD esigns\E vercizeshS chPwh \Project D utputs = |

Core Froject Options
Include maodels in publizhed archive

Add to exizting schematic library
| F:5MartyhProjectsiM exarD esigns\ExerciseshSchPwh',

At Width Auto Height  Pin Length

Style
(&) Input/Output

() Relative Schematic Port Layout

() Propartional Schematic Port Lawout

Set To Defaults QK. H Cancel l

Figure 85. Specifying core component options.

o From within the library editor, select the component in the Library panel and select the Edit
button. The Library Component Properties dialog will be displayed. Note that several
parameters have been added to indicate which child models are required to be retrieved from the
published EDIF zip files.

Library Component Properties

Fr L
_[;:?:L:II:S Parameters far MuPwiCore ‘
Desmator |7 | Elvisibie Visble | Name | Value [Type
y 5
Comment  |* w | [¥] Visible - "
ildkodel
| |. [l ChildModel2 MY STRING
[ Don't Annotate Component [ ChildMadelz COMPMEE STRING
@ I = Pat 140 [ ChidModeld J85_88 STRING
Library Ref |MyPWMEOre | |
Description | |
[ tod. [ Remove.. |[ Edt. | [AddasRue.
Type | Standard - |
Maodels for MyPwWhCare
MHame |T_l,lpe T |Descripliun

Graphical
tode

[ Shaw &l Pinz O Sheet [Ewen if Hidden]

[ Loral Colors Lock Pinz

tgd.. || Remove.. |[  Edi.

Figure 86. Specifying the properties of the newly created core component symbol.

e Clicking on the Edit Pins button will enable further modification of the properties and appearance
of the schematic symbol.

o From the schematic library editor, adjust the symbol properties as appropriate and save the
component. Save the library before exiting.
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Co

Designator  / |Mame | Desc [Owrer | Show | Murnber

| CLK_BRD CLK_ERD m
LEDS[7..0] LEDS[7..0] Dutput i |
Sw/[7.0] Sw(7..0] Irpt 1 O
TEST_EBUTTOM TEST_EUT Irput 1 O
| add. || Bemove.. || Edt.

Pin Properties

Dizplay Mame CLE B [¥] visible
Designator CLK_BFD [ visible
Electrical Type |In|:|ut v |
—i CLK BRD
Description | |
Hide [] Connect To
Part Murnber
Syrmbols Graphical
Inside |—N0 Symbal v| Location % |3n | ¥ |D |
Inside Edge  |[No Symbal v Length |30 ]
Outzide Edge [ND Symbol v | Orientation |'ISD Degrees £ |
Outside |—ND Symbal i | Calar -
WHOL Parameters Swapping Options
Default Y alue
Part |E| v| Pin | vl
Formal Type
T — Pin &crozs Parts bl
Unique Id HEASEMOY | [Freset [ &
0K ] [ Cancel J

Figure 87. Editing the core component pins.

10.11 Using a core component

When a core component is synthesized and published, the EDIF model is archived into the location
specified in the FPGA Preferences dialog. Any project that subsequently uses the core component
must ensure that the EDIF archive can be found within the search path. The search sequence for
EDIF models is:

$project_dir
$user_edif\$vendor\$family
Suser_edif\$vendor
Suser_edif
$system_edif\$vendor\$family
$system_edif\$vendor
$system_edif
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Note that the search locations includes the project directory which makes it useful if you need to
transfer the design to another PC that does not have the user EDIF models location defined.

10.12 Exercise 6 — Create a core component from MyPWM

1.

2.
3.
4.

Create a new core project and call it MyPWMCore.PrjCor. Note that the filename must not have
spaces in it.

Follow the steps in Section 10.4 to ensure the settings are correct.
Attach the existing MyPWM.SchDoc that you created as part of exercise 3.

Create a project level constraint file and call it MyPWMPrj.Constraint. Add the following to this
constraint file:

Record=Constraint | TargetKind=Port | Targetld=CLK_BRD | FPGA_CLOCK_PIN=True
Record=Constraint | TargetKind=Port | Targetld=CLK_BRD | FPGA_CLOCK=True

Record=Constraint | TargetKind=Port | Targetld=CLK_BRD | FPGA_CLOCK_FREQUENCY=50Mhz
Figure 88. Updates to be made to MyPWMPrj.Constraint file.

5. Create a constraint file each for an Altera Cyclone device as well as a Xilinx SpartanllE device.

6. Create a configuration that links each of the individual device constraint files with the project
constraint file.

7. Synthesize all configurations and publish the design. Check the User Presynthesized model
Folder (as set in Section 10.4) using windows explorer and view the directories that are created
and their contents.

8. Create a core schematic symbol and save it to the library MyCoreLib.SchLib.

9. Create a new FPGA project and schematic that makes use of your PWM core and test it on the
NanoBoard.

ps2 @ o

— CLK_BRD LEDS([7..0]

SW[7..0] ¢ SW[7..0] P55,P56,P57,P58,P59,P60,P61,P62

P63,P64,P68,P69,P70,P71,P73,P74

P3

> TEST_BUTTON

@] [ TEST BUTTON - MyPWMCore

Figure 89. Test project used to test the function of MyPWMCore.
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11 FPGA design simulation

Altium Designer supports behavioral simulation of VHDL designs. This is particularly useful when
verifying the functional operation of digital circuits prior to implementing them inside an FPGA.

11.1 Creating a testbench

Before simulation can begin, a VHDL Testbench file must be created to drive the simulation
session. Conceptually, the Testbench straddles the Design Under Test (DUT) and drives the DUT’s
inputs whilst observing its outputs.

VHDL Testbench

A

DUT A 4 > Design Under Test (DUT) > DUT

Inputs Outputs

Figure 90. Conceptual view of how a VHDL testbench interacts with the Design Under Test (DUT).

Altium Designer provides a convenient method for building a VHDL Testbench based on the inputs
and outputs of the nominated DUT. A shell testbench file can be automatically created by the

system.
e Open a schematic document and select Tools » Convert » Create VHDL Testbench from the
menu.

e Open a VHDL document and select Design » Create VHDL Testbench.
A new VHDL document will be created with the extension . vHDTST and will be added to the project.

Within the Testbench file will be a comment “—insert stimulus here”. By placing VHDL code at this
point you can control the operation of the simulation session. At a minimum, the Testbench must set
all of the DUT’s inputs to a known state. If the DUT requires a clock then that too must be provided
by the Testbench. Most simulation errors occur as a result of the Testbench failing to properly
initialize the inputs of the DUT.

11.2 Assigning the Testbench Document

Once you have created the Testbench file but before a simulation can begin, Altium Designer needs
to be formally told which VHDL document in the project will be used to drive the simulation. Select
Project Options by right clicking on the FPGA project in the Projects panel or use the menu to
select Project » Project Options Select the Simulation tab from within the Project Options dialog
and select the appropriate Testbench Document from the drop-down list.
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Options for FPGA Project LCD_Keypad.PRIFPG

Parameters |

Error Rieparting | Conrection Matrix | Comparatar | Dptions | Muli-Charnel || Default Prints | Search Paths | Synthesis |

Tool
[P Simulator » |

Dezign
Testbench Document

|Se|ect;t;_$tbench docurment w |

Top-Lewvel Entity M odule/Configuration Top-Lewvel Architecture

[ | |

SDF Options
SOF Instance SOF Optimization

| ! iﬁ-\\-’g vi

S0F Instance Path

| | (]

Optionz
¥HDL Standard  |VHDLS3 ~| [ Exclude IEEE Directory
Yerilog Standard !_\-’erilng2EID1 w |

)4 ] [ Cancel

Figure 91. Specifying the testbench document.

11.3 Initiating a simulation session

A simulation session can be

initated by selecting

Simulator » Simulate from f| = | Ue Ry "R
the menu or by clicking the
simulation button in the VHDL Tools toolbar whilst a VHDL document is active in the main window.

11.4 Project compile order

When you first run a simulation from a testbench, Altium Designer may need to establish the
compilation order of the VHDL documents. Whilst performing this process, you may see an error

appear in the Messages panel with the message: “Unbound instance DUT of component ...”. Do

not be concerned as this is normal when you first run a simulation.
Class | Document | Source | Message | Time | Date [No |«
[ [Matice]  Test MyPWwhd WHDTST1R] WHODL Simulator - Compiling entity T estboPhid 11:82:37 Ak 13032004 1
1 [Motice]  Test_MyPwh WHDTST(20) YHDL Simulator  Compiling architecture stinnulus of entity TesthdpPiadhd 11:82:37 Ak 13032004 2
= [EII'IIII'] TE:E:l_M_','F"-.-'-.-"r'-'i "H['T'E-Tlﬁ;ll YHDL Sirmulator |:!$i|::|:||:||:|?:| : Unbound instance DUT of comparent M_I,IF"-.-'-.-"I".'i 2 Ak (1340842004 m
[ [Matice]  MyPwh SchDoc[20) WHOL Simulator - Compiling entity tMyPwid 11:52:43 a4k 137082004 4
[ [Motice]  MyPwi SchDoc[34] WHOL Simulator - Compiling architecture structure of entity bMyPhwid 11:82:44 Ak 13032004 &
[ [Motice]  MyPwia.SchDoc(143] WHDL Simulator  MuPwh WHD was compiled successully, 11:82:44 Ak 13032004 B
[ [Motice]  Test_MyPwh YHDTST(1S] WHDL Simulator  Compiling entity TestbduPia/t 11:52:44 AM 1370872004 7
[ d[Matice]  Test_MyPwid WHOTST[20] WHDL Simulator - Compiling architecture stimulus of entity Testhd yPuahd 11:52:45 A4k 137082004 8
[ d[Motice]  Test MyPWwhWHDTSTS] WHODL Simulator - Test, MyPwWMWHDTST was compiled succeszsfully, 11:82:45 40 13032004 9
[ [Motice] WHDL Simulator  Top level testbench unit selected is “MpPaid", 11:59:08 Ak 1370352004 710

[ [Motice] WHOL Simulator — Top level entity selected iz "MyuPhw/bd " 11:55:08 AM  13/08/2004 11 ;I
-Messages d

Figure 92. Messages panel.
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After a brief moment, the Project Compile Project Compile Order

Order dlalog Wllllaplpear Indlcat_lng the Smart compile has determined the comect compile order of the source documents in
Suggested com pl|at|0n order (Flgure 93) the project. ‘would vou like to reorder wour project to reflect these changes?
The compilation order of the project can be E—

changed at a later time if necessary by Test_MyPwh VHDTST

selecting Project » Project Order or by right MyPrwid. SchD oc

clicking on the FPGA project in the Projects
panel and selecting Project Order

Edit Simulation Signals

Block Mame £

TEST_BUTTOM
S
FowerSignal_WCC
FPawerSignal_ GHD
PinSignal_L4_0
FinSignal U3 LT
PinSignal U3_GT [ vee [ Mo ]
FinSignal_UZ_0
FinSignal_U1_0 Figure 93. Confirming the project compiler order.
LEDS
CLK_BRD

[=] Block Mame : L1
¥ O Ll
TC_int ] L]

Show on startup

Figure 94. Specifying signals to display in the
simulation.

11.5 Setting up the simulation display

The Signals dialog (Figure 94) is automatically presented at the beginning of a simulation or it can be
accessed via Simulator » Signals.

The Watch Name is the name of the signal declared inside the block of VHDL code.

Signals must be Enabled in order to be a part of the simulation. Furthermore, if they need to be
displayed as part of the simulation output then Show Wave must also be selected.

The Waveform viewer provides a visualization of the status of each of the displayed signals.

1]

Jo - o e 200l s b F .+ .+ .+ us
Hame Value
0 | TEST_BUTTOMI |
1= Ew co an a0 [&i]
| 2 |[®LEDS 01 {02_{01 02 %01 02 ¥ 0z X1 0z ¥07 02 ¥01
s moutuiy B3 S -
4 o | | | | | |
| 5 | DUT/PowerSign 1
| 6 | DUT/PowerSign 0
| 7 |® DUT/FinSignal_ 01 {07_401 02 X01 (i (1T} 012 X0 (P2 } (I 0F X1
| 8 | DUT/PinSignal_ 0 1 [ [ | | | | L ____
a9

-
=

DUT{PinSignal_ 1 _ [ I [ I | | [ 1 ]
DUT/FinSignal_ 0 1
DUT/PinSignal_ E3 Fa,

I >
Figure 95. The waveform viewer.
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e The icon®next to the bus name indicates a bus signal. Clicking on this icon will expand the bus
into its individual signals for closer inspection.

e The time cursor (indicated by the purple vertical bar) can be dragged along the time axis via the
mouse. The current position of the cursor is provided in the time bar across the top of the display.

e Zooming in or out is achieved by pressing the Page Up or Page Down keys respectively.

e The display format of the individual signals can be altered via the menu item Tools » Format and
Radix.

11.6 Running and Debugging a Simulation

Running a simulation is reasonably straightforward with all the Simulator | Reports  Window  Hel
stepping/running functions that you might wish to use being 4 vHDL Compile CHI+Eg

available from the Simulation menu or the VHDL Tools toolbar.

e Run Forever will run the simulation indefinitely until Stop is ibort Complle \

pressed. This command is used to run a VHDL simulation until {74 Zimulate ]
there are no changes occurring in the signals enabled in the 1 r
simulation. | ¥4 Run Eorever Fa |
e Use the Run (for a time step) command to run the current i Bun
simulation for a user-specified period of time (time step). fo2 Runfor 10,00ns  Ctrl+FS
¢ Run for (the last time step) will run the simulator for the same | * ., Rrun TaTime...  Ctr+F3

period of time as specified in the last Run command.

¢ Run to Time will run the simulator to an absolute time. _
Selecting a time prior to where the simulation has already v
simulated to will cause the simulator to do nothing.

il L

Run To Cursor

11

i

Custom Skep Chrl+F11

'  Step Time Chtl+F7

¢ Run to Cursor is useful when debugging VHDL source and 8% Delta Step E5

will cause the simulator to run until the defined cursor location | ’

is encountered in a source VHDL document. The simulator will | & 5tep Into F7

simulate everything up to the selected line. Make sure thatthe |““+ step Civer Fa

Show execution point option is enabled, in the Debugging

Options region of the FPGA — Simulation Debugger page of skop

the Preferences dialog (Figure 97). | Reset CHIFZ
e Custom Step (Run simulation to the next debug point): This 1 End CHI4F3

command is used to run the current simulation, up to the next -

executable line of code in the source VHDL documents. The Shaow wWaveform

next executable code point can be anywhere in the code and Signals... |

therefore the command can be considered to be stepping
through the code in parallel, rather than the sequentially-based Figure 96. The simulation menu.
step into and step over commands.

e Step Time: This command is used to run the current simulation, executing code in the source
VHDL documents until time increments — i.e. all delta time events prior to the next time increment
will be executed.

o Delta Step: This command is used to run the current simulation for a single cycle, which can be
called a Delta step. A Delta step can be so small that no change in real time is seen.

o Step Into enables the user to single-step through the executable lines of code in the source
VHDL documents. If any procedures/functions are encountered, stepping will continue into the
called procedure or function.

o Step Over is similar to Step Into except that if any procedures/functions are encountered,
stepping will execute the entire procedure/function as a single executable line and will not step
into it.
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Preferences

'+; [ Svstem

- [5FPGA

+ [ Schematic _g FPGA - SimUIation DEbugger

Al General -
] Simulation Compiler Debugaing Options
1| simulation Debugger
] Synthesis
@ Devices Yiew
+- [ Version Contral Crassprobe schematic
+- [ Embedded Systerm
+- [ PCE Editar
+-[] Texk Editors

[ Show execution paint

Simulation Options

+- [ CAM Editor Sawve all modified project files on simulate
+- [ Wave
Drefault time: unit: |ns v|
Wwave Optiohs
Show waveform

Add top level signals to wavefarm

’ Set To Defaults 'l [ Sawve... ” Load... ] [ Import From. .. 'l

Zoom ta filkered schematic

Stop zimulator on assert....

J

MHote “Wamning Ermor

Show gignals dialog on startup
Show gignals on simulation panel

[ Sk variables on simulation panel

Failure

Ok l [ Cancel

Figure 97. The simulation debugger options in the preferences dialog.

o Stop will pause the simulator at its current simulation point. A paused simulation can continue to

be run with any of the above commands.

¢ Reset will abort the current simulation, clear any waveforms and reset the time back to 0.
o End terminates the entire simulation session. Ended simulations can not be restarted other than

by initiating another simulation session.
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11.7 Exercise 7 — Create a testbench and simulate MyPWM

1. Open the project you created in Exercise 2 and make MyPWM.VHD the active document.
2. Select Design » Create VHDL Testbench from the menu.
3. Update the testbench to be the same as the code listed in Figure 98.

|¢ Home|| e} Teﬂ_MyPWM.VHDTST” < MyPW'M.SChDDC” el MyPWM.VHD|

end component; -
signal CLE BRD: std logic := '0';
signal LEDST =ta_Ioglic_wvector (7 downto 0);

signal SW: std logie wveetor (7 downto 0):
Signal TEST_BUTTON: std_logic:

hegin
DUT: MyFUM port map |
CLE BRI =» CLE BRD,
LEDS => LEDZ,
AW =» 83U,
TEST_BUTTON =» TEST_BUTTON
1

CLE_BRD <= not (CLE_BED) after 1 ns=;
TEST BUTTCH <= '0', '1l' after 10 ns;

=] STIMULUSO: process
begin

Ert &timulus
IW <= Ergom;

wait for 1 us=;

AW <= Hrgomr;

wait for 1 us:

AW <= Hroor:

wait for 100 sec:

WRITE RESULTS {
CLE_ERD,
LEDS,
S, | |
TEST BUTTCN

A ;ILI
Figure 98. Testbench code for testing MyPWM.

4. Update the testbench document, top-level entity/configuration and top-level architecture fields in
the simulation tab of the Project » Project Options dialog.

Compile the testbench document and rectify any errors.
Run the simulation by selecting Simulator » Simulate.
Run the simulator for 2us.

Observe the waveforms for LEDS[0] and LEDS[1]. Is it what you expect? Try changing the
PWM period by changing the value of SW in the testbench.

© N oo

www.cadfagily.com EMail:cadserv21@hotmail.com
The document is for study only,if tort to your rights,please inform us,we will delete


www.cadfamily.com
www.cadfamily.com

Altium Designer Training Module FPGA Design

12 Review

www.cadfamily.com EMail:cadserv21@hotmail.com 5-59
The document is for study only,if tort to your rights,please inform us,we will delete


www.cadfamily.com
www.cadfamily.com

