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1. Introduction

1.1 Message to the User

Congratulations on having purchased an Agilent Metdgies Acqiris data conversion product. Acqiris
Analyzers and Stream Analyzers are high-speed agedaisition modules designed for capturing high
frequency electronic signals. To get the most duthe products we recommend that you read the
accompanying product User Manual, the Programnt&uisle, the Programmer’s Reference Manual, and
this Firmware Development Kit (FDK) Reference Mancarefully. We trust that the product you have
purchased as well as the accompanying softwareweiit with your expectations and provide you with a
high quality solution to your data conversion apgiions.

1.2 Using this Manual
This guide assumes you are familiar with the opematdf a personal computer (PC) running a Windows
95/98/2000/NT4/XP or other supported operatingesystin addition you ought to be familiar with the
fundamentals of the programming environment that wil be using to control your Acqiris product. It
also assumes you have a good understanding of Prelgrammable Gate Array (FPGA) use and basic
understanding of the principles of data acquisitising either a waveform digitizer or a digital
oscilloscope.

The User Manual that you also have received (or have access tojnmaortant and detailed instructions
concerning your Acqiris product. You should conduirst. You will find the following chapters the:

Chapter 1 OUT OF THE BOX, describes what to do when you first receive yoew rAcqiris
product. Special attention should be paid to sestion safety, packaging, and product
handling. Before installing your product pleaseusesthat your system configuration
matches or exceeds the requirements specified.

Chapter 2 INSTALLATION, covers all elements of installation and perforogarverification.
Before attempting to use your Acqiris product fatual measurements we strongly
recommend that you read all sections of this cliapte

Chapter 3 PRODUCT DESCRIPTION provides a full description of all the functiorelements
of your product.

Chapter 4 FIRMWARE, describes the major elements of firmware suppksdstandard or as an
option.

Chapter 5 RUNNING THE AcqirisANALYZERS APPLICATION describes the operation of this
basic application which allows you to exercise¢hpabilities of the analyzer.

Chapter 6 PROGRAMMING THE FIRMWARE, first describes programming aspects that are
common to all applications. The second part costai@ctions that are applicable to
specific firmware applications. They are markedash.

TheProgrammer’s Guide is divided into 4 separate sections.

Chapter 1 INTRODUCTION, describes what can be found where in the docurientand how
to use it.

Chapter 2 PROGRAMMING ENVIRONMENTS & GETTING STARTED provides a
description for programming applications using aiety of software products and
development environments.

Chapter 3 PROGRAMMING AN ACQIRIS DIGITIZER, provides information on using the
device driver functions to operate an Acqiris dagt.

The Programmer’s Reference manuals divided into 2 sections.

Chapter 1 INTRODUCTION, describes what can be found where in the docurientand how
to use it.
Chapter 2 DEVICE DRIVER FUNCTION REFERENCE, contains a full device driver function

reference. This documents the traditional ApplmatProgram Interface (API) as it can
be used in the following environments:

LabWindowsCVI, Visual C++, LabVIEW, MATLAB, VisualBasic, Visual Basic
.NET.

This FDK Reference manual is a central document for anyone attempting to lémegnt new
functionality in the Data Processing Unit of an Aar or Streamer Analyzer. It is platform depertden
and contains all information leading to a complaistom FPGA firmware design. It is recommended that
you read it in its entirety before starting to @esilt is divided into 9 separate sections.
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Chapter 1 INTRODUCTION, describes what can be found where in this docuatientand how

to use it.

Chapter 2 INSTALLATION, describes the installation of the FDK and thefigomation of the
computer.

Chapter 3 FDK OVERVIEW, provides basic information on the FDK environment

Chapter 4 OVERVIEW OF THE DATA PROCESSINGUNnit, gives details on the hardware
functions associated with the FPGA.

Chapter 5 BASE DESIGN describes the Base Design examples.

Chapter 6 FDK CORE LIBRARY, describes the available cores.

Chapter 7 VHDL TEST BENCHdescribes the test bench and the available smwiptnands.
Chapter 8 DESIGN FLOW, provides information on the supported design flow

Chapter 9 VHDL LIBRARIES, provides information about the delivered vhdidites.

1.3 Conventions Used in This Manual:
This icon to the left of text warns that an impattpoint must be observed.

WARNING Denotes a warning, which advises you of precasttortake, to avoid being electrically
shocked.

CAUTION Denotes a caution, which advises you of precastit;m take to avoid electrical,
mechanical, or operational damages.

NOTE Denotes a note, which alerts you to importantrimization.

Italic text denotes a warning, caution, or note.

Bold Italic text is used to emphasize an important pointéntéixt or a note

mono text is used for sections of code, programmingrmg{as, and operating system
commands.

B,KB,MB,GB is for Byte, KiloByte = 1024 bytes, MeBgte = 1024*1024 bytes, GigaByte =
1024*1024*1024 bytes

b,Kb,Mb is for bit with multipliers as above.

Triggered Denotes a VHDL object. It could be a single- or tirbit signal or a component or a
library name.

0oxn..n Denotes a hexadecimal value.

1.4 Warning Regarding Medical Use

The Analyzer and Streamer Analyzer cards are ngigded with components and testing procedures that
would ensure a level of reliability suitable foreuis treatment and diagnosis of humans. Applicatioh
these cards involving medical or clinical treatmeah create a potential for accidental injury cduse
product failure, or by errors on the part of theru3hese cards amot intended to be a substitute for any
form of established process or equipment used taitoroor safeguard human health and safety in
medical treatment.

WARNING: The modules discussed in this manual have not rbekesigned for making direct
measurements on the human body. Users who conneacfegiris module to a human
body do so at their own risk.

1.5 Warranty
Please refer to the appropriate User Manual.

1.6 Warranty and Repair Return Procedure, Assistance, ad Support
Please refer to the appropriate User Manual.

1.7 System Requirements
Please refer to the appropriate User Manual.
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2. Installation
2.1 Preliminary Remarks

The FDK installation does not install any designlg$o It is recommended that you install design gool
prior to the FDK installation.

2.2 Installation Types

On a workstation that will be used for firmware depment only — no tests or development with actual
modules —, you should select theqirisSFDK only installation. If the workstation will also hesed for
tests and/or development with actual modules, ithismecommended to choosé-all installation.

To work with actual modules, the standard Acqirét®are must be installed. This will be automatigal
verified according to your installation choicesdathe Acqiris Software 3.0 installer will be run @&n
simple, silent mode, as part of the FDK installatibnecessary. If you want to control the instédia of
the Acqiris drivers and software development envinent, you should manually run the Acqiris
Software installer prior to the FDK installationolY may also want to use a later version of the #&qi
Software. Please refer to théser Manual - Family of 8-bit Digitizerfor detailed instructions for the
installation of the standard Acqiris Software. Nthet the standard demo applicati@ngirisLive does
not support the Analyzer Mode for AC210/SC210 n@240/SC240.

2.3 FDK Installation

To install the FDK, insert the CD-ROM in the comgudrive, and selednstall FDK from the autoplay
window. If the FDK window does not start automaltigarun AcqirisFDK_ACSC2x0Setup.exe from the
Setup folder on the CD-ROM. After the installerrgtafollow the instructions carefully.

If you are upgrading to a more recent versiors iticommended that you specify a different Indialta
Folder, or uninstall the previous version befonening AcgirisFDK_ACSC2x0Setup.exe.

Upon completion of the installer, you may needetoaot your computer.

When the installation is completed, all of the Sileeeded for developing a new firmware (exceptHer
Xilinx compiled libraries) will be under the FDKDigs subfolder of the Installation Folder.

HdIDesigner users should set their project mapping to the file
Installation FolderHdIDesigner/Mapping/ac240_fdk.hdp (or the apprajgrimodel name).

2.4 Checking Your Installation

After the installation, we recommend that you wetlie entire flow with one of the Acqiris base dps
in the developer’s library. The base designs aserileed in chapter BASE DESIGN

You should simulate, synthesize, and “Place andtdRdhe base design. Then, generate a new .bit file
and use it instead of the existing .bit file (AC2#0/ AC210.bit / SC240.bit / SC210.bit). Run the
application and use the continuous acquisition mimdgerify the operation with different acquisition
settings (sample rate, channel combination).

The base designs of the library ac240_developerr@entirely implemented and delivered with the
simulation, synthesis, and “Place and Route” wagldirectories. Comparing the initial log files twose
you have generated will increase your confidenaeah went right.

2.5 Recommendations on Beginning a New Design
Once you have verified the installation (see abgee) may start from one of the base designs mauifyi
it to become your design.

Initially, you may want to leave the couser_block_example and its connection in place so that
you can usé\cqirisAnalyzersto verify the data stream and the correct opematfcthe module with your
firmware.

The coreuser_block_example uses less than 1% of the FPGA gates or registetoaly 8 blocks
of RAM. If necessary it can simply be removed.

NOTE: Developers should modify only their own litmaor the files in the library ac240_developer_lib.
Original files in the library ac240_fdk should ndie altered.

FDK Reference Manual Page 12 of 165



3. FDK Overview

The Agilent Acqgiris models AC240/210 Analyzers &@240/210 Stream Analyzers are 6U compactPCl
digitizers with on-board data processing in therfaf a large field-programmable gate array (FPGA).

Since FPGAs are reprogrammable, these products tfée possibility of designing customer-specific
computing algorithms. And, because FPGAs contaitarge number of computing elements, such
algorithms can be made extremely powerful, withbenputing power many times that of today’s high-
end personal computers.

The firmware design kit (FDK) described in this mahcovers everything that is needed to develop a
custom application on the AC2x0 Analyzers and tli2® Stream Analyzers. The following sections
give a short overview of the main components ofRbB&.

3.1 The FPGA Cores
The FDK is built on a set of standard cores ingated in the FPGA. In general, each core is anfexe
to a system of the DPU. Among these are:

e the Local Bus interface, to connect with the PC

e the external DDR memory interface

« the interface to the digitizer data input stream

3.2 Base Designs
These are complete FPGA programs with functionafitplemented to demonstrate the usage of the
available cores. The AcqirisAnalyzers program vil, default, load and run the Base Design. Its®our
code is intentionally left open, making it the bstsirting point for any new design.

To make the developer's work easier, there arerakbase designs. There are two base designs withou
external memory support, a single channel versantlie AC210 and a dual channel version for the
AC240. There is one base design for an AC240 wifipert for the (optional) external memory, and one

base design for an SC240 with support for the RolReimplementing data streaming with the sfpdp

protocol.

3.3 Reference Designs

Reference Designs are real, complete, complexagifuins. The source code for the reference dessgns
not available. There are several reference desigsesribed in the AC2x0 or SC2x0 User Manuals.

3.4 The FPGA Design Tools
Two flows are currently supported. The standardided/HDL flow based on Mentor and Xilinx tools
(HdIDesigner, ModelSim, Precision Synthesis, an&)]Sand the XST flow based on the Xilinx
proprietary synthesizer. For large designs or tgintical designs, Agilent Acqiris recommends @gsin
the standard flow based on Precision Synthesis.

Agilent may add new tools in the future, dependingustomer requirements.

3.5 The Acqiris Test Bench

In order to simplify the functional verification lgymulation, Agilent Acqiris supplies a complete BH
test system. It is based on a set of high-levelroands read from a set of test control text fildsere
are commands for clock generation, for readingiingithe FPGA (either with single or burst mode
access), and for the generation of data inputmsisgavhich could also be read from a text file).

Developers do not have to deal with complex sigealeration. This is done automatically by the Aisqir
Test Bench.

3.6 The .bit File Header

It is often useful to clearly identify a .bit filey to know what capabilities the loaded .bit filgplements.
Agilent Acqiris has defined a header with multifilelds for name, revision, and other comments. Some
of the values can be read with a driver functiome Tieader is inserted at the front of the .bitvilth the
FPGALook utility which can also be used to editesd the .bit file header.
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3.7 Overview of the FPGA Core Structure

DDR SDRAM DDR SDRAM Dual Port SRAM
Extension (256 MB) Extension (256MB) Extension

N ‘ )
DDR Controller A | \ DDR Controller B | Dual Port Interface
i ‘ WR Buffer ‘ ‘ RD Buffer ‘ ‘ ‘ WR Buffer ‘ ‘ RD Buffer
\ Front-Panel 10 Control
I/O Extension ‘niferface "
£
: [}
Serial FPDP Controller User-Defined = Locdl
Dota Link Processing Block S BUS
atatin E
Serial FPDP Controller
X_FIFO Volid Data Range |
Data Link «
PortAi Data Entry Interface PorTBi
\ _/
Trigger MAC100 MAC100

Key Features
=  FPGA - Xilinx XC2VP70-6 (FF1517 Package)

= Local Bus Interface (LB) —Interfaces the FPGA to the Local Bus through whiehhost PC can
read from and write to the FPGA over the PCI bue fansfer rate maximum is 132 MB/s.

= Data Entry Interface — Supplies the FPGA with acquisition data retriefemm one or two
channels. The data rate depends on the timebagdeseate setting. The maximum rate is 1GB/s
per channel.

= Serial Front Panel Data Port (SFPDP) —Provides an interface to external high-speed aptic
data link transceivers compliant with the SeriabrfrPanel Data Port protocol. This core should
only be instantiated in firmware for SC Streamealmers.

= Dual Port Interface [Option] — Provides an interface to the (optional) externgdlgort memory
extension. Each port is 64 bits wid&he Dual Port Static Ram (DPSR) runs at up to 12&M
and provides a capacity of 128 Kwords or 1 MB.

= DDR SDRAM memory controller [Option] — Provides an interface to two (optional) external
SDRAM extensions. Each port is 64 bits wide. EaghcBronous Dynamic Ram (SDR) block
runs at up to 166 MHz, provides a capacity of 32dvi¥g or 256 MB, and can achieve continuous
transfer rates of ~ 2 GB/s.

= Front Panel IO Control Interface — Supports multiple digital connections to thentrpanel
connectors. Digital signal type and direction asefigurable within the FPGA. The interface also
supports a 16-bit DAC for the generation of an agalutput signal.

3.8 Accessing Registers and Memories
The user application communicates with the FPGAgighe functionAcqrs_logicDevicelO. This
function can directly address 128 registers of 82 Much larger memories can be accessed thrdugh t
implementation of an indirect addressing method.

Although applications can access all registers,ddiinition of registers 0 to 63 is reserved forilgt
Acqiris. The definition of the remaining 64 registés entirely open.

Experience has shown that 2 * 64 registers is nfficeent. The Agilent Acqiris registers 0 to 3 are
predefined to implement indirect addressing, thusraling the address space b &ldresses. The DMA
data transfer uses burst readout and indirect asiahigeat a rate of up to 132 MB/s. Register ugertber
described in section 4.5EXTENSION OF THE INTERNAL BUS ADDRESSING SPACE
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4. Overview of the Data Processing Unit

4.1 Digitizer

The ACxx0 and SCxx0 are fully described in chap8rof their respective user manuals. It is
recommended to read that before this document.

4.2 Data Processing Unit (DPU)

The DPU is the combination of a Virtex2P FPGA — XPZ0 speed-6 — and (optional) external
memories. There are two instances of a large dyn&nuouble-Data-Rate high-speed memory (DDRM)
for applications needing more memory than availatithin the FPGA. The additional static Dual-Port
memory (DPM) is useful for applications needing [denfast random access memory.

The PCI Interface connects the analyzer card tchtts# computer through the PCI bus. It transldtes t
complex PCI transactions to the simpler ones oflibeal Bus, which connects all major components of
the cards, including the FPGA.

Within the FPGA, Agilent Acqiris has defined thedmal Bus (IB), a different data transfer protocol
better adapted to an FPGA implementation. The @see is controlled through the FPGA Internal Bus.
The User Core has direct access to all memoriesgtendO control interface. The De_Interface simply
feeds the User Core with acquisition data.

There is additional trigger capability not showope

Bank1 Dram Bank2 Dram
256MB 256MB
2GB/s 2GB/s
A 4
3 ! )
DDR oD
ol e ol | DP DualPort Sram
_ Front-Panel 10 J 10 " GBlspor
. . s/pol
ctrl User Core 8
- ©
=
Input! | Front-End |_DEBusA || 8 £
o | ADC k5 MR
U2 | Demux DE-BusB 1, &, ) % Local-Bus | PCl PelBus
o a |, Internal-Bus g - ” Interface
IB-Bus
\ J

The analog input signals are passed through sipraditioning amplifiers, where the coupling, offset
and gain can be programmed. Each signal is sanapled to 1 GS/s and converted to 8-bit values. They
are multiplexed to blocks of 16 samples, at up2® 6/1Hz, and passed to the data processing unit.

In case of an AC240 or a SC240 module, the fronepaputINPUT1 corresponds to the data flow B
(DE-BusB) and the front panel inptNPUT2 corresponds to the data flow A (DE-BusA). In cafam
AC210 or a SC210, the front panel inpNPUT1 corresponds to the data flow A (DE-BusA).

In interleaved operation of the AC240 or SC240nale signal (Input 1 or 2) is converted by both @€
in a time-shifted manner, so as to effectively aghitwice the conversion rate of a single ADC. dh&a
flow A has the odd samples (0,2,4,...) and the data B has the even samples (1,3,5,...)

4.2.1The FPGA — XC2VP70-6

More information on the XC2VP70-6 can be found fe tXilinx documentation. Please refer to it at
http://www.xilinx.com/ Its major characteristics are listed below.

Name Qty Description / Comment

Logic cells 66176 1 Logic cell has 1x (4 Input L#TFlip-Flop + Carry Logic)

Block Ram 5.9 Mb 328 instances of 18 kb block ram

Multiplier 328 18x18-bit multiplier

DCM 8 Digital clock manager including frequency #wsis and phase shift.
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Name Qty Description / Comment
Frequency up to 420 MHz
Rocket 10 16 16 instances of 3.25 Gb/s seriali¥2iinstances usable in the design
PowerPC 2 Currently not supported by Agilent
.bit file Size 3.2 MB Size of the .bit file for FRGconfiguration

4.2.2DPU Clocking Resources
There are 3 different clock source types that @anded within the Data Processing Unit.

1.

CK33MandCK66Mare two clocks derived from the PCI clock fed by CompactPCl
backplaneCK33Mis a 33 MHz clock whered@K66Mis a 66 MHz clock. They are always
available (continuous clock).

DECLKAis driven by the data demultiplexer chip locatedlwe bottom of the board (MACA).
Its frequency is derived from the ADC Sampling &dES/16) and depends on the Acquisition
mode.DECLKBIs similar toDECLKAand is driven by the upper data multiplexer wheingi

the second acquisition channel (available in th#@or SC240). Depending on the
Acquisition mode these clocks may be stopped. Whening,DECLKAandDECLKBalways
have the same frequency but they could be phaitedskiepending on the acquisition settings
(Interleaved acquisition).

RefCKA andRefCKB are driven by an external PLL and are intendegetterate a clock
reference for serial transmission in the SC anatyRefCKA andRefCKB always have the
same frequency but may exhibit a small phase ghétto PCB routing delay. It should be noted
thatRefCKA is intended for top edge RocketlO instances wieResCKB is intended for
bottom edge ones.

The others signals allocated to the clock pads edgiteer dedicated to DCM feedbacbNem_FB
DPA_CLKFBDPB_CLKFB or used for low and stable input propagation YIi€T&RIGA).

The clock outputs to the SRAM and DRAM memories sisandard 10 pads and are phase locked to the
internal clock driving the output®PA_CLK, DPB_CLK, DDRA_CK, DDRB_CK).

The Data Processing Unit offers up to sixteen doo&ds (IBUFG_ primitives). Each clock pad can be
grouped by 2 to provide a differential clock buf@FUGDS_ primitives). The clock source allocation
is frozen by the layout of the PCB board and ixdbsd in the next table.

The table below presents the various clock soustése DPU pad level:

Clocks PAD Allocation Comments

GCLKOS DECLKA ADC Sampling Clock / 16 — Channel 0

GCLK1P DECLKA ADC Sampling Clock / 16 — Channel 0

GCLK2S RefCKA_p Programmable Reference Clocks for top edge RocketlO
GCLK3P RefCKA_n

GCLK4S TrigA_p Trigger Accepted

GCLK5P TrigA_n

GCLK6S - Not Used

GCLK7P DECLKB ADC Sampling Clock / 16 — Channel 1

GCLKOP RefCKB_p Programmable Reference Clocks for bottom edge Rigke
GCLK1S RefCKB_n

GCLK2P DPA_CLKFB | Clock Feedback for the SRAM Memory, port A
GCLK3S DPB_CLKFB | Clock Feedback for the SRAM Memory, port B
GCLK4P DMem_FB_p | Clock Feedback for the DRAM Memory, Bank A & B
GCLK5S DMem_FB_n

GCLK6P CK33M 33 MHz Local Bus Clock

GCLK7S CK66M 66 MHz Local Bus Clock
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Firmware for the SC or AC Analyzers can use up 4fodifferent clock domains with some area
restrictions.

Agilent Acqiris supplies several clock manager sobecause a single solution does not cover enough
applications. Two global clocks are distributetighout the whole FPGAbcIkg / sysclk ). The
User Core should only use these two clock domdihs.other 14 possible clock domains are used by the
Agilent Acqiris-supplied cores. For further detaiflease refer to chapter DK CORE LIBRARY.
Developers should not have to deal with clock mansnt and generation unless very specific needs
make it unavoidable.

4.3 Understanding DMA Transfers

Direct Memory Access (DMA) transfers are the fasteay of transmitting data from the FPGA to the
host computer. They are supported in the contegteindirect Read Access mode (to be described lat
in section 4 3NTERNAL BUS). After the overhead of some initialization, thgecation can read data at
each clock transition until the transfer is compleA validation signal follows the data to indicatdid
data; thus the target (i.e. the PCI interface)aartrol the data flow. A DMA transfer is usuallylisinto
several bursts because other operations on thebBE€Imay interrupt it and because the destination
memory in the computer is paged (4 kB/page underddivs). Each burst generates a complete Local
Bus access cycle.

A DMA transfer is always initiated by the host camgr. The Local Bus interface supports any sequence
of bursts of any size. All designs should do likesviThe target circuitry within the FPGA knows heit

the burst size nor the size of the entire DMA tfansThe FPGA must simply respond to requests from
the PCI interface until termination of the transfer

For most operating systems the first burst in adfer is typically less than 4 kB, because it csponds
to a partial page in the computer. Subsequent $usaially correspond to the page size of 4 kB &ed t
last burst may be smaller again.

The software that initiates the DMA transfer musbw the number of data to be transferred. If the
guantity of data to be read is variable, there nimast mechanism for the software to be told thaadct
number of available data. The simplest solutioiw isount them within the FPGA and store the vaitue i
register so that the software can read it pridnitfalizing the DMA transfer.

4.4 Local Bus
The Local Bus connects the FPGA to the PCI intexfathe firmware designer does not need to
understand the Local Bus in detail, but its sigraais visible in the simulation. Thus, a short erption
is given here.

4.4.1Local Bus Address
On the AC/SCxxx board, all resources are acceshitme a host computer through the PCI bus. The
control CPLD translates the PCI requests into L8ted requests. Therefore, all resources of thedboar
are connected on the Local Bus which has a 14dbitesss bus and provides a 16 KB address space. Note
that all addresses are in bytes, but the Locald®lg deals with 32-bit words, therefore the two LSBf
the address is always 0.

The Local Bus address space is divided in two raegas which are shown in the following table.

Addr Low | Addr High | Size Purpose

0x0000 Ox1FFF 8K x 8 bits Standard arefor all resources on the base board (without|the
mezzanines)

0x2000 Ox3FFF 8K x 8 bits Reserved area for FPGABIvided in eight areas to handle
up to eight FPGA. Each FPGA occupies a space ok K
bits

The processing FPGA of the AC/SCxxx occupies the ffPGA area defined in the range from 0x2000
to Ox23FF. Half this range is reserved for Agiléwgiris designs; the second half contains the FDK
registers. There are 128 32-bit FDK registers. 0$er application communicates with the FPGA through
its registers by using the Agilent Acgiris-suppli&dPl-function Acgrs_logicDevicelQ Although the
customer has r/w access to all registers, the itiefinof the registers 0 to 63 is reserved for Agtl
Acqiris. The definition of the remaining 64 registés entirely open for use by the firmware develop
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0x0000
3
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2
§ = 0x2000 = FPGA Base Address
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cg, Reserved for Acgiris Designs
2 | Ox1FFF
$ == Ox21FF
§ 0x2000 1 0x2200 Register 0
” 2 FDK Acqiris reserved registers
@ 0x22FF Register 63
© 3 0x2300 Register 64
§ 8 4 S FDK Customer registers
<< " | Ox23FF Register 127
) 5
O)
o
= 6
7
Ox3FFF 8
Local Bus Address Target

0x2200 to 0x23FC, step Ox4

Processing FPGA Redidte 127, each 32 bits

As noted earlier, the CPLD translates the PCI retpu@to Local Bus requests. The Local Bus requests
are translated within the FPGA to Internal Bus e=gs. This last translation is done by the core

Ib_interface

. Accessing the FDK registers leads to requesherirtternal Bus.

4.4.2L ocal Bus Signals

Signal Short Description
LB_LHOLD Request from the PCl interface to access the LBoal
LB_LHOLDA | Grant to the PCl interface to access the Local Bus
LB_WRITE Local Bus access direction
LB_ADS_N Local Bus address strobe
LB_ADDR Local Bus address, 14 bits, bi-directional
LB_DATA Local Bus data, 32 bits, bi-directional
LB_READY_N | Local Bus ready
LB_BLAST_N | Local Bus flag for last transfer of a burst
LB_BREQ Local Bus request
LB_EOT_N Abort DMA (not supported)
FCS_ N FPGA Chip select from the PCl interface
FREADY_N Ready to the PCl interface

( present two cycles prior to LB READY_N)
FREAD Local Bus access direction from the PCl interface

FDK Reference Manual

Page 18 of 165



4.4.3Local Bus Timing
Each Local Bus transaction starts with the addstrebel B_ADS_Nand ends withB_BLAST_Nand
LB_READY_Nsimultaneously low (both active ‘0’). On&®_BLAST_Nis ‘0’, it remains ‘0’ until the
first occurrence.B_READY _NIf the transaction is a single word read or wiit8 BLAST_Nwill
already be active in cycle 2.

Two word Read burst Three word Write burst

Clock Cycle 1 2 3 4 5 6 1 2 3 4 5 6 7

CK J L

FCS_N —‘ Chip select ’—‘ ’7
LB_ADS_N L Address Strobe
LB_WRITE | Read [ Wite
LB_ADDR Ar1 Aw1
LB_DATA Dr1 Dr2 Dw1 Dw2 Dw3
LB_BLAST_N  '0'indicates that the next data read will be the last one forkhe burst
LB_READY_N  ‘0'indicates that the current data is v%hd ’—‘ ’7

45 Internal Bus

The Local Bus protocol is not well adapted for emplementation inside the FPGA. Therefore Agilent
Acqiris has defined an Internal Bus (IB-BUS). Inklées single and burst transfers. The

Ib_interface core connects the Local Bus to the Internal Bae @escription in section 6LDCAL
BUS INTERFACE). The Internal Bus protocol is described there.
An access starts with one of the 3 selection sggrising to ‘1’ (B_Customer , IB_Acqiris , or

IB_Cpld ). A firmware designer only deals with the CustorSgace. The selected target then replies
with IB_Rdy until the access ends when the selection sigtialtta'0’. If a target needs additional time
at the end of the access before it can handle anathe, the signdB_End should be driven to ‘0’,
forcing the next access cycle to wait until they¢drsets the sign#_End back to ‘1'.

The IB-BUS has two 32-bit data bussi: DataW to write to internal registers and_DataR to read
from internal registers.

Read data multiplexing to tHB8_DataR bus is implemented with a simple OR. This worksguese any
target should set it88_DataR output to ‘O’ when it is not selected. The samie mpplies for Ready
multiplexing tolB_Rdy . It can also be used ft8_End with a simple AND function because the active
state is negative.

When the access is a Burst Indirect Access (lewofth is still possible), the state ¢B_Direct
remains ‘0’ during the entire access. Otherwiseaise of direct accesses, it is driven high.

If the access addresses an unimplemented targdtottal Bus interface will generate a timeout by
settinglB_TimeO to ‘1’ until the access cycle ends. After thss TimeO is set back to ‘0'.

4.5.1Extension of the Internal Bus Addressing Space

Although the Local Bus protocol supports burstsfars on any address, the cliveinterface
supports burst transfers only on a single addmgss.address corresponds to the first FDK register
0x2200 (or register 0) and is called theirect Data Port. All other registers are called tBérect
AccessRegisters

The Indirect Data Port must be used, in any case, when reading bufferspdrates with two other
registers in order to implement indirect addressifigese are th8uffer Identifier Register and the
Indirect Address Register. TheBuffer Identifier Register extends the capability of tHadirect Data
Port to address up to 2x128 different buffers (128 thoe Customer, 128 for Agilent Acqiris). The
Indirect Address Registerextends the per buffer address space’@@dresses. Burst accesses through
thelndirect Data Port reach a transfer rate up to 132 MB/s.

There are 64 Direct Access Registers reservechi®oQustomer and 64 for Agilent Acgiris. This is not
enough for many designs so we have added a sietlifidirect addressing capability for direct acesss
TheDirect AccessRegisterscan be made to use tbBérect Access Block Registeran additional address
register, if the developer desires. Theect Access Block Registerextends the number of possible
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Direct Access Registerdo 256 blocks of 64 registers for both the CustofBK registers and the
Agilent Acqiris reserved FDK registers.

For a description of the signals IB_xxx mentionedhe table below, please read the next section.

| Register

| Access | Description

AGILENT RESERVED, customer has r/w access, but deveper cannot define any bit in this space

0

R, W

Indirect Data Port: During Indirect (Burst) Access, data are read from
written to, this register. The sign@_Addr gets the value of the Indire
Address Register (see below).

T
—~

L

R.W

Indirect Address Register: Before an Indirect (Burst) transfer, th
register is loaded with the start address from tvhicread (or to which t
write).The signalB_Addr takes the value of this register when acces

incremented by 4 for each 32-bit word that is readritten.

is
D
5ing

the Indirect Data Port. This address is defined in bytes and alto-

R, W

Buffer Identifier Register: This register is intended to distinguish
between different data buffers. Its value is neago incremented. The
signallB_IndirCtr takes the value of this register for all accesseke
Internal Bus. Values 0 to 0x7F are reserved folékgiAcqiris. Values
0x80 to OxFF are free to be used by firmware depais.

3-8

R, W

Reserved for Agilent Acqiris use. Customers shall define any bits al
these locations.

Direct Access Block register:This register is intended to distinguish
between different blocks of Direct Access Registitssvalue is never autg
incremented. The bits 23..16 of the sigiBalAddr takes the value of thig
register for all Direct Accesses to the InternasBsimultaneously, the bit
13..0 of the signdB_Addr takes the value of the bits 13..0 of the Loca
Bus addres&B_Addr (The other bits ofB_Addr remain ‘0’).

U7

10-63

R,W

Reserved for Agilent Acqiris use. Custesnghall not define any bits
these locations.

OPEN REGISTERS, customer has r/w access, all bitsedefined by the firmware developer

64-127

| RW

‘ Block of 64 registers of 32 bits eddbage is totally free for Customers.

4.5.2List of Internal Bus Signals

Signal Type | Short Description

IB_Customer Out Customer space selection signal:

0 = not in the User Core address space
1 = within the User Core address space

IB_Cpld Out Agilent Acqiris reserved usage, select CPLDrassing space

IB_Acqiris Out Agilent Acqiris reserved usage, select Agildatjiris addressing space

IB_Dirsel Out Addressing type of current access: 0 = Indireet Direct

IB_IndirCtr Out 8-bit Buffer Identifier number. It takes thelwa of theBuffer Identifier
register for accesses to tHadirect Data Port. 0x0 to Ox7F are reserved f
Agilent Acqiris. 0x80 to OxFF are available to firenware developer.

IB_Write Out Access direction:

1 = write (data from the driver), O = read (datdhe driver)

IB_Addr Out 32-bit address. It takes the value ofltidirect Address Registerfor the
accesses to tHadirect Data Port or the value of the Local Bus address f
the accesses to tirect Access registers

IB_DataW Out 32-bit write Data bus

IB_DataR In 32-bit read Data bus
All unselected devices connected to the IB busl sirate 0x00000000 o
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Signal Type | Short Description
IB_DataR to implement a data read multiplexer with a sinpk function.

IB_Rdy In The selected device shall drive ‘0’ when thead@ead) or the device (write)
is not ready or not selected.

The selected device shall drive ‘1’ when the datad) or the device (writg)
is ready and selected.

All unselected devices connected to thelB bus ghalke ‘0’ on this line to
implement a ready selection multiplexer with a demPR function.

IB_TimeO Out Set to ‘1’ when a device failed to acknowled8e Rdy within 2.0 us after
an IB cycle has been started. The cycle will entheuit retry.IB_TimeO
will then come back to ‘0.

IB_Valid Out IB_Valid is ‘1’ whenIB_DataW is valid. In case of a burst write, |it
should be used to load the data to the selectettedeior a burst writg
accessIB_Valid can be ‘1’ during multiple clock periods, denoting
successive writings.

IB_End In When set to ‘1’, allows the Local Bus interfaoeexecute an access to the
Internal Bus. It is normally driven ‘1’ except ine case of an Indirect

Access. For Indirect Accesses, the selected demicst drive ‘0’ on this line
for the entire time of the acce$B. End must be set to ‘1’ when the device
has completed the access and when it is readynfithar one.

4.5.3Internal Bus Address for the Direct Access Registar
Any transaction on the Internal Bus starts withghgnallB_Customer rising to ‘1’. The transaction
ends with the signdB_Customer falling back to ‘0".1B_Customer is setto ‘1’ for each Internal
Bus access to the FDK registers. The si¢fdalCustomer and the Internal Bus addrd& Addr must
be used to validate the access to the Direct AdRegssters.

While IB_Customer is ‘1, the Internal Bus addre#8_Addr takes the following value:

31-24 23-16 15-14 13-2 1-0
00000000 DIR_BLOCK_NBR(7..0) 00 LB_ADDR(13..2)00
[13-2] LB_ADDR The register address within the stgr block. It is the value of the

bits 13 to 2 of the Local Bus address.

[23-16] DIR_BLOCK_NBR It is theDirect Access Blocknumber. It is equal to the value of the
bits 7 to 0 of theDirect Access Block Register(Ilt is ‘0’ by
default).

The value of the SigndB_indirCtr is not relevant and must not be used to validatesses to the
Direct Access Registers

4.5.4Internal Bus Address for the Indirect Data Port

Any transaction on the Internal Bus starts withghgnallB_Customer rising to ‘1’. The transaction
ends with the signdB_Customer falling back to ‘0".1B_Customer is setto ‘1’ for each Internal
Bus access to thHeata Port . The signalB_Customer and the Internal Bus buffer identifier signal
IB_IndirCtr must be used to validate the access to a buffer.Ifiternal Bus addret8_Addr can
be used to determine the address within the batfemich the transfer will begin.

While IB_Customer is ‘1’, the Internal Bus addret8_Addr takes the following value:
31..0
IND_ADDR

[31-0] IND_ADDR The value of théndirect Address register

While IB_Customer is ‘1, the internal buffer identifielB_IndirCtr takes the following value:
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31..8 7.0
0x000000 BUF_ID_REG

[7-0] BUF_ID_REG The bits 7 to 0 of thguffer Identifier Register

4 5.5Direct Access

Direct Access is commonly used to configure a adnigister or read a status register. It is ntgrided
for reading or writing large amounts of data. Burahsfer is not available for Direct Access mode.

Direct read Direct write
Clock Cycle 1 2 3 4 5 6 1 2 3 4 5 6
CK //
IB_Customer J }4 Note2: Min 2 CK cycle ;} L

IB_DirSel J Direct access Note1: Max 4 CK cycle <« Note1: Max 4 CK cycle
IB_Write j Read Write
IB_Addr : A1 - valid while IB_Customer is high A2 - valid while IB] Customer is high

|B_DataW D2 - valid while IB| Customer is high

IB_DataR D1 Note3

IB_Rdy Note4

Notel: This value is actually fixed to 4 CK cyclésy target should support a minimum of 2 CK cycles
for future compatibility.

Note2: Although the current minimum is 9, any targeould support a minimum separation of 2 CK
cycles for future compatibility.

Note3: IB_DataR must be valid for readout whéB_Rdy is set to ‘1’. OtherwiséB_DataR should
be setto ‘0.

Noted: It is possible to asséB_Rdy already in the first clock cycle. A target shosktIB_Rdy only
when it is the source or destination of the curteamsfer.

4 .5.6lndirect Access Write

Indirect Access write operations may or may noteRecuted as burst transfers, i.e. as sustained data
transmissions without any dead time. The decisiowbether the transfer is a burst depends on tkerdr
and/or the PCl-interface. It cannot be influencgdhe firmware developer. Therefore all designs tmus
support burst transfers. As long as Write DMA ig¢ sapported by the driver, all bursts (which are
initiated by the PCI interface) will be of length 1
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Indirect write - three word

Clock Cycle

Min 4 CK cycle
IB_Customer }47———7——7——7>{
2 CK cycle
IB_DirSel Indirect access L———y——»
IB_Write Write
IB_IndirCtr Cirl Ctr2 = Ctrt
Note7
IB_Addr Al A2 = A1+ 0xC
IB_DataW D1 D2 D3
IB_Rdy Note1 ‘ R1 \‘\ ‘ R2 ‘ R3 ‘ Note2
. _ Note6: | Min 1 CK cycle
IB_Valid o
— Noted: Ready to Valid —> | V1 V2 V3
) N - L
IB_End Note3

The delay Ready to Valid is due to the backwardfandard pipelines within the Local Bus interface.

Notel: Itis possible to sé#8_Rdy to ‘1’ already in the first clock cycle. A targgiiould setB_Rdy to
‘1’ only if it is the source or destination of tharrent transfer.

Note2: As the target does not know the size oftthest, it should seiB_Rdy to ‘1’ as long as it is
ready to receive data and as londBasCustomer remains ‘1'.IB_Rdy shall not be set to ‘1’
for more than two cycles aftéB_Customer has gone to ‘0’ (in the example above, it should
not be set after cycle 13).

Note3: It is possible to sé#8_End to ‘0’ already in the first clock cycle. A targgtiould setB_End to
‘0’ only if it is the source or destination of tiearrent transfer. The target should E2tEnd to
‘0’ until it is ready to start a new burst cycle.target shall not séB_End back to ‘1’ before
the third cycle aftelB_Customer is set to ‘0’ (in the example above, it should betassigned
before cycle 14).

Note4: IB_Valid is the acknowledgement from the cdioeinterface to the target after having
setIB_Rdy to ‘1. The data oB_DataW are valid whilelB_Valid is ‘1. The latency from
IB_Rdy toIB_Valid is currently 8 but could change in the futureasy target should wait
for IB_Valid

Note5: IB_DataW is valid whileIB_Valid is ‘1. The lastIB_Valid is always two cycles after
IB_Customer issetto ‘0.

Note6: A new burst cycle will start, at the eatiigéao clock cycles aftelB_End has been set to ‘1.

Note7: If Ctr2 is equal to Ctrl and if both accesswe write—indirect, then the address is
A2 = Al + 0x4 * (the number of previousbad data).

4.5.7Indirect Access Read

Indirect Access read operations may or may notXeewded as burst transfers, i.e. as sustained data
transmissions without any dead time. The decisiowbether the transfer is a burst depends on tkerdr
and/or the PCl-interface. It cannot be influencgdhe firmware developer. Therefore all designs tmus
support burst transfers. If the driver uses DMA Hursts may be of arbitrary length. If the datensfer

is not DMA, the bursts are of length 1.

Normally, the driver uses DMA for large data transf The programmer can forbid the use of DMA and
force the use of single-word transactions on thé IRG (and consequently on the Local and Internal
Busses) by setting the option “DMA=0" when initidtig the analyzer board with the function
Acgrs_InitWithOptions . The non-DMA option may be useful as a diagndstid.

FDK Reference Manual Page 23 of 165



A target should not stop sending data before tigetaselection signal is back to ‘0.

Indirect write - three word local bus transaction

Clock Cycle

Min 4 CK cycle
IB_Customer F?i,,fﬁi,fi,{
. Note8: 6 CK cycle 2 CK cycle
IB_DirSel Indirect access < #L
IB_Write Read
IB_IndirCtr Ctrl X ctr2 = Ctrt
Note7
IB_Addr At X A2 =A1+0x24
IB_DataR D1 D2 D3 D4 D5 D6 D7 D8 D9
IB_Rdy Notet | Rt ‘ [Re ‘ R3 ‘ R4 ‘ RS R6 ‘ R7 ‘ RS ‘ R9
Note2 Note6: | Min 2 CK cycle
- >
IB_End Note3

Notel: It is possible to séB_Rdy to ‘1’ already in the first clock cycle. A targstould setB_Rdy
to ‘1’ only if it is the source or destination dfet current transfer.

Note2: As the target does not know the size oftthiest, it should setB_Rdy to ‘1’ as long as it is
ready to send data and as longBisCustomer remains ‘1.IB_Rdy shall not be set to ‘1’
more than two cycles aftéB_Customer has gone to ‘0’ (in the example above, it showt n
be assigned after the cycle 13). In the exampteDiéita D1 to D3 are effectively read out to the
PCI bus. The remaining D4 to D9 will be read to Bl without any further transaction on the
FPGA Internal Bus. At the next burst, the targedwth send first the Data D10 and then
continue.

Note3: It is possible to séB8_End to ‘O’ already in the first clock cycle. A targstould setB_End
to ‘0’ only if it is the source or destination dfie current transfer. The target should keep
IB_End at ‘0’ until it is ready to start a new burst aychA target shall not sé8_End back to
‘1’ before the third cycle afteiB_Customer is set to ‘0’ (in the example above, it should not
be assigned before cycle 14).

Note4: IB_Valid is the acknowledgement from the cdibeinterface to the target that has set
IB_Rdy ‘1. The Data onB_DataW are valid whilelB_Valid is '1". The latencyiB_Rdy
to IB_Valid is currently 8 but could change in the future,asty target should wait for
IB_Valid

Note5: IB_DataW is valid whilelB_Valid is ‘1. The lastIB_Valid is always two cycles after
IB_Customer issetto ‘0.

Note6: A new burst cycle will start at least twoak cycles aftetB_End has been set to ‘1.

Note7: If Ctr2 is equal to Ctrl and if both accessgre read—indirect, then the address is
A2 = Al + 0x4 * (the number of prevetyread data, in this case 9).

4.5.8Multi Target Connection
A single target can be connected directly to therhral Bus port (all IB_xxx signals). A single tatg
could decode multiple direct and/or indirect addess

When connecting multiple targets, all of them ne&edrive the signals IB_Rdy, IB_DataR, and IB_End
back to the Ib_interface. These lines must becsat gpecific state (low for IB_Rdy and IB_DataRgthi
for IB_End) when the target is not connected, ptimg the use of a simple OR or AND as a multiplexe

The following example shows these connections seaaf 8 connected targets, 2 of them using indirect
addressing:
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1B_End_User >
1B End ( I 1B End UE

\ I I1B_End DE o

std_lib
org_w
12

Ored

IB_DataR4

In4 IB_DataR5 O

1B Rdy UE

IB_Rdy: The signal from all targets should be OR’d.
IB_End: The signal from all targets should be AND’
IB_DataR: The signals from all targets should hevise OR'd.
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5. Base Design
The Agilent Acqiris-supplied Base Designs are seriplit complete designs for use as:
e A starting point for the development of new firmear

« A test application to verify the behavior of the 20/SC2x0 hardware and/or the Agilent
Acqiris-supplied cores.

The base designs contain most of the availablescore

5.1 Multiple Base Designs
There are no specific base designs for the SC2@&0.sould use the base design for the SC240,59ee. u
sc240_top_sysclk_strl

The four Base Designs in the developer’s libragyeramples of complete, functional firmware inchgi
data acquisition, internal buffering, and readapabilities. The implemented cores offer a necgssatr
of functions, in order to minimize the work neededstart a new design. They include several remiste
the DE-Buffer, and the DE-Monitor. The DE-Bufferilsplemented in the bloatte_interface and is
always available. It can be read to monitor theutrgata stream. The DE-Monitor buffer is implemente
in the componentiser_block_example and can also be read to the host computer, totorothie
data stream within the FPGA.

Model BaseDesign Comment

AC240 ac240_top_sysclk Two channel Base Design without interface to the
external memory

AC240 + ac240_top_sysclk_ddr Two channel Base Design with interface to the

mem option external memory

AC210 ac210_top_sysclk Single channel Base Design without interface tp
the external memory

SC240 sc240 _top_sysclk_strl Two channel Base Design with interface to the

external optical link

Each Base Design is accompanied by a Test benchawnt

Model Test bench Comment

AC240 ac240_top_sysclk_tb Test bench component for the two channel Base
Design without interface to the external memory

AC240 + ac240_top_sysclk_ddr_tb Test bench component for the two channel Base

mem option Design with interface to the external memory

AC210 ac210_top_sysclk_tb Test bench component for the single channel
Base Design without interface to the external
memory

SC240 sc240_top_sysclk_strl_tb Test bench component for the two channel Base
Design with interface to the external optical link

5.2 Bitfile name for the Base Design

Each base design is completely implemented. Theesponding bitfile could be exercised with the
program AcqirisAnalyzer. The cosrrespondance betwtbe base design component and the bitfile is
given in this table:

Model BaseDesign Bitfile

ac240 ac240_top_sysclk ac240.bit
AC240 + ac240_top_sysclk_ddr ac240mem.bit
mem option

AC210 ac210_top_sysclk ac210.bit
SC240 sc240_top_sysclk_strl sc240strl.bit
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5.3 Overview of the Base Designs

5.3.1AC210 Base Design

The base testc210_top_sysclk is delivered as an example of buffering the adtjois data to a
buffer within the FPGA: thdE-Monitor buffer. This buffer has the ability to store indom data,
either asynchronously or synchronized with the geig It is instantiated within the block

user_block_example . The bloc ac210_user_block is a template for dgesks to insert custom
designs.

AC210 Base Design: ac210_top_sysclk

TRIGEN

: dac_interface | :
«— | trigger_manager |, » User_block_example - —
TRIGA Simple tigger | | DE Monior B Lou Contr |
: resolution 16 samples -Monitor Buffer ANL Out Control
de_interface_1ch pio_interface :
DELL_, Data Entry Interface 3 Front Panel — o
- Single channel, data freamA IOP1&P2Contiol| - [=
Demultiplexed by 16 : %
. a
led_interface . I=
ck_rst_manager_sysclk - -5 | S
I ger_sy Front Panel : C
Clock§ and Reset Led 1&2 Control :
generation & Control ac210 user block :
» Almost Empty T .
acq_ctr_reg is a template for diink_interface .
Acqiris General Purpose new user design Front Panel : >
Control Register udB |0 Control
: Ib_interface_m acq_tmp_struct
LocalBus : - . IB-Bus i
E—— Local Bus 10 Temperature
Monitor

5.3.2Trigger accuracy versus Sampling Rate

This base design implements the simple trigger klwigger .  manager which has an accuracy
directly related to the sampling frequency.

Module Trigger Accuracy
AC210 Equal to the sampling period
multiplied by 16 (16ns at 1 GS/s)

5.4 AC240 Base Design

There are two base test examples for the ac240babe tesac240_top_sysclk is delivered as an
example of buffering the acquisition data to a eufivithin the FPGA: th®E-Monitor  buffer. This

buffer can be read by program. The base #e240_ top_sysclk_mem is identical and contains
additional blocks to control and verify the extdroptional memories.

5.4.1Architecture

The drawing below shows the data flow inside th248cBase firmware. The converted data from the
ADCs are transmitted as data flows DE-A and DE-Bthie data processing FPGA where they are
received by a data entry interface. The data aaeméled through the two internal data streamsABatal
the blockuser_block_example anddp_ctr_example . TheDE-Monitor lies within the block

user_block_example . Monitoring the data stream could be immediatdepending on the arrival of
a trigger, with a trigger precision of 16 ns.
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ddr_interface | -
ddr_ctr_test_only < > - :
) - EDR —ony DDR Dynamic  [€7>
AC240 Base Design: e Gt Memory Control | -
- ac240_top_sysclk
- ac240_top_sysclk_ddr . | do_interface :
—p RECURCXATID CRY ¢ > Dual Port —>
— > Dual Port Memory Control :
. Memory Control
IRIGEN ™ rigger_manager .
TRIGA Simple trigger < ™ user_block_example dac_nterface L,
—»  resolution 16 samples - - P Front Panel ;
DE-Monitor Buffer ANL Out Control :
DEB - de_interface_2ch StreamB N
DE-A : Data Entry Interface e pio_interface
- : Dual channel, data StreamA R FrontPanel >
: Demultiplexed by 16 7 10 P1&P2 Control | - =
: 2
Cole
ck_rst_manager_sysclk or i . =
ck_rst_manager_sysclk_mem led_interface . 5
Clocks and Reset Lezr?gtzp(?gﬂrol w
generation & Control » ac24 0_user_block
" Almost Empty P
acq_ctr_reg is a template for diink_interface |
Acqiris General Purpose new user design Front Panel —>
Control Register udB 10 Control
LocalBus - Ib_interface_m IB-Bus acq_tmp_struct
—_— Local Bus 10 Temperature
. Monitor
5.4.2Trigger accuracy versus Sampling Rate
This base design implements the simple trigger llsigger_manager . The trigger accuracy
depends on the sampling rate and on the facthbatttannels could be interleaved or not.
Module Two channel mode Single channel mode
AC240 Equal to the sampling period Equal to the sampling period multipligd
multiplied by 16 (16ns at 1 GS/s) | by 32 (16 ns at 2 GS/s)

5.5 SC240 Base Design
The base streamer example240_top_sysclk_strl is delivered as an example of streaming data
to the front panel optical link by the use of tlegial front panel data port interface
5.5.1Architecture of the Base Streaming Firmware

The drawing below shows the data flow inside theeB&treaming firmware. The converted data from the
ADCs are transmitted as data flow DE-A and DE-Bhi data processing FPGA where they are received

by a data entry interface (includes the DE-Buff@if)e data are channeled through the two intern@ da
streams, A and B, to the streamer example block.
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SC240 Base Design: - sc240_top_sysclk_str1 str1_example SIC/I—'I nterface .
Optical Link ODL-A
< > Controller: l——>
slc_controller
. Trigger Control
LR'GEN . trigger_manager_1ns Frame generation i
TRIGA - Simple trigger < > Accumulation dac_interface |
—— > resolution 16 samples Tx-Monitor Buffer Front Panel —
Rx-Monitor Buffer ANL Out Control .
DE-B . | de interface_2ch rg StreamB S P
— - » L . O
: Data Entry Interface pio_interface : =
DE-A - Dual channel, data StreamA » FrontPanel [ > |5
- Demultiplexed by 16 10 P1 & P2 Control | : o
|8
. [
ck_rst_manager_rg2 led_interface :
—
Clocks and Reset Front Panel :
generation & Control Led 182 Control
acq otr reg dlink_interface :
Acqiris General Purpose Front Panel —
Control Register udB 10 Control .
: i acq_tm
LocalBus - Ib_interface_m IB-Bus q_tmp_struct
—> Local Bus 10 Temperature
Monitor

The streamer example block generates, managesesmts three differents type of frames to the sfpdf

controllerslc_controller : the raw data frame, the accumulated data frame tlze parameter data
frame.

The blockstrl_example and its functions are described with more detailparagraph6.23 The
block scll_interface is a simple encapsulation of the comdc_controller and is not
described in details. The caske_controller is described in details in the paragr&phQ

The TX-Monitor Buffer is a spy of the transmittethrhes (TX-Frame). It can be read by the user
program.

For verification, the TX output could be looped kao the RX input and the received data could be
monitored with the RX-Monitor Buffer and readout tng user program.
5.5.2Trigger Positioning Resolution versus Sampling Rate

There are two trigger modes that could be set lognam, the standard trigger and the high resolution
trigger. While the standard trigger could be usdthvany sampling rate, the high resolution trigger
should be enabled only for the following sampliates:

Module Two channel mode Single channel mode
SC240 500 MS/s 1 GSI/s 1GS/s 2 GS/s
2ns 1ns 2ns 1ns
SC210 Not available 500 MS/s 1GS/s
2ns 1ns

Table 5-1 : Valid sampling rates and resolution othe High resolution trigger

The resolution of the standard trigger is 16 saspienon-interleaved operation and 32 samples winen
two channel of the SC240 are interleaved.
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5.5.3Trigger Time Stamp

The trigger Time Stamp is only valid for the highsolution trigger. The Time Stamp resolution is
identical to the trigger positioning resolution.

5.5.4Front Panel LED Status

Item

Comments

L1

Link O Status :
¢ Red: ODL faulty.

¢ Green: ODL successfully initialized and active i Mode.

¢ Orange: ODL successfully initialized.

L2

Acquisition Status :

¢ Orange: transfer disabled

¢ Green: Transfer & Trigger Enabled

¢ Red: Transfer Enabled & Trigger received

5.6 List of Cores Instantiated in Base Designs

Base Design
5| 2
S, »
x| x| x|
O| o| ©o| ©
(%] 2 (%] (%]
> > > >
22 29
(oL Q. o o
g1 L 8| &
T T
R
N N (9N} N
ol o 0| o . o
Core ®| ©| ©| 9| |jbrary Description
ac210_user_block & ac240_developer_lib Main block for AC210
ac240_user_block ac240_developer_lib .
- v - Pel Main block for AC240
acg_ctr_reg ac240_fdk Main Acgiris control register
acq_tmp_struct M| 2| & |Hd | ac240_fdk Interface to the on-chip FPGA temperature
measurement
ck_rst_manager_sysclk ac240_fdk .
- ger_sy @ - Clock and reset management for designs
without external memory
ck_rst_manager_sysclk c ac240_fdk Clock and reset management for designs
—mem with external memory
ck_rst_manager_rg2 M | ac240_fdk Clock and reset management for designs
with Optical Data Link and high resolution
trigger
dac_interface M| ¥ | & | & | ac240_fdk Interface to the DAC driving the front-pane
analog output
ddr_ctr_test_only ™ ac240_fdk Example of interfacing the user port of the
core ddr_interface
ddr_interface ac240_fdk Interface to the DRAM memory banks
ddr_interface_buffer ac240_fdk Block handling the Xilinx IO primitive to the
DRAM memory
de_interface_1ch ™ fdk_lib . . .
- - - Acquisition data stream interface for single
channel module
de_interface_2ch | o fdk_lib Acquisition data stream interface for dual
channel module
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Base Design
— —
S| 5
© 7]
S| ool o
2188 ¢
U)I (Dl U)I 0
(oL Q. o Q.I
g 8| 8| &
N Il Il I
28|88
N N (9N} N
o| ol | o ) I
Core ®| ©| ©| 9| |jbrary Description
de_interface_2ch_rg fdk_lib Acquisition data stream interface for dual
channel module with Optical Data Link and
high resolution trigger
de_chip_io M| ™| & |3 |fdklib Block handling the Xilinx 1O primitive to the
data input stream bus
dlink_interface M| & | & | & | ac240_fdk Multi-line digital front panel 10 interface
dp_ctr_example “ ac240_fdk Example of interfacing the user port of the
core dp_interface
dp_interface o ac240_fdk Interface to the dual port SRAM memory
dp_interface_io o ac240_fdk Block handling the Xilinx IO primitive to the
SRAM memory
Ib_interface_m M| ™| & | & |fdklib Interface to the Local Bus. The user program
communicates with the FPGA through this
interface.
Ib_interface_io M| & | 2| & |fdklb Block handling the Xilinx IO primitive to the
Local Bus
pio_interface M| ¥ | & |Hd | ac240_fdk Interface to the MMCX digital 10 on the
front-panel
slel_interface M | ac240_fdk Single interface to the optical link
strl_example M | ac240_fdk Simple streaming example
trigger_manager M | 4| ™ ac240_fdk Trigger control
trigger_manager_1ns M | ac240_fdk High resolultion trigger control
user_block_example ¥ | 2| & ac240_fdk Example of managing the data stream

5.7 Register List in Base Designs

Base Design
— —
S| =
S| ®
x| X i‘l ﬁ’l
(&) O O (&)
(2 (%] (%] (2
> 2 > >
U)l U)I U)I U’Jl
o Q. Q. o
Sl g 2| &
' ' 9|| S)rl S)rl o
Register | Register | Access Available in NMEIEY %
Number | Address | Right component S ©| © | ® | Comment
Customer Register Space — Reserved for DefinitionybAgilent
0 0x2200 RW - M| | M | M | Indirect Data Port
1 0x2204 RW Ib_interface M| | M | ¥ | FPGA Indirect Address
2 0x2208 RW Ib_interface M| | M | ¥ | FPGA Buffer Identifier
3 0x220C RW acq_ctr_reg M| M | M | 4 | FPGA Main Control
4 0x2210 R Ib_interface M|¥ | M | ¥ | FPGA Code Protection
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5 0x2214 Reserved

6 0x2218 R acq_ctr_reg o FPGA Main Status

7 0x221C FPGA Temperature

8 0x2220 RW de_interface_1ch FPGA DE-Bus Control

de_interface_2ch ™
9 0x2224 RW Ib_interface o FPGA Direct Access Block
10-31 -- Reserved

32 0x2280 RwW pio_interface o Front Panel PIO Control

33 0x2284 RW dac_interface o Front Panel DAC Control

34 0x2288 RwW led_interface o Front Panel LED Control

35 0x228C Reserved

36 0x2290 RW dlink_interface M Front PaneliDB-IO
Control

37 0x2294 RwW dlink_interface o Front Pane\DB-10 Output

38 0x2298 R dlink_interface o Front PaneliDB-10O Input

39 0x229C RW dp_interface o Dual Port Memory Control

40 0x22A0 RW dp_interface o Dual Port Memory Test
Pattern

41 0x22A4 R dp_interface o Dual Port Memory Status

42 0x22A8 R dp_interface Dual Port Memory Test
Value

43 0x22AC R dp_interface o Dual Port Memory Test
Result

44 0x22B0 RW ddr_interface o DDR A Control / Status

45 0x22B4 RW ddr_interface o DDR A Self-test Control /
Status

46 0x22B8 R ddr_interface o DDR A Self-test Status 1

47 0x22BC R ddr_interface o DDR A Self-test Status 2

48 0x22C0 R ddr_interface o DDR A Self-test Status 3

49 0x22C4 R ddr_interface DDR A Self-test Statu

50 0x22C8 R ddr_interface o DDR A Self-test Error
Count

51 0x22CC v Reserved

52 0x22D0 RW ddr_interface o DDR B Control / Status

53 0x22D4 RW ddr_interface o DDR B Self-test Control /
Status

54 0x22D8 R ddr_interface o DDR B Self-test Status 1

55 0x22DC R ddr_interface o DDR B Self-test Status 2

56 0x22E0 R ddr_interface DDR B Self-test Sté8u

57 0x22E4 R ddr_interface o DDR B Self-test Status 4

58 0x22E8 R ddr_interface o DDR B Self-test Error
Count

59 0x22EC o Reserved

60 0x22F0 RW ddr_interface o DCM Phase Shift Control /
Status

61-63 Reserved
Customer Register Space for AC2x0 Base Design
64 | 0x2300| =

RW | user_block_examdle.ZI ‘ ] ‘

‘ o ‘ Base Design Control
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65 0x2304 R user_block exampléd | ¥ | ¥ | ¥ | Base Design Status
66 0x2308 RwW dp_ctr_example o Example of SRAM
Interfacing
67 0x230C RW ddr_ctr_example o Example of DRAM
Interfacing
68-127 -- RW -- Unused
Customer Register Space for SC2x0 Base Design
64 0x2300 RwW strl_example M | Main Control
65 0x2304 M | Unused
66 0x2308 RW strl_example M | TX Monitor Control and
Status
67 0x230C RW strl_example M | RX Monitor Control and
Status
68-72 M | Unused
73 0x2324 RW strl_example M | Streamer Configuration
74-79 0x2328 RW M | Unused
80-82 0x2340| RW slcl_interface M | SLC Control Link 0
0x2344 SLC Status Link O
SLC Signal Link O
0x2348
83-127 M | Unused

Note: The registers number 64 to 127 shall notdseldor another purpose if the corresponding cores
remain in the design.

5.8 Indirect Addressing in AC2x0 Base Designs

The buffers are accessed through the Indirect Pathat address 0x2200.

Buffer Address Access | Available in Comment
Identifier Range Right | component
Customer Register Space — Agilent Reserved
0x00 0x0 to RW | ddr_interface DDR BANK A, 256 MB
OX3FFFFFC
0x01 0x0 to RW | ddr_interface DDR BANK B, 256 MB
O0x3FFFFFC
0x04 0x0 to RwW | dp_interface Dual Port Memory 1MB
OXFFFFC
0x08 0x0 to RW | de_interface DE-Buffer, 8K samples per channel
Ox1FFC
0x0C 0x0 to RW | user_block_example DE-Monitor, 8K samples per channel
Ox1FFC
0x00- Ox7F Reserved for Agilent
Customer Register Space — Customer Reserved
0x80-0xFF | | | | Reserved for Customer

5.9 Indirect Addressing in SC2x0 Base Designs
The buffers are accessed through the Indirect Pathat address 0x2200.

Buffer Address Access | Available in Comment
Identifier Range Right | component
Customer Register Space — Agilent Reserved
0x08 0x0 to RW de_interface DE-Buffer, 8K samples per channel
Ox1FFC
0x10 0x0 - RW strl_example TX-Monitor 64K bytes
OXFFFC
0x20 0x0 - RwW strl_example RX-Monitor 64K bytes
OXFFFC
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0x00- OX7F | | | | Reserved for Agilent

Customer Register Space — Customer Reserved

0x80-0xFF | | | | Reserved for Customer

5.10 Simulation

Complete information about the Acqiris Test Benclwimnment and the available script commands is
available in chapter YVHDL TEST BENCH. There is one Test bench for each base design.

The base design executes the sddiphtrol.txt, which invokes the other files listed in the tabkdow.
All scripts associated to a Test bench componeatstored within the side data directory of the Test
bench. For the single channel Test bench, thisheill

$AcqirisFdkRoot/lib_projects/ac240_developer_libgrephicbase_design_thstruct.bd.info/Sim/*

=
_l

£ |e |3

él i‘l i‘l

(8] O O

(2 [ (%]

> > >

T T

o Q. Q.

g 1% | £

Ol OI OI

a4 | | S

N N N

Q Q Q
Script © | ® | @ Description
Control.txt Main script, executesother sub-scripts
Acqiris_Cst.txt Definition of constants for Acqiris_Ctr.txt
Acqiris_Ctr.txt o Test script to verify basic function of the corgs

that interface to the front-panel I1/O

USR_Cst.txt Definition of constants for USR_Ctr.txt
USR_Citr.txt Test script to verify the IN- and DE-Buffers

and the access to them

&

USR_TestDDR.txt

Script to verify read & write access to the dua
bank DRAM from the user application

USR_TestDDRU.txt Script to verify the read & write access to the
dual bank DRAM within the FPGA through
the user ports

USR_TestDP.txt Script to verify read & write access to the dua
port SRAM from the user application

&

USR_TestDPU.txt

Script to verify read & write access to the dua
port SRAM within the FPGA through the user
ports

5.11 Constraints

Two constraint files are supplied. The “.sdc” coastt file is for the Mentor flow with Precision
Synthesis, while the “.ucf’ constraint file is fall other design flows.

The “.sdc” constraint file is located in the sidgtaldirectory of each base design:
...ac240_developer_lib/hdigraphiidse_desigrstruct.bd.info/Synthesis/Constraints/

This file handles clock constraints, FPGA 10 timiognstraints, and pad location constraints. Theze a
also additional location constraints for the DCMIBIUFG primitives.

Otherwise notified, the “.ucf” constraint file (l® used for all other design flows) is based onXitiex
UCF format. This file is generated by PrecisiontBgsis and is located at:

...ac240_developer_lib/precisidr@se_design_strudbase_design_struct
Other constraints, like signaling type and strepgtk passed from the VHDL design with attributes.

More details about design flow and file locatioré de found in the chapteBDESIGN FLOW and 9
VHDL LIBRARIES of this document.
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5.12 Interrupt Control

The FPGA is able to generate a hardware interpuptessing interrupt. It must first be enabled in the
FPGA by setting the bit[0], INTE of the control iegr of the coreacq_ctr_regto ‘1'. The interrupt
handling can be used by the software with a cathéofunctionAcgrsD1_waitForEndOfProcessing

The interrupt is managed by the interrupt contralehe PCI interface. The FPGA only has to sugply
signal at the end of the processing.

The example below shows the interrupt to be geedrafter the DE-Monitor has been filled. The PCI
interface interrupt controller will detect and meime the rising edge of the sigriffer_Full The
signalBuffer_Fullcan only generate another interrupt after havimgegow again.

Interrupt

~__Interrupt_Enable
FINT_N_int
~__Buffer_Full FINTN

5.13 Resource Utilization

There are more details for each core in chap¥iBL LIBRARIES.

The table below shows the resource usage for the tasigrac240_top_sysclk_ddr synthesized
with Precision Synthesis and XST. It is compareth®resources that are available in the targetxil

‘Acqiris‘ ac240_fdk/ac240_top_sysclkistruct ‘

Virtex Il Pro — XC2VP70-6FF1517.

PRECISION SYNTHESIS
Device Utilization Summary

XST

Device Utilizatiom®mary

Logic Utilization Used Available  Utilization LogiUtilization Used Available  Utilization
Number of Slice Flip Flops 10,994 66,176 16% NuntdfeSlice Flip Flops 11,617 66,176 17%
Number of 4 input LUTs 9,987 66,176 15% Numbed afput LUTs 11,387 66,176 17%
Logic Distribution Logic Distribution

Number of occupied Slices 10,433 33,088 31% Nurobeccupied Slices 11,610 33,088 35%
Total Number 4 input LUTs 10,785 66,176 16% Totamber 4 input LUTs 12,450 66,176 18%
Number used as logic 9,987 Number used as logic 11,387

Number used as a route-thru 798 Number used@agexthru 1,063

Number of bonded I0Bs 765 964 79% Number of bori@&s 765 964 79%
I0OB Flip Flops 1,020 I0B Flip Flops 1,059

I0B Master Pads 10 I0B Master Pads 10

I0OB Slave Pads 10 0B Slave Pads 10

I0OB Dual-Data Rate Flops 292 I0B Dual-Data Reltsps 292

Number of PPC405s 0 2 0% Number of PPC405s 0 2 0%
Number of Block RAMs 45 328 13% Number of Block R& 45 328 13%
Number of GCLKs 12 16 75% Number of GCLKs 12 16 %75
Number of DCMs 7 8 87% Number of DCMs 7 8 87%
Number of GTs 0 20 0% Number of GTs 0 20 0%

The table below shows the resource usage for the thesigrac240_top_sysclk

. It is compared to

the resources that are available in the targenhXNirtex 1l Pro — XC2VP70-6FF1517.

PRECISION SYNTHESIS
Device Utilization Summary

Logic Utilization Used Available Utilization
Number of Slice Flip Flops 3,115 66,176 4%
Number of 4 input LUTs 3,696 66,176 5%
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Logic Distribution

Number of occupied Slices 2,907 33,088 8%
Number of Slices containing only related logic ~ Z,90 2,907 100%
Number of Slices containing unrelated logic 0 2,907 0%
Total Number 4 input LUTs 4,024 66,176 6%
Number used as logic 3,696

Number used as a route-thru 328

Number of bonded IOBs 364 964 37%
IOB Flip Flops 355

IOB Master Pads 11

IOB Slave Pads 11

Number of PPC405s 0 2 0%
Number of Block RAMs 19 328 5%
Number of GCLKs 11 16 68%
Number of DCMs 6 8 75%
Number of GTs 0 20 0%

The table below shows the resource usage for the thesigrac210_top_sysclk . It is compared to
the resources that are available in the targenXNiirtex Il Pro — XC2VP70-6FF1517.

PRECISION SYNTHESIS
Device Utilization Summary

Logic Utilization Used Available Utilization
Number of Slice Flip Flops 2,661 66,176 4%
Number of 4 input LUTs 2,958 66,176 1%
Logic Distribution

Number of occupied Slices 2,443 33,088 7%
Number of Slices containing only related logic B44 2,443 100%
Number of Slices containing unrelated logic 0 2,443 0%
Total Number 4 input LUTs 3,286 66,176 4%
Number used as logic 2,958

Number used as a route-thru 328

Number of bonded I0Bs 235 964 24%
I0OB Flip Flops 231

IOB Master Pads 11

IOB Slave Pads 11

Number of PPC405s 0 2 0%
Number of Block RAMs 15 328 4%
Number of GCLKs 10 16 62%
Number of DCMs 6 8 75%
Number of GTs 0 20 0%

5.14 Version History

Date Version | Comments
April 05 Beta 1 | Initial Version
June 05 Beta 2 | Implemented write function to the DE-Buféerd IN-Buffer
Added simulation test script for the DE-Buffer dihdBuffer
February 06 Beta 6 | New base design with external memory interéend external memory
May06 Beta 7 | Revised the resources utilization.
January 07 1.0 New SC240 Base Design
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6. FDK Core Library

This chapter describes in detail the FPGA coreplgegh by Agilent Acqgiris. By default, the cores are
instantiated in a base design, showing how theylghze instantiated and interconnected. If a conmot
instantiated in one of the base designs, it is eddnd typically described in more detail. The ¢dapn
base design§ Base Desigplists all instantiated cores.

6.1 Index of Available Cores

Core Library Short Description

ac210_user_block acp40_developer_lib User block skeleton for the ac210

ac240_user_block acp40_developer_lib User block skeleton for the ac240

acq_ctr_reg ag240_fdk Standard Agilent Register

acq_tmp_struct acp4o_fdk Temperature monitoring

ck_rst_manager_rg2 acp40_fdk Clock management for streamer base
design

ck_rst_manager_sysclk ac240_fdk Clock management for base design
without external memory

ck_rst_manager_sysclk_mem  ac240_fdk Clock management for base design with
external memory

dac_interface ac240_fdk Front Panel MMCX analog output contro|

ddr_interface acza0_fdk Double Data Rate DRAM interface

ddr_ctr_example acp40_fdk Example of driving the DDR memory
interface

de_interface_1ch fdklib 1 channel interface for data input from the
ADC multiplexer

de_interface_2ch fdklib 2 channel interface for data input from the
ADC multiplexer

de_interface_2ch_rg 2 channel interface for data input from the
ADC multiplexer for streamer application

dlink_interface ac24p_fdk Front PanelDB digital IO control

dp_interface ac240_fdk Dual Port SRAM interface

dp_ctr_example aq240_fdk Example driving the dual port memory
interface

Ib_interface_m fdk] lib Local Bus Interface, wrapper to
Ib_interface of the libraryfdk_lib_h

led_interface ac2po_fdk Front Panel LED control

pio_interface ac2fio_fdk Front Panel MMCX digital 10 control

slcl_interface ac240_fdk Implementation example of a single link
Serial Front Panel Data Port controller

slc_controller fdk_ib Serial Front Panel Data Port controller

slcl_interface ac240_fdk Single interface to the optical link

strl_example ag240_fdk Simple streamer example

trigger_manager ac240_fdk Trigger control

trigger_manager_1ns ac240_fdk High resolution trigger control

user_block_example acp40_fdk Example of a basic implementation,
including two registers and a buffer to
store data from the incoming acquisition
stream
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6.2 Base Clock Manager
The coreck_rst_manager_sysclk is the base clock manager core. This core implésnati

resources related to the clocking and the genesat for designs without external memories. I{$s the
core to choose for designs using the full capatilftthe available RocketlO serializers/deseriatize

It provides two global clocks (available everywheii¢hin the Data Processing Unit) that should bedus
for the Internal Busl(bclkg ) and for the User CoreSgysclk ). The frequency oEbclkg is set to 33
MHz whereasSysclk frequency is fixed at 133 MHz.

The core also provides two clocks for the top aotidon RocketlO instance®érclka, Usrclka2,
Usrclkb, and Usrclkb2 ) with some area restrictions (detailed below).

6.2.1Functional Description

After the bit file has been loaded, the two clotkslkg andSysclk begin runningLbclkg is never
stopped because it handles communication with @lebiBs.Sysclk can be stopped by setting the input
Talarm to‘ 1’ . This might be useful for shutting down the FPQAexducing its power consumption in
case its temperature rises above a limit. Aparhftiois unusual situatioBysclk should not be stopped.
For monitoring the FPGA temperature, please readl#@scriptions of the coresq_tmp_struct and
acq_ctr_reg

Any other clocks are disabled until they are endiig software. The coracq_ctr_reg  contains a
control and a status register for clock controlgBe/Disable) and monitoring (DCM locked).

The Base Clock Manager core is also able to proaidexternal memory clocks except the clock fa th
port B of the SRAM DPMem_CKB)lt is only for this reason that a specific memolgck manager is
provided €k_rst_manager_sysclk_mem)

6.2.2Port Description

‘ Signal ‘ Size ‘ Type ‘ Short Description ‘

User Clock A

REFCKA p/_n 1 In Clock reference for RocketlO clock generation

Refclka 1 Out Dedicated routing path to Rocket 10 instar{d@ep Edge)

Usrclka2 1 Out Global clock for RocketlO instances (assundfgit data
path)

Usrclka 1 Out Global clock for RocketlO instances (assundfighit data
path)

Usrclka_reset 1 Out Becomes low 8 clocks afteérsrclka DCM gets locked

User Clock B

REFCKB_P/ N |1 In Clock reference for bottom RocketlO clocks gation

Refclkb 1 Out Dedicated routing path to Rocket 10 instar{@sxttom Edge)

Usrclkb2 1 Out Global clock for RocketlO instances (assundfighit data
path)

Usrclkb 1 Out Global clock for RocketlO instances (assundfgit data
path)

Usrclkb_reset 1 Out Becomes low 8 clocks aftétsrclkb  DCM gets locked

DE-Bus clock

DECLKA 1 In DE-Bus A clock input

DECLKB 1 In DE-Bus B clock input

declkag 1 Out Internal DE-Bus A clock, through BUFG (no DQM

declkaQg 1 Out Reserved (Range Gate Clocking)

Declkadg 1 Out Reserved (Range Gate Clocking)

Declkad4Qg 1 Out Reserved (Range Gate Clocking)

declkbg 1 Out Internal DE-Bus B clock, through BUFG (no DEM
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Signal ‘ Size ‘ Type ‘ Short Description ‘

System Clock

CK33M 1 In Local Bus clock input

Lbclkg 1 Out Copy of CK33Mthrough DCM and BUFG (33 MHz)

Sysclk 1 Out Global Clock 133 MHz

DmemClk 1 Out Main Clock for DDR Controllers (166 MHz)

Talarm 1 In Temperature Alarm input, could be used totrds=DCM that
drivesSysclk

Sel_Fsysclk 1 In Unused

Dual Port Memory Clocks

DPMem_CKA 1 Out Clock for port A of Dual Port Memory (133 MHz

DPMem_CKFBA |1 In Clock feedback input for Port A of Dual PoreMory

DPMem_CKFBB | 1 In Clock feedback input for Port B of Dual PoreMory

DDR Memory Clocks

DmemClk 1 Out Main Clock for DDR Controllers (166 MHz)

DmemClk_PS 1 Out Phase Shifted Clock for DDR Controllers (Midz)

DmemClk_FB 1 Out Clock feedback for DDR Controllers (166 MHz)

Dmem_FB_p 1 In Clock feedback input (Differential buffer)

Dmem_FB_n 1 In Clock feedback input (Differential buffer)

Miscellaneous

ENB_DCM 8 In Enable DCM Control. Shall be connectedeitb_ DCMoutput
of the coreacq_ctr_reg

2 EnableUsrclka . Clocks for the top edge Rocket
IO instance.

() EnableUsrclkb . Clocks for port the bottom
edge Rocket IO instance.

4) EnableDPMem_CKAClock for port A of Dual

Port Memory.
(0,1,5,6,7) Not used

Lck_DCM 8 Out DCM Lock Status. Shall be connected_ttk_DCMinput of the
coreacq_ctr_reg
©) "1’ => Lbclkg locked
(1) "1’ => Sysclk locked
(2 "1’ => Usrclka locked
3) "1’ => Usrclkb  locked
(4) "1’ => DPMem_CK/focked
®) "1’ => NU
(6) "1’ => DmemCIk_PSlocked
) "1’ => DmemCIk_FBlocked
Dreset 1 Out General reseiXRESETNlelayed by 12 periods ticlkg
Dreset_n 1 Out Dreset inverted

6.2.3DCM Location Constraints
The following location constraints must be applied:

DCM Allocation Comments

FDK Reference Manual Page 39 of 165



Top side DCM

X0YO Dual Port Memory Used for Dual Port Memory Clock A

X1YO0 DDR Clock Feedback Used for DDR Controller. (Memory Option)
X2Y0 MGT Reference Clocks B Used for RocketlO for SC Hi-Rate

X3Y0 Main Clocks Used to generatiebclkg / MemClIk

Bottom side DCM

X0Y1 Unused Unused

X1Y1l DDR Phase Shifted Clock Used for DDR Contnol@lemory Option)
X2Y1 MGT Reference Clocks A Used for RocketlO fér &C Modules
X3Y1 User Clocks Used to generat8ysclk .

6.2.4BUFG Location Constraints
The following location constraints must be applied:

Clock PAD Allocation Comments

Top side BUFG

BUFGOS DeclkA Data Entry Clock A

BUFG1P Unused -

BUFG2S Usrclka User clock for MGT (125 MHz)

BUFG3P Usrclka2 User clock for MGT (62.5 MHz)

BUFGA4S Lbclk2_fb Not available. Local clock for generation pf
Sysclk .

BUFG5P Sysclk Global Clock for Processing (133 MHz)

BUFG6S DmemcCIk_PS DDR Clock Phase Shifted (Memory Option)

BUFG7P DeclkB Data Entry Clock B

Bottom side BUFG

BUFGOP DmemcCIk DDR Main Clock (Memory Option)

BUFG1S Lbclkg Internal Bus Clock — Global Clock

BUFG2P Usrclkb User clock for MGT (125 MHz)

BUFG3S Usrclkb2 User clock for MGT (62.5 MHz)

BUFG4P DmemCIk_FB DDR Clock Feedback (Memory Option)

BUFG5S Unused --

BUFGG6P Lbck2_int Not available. Local clock for generation pf
Sysclk .

BUFG7S DP_CKB_int_A Not available. Local clock for generation pf
the SRAM memory clock.

6.2.5Area Restrictions

The two clockd bclkg andSysclk are distributed throughout the whole FPGA. Thidtuees the
number of available clocking lines to 14. Firmwéoethe SC or AC Analyzers could use up to 14
different clocks domains with the area restrictidescribed below.

As stated by the Xilinx rules, any quarter of tHe&GA can be fed with only up to 8 different clocks.

As much as possible, the User Core should onlytlisewo main clockdbclkg andSysclk . The
other clocks are used by the Agilent Acqiris-supglcores.

Signal NW NE SW SE
Lbclkg [BUFG1S] [BUFG1S] [BUFG1S] [BUFG1S]
Sysclk [BUFG5P] [BUFG5P] [BUFG5P] [BUFG5P]
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DmemcClk [BUFGOP] [BUFGOP]

DmemCIk_PS [BUFG6S] [BUFGES]

DmemClk_FB [BUFG4P] [BUFG4P]

DeclkA [BUFGOS] [BUFGOS]
DeclkB [BUFG7P] [BUFG7P]

UsrCka [BUFG2S] [BUFG2S]
UsrCka2 [BUFG3P] [BUFG3P]
UsrCkb [BUFG2P] [BUFG2P]

UsrCkb2 [BUFG3S] [BUFG3S]

Lbclk2_int [BUFGEP]

Lbclk2_fb [BUFGA4S]

DP_CKB_int_A [BUFG7S]

6.2.6Clock Period Constraints

All the DCM, BUFG, IBUFG, and IBUFGDS instantiatédr the clocking scheme are using “LOC”
constraints to freeze the clock distribution, whatethe User firmware. For more details, pleaserraf
the location constraints files of the Base Designs.

The IO_STANDARD as well as other constraints arel@sed in the VHDL design and are passed to the
synthesizer as VHDL attributes. The synthesizeffiteust transfer these constraints on to ISE.

The following clock period constraints must be agxhl

Pad Name Period | Comment

CK33M 28 ns | Continuous Clock (issued from PCI)

DECLKA 14 ns | Frequency depends on the acquisition settings
DECLKB 14 ns Frequency depends on the acquisition settings
REFCKA _p 7.5ns For SC2x0 (driven by an external PLL)
REFCKB_p 7.5ns For SC2x0 (driven by an external PLL)
DMEM_FB_p 6 ns For DDR Controller

Note: The synthesizer must be able to propagate thies& constraints down to the clocks generated
from the DCM settings.

6.2.7Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
DCM 6 8 75 %
Global Buffers (BUFG) 13 16 81 %
Function Generators 10 66176 ~0 %
CLB Slices 20 33088 ~0 %
Dffs or Latches 40 69068 ~0 %

6.2.8Version History

Date FDK Version | Comments

April 05 Beta 1 Initial Version
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Date FDK Version | Comments

July 05 Beta 3 New Clocking Scheme for Memory Options
September 05 Beta 5 Removed the capability to select the sysoikce. Sysclk is fixed to 133
MHz.
February 06 Beta 6 Added another clock core for design with rognoption:

ck_rst_manager_sysclk_mem

May 06 Beta 7 Update core description
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6.3 Memory Option Clock Manager

The coreck_rst_manager_sysclk_mem implements all resources related to the clockind the
general reset for designs including the memoryoopti

It provides two global clocks (available everywheii¢hin the Data Processing Unit) that should bedus
for the Internal Busl(bclkg ) and for the User CoreSysclk ). The frequency oEbclkg is set to 33
MHz whereasSysclk frequency is fixed to 133 MHz.

The core provides the clocks for the external méessoDPA_CLK, DPB_CLK) and for the core
ddr_interface (DmemClk, DMemCIk_FB, and DMemClk_PS. The clocks to the DRAM
memory are driven by the codelr_interface_buffer (DDRA_CK, DDRB_CK

It also provides two clocks for the top RocketlGtances Ysrclka, Usrclka2 ) with some area
restrictions (detailed below). It does not suppbcks for the bottom RocketlO.

6.3.1Functional Description
After the bit file has been loaded, the two clotkslkg andSysclk begin runningLbclkg is never
stopped because it handles communication to thebRE€ISysclk can be stopped by setting the input
Talarm to ‘1. This might be useful for shutting down tR€GA or reducing its power consumption in
case its temperature rises above a limit. Apartfrihis unusual situationSysclk should not be
stopped. For monitoring the FPGA temperature, pleasad the description of the cores
acq_tmp_struct  andacq_ctr_reg

The clocks for the DRAM will be active some timeeafSysclk begins running. There is no way to
stop the DDR clocks other than to disal8gsclk . The phase of the clockBMemCIlk_FB and
DMemCIk_PSare calibrated during the DDR calibration phase the coreldr_interface ).

The clocks for the DRAM and the RocketlO are disdblintil they are enabled by software. The core
acq_ctr_reg contains a control and a status register for ctmokrol (Enable/Disable) and monitoring
(DCM locked).

6.3.2Port Description

‘ Signal ‘ Size | Type | Short Description ‘

User Clock A

REFCKA p/_n 1 In Clock reference for RocketlO clock generation

Refclka 1 Out Dedicated routing path to Rocket IO instan(@ep Edge)

Usrclka2 1 Out Global Clock for RocketlO instances (assundgit data
path)

Usrclka 1 Out Global Clock for RocketlO instances (assundfgit data
path)

Usrclka_reset 1 Out Becomes low 8 clocks aftéfsrclka DCM gets locked

User Clock B

REFCKB_ P/ N |1 In Clock reference for bottom RocketlO clocks gration

Refclkb 1 Out Dedicated routing path to Rocket 10 instan{i@sttom Edge)

Usrclkb2 1 Out Global Clock for RocketlO instances (assundgits data
path)

Usrclkb 1 Out Global Clock for RocketlO instances (assundgits data
path)

Usrclkb_reset 1 Out Becomes low 8 clocks after Usrclkb DCM getskkd.

DE-Bus clock

DECLKA 1 In DE-Bus A clock input

DECLKB 1 In DE-Bus B clock input

declkag 1 Out Internal DE-Bus A clock, through BUFG (no DGM

declkaQg 1 Out Reserved (Range Gate Clocking)

Declkadg 1 Out Reserved (Range Gate Clocking)
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Signal Size | Type | Short Description

Declka4Qg 1 Out Reserved (Range Gate Clocking)

declkbg 1 Out Internal DE-Bus B clock, through BUFG (no DEM

System Clock

CK33M 1 In Local Bus clock input

Ibclkg 1 Out Copy of CK33Mthrough DCM and BUFG (33 MHz)

Sysclk 1 Out Global Clock 133 MHz

DmemClk 1 Out Main Clock for DDR Controllers (166 MHz)

Talarm 1 In Temperature Alarm input, could be used totrde=DCM that
drivesSysclk

Sel_Fsysclk 1 In Unused

Dual Port Memory Clocks

Y

DPMem_CKA 1 Out Clock for port A of Dual Port Memory (133 MHz)
DPMem_CKB 1 Out Clock for port B of Dual Port Memory (133 MHz
DPMem_CKFBA | 1 In Clock feedback input for Port A of Dual PoreMory.
DPMem_CKFBB In Clock feedback input for Port B of Dual Port idery.
DDR Memory Clocks
DmemClk 1 Out Main Clock for DDR Controllers (166 MHz)
DmemClk_PS 1 Out Phase Shifted Clock for DDR Controllers (Mifz)
DmemClk_FB 1 Out Clock feedback for DDR Controllers (166 MHz)
Dmem_FB_p 1 In Clock feedback input (Differential buffer)
Dmem_FB n 1 In Clock feedback input (Differential buffer)
Dcm_ckfb_* In/ Control for DmemCIk_FB phase calibration
Out
Dcm_ckps_* In/ Control for DmemCIk_PS phase calibration
Out
DmemCIk_ Out Reset for the corddr_interface
reset_n
Miscellaneous
ENB_DCM 8 In Enable DCM Control. Shall be connectediab_DCMoutput
of the coreacq_ctr_reg
(2) EnableUsrclka . Clocks for the top edge Rocks
IO instance.
4) EnableDPMem_CKAClock for port A of Dual
Port Memory.
(5) EnableDPMem_CKBClock for port B of Dual
Port Memory.
(0,1,3,6,7) Not used
Lck_DCM 8 Out DCM Lock Status. Shall be connected-ttk_DCMinput of the

coreacq_ctr_reg

0) "1’ => Lbclkg locked

(1) "1’ => Sysclk locked

(2) "1’ => Usrclka locked

3) "1’ => NU

(4) '1’ => DPMem_CK#ocked
(®) "1’ => DPMem_CKBocked
®) 1’ => DmemClIk_PSlocked
)
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Signal Size | Type | Short Description

1’ => DmemCIk_FBlocked
Dreset 1 Out General reset. KRESETNdelayed by 12 periods tfclkg
Dreset_n 1 Out Dreset inverted

6.3.3DCM Location Constraints

The following location constraints shall be applied

DCM Allocation Comments ‘
Top side DCM

X0YO Dual Port Mem CIkA Used for Dual Port Memory Clock A

X1YO0 DDR Clock Feedback Used for DDR Controller. (Memory Option)
X2Y0 MGT Reference Clocks B Used for RocketlO for SC Hi-Rate

X3Y0 Main Clocks Used to generatiebclkg / MemClIk

Bottom side DCM

X0Y1 Unused Unused

X1Y1l DDR Phase Shifted Clock Used for DDR Contnol@lemory Option)
X2Y1 MGT Reference Clocks A Used for RocketlO fér 8C Modules
X3Y1 User Clocks Used to generat8ysclk .

6.3.4BUFG Location Constraints
The following location constraints shall be applied

Clock PAD Allocation Comments

Top side BUFG

BUFGOS DeclkA Data Entry Clock A

BUFG1P Unused -

BUFG2S Usrclka User clock for MGT (125 MHZz)

BUFG3P Usrclka2 User clock for MGT (62.5 MHz)

BUFGA4S Lbclk2_fb Not available. Local clock for generation pf
Sysclk .

BUFG5P Sysclk Global Clock for Processing (133 MHz)

BUFG6S DmemcCIk_PS DDR Clock Phase Shifted (Memory Option)

BUFG7P DeclkB Data Entry Clock B

Bottom side BUFG

BUFGOP DmemcClIk DDR Main Clock (Memory Option)

BUFG1S LBCIk Internal Bus Clock — Global Clock

BUFG2P DP_CKB_int_B Not available. Local clock for generation pf
the SRAM memory clock.

BUFG3S Unused -

BUFG4P DmemCIk_FB DDR Clock Feedback (Memory Option)

BUFG5S Unused --

BUFG6P Lbck2_int Not available. Local clock for generation pf
Sysclk .

BUFG7S DP_CKB_int_A Not available. Local clock for generation pf
the SRAM memory clock.
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6.3.5Area Restrictions

The two clockd bclkg andSysclk are distributed throughout the whole FPGA. Thituses the
number of available clocking lines to 14. Firmwéoethe SC or AC Analyzers could use up to 14
different clocks domains with the area restrictidescribed below.

As stated by the Xilinx rules, any quarter of tHe&GA can be fed with only up to 8 different clocks.

As much as possible, the User Core should onlytlwsawo main clockdbclkg andSysclk . The
other clocks are used by the Agilent Acqiris-suggplcores.

Signal NW NE SwW SE

Lbelk [BUFG1S] [BUFG1S] [BUFG1S] [BUFG1S]
Sysclk [BUFG5P] [BUFG5P] [BUFG5P] [BUFG5P]
DmemClk [BUFGOP] [BUFGOP]

DmemClk_PS [BUFG6S] [BUFG6S]

DmemClk_FB [BUFG4P] [BUFG4P]

DeclkA [BUFGOS] [BUFGOS]
DeclkB [BUFG7P] [BUFG7P]

UsrCka [BUFG2S] [BUFG2S]
UsrCka2 [BUFG3P] [BUFG3P]
DP_CKB_int B | [BUFG2P] [BUFG2P]

Unused [BUFG3S] [BUFG3S]

Lbclk2_int [BUFG6P]

Lbclk2_fb [BUFG4S]

DP_CKB_int_A [BUFG7S]

6.3.6Clock Period Constraints

All the DCM, BUFG, IBUFG, and IBUFGDS instantiatédr the clocking scheme are using “LOC”
constraints to freeze the clock distribution, whatethe User firmware. For more details, pleaserref
the location constraints files of the Base Designs.

The IO_STANDARD as well as other constraints arel@sed in the VHDL design and are passed to the
synthesizer as VHDL attributes. The synthesizeifitaust transfer these constraints on to ISE.

The following clock period constraints must be agxhl

Pad Name Period | Comment

CK33M 28 ns | Continuous Clock (issued from PCI)

DECLKA 14 ns Frequency depends on the acquisition settings
DECLKB 14 ns Frequency depends on the acquisition settings
REFCKA _p 7.5ns For SC2x0 (driven by an external PLL)
DMEM_FB_p 6 ns For DDR Controller

Note: The synthesizer must be able to propagate thies& constraints down to the clocks generated
from the DCM settings.

6.3.7Resource Utilization
Resource count and relative usage in the targatXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
DCM 7 8 87.5%
Global Buffers (BUFG) 13 16 81 %
Function Generators 12 66176 ~0%
CLB Slices 25 33088 ~0%
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Resources Used | Available | Utilization
Dffs or Latches 49 69068 ~0 %
6.3.8Version History
Date FDK Version | Comments
February 06 Beta 6 Initial version.
May06 Beta 7 Description updated.
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6.4 Streamer Clock Manager

The coreck_rst_manager_rg2 is the clock manager for streamer application theludes the high
resolution trigger cor&igger_manager_1ns . It is instantiated in the streamer base design.

It provides two global clocks (available everywheii¢hin the Data Processing Unit) that should bedus
for the Internal BuslL{pclkg ) and for the User Coré&Sysclk2 ). The frequency ofbclkg is set to 33
MHz whereasSysclk2 frequency is fixed at 133 MHz.

The core also provides two clocks for the top Rt€kénstancessrclka, Usrclka2 ) with some
area restrictions (detailed below).

The core also provides clocks for the data-enttgrface and for the high resolution trigger intéapar
(declkbg, declkb4g, and declkb4Qg ). These clocks shall only be used for the datayent
interface and for the high resolution trigger coféese clocks shall be enabled and could be phase
adjusted by program using the register Trigger @b the corerigger_manager_1ns

After the bit file has been loaded, the two clotkslkg andSysclk begin runningLbclkg is never
stopped because it handles communication with @lebBs.Sysclk can be stopped by setting the input
Talarm to*‘ 1’ . This might be useful for shutting down the FPGAexducing its power consumption in
case its temperature rises above a limit. Aparhftiois unusual situatioBysclk should not be stopped.
For monitoring the FPGA temperature, please readl#@scriptions of the coresq_tmp_struct and
acq_ctr_reg

Any other clocks are disabled until they are endilidg software. The coracq_ctr_reg  contains a
control and a status register for clock controlgBe/Disable) and monitoring (DCM locked).

NOTE Because DCM are used for generation of all cld2&slkX , this core should be used only for
ADC sampling rate of 500 MS/s and 1 GS/s (in i@vied mode, this is equal to a sampling rate
of 1 GS/s and 2 GS/s). For lower sampling rates &M will unlock and the behavior will not
be guaranteed. Lower sampling rates can be impledeby sparsing the data within the
firmware.

6.4.1Port Description

Signal ‘ Size ‘ Type ‘ Short Description ‘

User Clock A

REFCKA p/_n 1 In Clock reference for RocketlO clock generation

Refclka 1 Out Dedicated routing path to Rocket 10 instar{d@ep Edge)

Usrclka2 1 Out Global clock for RocketlO instances (assundfgit data
path)

Usrclka 1 Out Global clock for RocketlO instances (assundfgit data
path)

Usrclka_reset 1 Out Becomes low 8 clocks aftétsrclka DCM gets locked

DE-Bus clock

DECLKA 1 In DE-Bus A clock input

DECLKB 1 In DE-Bus B clock input

declkag 1 Out Internal DE-Bus A clock

declkbg 1 Out Internal DE-Bus B clock

declkbQg 1 Out Reserved (HiRes trigger Clocking)

Declkb4g 1 Out Reserved (HiRes trigger Clocking)

Declkb4Qg 1 Out Reserved (HiRes trigger Clocking)

High resolution trigger DCM phase asjustment

DcmRG_PS_Cor | 8 In Phase value

DcmRG_Rst 1 In Reset Phase

Dcm_RG_PDone | 1 Out Phase Done

System Clock
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Signal Size | Type | Short Description
CK33M 1 In Local Bus clock input
Ibclkg 1 Out Copy of CK33Mthrough DCM and BUFG (33 MHz)
Sysclk 1 Out Clock 66 MHz
Sysclk2 1 Out Global Clock 133 MHz
Talarm 1 In Temperature Alarm input, could be used totrde=DCM that
drivesSysclk
Miscellaneous
ENB_DCM 8 In Enable DCM Control. Shall be connectedeitb_ DCMoutput
of the coreacq_ctr_reg
@ EnableUsrclka . Clocks for the top edge Rock
IO instance.
(0,2t07) Not used
Lck_DCM 8 Out DCM Lock Status. Shall be connected_ttk_DCMinput of the
coreacq_ctr_reg
0) "1’ => Lbclkg locked
(1) "1’ => Sysclk locked
(2 '1' => Usrclka locked
3) Equal toEnb_DCM3)
(4) "1’ => declkbg and declkbQg  locked
®) "' => declkb4g and declkb4Qg  locked
6) Equal toEnb_DCM4)
) Always ‘1’
Dreset 1 Out General reset. IKRESETNlelayed by 12 periods ticlkg
Dreset_n 1 Out Dreset inverted
XRESETN 1 In General reset

6.4.2DCM Location Constraints
The following location constraints must be applied:

DCM Allocation Comments

Top side DCM

X0Y0 Unused Unused

X1Y0 Unused Unused

X2Y0 Internal Bus Clocks Used to generatebclkg

X3Y0 Global system clock Used to generatgysclk andSysclk2

Bottom side DCM

X0Y1 Unused Unused

X1Y1 MGT Reference Clocks A Used for RocketlO fioe tsimple streamer

X2Y1 Data entry clock Used for de_interface declkbg and
declkbQg .

X3Y1 Trigger manager clocks Used fordeclkb4g and declkb4Qg

6.4.3BUFG Location Constraints
The following location constraints must be applied:
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Clock PAD Allocation Comments
Top side BUFG

BUFGOS Declkb4g Data Entry Clock B times 4

BUFG1P Declkbg Data Entry Clock B

BUFG2S DeclkbQg Data Entry Clock B in quadrature

BUFG3P Declkb4Qg Data Entry Clock B times 4 in quadrature

BUFGA4S Usrclka2 User clock for MGT (62.5 MHz)

BUFG5P Usrclka User clock for MGT (62.5 MHz)

BUFG6S Trigger This BUFG is instantiated in the cofe
trigger_manager_1ns

BUFG7P Unused --

Bottom side BUFG

BUFGOP Sysclk Clock for Processing (66 MHz)

BUFG1S Unused --

BUFG2P Sysclk2 Global Clock for Processing (133 MHz)

BUFG3S Lbck2_int Not available. Local clock for generation pf
Sysclk .

BUFG4P Unused --

BUFG5S Unused --

BUFG6P Unused -

BUFG7S Lbclkg Internal Bus Clock — Global Clock

6.4.4Area Restrictions

The two clockd.bclkg andSysclk2 are distributed throughout the whole FPGA. Thiuces the
number of available clocking lines to 14. Firmwéoethe SC or AC Analyzers could use up to 14
different clocks domains with the area restrictidescribed below.

As stated by the Xilinx rules:
* Any quarter of the FPGA can be fed with only u@tdifferent clocks.
* Facing BUFG could not access the same quadrant.

- Triggel  Usrclke Usrclkaz | DeclkbQ4¢ DeclkbQ¢ Declkb¢ Declkb4¢

NW NE
Sw SE
Lbclkg -- -- - (Lbclk2) Sysclk: -- Sysclk

As much as possible, the User Core should onlythiséwo main clockébclkg andSysclk2 . The
other clocks are used by the Agilent Acqiris-supglcores.

Sysclk2 is a global clock because the facing BUFG hanldée dlockdeclkbQg which drives no
ressources at the exception of the feedback logpEM.

Sysclk could access all quadrants except the NE quadtany. one of clockSysclk andSysclk2

can be the global clock. The choice here is to hheefaster clock as the global clock. This coudd b
modified by using the BUFG 2P f&ysclk and OP foiSysclk2 . In this caseSysclk  will be global
andSysclk2  will not.
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All the DCM, BUFG, IBUFG, and IBUFGDS instantiatédr the clocking scheme are using “LOC”
constraints to freeze the clock distribution, whatehe User firmware.

The IO_STANDARD, the BUFG location, as well as othenstraints are enclosed in the VHDL design
and are passed to the synthesizer as VHDL attsbuide synthesizer itself must transfer these
constraints on to ISE.

6.4.5Clock Period Constraints

The following clock period constraints must be agxhl

Pad Name Period | Comment

CK33M 28 ns | Continuous Clock (issued from PCI)

DECLKA 14 ns Frequency depends on the acquisition settings
REFCKA p 7.5ns For SC2x0 (driven by an external PLL)

Note: The synthesizer must be able to propagate thies& constraints down to the clocks generated
from the DCM settings.

6.4.6Resource Utilization

Resource count and relative usage in the targatXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
DCM 5 8 62.5 %
Global Buffers (BUFG) 10 16 62.5 %
Function Generators 51 66176 0.08 %
CLB Slices 26 33088 0.08 %
Dffs or Latches 43 69068 0.06 %

6.4.7Version History

Date FDK Version | Comments

January 07 1.0 New core for the Streamer Base Design
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6.5 User Block Skeleton

The componentc240_user_block is the skeleton to complete when designing firnevéor the
AC240 or SC240. The componeat210_user_block is the equivalent for the AC210 and SC210;
only the connections of the second channel are vetho

Each User Block is essentially empty, but has atragossible 10 connections to the other cores th
are instantiated in the Base Designs. All outpgnais are set to their default state.

The external pdB Signal 10s are configurable by tistomer and thus should be adapted to the
requirements.

The two User Block skeletons reside in the libramg240 _fdk as well as in the library
developer_lib . Developers should only modify thosedaveloper_lib or a copy of it.

6.5.1Port Description

Port Name Size | Type | Default | Description

IB Customer 1 In Should be connected to the IB-BUS signal with

IB Dirsel 1 In the same name. For details, please refer to the

IB Write 1 In description of the IB-BUS.

IB_Valid 1 In

IB_Rdy 1 Out 0

IB_TimeO 1 In

IB_End 1 Out 0’

IB_IndirCtr 32 |In

IB_Addr 32 |In

IB_DataW 32 |In

IB_DataR 32 Out all ‘o’

Internal Bus

IB_Clk 1 In Internal Bus Clock

Reset 1 In Start Up Reset

Enable_Trigger 1 Out ‘0’ Trigger Enable to the Trigger core

SP_Data_A 128 | In Samples from channel A

SP_Data_Val_A 1 In Data valid from channel A

Sp_first_A 4 In Position of the trigger in the data block

SP_Data B 128 | In Samples from channel B (AC240 only)

SP_Data_Val_B 1 In Data valid from channel B (AC240 only)

SP_Trigger 1 In Trigger marker

Sysclk 1 In System clock

Big-Endian 1 In Input control
‘1’ for Big-Endian, ‘0’ for little-Endian ‘0’

DAC Controller

DA _Data 16 Out ‘0’ Data Output to the DAC interface

DA_Write 1 Out ‘0 Write strobe for Data Output to the DAGérface

DA_Done 1 In ‘1’ when done writing to the DAC interface

DA_Busy 1 In ‘1’ when the DAC interface is busy

MMCX 10 Controller

iol_dir 1 Out ‘1 Direction control for 101 line if not ovadden by
Register Control

iol_in 1 In Input from 101 line if not overridden by Retgr
Control

iol_out 1 Out ‘0 Signal to output on 101 line if not ovtden by

Register Control
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Port Name Size | Type | Default | Description

i02_dir 1 Out ‘1 Direction control for 102 line if not ovadden by
Register Control

i02_in 1 In Input from 102 line if not overridden by Retgr
Control

i02_out 1 Out ‘0’ Signal to output on 102 line if not oviatden by
Register Control

IO_Fct_Usr 32 Out All ‘0’ | User-defined signals to be multipkgkon the PIO
Outputs

LED Controller

Lil_CCd Out All ‘0’ | User control for front panel LED L1

Li2_CCd Out All ‘0’ | User control for front panel LED L2

puDB Controller

DIO_in 7 In 7 inputs from uDB front panel connector.
Arbitrarily set to input. Developers may modify
this choice as required.

DIO_out 7 Out All ‘0" | 7 outputs to uDB front panel connecto
Arbitrarily set to input. Developers may modify
this choice as required.

6.5.2Version History
Date Version | Comments
April 05 Beta 1l | Initial Version.
May 06 Beta 7 | Description updated.
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6.6 User Block Example
The coreuser_block_example is delivered as an example in the Base Desighast a built-in
buffer, the IN-Buffer, capable of storing 8K sangpfger channel from the internal data stream. The IN
Buffer contents can be displayed with the applarat\cqirisAnalyzers.

There is a control register to configure the mofleperation and a status register indicating if ifNe
Buffer is full.

This component can be found in the library ac24k as well as in the library developer_lib. Develgpe
should only modify the one in developer_lib or pyof it.

6.6.1Functional Description
The configuration of the user firmware is typicadlgneafter the continuous acquisition has been started.
The operating mode of the IN-Buffer must be comfegl either to triggered, by setting the bit
Triggered  of the control register to ‘0’, or to non-triggdrdy setting the biffriggered  to ‘1.
Filling the IN-Buffer is enabled by setting the Bitart in the control register to ‘1’.

Filling the IN-Buffer will start either immediatelgr after a trigger occurred. The Bitill of the status
register will be set ‘1’ after the IN-Buffer hasdrecompletely filled. The sign&uffer_full reflects
the state of the bRull

Reading the IN-Buffer should begin only after theéfér has been filled, i.d=ull is ‘1. Before reading
the IN-Buffer you should select the read mode,egitbHA, CHB, or interleaved, by setting the bits
InNRwMode to the desired value. In the case of AC210 or $Cfife mode should be set to CHA.

The bitFull  of the status register and the sigBaffer_full from the User Block will be reset to ‘0’
after the bitStart in the control register is set back to ‘0’.

One could use the signBuffer_full to generate an interrupt.
- R
PFrontI User Core Example
?83 Control &
< » 10 | statl_Js )
ctrl "l Register D
8
4 i d t %
DE 1, 8 IN-Buffer aree =
BusA 8 2x8Kx8bits Burst Access -
DE | | & <«— controller < o
BusB| | kS
3 ) ‘ S e Local-Bus R
Internal-Bus
N /
6.6.2Port Description
Port Name Size | Type | Description
IB_Customer 1 In Should be connected to the IB-BUS signal with tee
IB_Dirsel 1 In name. For details, please refer to the descrimtfdhe 1B-
IB_Write 1 In BUS.
IB_Valid 1 In
IB_Rdy 1 Out
IB_TimeO 1 In
IB_End 1 Out
IB_IndirCtr 32 In
IB_Addr 32 In
IB_DataW 32 In
IB_DataR 32 Out
IB_Clk 1 In Internal Bus Clock
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Port Name Size | Type | Description

Reset 1 In Start Up Reset

Enable_Trigger 1 Out Trigger Enable to the Trigger core

SP_Data A 128 In Samples from channel A

SP_Data_Val_A 1 In Data valid from channel A

Sp_first_A 4 In Position of the trigger in the data block

SP_Data_B 128 In Samples from channel B (AC240 only)

SP_Data_Val B 1 In Data valid from channel B (AC240 only)

SP_Trigger 1 In Trigger marker

Sysclk 1 In System clock

Big-Endian 1 In Input control
‘1’ for Big-Endian, ‘0’ for little-Endian

SW_LED 1 Out Software LED control

Full Out Buffer Status, ‘1’ for full. The activity ahis signal is
controlled by the bit LED of the control registérshould
be set to ‘1’ to enable the output.

Test 16 Out Test signals output for monitoring

DA Data 16 Out Data Output to the DAC interface

DA_Write Out Write strobe for Data Output to the DAC ifaee

DA_Done In ‘1’ when write done from the DAC interface

DA_Busy In ‘1’ when the DAC interface is busy

6.6.3Registers

6.6.3.1 User Control Register

Register Space Register Number Register Address
Customer 64 0x2300
31..13 12 11 10 9.8
Start Triggered
7.6 5.4 3.1 0
INRWMode LED
[0] LED RW  Software LED control for front-panel LED L1. This lalso controls

[5..4] INRWMode RwW

[10] Triggered RW

[12] Start RW

FDK Reference Manual

the activity on the output sign&ull . LED must be set to ‘1’ to
enable the signaull
Configure IN-Buffer for read and write operation

00 Channel A
01 Channel B (AC240 only)
10 Channel A and B Interleaved (A0,B0,A1,B1...) (AC241y)

Select triggered or non-triggered mode

0 Sample will be stored to the IN-Buffer immediatafer the
Start is issued.

1 Sample will be stored to the IN-Buffer after nexigher
following the Start.

Start acquiring immediately if the bftriggered is set to ‘0’, or
after the first trigger occurrence if the biiggered  is set to ‘1.

Start must be maintained ‘1’ until the buffer is read.
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6.6.3.2 User Status Register

Register Space Register Number Register Address
Customer 65 0x2304
31 30..0
Full
[31] Full R Buffer full. It becomes ‘1’ after the buffer hasdoene full. It is

cleared when the bit Start returns to ‘0’, enablingew acquisition to

start.

6.6.4Accessing the IN-Buffer
The IN-Buffer can be read using the Indirect Addieg register. The IN-Buffer contains 8K samples pe
channel. The Indirect Address Register and Bufflentifier Register should be set prior to reading o

writing the IN-Buffer.

6.6.4.1 IN-Buffer

Register Space Register Number Register Address Buffer Identifier
Customer 0 0x2200 0x0C
31..24 23..16 15..8 7.0
D3 D2 D1 DO
[31.0] D3-DO RW The bytes DO-D3 each correspond to an 8-bit sample.

The order, big or little Endian, is configured imetAcqiris general
control register (see the comeq_ctr_reg ).

6.6.5Resource Utilization

Resource count and relative usage in the targatXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization

Function Generators 738 66176 1.1%

CLB Slices 369 33088 1.1%

Dffs or Latches 219 69068 0.3%

Block RAMs 8 328 2.4%
6.6.6Version History

Date FDK Version Comments

June 05 Beta 2 Implemented write function to the IN-Buffer.
April 05 Beta 1 Initial Version.
May 06 Beta 7 Description updated.
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6.7 Local Bus Interface

The corelb_interface_m is the FPGA interface to the Local Bus. Its sousc@ot open. Agilent
delivers a compiled version for Modelsim and an Eble for ISE.

This core also contains a firmware identifier used by the driverpgrevent unauthorized use of the
firmware. For details, refer to the section 6. ZBOTECTION OF FIRMWARE CODE

Examples of standard target components handlirglesand burst transfers can be found among thescore
Ib_iotarget_* in the libraryfdk_lib

The Local Bus and Internal Bus protocols were dbedrin detail in sections 414DCAL BUSand 4.5
INTERNAL BUS.

6.7.1Functional Description

The queries from the PCl interface are decodedgendrate transactions to the Internal-Bus, IB bhs.
dialog is very simple, based on a selection sigaaked along with address, data, and directioncdie
Ib_interface_m waits for the acknowledgemenB( Ready & IB_End ) to end the transaction.

Bank1 Dram Bank2 Dram
256Mbytes 256Mbytes
2Gbytes/s 2Gbytes/s
A A
( A 4 v \
DDR DDR
—|
otrl e ol e DtF; DualPort Sram
Front-Panel 10 o Gl | 2Mbytes
< » 10 1Gbytes/s/port
ctrl User Core @
g
€ Front-End | DEBUsA 1) 8 £
orp | ADC © 1 | 2
- c
Demux DE-BusB 1, 5, — 3 PCI PCI-Bus
a Internal-Bus 8 Local-Bus,
< s ”| Interface
N J

The Local Bus interface is entirely synchronouth®PCI clock, always running at 33 MHz.

Two access types have been defined, Direct andeletdiThe Direct Access type directly reads or ewit
a single 32-bit word, while Indirect Access handégge data buffers.

The Local Bus interface contains a number of dgialipes. If a data read operation is the contiomat
of a previous read (i.e. is initiated without a nesidress), then the Local Bus interface will présies

data in the pipelines until they are empty. Onlyhat point will the Local Bus interface requestreno
data from the internal target.

For example if Indirect Access is used in non-DMAd®, each read will be a single read. The firstirea

transaction will fill the entire pipeline; the s@agient ones will read the pipeline until empty émeh
read the target again.

6.7.2Instantiation

This core is connected to the FPGA Local Bus godugh its companion, the cdie chip_io  which
includes all Xilinx 1/0 buffers. On the left aregtitonnections outside the FPGA, on the right the
connections to the FPGA Internal Bus.
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Local Bus Interface
o N : Ib_interface_m 1B_Cpld
IOSTANDARD_G ="LVTTL" (string) Do 1B Dirse
IB_Acqiris
) I1B_Customer
fdk_lib 1B_IndirCtr : (31:0)
Ib_chip_io IB_Write
lbus io FReady_no FReady _no IB_Addr : (31:0)
- IB_DataW : (31:0)
FCS_ni [>——P> FCS_ni IB_DataR : (31:0)
1B_tHoLD [»—F>| LB_LHOLD _
LB_ADS_ni —— LB_ADS_ni 1B_Rdy
LB_LHOLDA @@ll— -] LB_LHOLDA LB_Write_i [>———— LB_Write_i IB_TimeO
N LB_Ready _ni [>——> LB_Ready_ni 1B_Valid
LB WRITE P—>| LB_WRITE LB_Blast_ni [>—————> LB_Blast_ni 1B_End
LB_EOT_no — LB_EOT_no
LB_ADS N 4@— LB_ADS_N
LB_Addr_i : (13:2) LB_Addr_i: (13:2)
LB_ADDR :(13:2) @———={ LB_ADDR : (13:2)
LB_Addr_o : (13:2) LB_Addr_o : (13:2)
LB_DATA: (31.0) @——| LB_DATA: (31:0) LB_Addr_hz : (13:2) LB_Addr_hz : (13:2)
LB_READY N @—| LB_READY_N LB_Data_j : (31:0) LB_Data_i : (31:0)
LB_Data_o : (31:0) LB_Data_o : (31:0)
LB_BLAST N @—| LB_BLAST.N LB_Data_hz : (31:0) LB_Data_hz : (31:0)
LB BREQ @ll——<] LB_BREQ LB_Breq_o F— LB_Breq_o
LB_Lhold_i [>————> LB_Lhold_i Driv erStartAcq
LB_LEOT N <4l—<] LB_EOT_N LB_Lholda_o k}——<] LB_Lholda_o Driv erStopAcq
LB_ADS_no ———<] LB_ADS_no Acquire
LB_ADS_nhz k}—— <] LB_ADS_nhz
LB_Write_o F———< LB_Write_o
LB_Write_hz k}——— < LB_Write_hz
FCSN HD— FCS_N LB_Blast_no f—— LB_Blast_no
LB_Blast_nhz k}———=<] LB_Blast_nhz
FREADY N <ll——=<] FREADY_N
LB_Ready_no ——< LB_ready_no
FrReap E—O LB_Ready_nhz k}——<] LB_Ready_nhz
O-lhelkg CK
O-Dreselnpy RESET N Xreset
. AddA_last : (8:0)
O PermissionCode PermissionCode : (15:0) AddB_last : (8:0)
CustIndExt : (31:0)

6.7.3Port Description
The table below only lists the connections to tlbedl Bus and to the Internal Bus.

I

_ Bvaid ¢
1B End =

1B_Cpld e
IB_DirSel

IB_Acqiris C
IB_Customer C

@]

W,

D000

IB_Write C

OC

IB_DataR C

I1B_Rd
IB_TimeO
1B_Valid

(@)e]

OC

O

Driver_Start o)
Driver_Stop o)

Core Started )

Signal ‘ Size | Type | Short Description

LOCAL BUS

LB_LHOLD 1 In External device request Local Bus transfer
LB_LHOLDA 1 Out Grant to External to access the Local Bus
LB_WRITE 1 In Local Bus access direction

LB_ADS_N 1 InOut | Local Bus address strobe

LB_ADDR 12 InOut | Local Bus address

LB_DATA 32 InOut | Local Bus data

LB_READY_N 1 InOut | Local Bus ready

LB_BLAST_N 1 InOut | Local Bus flag for last transfer of a burst
LB_BREQ 1 Out Local Bus request

LB_EOT_N 1 Out Abort DMA (not supported)

FCS_ N 1 In FPGA Chip select from the CPLD
FREADY_N 1 Out Ready to the CPLD ( is two cycles pridB_ READY_N
FREAD 1 In Local Bus access direction from the CPLD
CK 1 In Local bus clock : 33 MHz

XRESET_N 1 In General reset active ‘0’

XRESET 1 Out General reset active ‘1’

PermissionCode 16 In Code for firmware protection, by default set0’

FPGA INTERNAL BUS

IB_Customer

|1 | out

| Addressing destination of the current access:
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Signal

Size

Type

Short Description

0 = not in the User Core address space
1 = within the User Core address space

IB_Cpld

Out

Agilent reserved usage, select CPLD addrgsgpace

IB_Acqiris

Out

Agilent reserved usage, select Agilent adiingsspace

IB_Dirsel

Out

Addressing type of current access: 0 = imtlirk = direct

IB_IndirCtr

32

Out

This signal defines the target for Indir&ctess.

IB_IndirCtr uses the value of the register
IndirectControl when the current access is Indirect.

IB_Write

Out

Access direction:
1 = write (data from the driver)
0 = read (data to the driver)

IB_Addr

32

Out

This signal defines the start address foesges to the
Indirect Data Port or the register number for accesses to
Direct Access Registers

For accesses to thedirect Data Port, the value will be a
copy of thelndirectAddress Register.

For accesses to thikirect Access Registersthe bits 16 to 23
takes the value of the bits 0 to 7 of the regiBlieect Access
Block, the bits 0 and 1 will be ‘0’ and the bits 2 towl
take the value of the bits 2 to 13 of the signal
LB_ADDRESS. (The bits 2 to 8 represent the Direct
Register Number).

the

IB_Dataw

32

Out

32-bit Write Data Bus

IB_DataR

32

32-bit Read Data Bus

All unselected devices connected to the IB bus mitige
x"00000000" onto these lines to implement a dagalre
multiplexer with a simple OR function.

IB_Rdy

The selected device must drive ‘0’ when theadeead) or the
device (write) is not ready or not selected.

The selected device must drive ‘1’ when the dagad) or the|
device (write) is ready and selected.

All unselected devices connected to the IB bus mrige ‘0’
onto this line to implement a multiplexer with angile OR
function.

IB_TimeO

Out

Set ‘1’ when a device failed to acknowled8e Rdy within
64-clock cycle after an IB cycle has been starfée: cycle
will end without retryIB_TimeO will then come back to
‘0.

IB_Valid

Out

IB_Valid is ‘1’ whenlIB_DataW is valid. In case of burst
write, it should be used to load the data to thecsed device
For burst write accedB_Valid can be one for multiple
clock periods, denoting burst write of successiad

IB_End

If this input is ‘1’ it enables the Local Bugerface to
execute an access to the Internal Bus. It is ndyrdaiven
‘1" except for Indirect Access. For Indirect Accetise
selected device must drive ‘0’ onto this line foe entire
time of the acces$8_End must be set to ‘1’ when the
device has completed the access and when it iy fead
another one.

ACQUISITION STATUS

Acquire

|1

| Out

| Becomes ‘1’ after the driver functideqrsD1_acquireis
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Signal Size | Type | Short Description
executed and ‘0’ after the driver function
AcqrsD1_stopAcquisitionis executed.

DriverStartAcq 1 Out Becomes ‘1’ for a single clock cycle when thizer function
AcgrsD1_acquireis executed.

DriverStopAcq 1 Out Becomes ‘1’ when the driver function
AcqrsD1_stopAcquisitionis executed.

6.7.4Access Time Out
If a target does not respoi8l_Rdy within 64 clock cycles, a timeout will be issuedtsgIB_TimeO
to ‘1’. The Local Bus interface automatically gesitess an acknowledge signal to the Local Bus, ggttin
LB_READY_No ‘0’ until completion of the Local Bus accessiyAdata will be lost, both on reading and
writing. Any target should reset itself to the idkate when time out occurs.

6.7.5Protection of Firmware Code
The core Ib_interface_m contains a firmware identifier used by the drit@prevent unauthorized
use of the firmware.

If the 16 lower bits of the Permission Code Registee set to 0x0000 or OxFFFF with the signal
PermissionCode , the driver software considers the firmware asroigeted and permits software
access to the FPGA. If another value is set (ftailde see Code Protection Register in the nexisec

the driver only grants access to the FPGA if theboard EEPROM contains the corresponding code.
This mechanism permits the authorization of praedirmware usage on each AC/SC2x0 individually.
A single board can support multiple protection code that it can be used with a number of different
protected firmware versions.

The EEPROM must be loaded by Agilent, so developéshing to use the protection mechanism should
contact Agilent.

6.7.6Registers

6.7.6.1 Overview

Register | Register Space| Register | Ac2x0_FDK | Short Description
Address
0 Cust/Reserved| 0x2200 Available Indirect Access Po
1 Cust/Reserved| 0x2204| Available Indirect Addresgi&er
2 Cust/Reserved| 0x2208  Available Buffer IdentifRegister
4 Cust/Reserved| 0x2210 Available Code for FirmvRnatection
9 Cust/Reserved| 0x2224| Available FPGA Direct Acddlssk Registers

6.7.6.2 Indirect Access Port

This register gives access to large data blockgther with the Indirect Address Register and théfeB
Identifier Register. As seen by the control softsyar acts like a FIFO data port.

Register Space Register Number Register Address
Customer 0 0x2200
31..0
IndirData
[31..0] IndirData RW Indirect Data value. Every read or write access tise indirect
address defined by the Indirect Address and Budfentifier
registers.

6.7.6.3 Indirect Address Register

Register Space ‘ Register Number ‘ Register Address
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Customer

1 0x2204

31..0

IndirAddr

[31..0] IndirAddr RW

This register defines the address for Indirect Asce

It is used when accessing the Indirect Access Fhis address is
defined in bytes and is auto incremented by 4 &mheaead or written
word from / to the Indirect Access Port. The sigBalAddr  will

take the value dihdirAddr ~ when the access on the Internal Bus is
an Indirect Access.

6.7.6.4 Buffer Identifier Register

Register Space

Register Number Register Address

Customer

2 0x2208

31..0

IndirCtr

[31..0] IndirCtr RW

This register defines the target for Indirect Acsces

The signalB_IndirCtr takes the value dhdirCtr ~ when the
access on the Internal Bus is an Indirect Access.

6.7.6.5 Code Protection Register

Register Space Register Number Register Address
Customer 4 0x2210
31..16 15..4 3.0
DeveloperlD FirmwarelD

NOTE: A firmware permission code is a 16-bit value that is embedded within any FPGA
Firmware. This is the value of the signal PermissionCode connected to the core

Ib_interface_m

The values 0x0000 and OxFFFF are reserved, to define unprotected firmware.

Using a different permission code value would block any FPGA register access on modules that
do not contain this value within their EEPROM. Please contact Agilent Technical support if you
want to modify the EEPROM for such protection.

[3..0] FirmwarelD

[15..4] DeveloperlD

R

R

16 Firmware identifiers:

Use only the values 0x0 to OXE. Each of these 18ega together
with a unique value obeveloperlD |, identifies a firmware. Of
course, several firmware codes may contain the sdemifier if
there is no need to give them different permissions

The AC/SC2x0 EEPROM must contain the sabeveloperID

and FirmwarelD  combination as the firmware. Otherwise, the
driver refuses to access the FPGA.

If the EEPROM contains the value OxF in themwarelD , then

all firmware versions with the sanieveloperlD are permitted,
independently of the value BfrmwarelD in the firmware.

Each Developer ID lets the FDK developer define ase up to 15
Firmware IDs to protect the firmware against unatitted use.

6.7.6.6 Direct Access Block Register

Register Space

Register Number ‘ Register Address
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Customer 9 0x2224

31..8 7..0

- DIR_BLOCK_NBR

[7..0] DIR_BLOCK_NBR RW This register defines the IB-BUS register block$absequent
accesses to theirect Access Registers

The bit signalB_Addr takes the value dhdirCtr ~ when the
access on the Internal Bus is an Indirect Access.

6.7.7Constraints
* Clock Constraint

This core assumes a CLK frequency of 33 MHz. Tlisstraint must be defined for the clock manager
component and is automatically propagated througtieuwhole design.

¢ Input Signal Constraints

Pad to register delay must not exceed 10 ns. Foe chetails, please read the .sdc or .ucf constfitest
of the BaseDesign.

e Output Signal Constraints

All output signals are registered. All output regis should be located within the IOB. All are ppe
LVTTL, slow, 12 mA.

Clock to output delay must not exceed 10 ns. Farendetails, please read the .sdc or .ucf constfiéést
of the BaseDesign.

6.7.8Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Block RAMs 1 328 0.3%
Function Generators 529 66176 0.8%
CLB Slices 369 33088 1.1%
Dffs or Latches 737 69068 1.1%

6.7.9Version History

Date Version | Comments
April 05 Beta 1 | Initial Version
May 06 Beta 7 | Description updated
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6.8 DE Interface for 1 and 2 Channels

The coresde_interface_1ch and de_interface_2ch are the FPGA interfaces handling the
digitized data input streams for the AC210 andAk240.

6.8.1Functional Description

After the ADC conversion, the samples from eachhaehare de-multiplexed to the DE-Bus. Each DE-
Bus is 16 samples wide, transmitting 16 samplesyel® ns when running at the maximum sample rate,
1 GS/s/channel.

When the AC240 is configured to run as a singlenobhat 2 GS/s, the input signal Chl or Ch2 is sent
both ADCs. Each ADC drives the DE-Bus in an ideadtimanner as in the two-channel configuration.

S 4
ATrigEn FPGA
Ext Sglect " TrigAcpt Trigger
— Trigger ctrl <
Source
Cht DE-BusA o | SP_data_val 15
~ Front-End y S £
ADC 5 SP_data l— @
Ch2| Demux DEBusB | | E StreamCK [, @ el
d ream 0cal-bus
T 8 "  Intemal-Bus g . >
\ Y,

Once the acquisition is started, a continuous strefidata flows to the FPGA, along with the DE-Bus
clocksDECLKAandDECLKB Both are equal to the ADC clock, divided by 16.

The core has a built-in Buffer, the DE-Buffer, whicas two ports and behaves like a FIFO. The data a
clocked at the input on the falling edge RECLKA, respectivelYDECLKB, and are read out with the
clock StreamCK. StreamCK can be completely asynchronous to the input cledkcourse StreamCK
cannot be slower thaDECLKx When the frequency @treamCK is greater than the frequency of the
DECLKXxclock, the data valid signa8P_Data_Val A andSP_Data_Val B are set ‘1’ when there
is valid data on the data outsiP_Data_A andSP_Data_B.

StreamCK is usually connected to the system cl8gsisclk , defined in the base designs.

The DE-Buffer also handles the trigger status digvidich can be used to determine the position of a
trigger with the resolution of one sample or ontaddock of 16 samples, depending on the triggeg.co

The DE-Buffer can be read or written through thedldus. Its contents can be frozen (by preverttieg
incoming data stream from overwriting the buffenfaontinuously repeated on the output stream port.
This might be useful for verifying the operationtbé firmware with exactly known data (acquiredadat
always contains a small amount of noise). DE-Buffeé8 KB per channel.

6.8.2Instantiation

The core de_interface_2ch is connected to two DE-Bus instances through isnganion
de_chip_io that includes all Xilinx I/O buffers for one bu3n the left are the connections outside the
FPGA, on the right the connections to the FPGAritdkcores.

Instantiation of the corde_interface_1ch is identical, except that the componB®ii_Buffer_io_B
is not instantiated.
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de_chip_io
DE_Buffer_io_A
MDA (63.0) [P—> MD : (63:0) MD_i : (63:0)
MEA: (630) E——>{ ME: (63:0)  ME_i: (63:0)
fdk_lib
de_chip_io
DE_Buffer_io_B
mDB: (63.0) [P—> MD : (63:0) MD_i : (63:0)
MEB:(630) H——>| ME: (63:0)  ME_i: (63:0)

fdk_lib

de interface

‘Acqiris‘ ac240_fdk/ac240_top_sysclk/struct ‘

6.8.3Port Description

fdk_lib
de_interface_2ch
MDA i : (630 Input Stream 16 Trig_Enb_Acq p—— O
MDA LGS0 ] MDA (63:0)
e MEA : (63:0) Output Stream
O declkag
SP_FilSt_A )
MDB : (63:0)
Toclk MEB : (63:0) SP_Trigger p——0O
o-% B declkbg
O e Tracpi 3oy > Formated_Tracpt SP_Data_A : (127:0) PO
Ombee T30 1 | o¢_Tracpt : (3:0)
SP_Data_Val_A p——O
o BigEndian Tracpt
—DgErdan 1 BigEndian
22— StopFill SP_Data_B : (127:0) |prem——O
MDB i : (630 O-—Deee 1 peStopped
MEB 1. (63.0 SP_Data_Val_B p———O
- 1B Customer Local Bus (LB)
1B_DirSel 1B_Customer
~7IB Write IB_DirSel SP_Data_Addr: (8:0) [——C
i
I8 Rd - Sysclk -
O 8 Timeo IB_Rdy StreamCK s}
5 End OE IB_TimeO
—e e aod IB_End
O ndiet 310 B IndirCtr : (31:0) DE_sStart [——O
S ETTTRET IBZAddr : (31:0) deck locted
O—pp2aleBH0_p |B_DataW : (31:0) StartStore Reclk locked
O-BRaeR8: (310 4 |3 pataR : (31:0)
o-pala IB_Clk
O reset Reset

Signal | Size‘ Type ‘ Short Description
INTERNAL BUS
IB_Customer 1 In Should be connected to the IB-BUS signal with thme
IB_Dirsel 1 In name. For details please refer to the descriptidheo
IB_Write 1 In IB-BUS.
IB_Valid 1 In
IB_Rdy 1 Out
IB_TimeO 1 In
IB_End 1 Out
IB_IndirCtr 32 In
IB_Addr 12 In
IB_DataW 32 In
IB_DataR 32 Out
IB_Clk 1 In Internal Bus Clock
It must be connected tbclkg , the Local Bus clock.
Reset 1 In Reset

It must be connected to the general r&veset .

DE BUS — Data input Stream

MDA 64 In Data input streamA, samples 0 to 7 of themning data
block (gray coded)

MEA 64 In Data input streamA, samples 8 to 15 of tleeining
data block (gray coded)

declkag 1 In Data input streamA clockiDAandMEAare clocked by
the falling edge of the clock.

MDB 64 In AC240 only. Data input streamB, samples D tf the
incoming data block (gray coded)

MEB 64 In AC240 only. Data input streamB, samples 83mf the
incoming data block (gray coded)

DECLKBG 1 In AC240 only. Data input streamB cloddDBandMEB
are clocked by the falling edge of the clock.

Formated_tracpt 1 In After the trigger has been enabled (see deitaithe

description of the corgigger_manager ), indicates
that a trigger occurred in the current data block.
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Signal Size | Type | Short Description
Formated_tracpt remains ‘1’ for a singleeclk
period. It must be connected to the equivalentadignt
of the cordrigger_manager

Loc_tracpt 4 In Location of the trigger within the block of $&mples.
This is available only if the trigger core
trigger_manager_1ns is used. It must be
connected to the equivalent signal out of the &igmpre.

Tracpt 1 In Raw accepted trigger signal. It must be cotetto the
equivalent signal out of the trigger core.

BigEndian 1 In Select format for FIFO readout to the applaat
‘0": Little Endian
‘1’: BigEndian

StopkFill 1 In Function not available, reserved for future.usmust be
connected to ‘0.

DeStopped 1 Out A ‘1’ denotes thale_interface is actually stopped.
Itis ‘0’ when running.

OUTPUT STREAM

SP_First_A 4 Out 4-bit trigger position in the data block. @mhlid if the
coretrigger_manager_1lns is used.

SP_Trigger 1 Out ‘1’ indicates a trigger occurred in the cuatrdata block.

SP_Data_A 128 | Out FIFO output 128 bits, 16 x 8-bit samplesfiDE-Bus A

SP_Data_Val_A 1 Out Data valid at FIFO output, channel A

SP_Data_B 128 | Out AC240 only. FIFO output 128 bits, 16 x 8daimples
from DE-Bus B

SP_Data Val B 1 Out AC240 only. Data valid at FIFO output, chdrBelt is
strictly identical toSP_Data_Val_A .

Sp_Data_Addr Out 9 bits, unused, reserved for Agilent.

StartStore In Starts the de_interface FIFO and output str&dis
should be done only after the continuous acquisitio
mode setup is complete. See the dedicated paragrap
below.

DE_Start 1 Out Bit DeStart of theDEControl register. It must be
connected to the inp@&tartStore , either directly or
delayed by the DCM locking time in case the firmevar
uses the corek_manager_sysclk_declk

Trig_Enb_Acq 1 Out It must be connected to the correspondingtiopthe
coretrigger_manager

StreamCK 1 In Output Stream Clock. Can be any frequency legua

greater than 62.5 MHz (maximum frequency of the
clocksDECLKY .

6.8.40utput Stream Bus

The two data streams are fully coherent. The twoasSP_Data_Val_A andSP_Data_Val_B are

always ‘1’ simultaneously and ‘0’ simultaneously.
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StreamCK period is Half DECLK period

N O

StreamCK

SP_Data_A BlocAO

BlocA1

BlocA2

StreamCK period is equal to DECLK period

S A o B

BlocAO BlocA2

BlocA3 X BlocA4

SP_Data_Val A | \ |

Always ‘1’

SP_Data_B BlocBO

BlocB1

BlocB2

BlocB0 BlocB2

BlocB3 A BlocB4

SP_Data Val B | \ |

SP_Trigger

[

L Always ‘1

[

SP_First A OLD TrigPoslInBloc

TrigPosInBloc

OLD TrigPosInBloc

TrigPosInBloc

For the AC240 dual channel mode (non-interleavB8®), Data_A corresponds to the front-panel signal
connector “INPUT2” whileSP_Data_B corresponds to the front-panel signal connectdPWUT1".

For the AC210SP_Data_A corresponds to the front-panel signal connectdPUT".

The most significant bits (120 to 127) correspamthe first (oldest) acquired sample, and the lowés
(0 to 7) correspond to the last acquired samplehBalue can be raw or signed, selectable withbihe

Unsigned of thede_control

register.

In the case of interleaved acquisition (AC240 img& channel modeBP_Data A andSP_Data_B
are interleaved. All even samples (samples 0, 8,.430 of a 32-sample data block) are®_Data_A
and all odd samples (samples 1, 3, 5, 31).are on the buSP_Data_B. The sample 0 is the oldest, i.e.

the first acquired sample.

6.8.4.1 Data Source and Ordering

Module | Mode & Source | Sample
oldest=0
AC240 | Dual channel 0to 15 S(i) = SP_Data_B(127-(i*8) to 120-(i*8))
Source isnputl
AC240 | Dual channel 0to 15 S(i) = SP_Data_A(127-(i*8) to 120-(i*8))
Source isnput2
AC240 | Single channel | 0to 30, step 2 | S(i) = SP_Data_A(127-(i*4) to 120-(i*4))
Source isnputl
andinput2 1to 31, step 2 | S(i) = SP_Data_B(127-((i-1)*4) to 120-((i-1)*4))
AC210 | Single channel | Oto 15 S(i) = SP_Data_A(127-(i*8) to 120-(i*8))
Source isnputl
6.8.4.2 ADC Code Correspondence
Position Raw Signed
ADC top OxXFF OX7F Overflow, >= +Full Scale / 2 @f€aft =0V
ADC middle 0x80 0x00 Corresponds to OV @ Offset¥ 0
ADC bottom 0x00 0x80 Underflo, <= -Full Scale @ Offset=0V

6.8.5Registers

6.8.5.1 DEControl Register
Register Space Register Number Register Address
Customer 8 0x2220
31 30..24
DeStart -
23 | 22 | 21 20 19..18 17 16
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li?eplay | StopFillOnTr

DisableFill Deli?WMode Gr#yZBinOff Unsigv|1ed

15..0

DeAddress

[15..0]

[16]

[17]

[19..18]

[20]

[21]

[24]

DeAddress R

Unsigned RW

Gray2BinOff RW

0
1

Indicate the trigger position or the automatic gates

trigger position for the Base Design test modesHudress
can be used as start address for reading the DeBihe

value must be written to the Indirect Address Regiprior

to reading the DE-Buffer.

The value is valid for CHA, CHB or interleaved reatl
The value must be multiplied by two in case of iile@ved
mode.

Select Unsigned / Signed format 8P_Data_A &
SP_Data B

Signed
Unsigned

Disable Gray to binary conversion f@P_Data A &
SP_Data_B. Binary to gray should be disabled if you
write data to the DE-Buffer with the intention @fplaying
the data.

0 SP_Data_A andSP_Data_ B take on the values of the
DE-Buffer with conversion from Gray code to binary.
This is necessary for the ADC data stream thabdied
in Gray.

SP_Data_ A andSP_Data_B take on the values of the
DE-Buffer without conversion from Gray to binary.

DeRWMode RW  Configure DE-Buffer for read and write operation

DisableFill RW

StopFillOnTr RW

Replay RW

Sp_Trig_Reorder RW

DeStart

FDK Reference Manual

0

0 Channel A
0

Channel B (AC240 only)
1

1 Channel A and B Interleaved (A0, BO, Al, B1...).
0

1 Undefined
1

Stop writing the incoming data to the DE-Buffer.o8td be
set to ‘0’ in normal operation mode or ‘1 when egfphg of
the DE-Buffer is required.

Special Test mode when setto ‘1":

Input data are continuously stored to the DE-BuffEne
controller waits for a valid trigger. When a triggeccurs,
the input data continue to be stored until the DEf& is
Full.

Special Test mode when set ‘1’

The contents of the DE_Buffer are frozen and wiél b
continuously replayed t&P_Data A & SP_Data B.
The stream should be started. Replay usesl¢ltk rate to
output the stream.

The state of the register biSp_Trig_Reorder is
transferred to the ouput Sp_Trig_Reorder of the ¢tris is
true only for the core de_interface_2ch _rg

described in the next section)

When set to ‘1’, enables the data stream from the D
Buffers toSP_Data_A andSP_Data_B.
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6.8.5.2 DE_Buffer Operating Mode
Use only the first mode (00) for normal operation!

DisableFill | StopFillOnTr
0 0

Operation

The trigger is controlled by the user core.

The DE-Buffer streams data continuously. The INfButan be set to
Triggered or non-Triggered mode.

BaseDesign Test mode: Untriggered operation

WhenDisableFill is set ‘1’, the corele_interface generates a
trigger onSP_Trigger at the current DE-Buffer location and stops fiin
the DE-Buffer just before reaching again the sameation, so the buffer
is completely filled with new data.

The output stream will continuously repeat the DEf8 contents with
a trigger at the beginning of the waveform.

The DE-Buffer has to be read from the posit@Address

Filling will start again wheisableFill is set ‘0.

BaseDesign Test mode: Triggered operation.

The only difference with the mode 10 is the triggdtr is not
automatically generated by the code_interface but is a true
trigger, derived from the inpiormatted_Tracpt

6.8.6Accessing the DE-Buffer

The DE-Buffer contents can be read in burst modegu$e Indirect Addressing Register. The DE-Buffer
contains 8K samples per channel. The Indirect AskiRegister and the Buffer Identifier Register $thou
be set prior to reading or writing the DE-Buffer.

6.8.6.1 DE-Buffer

Register Space Register Number Register Address Buffer Identifier
Customer 0 0x2200 0x08
31..24 23..16 15..8 7.0
D3 D2 D1 DO
[31..0) D3-DO RW The bytes DO- D3 each correspond to an 8-bit sample

6.8.7Constraints

The format is signed or unsigned as defined by DEeControl

register.

The order, big or little Endian, is configured imetAgilent general

control register (see the cameq_ctr_reg

* Clock Constraint

This core assumes dB_Clk frequency of 33 MHz. This constraint must be dedirfor the clock
manager component and is automatically propagatedghout the whole design.

e declkaganddeclkbg Clock Constraint

The maximum frequency of DECLKA and DECLKB is 62VHz, for a sample rate of 1 GS/s (non-
interleaved), or 2 GS/s when the 2 channels of @240 are interleaved. This constraint must be @efin
for the clock manager component and is automaigabpagated throughout the whole design.

¢ Input Signal Constraints
All FPGA inputs are registered. All input registensist be located within the 10B.
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6.8.8Resource Utilization

De_interface_1ch

Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Block RAMs 6 328 1.8%
Function Generators 1059 66176 1.6%
CLB Slices 611 33088 1.9%
Dffs or Latches 1222 69068 1.8%

De_interface_2ch

Resource count and relative usage in the tardebodirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Block RAMs 10 328 3.0%
Function Generators 1754 66176 2.7%
CLB Slices 899 33088 2.7%
Dffs or Latches 1798 69068 2.6%
6.8.9Version History
Date FDK Version | Comments
April 05 Beta 1 Initial Version
June 05 Beta 2 Implemented write function to the DE-Buffer
July 05 Beta 3 Add Replay bit, make replay work
September 05 Beta 4 Make the IB-BUS access work with any freqyest StreamCK.
March 06 Beta7 Description updated.
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6.9 DE Interface for SC240 and High Resolution Trigger

The corede_interface_2ch_rg is identical to the corde_interface_2ch except for the DE

input clocking scheme that uses only the clogkclkbg instead of the two clockdeclkbg and

declkag . This was necessary to be able to place and aiutbe clocks used for the streamer and the

high resolution trigger.

Please read the previous section for a completerigéen. This section only contains the essentials

NOTE: Because DCM are used for generation of all cld2&slkX , this core should be used only for
ADC sampling rate of 500 MS/s and 1 GS/s (in iet@vied mode, this is equal to a sampling
rate of 1 GS/s and 2 GS/s). For lower samplingsratee DCM will unlock and the behavior

will not be guaranteed. Lower sampling rate cannmglemented by sparsing the data within
the firmware.

6.9.linstantiation
The core de_interface_2ch_rg shall be wused for streamer applications if the

trigger_manager_1ns core is instantiated for the trigger.

6.9.2Port Description

Signal | Size‘ Type ‘ Short Description
INTERNAL BUS
IB_Customer 1 In Should be connected to the IB-BUS signal with thea
IB_Dirsel 1 In name. For details please refer to the descriptidgheo
IB_Write 1 In IB-BUS.
IB_Valid 1 In
IB_Rdy 1 Out
IB_TimeO 1 In
IB_End 1 Out
IB_IndirCtr 32 In
IB_Addr 12 In
IB_DataW 32 In
IB_DataR 32 Out
IB_Clk 1 In Internal Bus Clock
It must be connected tbclkg , the Local Bus clock.
Reset 1 In Reset

It must be connected to the general r&esset.

DE BUS — Data input Stream

MDA 64 In Data input streamA, samples 0 to 7 of thelnmiog data
block (gray coded)

MEA 64 In Data input streamA, samples 8 to 15 of tlhermning
data block (gray coded)

MDB 64 In SC240 only. Data input streamB, samples Dabthe
incoming data block (gray coded)

MEB 64 In SC240 only. Data input streamB, samples Bbtof the
incoming data block (gray coded)

declkbg 1 In SC240 only. Data input streamB clodkDBandMEBare
clocked by the falling edge of the clock.

Formated_tracpt 1 In After the trigger has been enabled (see deitaithe

description of the corgigger_manager_1ns ),
indicates that a trigger occurred in the currem d@ock.
Formated_tracpt remains ‘1’ for a singléeclk
period. It must be connected to the equivalentadignt
of the cordrigger_manager_1ns

Loc_tracpt 4 In Location of the trigger within the block of $&mples.
This is available only if the trigger core
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Signal Size | Type | Short Description
trigger_manager_1ns is used. It must be
connected to the equivalent signal out of the &igmpre.

Tracpt 1 In Raw accepted trigger signal. It must be cotetto the
equivalent signal out of the trigger core.

BigEndian 1 In Select format for FIFO readout to the applaat
‘0’: Little Endian
‘1': BigEndian

StopkFill 1 In Function not available, reserved for future.Us must be
connected to ‘0’.

DeStopped 1 Out A ‘1’ denotes thale_interface is actually stopped.
‘0’ when running.

OUTPUT STREAM

SP_First_A 4 Out 4-bit trigger position in the data block. @uhblid if the
coretrigger_manager_1ns is used.

SP_Trigger 1 Out ‘1’ indicates a trigger occurred in the cuatrdata block.

SP_Data_A 128 | Out FIFO output 128 bits, 16 x 8-bit samplesfIDE-Bus A

SP_Data Val_A 1 Out Data valid at FIFO output, channel A

SP_Data_B 128 | Out SC240 only. FIFO output 128 bits, 16 x 8shimples
from DE-Bus B

SP_Data_Val_B 1 Out SC240 only. Data valid at FIFO output for el B. It
is strictly identical tc5SP_Data_Val_A .

Sp_Data_Addr Out 9 bits, unused, reserved for Agilent.

Sp_Trig_Reorder Out Trigger Reorder control. Takes the valuenefhit
Sp_Trig_Reorder  of the registeDEControl
Register described in the previous section.

StartStore 1 In Starts the de_interface FIFO and output str&dis
should be done only after the continuous acquisitio
mode setup is complete. See the dedicated paragrap
below.

DE_Start 1 Out Bit DE_Start of theDE_control register. It must be
connected to the inp&tartStore , either directly or
delayed by the DCM locking time in case the firmevar
uses the corek_manager_sysclk_declk

Trig_Enb_Acq 1 Out It must be connected to the correspondingtiopthe
coretrigger_manager_1ns

StreamCK 1 In Output Stream Clock. Can be any frequency legua
greater than 62.5 MHz (maximum frequency of the
clocksDECLKY .

6.9.3Version History
Date FDK Version | Comments
January 07 1.0 New core for the streamer Base Design
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6.10 Trigger Manager

The coretrigger_manager generates a trigger derived from the trigger syst& the module. The
trigger can be one of these possible trigger ssui€bl, Ch2, or External Trigger In.

e 1\
Select ' TrigEn Trig_Enb_Sel FPGA
elec T Tri A
Ext Trigger TrigAcpt rigger_manager Trig_Enb,_Ust cq_ctr_reg
Source x
A A
v SP trigger User Core 3
S | SP_data_val 5
i ata_va D)
Ch1 FI’Oht-End DE-BusA R El SP_d ) — o =
ADC | SP_data — 2
ch2| o DE-BusB IS  , 2
emux > E 8 | | Local-Bus,
8' ) Internal-Bus s v
\_ J

6.10.1 Functional Description

The coretrigger_manager controls if the trigger is enabled or not. It afesmats the accepted
trigger signal and forwards it to tlie_interface . This is because the trigger signal has to beetbut
consistently through the DE_Buffer in order to kéke simultaneity between the incoming sample and
the trigger signal.

The trigger does not necessarily have to be usely generates a marker in the data stream.ds dot
directly affect the data stream which remains cargus.

There are two differential trigger input signalRRIG_p / TRIG_n andTRIGA_p / TRIGA_n. TRIG
directly reflects the output of the trigger comparawhile TRIGA represents the ‘accepted’ trigger.
TRIGA remains low as long a8RIGEN remains ‘0, i.e. the trigger accept circuit has bheen enabled.
SettingTRIGENTto ‘1’ enables the trigger accept circuit. Afterabling, the signalRIGA becomes ‘1’ at
the first occurrence of a triggefRIGA then remains ‘1’ and goes low only afledRIGENis reset to ‘0’

The coretrigger_manager has the two trigger enable inputsg_Enb_Acq , Trig_Enb_Usr
The signalTrig_Enb_Sel selects which of the input trigger enables drithes trigger enable output
TRIGEN

6.10.2 Port Description

Signal Size | Type | Short Description

Reset 1 In Reset, active ‘1’.

declk 1 In Clock input. It is used to synchronize thensilg
Formatted_Tracpt

TRIG_p/ _n 2 In Differential Raw trigger input, reflects thatput of the
trigger comparator.

TRIGA p/_n 2 In Accepted trigger. Trigger signal “gated” b thigger
enable signals (see below).

Trig_Enb_Sel 1 In SelectTRIGEN signal source:

'0": Trig_Enb_Usr
'1: Trig_Enb_Acq

Trig_Enb_Acq 1 In Trigger Enable input reserved for Agilent
Trig_Enb_Usr 1 In Trigger Enable input reserved for the devetope
TRIGEN 1 Out Trigger Enable to the trigger circuitry.

Trigger 1 Out Raw trigger output
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Signal Size | Type | Short Description

Tracpt 1 Out Accepted trigger

Loc_Tracpt 4 Out Always 0x0000. It is the trigger position kit the data
block of 16 samples. Not used in this core.

Formatted_Tracpt 1 Out Single pulse of width equal to oteclk period, derived
from the rising edge ofracpt .

6.10.3 Trigger and Trigger Accept Circuit

The diagram below shows the trigger and accepigdetr as implemented on the module (outside the

FPGA). This circuit is implemented with high spdedic in order to reduce the meta-stability of the
accepted trigger.

TRIGEN |
D Q D Q | TRIGA
Ck Ck
Clr W Clr
Signal e
|
Threshold Delay 1 ns TRIG

6.10.4 Trigger Control Timing Diagram

St e I O o I o I B B | B I
TRIGEN 4
G || g B e B
TRIGA ‘
Tracpt ‘

Formatted_Tracpt ’—‘

6.10.5 Constraints
* declk Clock Constraint

This core assumes declk frequency of maximum 62.5 MHz. This constraint mistdefined for the
clock manager component and is automatically pragatthroughout the whole design.

¢ Input Signal Constraints
Timing for TRIG andTRIGA need not be constrained, but there is a locatimstcaint due to the clock
distribution. Thus the I0B of th€ERIGA buffer can not be used with tdeclkag clock; otherwise the

Place & Route path fails. The first register loeatis constrained to be in the nearest quarter evher

declkag is routed. Please refer to the *.sdc file for endetails about the LOC constraints associated
with the TRIGA input.

e Output Signal Constraints
TRIGEN output delay need not be constrained. The defA(ITTL 12mA slow output driver is fine.

6.10.6 Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:
| Resources | Used | Available | Utilization |
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Resources Used | Available | Utilization
Function Generators 2 66176 ~0%
CLB Slices 2 33088 ~0%
Dffs or Latches 69068 ~0%
6.10.7 Version History
Date FDK Version Comments
April 05 Beta 1 Initial Version
September 05 Beta 4 Compared to the data input stream, thedriggs been delayed
by one clock period in order to fit the reality.
March 06 Beta 7 Description updated.
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6.11 High Resolution Trigger Manager
The coretrigger_manager_1ns generates a trigger derived from the trigger syst@ the module.
The trigger can be one of these possible triggerces: Chl, Ch2 or External Trigger In. It is comaie
to the cordrigger_manager but with an improved resolution.

The coretrigger_manager_1ns has two operating modes. The first mode replicttegunction of
the coretrigger_manager . Please read the previous section for details tatsi mode. The second
mode has an enhanced resolution in order to actaetrgger resolution of one sample (inputs non-
interleaved) or two samples (inputs interleaved).

6.11.1 Functional Description
The coretrigger_manager_1ns controls if the trigger is enabled or not. It afsomats the accepted
trigger signal and forwards it to tlie_interface . This is because the trigger signal has to beetbut
consistently through the DE_Buffer in order to keéke simultaneity between the incoming sample and
the trigger signal.

The trigger does not necessarily have to be usedly generates a marker along the data streadoek
not directly affect the data stream which remamstiouous.

The two bitsTRMof the Trigger Control Register control the triggeode. There are four modes. The
first mode TRMset to ‘00’) replicates the function of the cdrgger_manager . The enhanced
resolution mode is enabled wh&RMis set to ‘01’. The two additional modes are resdrfor Agilent
verification purpose.

The coretrigger_manager has the two trigger enable inputsg_Enb_Acq , Trig_Enb_Usr
The signalTrig_Enb_Sel selects which of the input trigger enables drithes trigger enable output
TRIGEN

There are two differential trigger input signalRRIG_p / TRIG_n andTRIGA_p / TRIGA_n. TRIG
directly reflects the output of the trigger compgarawhile TRIGA represents the ‘accepted’ trigger.
TRIGA remains low as long a8RIGEN remains ‘0’, i.e. the trigger accept circuit hag heen enabled.
SettingTRIGENto ‘1’ enables the trigger accept circuit. Afterabling, the signalRIGA becomes ‘1’ at
the first occurrence of a triggefRIGA then remains ‘1’ and goes low only afledRIGEN is reset to ‘0'.

After TRIGA rises to ‘1’, the output sign&ormatted_Tracpt will rise to ‘1’ and remains ‘1’ for one
declk period. The signaLoc_Tracpt  will indicate the sample (in the bloc: 0 to 15)valich the
trigger occurred.

The core delivers a timestamp with a resolutiore¢tputhe resolution of the trigger. The value fislated
whenTRIGA rises to ‘1’.

The signals Formatted_Tracpt_dly and Loc_Tracpt_dly are the signals
Formatted_Tracpt andLoc_Tracpt digitally delayed by a programmable valueERQOL of the
registerTriggerDelay ) with a resolution equal to one sample. This efuisfor adjusting the position
of the trigger relative to the data.

The Status of the core can be interogated in aranodpy reading the status registé€rgyger Status
Lo andTrigger Status Hi

6.11.2 Port Description

Signal | Size| Type | Short Description

Trigger Control 10

declk 1 In Clock input. It is used to synchronize thensilg
Formatted_Tracpt

TRIG_p/_n 2 In Differential Raw trigger input, reflects thatput of
the trigger comparator.

TRIGA p/_n 2 In Accepted trigger. Trigger signal “gated” bgth
TRIGEN signal (see below).

Trig_Enb_Sel 1 In SelectTRIGENSsignal source:

'0’: Trig_Enb_Usr
"1': Trig_Enb_Acq
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Signal Size | Type | Short Description

Trig_Enb_Acq 1 In Trigger Enable input reserved for Agilent

Trig_Enb_Usr 1 In Trigger Enable input reserved for the devetope

TRIGEN 1 Out Trigger Enable to the trigger circuitry.

Trigger 1 Out Raw trigger output

Tracpt 1 Out Accepted trigger

Loc_Tracpt 4 Out Trigger position within the data block of 4@mples
(fixed to ‘0000’ for the low resolution trigger mey

Formatted_Tracpt 1 Out Single pulse of width equal to oteclk period,
derived from the rising edge @facpt .

Loc_Tracpt_dly 4 Out | Loc_Tracpt_dly takes the value:

Loc_Tracpt + TRDLmodulo 16.

Loc_Tracpt_dly is delayed in time as
Formatted_Tracpt_dly is delayed.

Formatted_Tracpt_dly 1 Out | Formatted_Tracpt_dly delayed by Ndeclk
periods. Where N is equal to the truncated intpgetr
of:

TRDL + Loc_Tracpt )/16

INTERNAL BUS

IB_Select 1 In Should be connected to corresponding signal on the
IB_Dirsel 1 In IB-BUS. For details please refer to the descriptibn
IB_Write 1 In the IB-BUS.

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 12 In

IB_DataW 32 |In

IB_DataR 32 | Out

IB_Clk 1 In

Reset 1 In Reset, active ‘1.

6.11.3 Registers

6.11.3.1Trigger Control Register

NOTE  Users are only allowed to control the BRDI to reset the DCM (in order to get them locked),
the bitsTRMto set the trigger mode and the BRTCto reset the timestamp. All other bits
shall remain ‘0'.

Register Space Register Number Register Address
Customer 12 0x2230
31 30..25 24
TRPM TRPH TRPE
23..19 18..8 7 3 2 0.1
- SDEL ESDS TRTC TRDI TRM

[1..0] TRM RW  Trigger Mode

00 Low resolution trigger. The resolution is 16 sansphen the
channels are not interleaved or 32 samples in afate SC240
in interleaved channel mode.

01 High resolution trigger. . The resolution is 1 sdénphen the
channels are not interleaved or 2 samples in datte &C240
in interleaved channel mode.
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2] TRDI  RW
3] TRTC RW
[7] ESDS RW
[18.8] SDEL RW
[24] TRPE RW
[30.25] TRPH RW
[3]] TRPM RW

The high resolution trigger is valid only for a gaing rate of 1
GSIs.

10 Automatic Asynchronous Trigger based on the local dock.
For test purpose.
11 Synchronous Trigger for test purpose. Needs thereat clock

and trigger generator.
Initialisation of the DCM
Enable the Restart the Timestamp Trigger countér to
Enable Shift out the synchronous delay

Delay for synchronous trigger test. Needs the esleboard for clock and
trigger generation.

Enable Trigger fine phase correction:
0
1
Initial phase value: unsigned 0 to 64
Phase increment / decrement

0
1

Phase correction disabled
Phase correction enabled

Decrement phase relative BRPH
Increment phase relative BRPH

6.11.3.2Trigger Status Lo

This register is used to retrieve the trigger statnd the lower part of the trigger timestamp value

Register Space Register Number Register Address
Customer 13 0x2234
31..8 7.4
TSTL --
3 2 2 1
PDN GRN PDN TRO
[0] TRO R Trigger Occurred
0 No Trigger
1 A trigger has occurred
[1] PDN R Set ‘1’ at the end of the DCM calibration phase
[2] GRN R ‘1’indicates the gray value of the trigger intelggtor was not valid
[3] LCK R ‘1’ denotes the trigger DCMs are locked
[31..8] TSTL R Bit 23 to 0 of the Trigger Timestamp.

The value is Valid iiGRN is ‘0’ andTRO is ‘1’

6.11.3.3Trigger Status Hi

This register is used to retrieve the upper patheftrigger Timestamp value.

Register Space Register Number Register Address
Customer 14 0x2238
31..0
TSTH
[31.0] TSTH R Bit 55 to 24 of the Trigger Timestamp.
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6.11.3.4Trigger Delay

This register could be used to delay the triggenevelative to the data. The resolution is onepam
when the module operates in dual channel mode @rstwnples when the two channels are interlaced to
double the sample rate.

Register Space Register Number Register Address
Customer 15 0x223C
31..8 6..0
TRDL

[6..0] TRDL RW Trigger Compensation. The Trigger event is shifi@svard, relative to the
data stream, by a number of samples equal to tlhe ¥ATRDL

The valid range is 0 to 127.

6.11.4 Constraints
+ declk Clock Constraint

This core assumesadeclk frequency of minimum 31.25 MHz and maximum 62.5 MHAhis constraint
must be defined for the clock manager componenti@adtomatically propagated throughout the whole
design.

* Input Signal Constraints

In order to ensure the same delay of TRIGA input across successives implementations, a totati
constraint is applied to the registers TraQ1 thholrQ4.

There are other crucial placement constraints surin the resolution and linearity of the trigger
positioning.

Please refer to the *.sdc file for more detailsutlibe LOC constraints associated with this core.
e Output Signal Constraints
TRIGEN output delay need not be constrained. The defA(ITTL 12mA slow output driver is fine.

6.11.5 Resource Utilization
Resource count and relative usage in the targatXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Global Buffers (BUFG) 1 16 6.25 %
Function Generators 300 66176 0.45%
CLB Slices 216 33088 0.65%
Dffs or Latches 431 69068 0.62%

6.11.6 Version History

Date FDK Version Comments
January 07 1.0 New core for the streamer Base Design
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6.12 Acqiris Register

6.12.1 Functional Description
implements a control register and a status registe must be preserved in all

The coreacq_ctr_reg
designs.

The Control register is used to control the clogkithemes, to define the data format during theéoa
and to enable the use of the processing interrupt.

The Status register contains the status of clobik3M locked), the status of the trigger enable lithe,
status of the temperature alarm, and the stattiseaiser core (Core_started).

Since this core is primarily intended for contnafithe clocking resources, the user should refehéo
description of the clock manager cores for moraitteabout the clocking scheme.

6.12.2 Port Description

Signal | Size ‘ Type ‘ Short Description

INTERNAL BUS

IB_Acqiris 1 In Must be connected to the IB-BUS signal with the sam

IB_Customer 1 In name. For details please refer to the descriptidheolB-

IB_Dirsel 1 In BUS.

IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 12 In

IB_DataW 32 In

IB_DataR 32 Out

IB_Clk 1 In Internal Bus clock, must be connected to tbedl Bus
clockIbclkg

Reset 1 In Reset, must be connected to the general Ersset

Control - Out

INTERRUPT_ENABL 1 Out Enable Interrupt to Local Bus

E

Trig_Enb_Sel 1 Out Select trigger Enable source. It must be eotad to the
equivalent input of the coteigger_manager

Enb_DCM 8 Out 8-bits DCM Enable bus. It must be connecteithé
Enb_DCMinput of the clock manager instance.

Sel_Fsysclk 1 Out Sysclk clock mux selection. It must be conaédo the
Sel_Fsysclk input ofck_rst_manager_sysclk

SGReset_n 1 Out Software General reset. Active after configion. It must
be set to ‘1’ for de-activation.

Status - In

TRIGGER_ENABLE 1 In Status of the trigger enable signal for oufpoitn the user
core. It must be connected to the equivalent oupthe
user core. Otherwise should be kept at ‘0.

Core Started 1 In Status of the acquisition. Normally connedtethe
outputacquire of the user core.

Lck_DCM 8 In Status of each DCM (lock line). It must be wected to
Lck_DCMoutput of the clock manager instance.

Tmp_Alarm 1 In Status of the Temperature Alarm. It must benezted to
the corresponding output of the ca®g_tmp_struct
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6.12.3 Registers

this register.

6.12.3.1AcqirisPrivateControl Register
This register is located in the Agilent Space. Ehismo driver function available for developersatzess

Register Space Register Number Register Address
Agilent 64 0x2100
31.1 0
- SGReset_n
[0] SGRseset_n RW Software General reset. Active low. Default valu®= It

is de-asserted by the driver after new bit files kad to
the FPGA. This bit is forwarded to
SGReset_n.

6.12.3.2AcqirisControl Register

Register Space

Register Number Register Address

the output

Customer 3 0x220C
31 30..28 27..25 24 23..16
SGReset_n Sel_Fsysclk End_Dcm
15..9 8 7.4 3.2 1 0
BigEndian TrigEnSel IntEn
[0] IntEn RW Bit forwarded to the outpunterrupt_Enable . There
is more detail on how to manage interrupts in thapter
about the base designs. It must be set to ‘1’ abkenthe
interrupt.
[1] TrigenSel RW Source selection for trigger enable. It is forwattie the
outputTrig_Enb_Sel
User Trigger Enable
Acqiris Trigger Enable
[8] BigEndian RW Selection of the readout format: Big Endian / EitEindian.
This bit is forwarded to the outpBigEndian
0 Little Endian
1 Big Endian
[23..16] Enb_Dcm RW  Enable DCM 0 to 7. See details in the port desioripof
the used clock manager core. These bits are fordaial
the outputEnd_Dcm.
[24] Sel_Fsysclk RW  Reserved for future use
[31] Reserved RW No function defined. It must be set ‘0.
6.12.3.3AcqirisStatus Register
Register Space Register Number Register Address
Customer 6 0x2218
31 30..28 27..25 24 23..16
Lck_Dcm
15 14..8 7.3 2 0
Tmp_Alarm TrigEn CoreStarted
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[0] CoreStarted R

2] TrigEn

[15] Tmp_Alarm

[16..23] Lck_Dcm

6.12.4 Constraints

e IB_Clk Clock Constraint

Core Started. This bit is driven by the input signa
Core_Started

Trigger Enable. This bit is driven by the inputrsd
Trigger_Enable

Temperature Alarm. This bit is driven by the inpignal
Tmp_Alarm .

DCM 0 to 7 lock status. ‘1’ Locked. See detailshe port
description of the used clock manager core. Thésaile
driven by the input signalsck_Dcm.

This core assumes an IB_CIk frequency of 33 MHzis Tdonstraint must be defined for the clock
manager component and is automatically propagatedghout the whole design.

6.12.5 Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 59 66176 0.1%
CLB Slices 38 33088 0.1%
Dffs or Latches 75 69068 0.1%

6.12.6 Version History
Date FDK Version Comments

April 05 Beta 1 Initial Version

July 05 Beta 3 Updated Version.

February 06 Beta 6 Added Software General Reset output.
March 06 Beta 7 Description updated.
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6.13 LED Interface

6.13.1 Functional Description

The LED interface coréed_interface provides control of 2 front panel LEDs of the AC/S0
modules, either via software through the Internais Bor directly from the User firmware through
dedicated ports.

These bicolor LEDs are labeled L1 and L2 on the wledd front panel. Each LED can be controlled
independently by defining the code of the colorttehould be displayed. Are available: black (or
switched off), red, green, and orange.

6.13.2 Port Description

Port Name Size | Type | Description

IB_Customer 1 In Must be connected to the IB-BUS signal with the sarame. For
IB_Dirsel 1 In details please refer to the description of the BB
IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 32 In

IB_DataW 32 In

IB_DataR 32 Out

IB_Clk 1 In Internal Bus Clock

Reset 1 In Start Up Reset

LI1_CCd 2 In L1 LED Color Code, if not overridden by LED gtster
LI2_CCd 2 In L2 LED Color Code, if not overridden by LED dtster
LI1_Green 1 Out Drives L1 Green LEDs Anode and L1 Red LEIa¢hode
LI1_Red 1 Out Drives L1 Red LEDs Anode and L1 Green LER$hGde
LI2_Green 1 Out Drives L2 Green LEDs Anode and L2 Red LEI2shode
LI2_Red 1 Out Drives L2 Red LEDs Anode and L2 Green LER$hGde

6.13.3 Detailed Description
There are two different ways of controlling the LEferface. Each LED color can be defined either by

using the LCOL field of th&REGISTER or by driving the LI1_CCd and LI2_CCd accordingTtaBLE
2.

By default the LEDs are controlled by the firmwaltémplies that the LEDs color is defined by thate
of the LI1_CCd and LI2_CCd busses if the softwazesinot override it. The default “00” value disgay
the red color. This can be observed whenever ti&AHB loaded with the default base design firmware.

Color Code LED Color
00 Red
01 Green
10 Yellow
11 Black (Switched OFF)

Table 2 LED Color Code

The User application can override the color codeedrby the firmware by setting theMDfields in the
REGISTERto 1. In this case the LEDs color is driven by #ssociated LCOL field whatever the value
of LI1_CCd/LI2_CCd ports.

The LED Interface Core is an open core (VHDL sougecavailable) that should be instantiated in any
firmware using the FDK framework, in order to alloemote testing of the LED features.
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6.13.4 Register
The LED Register is mapped to a fixed location @B&) within the Customer Reserved FPGA Register
space and is available whenever the LED Interfame & used.

6.13.4.1LED Control

Register Space Register Number Register Address
Customer 34 0x2288
7 6 5.4 3 2 1..0
LMD2 LCOL2 LMD1 LCOL1
[1..0] LCOL1 RW L1 LED Color Control
'00’ Red, '01’ Green, '10’ Yellow, '11’ Black
[3] LMD1 RW  Selects if the User Core or the user program ctnbi6D1
0 LED Interface under User Core control
1 Remote control by software
[5..4] LCOL2 RW L2 LED Color Control
'00’ Red, '01’ Green, '10’ Yellow, '11’ Black
[7] LMD2 RW  Selects if the User Core or the user program ctnt6D2
0 LED Interface under User Core control
1 Remote control by software

6.13.5 Constraints
* Clock Constraint

This core assumes dB_Clk frequency of 33 MHz. This constraint must be defirfor the clock
manager component and is automatically propagatedighout the whole design.

¢ Input/Output Constraint

This core contains four outputs (LI1_Green, LI1_RE@ Green, LI2_Red) that must be connected via
an OBUF to the 10 Pad. Please refer to the ac2fi@ilecfor LOC constraints. The IOSTANDARD
attributes for these buffers shall be "LVCMOS33'thwdefault drive strength (12mA) and slew rate
(Slow) values.

6.13.6 Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Global Buffers 0 16 0.00%
Function Generators 54 66176 0.1%
CLB Slices 47 33088 0.1%
Dffs or Latches 93 69068 0.1%

6.13.7 Version History
Date FDK Version Comments

April 05 Beta 1 Initial Version

March 06 Beta 7 Description updated.
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6.14 PIO Interface

6.14.1 Functional Description

The corepio_interface provides control of the 2 front panel /O P1 atd P2 MMCX connectors
of the AC/SC2x0 modules, either via software thtoupe Internal Bus or directly from the User
firmware through dedicated ports.

Each connector can independently be defined as@iri br an output. If configured as output anché t
Internal Bus Control is used, each connector capubuwne of 64 internal FPGA signals either for
external control or for debugging.

Half of the multiplexer capability is reserved fsignals defined by Agilent to ensure remote testing
whereas the other half is left for the user apglicaor debugging task.

6.14.2 Port Description

Port Name Size | Type
10_Fct_Usr 32 In

Description

User-defined signals to be multiplexed onRi@ outputs when
using register control

Agilent-defined signals to be multiplexedtbe P1O outputs wherj
using register control

IO_Fct_Acq 32 In

lol_dir 1 In Direction control for the 101 line if not ow@den by register
control

lol_in 1 Out Input from the 101 line if not overridden tBgister control

lol_out 1 In Output to the 101 line if not overridden byigter control

l02_dir 1 In Direction control for the 102 line if not ow&tden by register
control

l02_in 1 Out Input from 102 line if not overridden by retgr control

lo2_out 1 In Signal to output on 102 line if not overriddey register control

IB_Customer 1 In Must be connected to the IB-BUS signal with the sarame. For

IB_Dirsel 1 In details please refer to the description of the 1BSB

IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 32 In

IB_DataW 32 In

IB_DataR 32 Out

IB_Clk 1 In Internal Bus Clock

Reset 1 In Start Up Reset

Piol_in 1 In Input line from 101 bidirectional buffer

Piol_out 1 Out Output line to 101 bidirectional buffer

Piol_dir 1 Out Direction control of 101 bidirectional buffe

Pio2_in 1 In Input line from 102 bidirectional buffer

Pio2_out 1 Out Output line to 102 bidirectional buffer

Pio2_dir 1 Out Direction control of 102 bidirectional buffer

6.14.3 Detailed Description

There are two different ways of controlling therftganel 10 interface. Each of the 2 10 lines cen b
controlled either by the user core (default) ousing the PIO Control Register.

By default the front panel 10 lines are control®dthe firmware. It implies that the Piol_xx an@®ixx
signals are driven by the lo1_xx and lo2_xx sigiifaise software does not override it.

If the PIO control is transferred to the PIO CohtRegister (by settingOMDi to ‘1, for line i), the

output value depends both on the signals conngotéet|O_Fct_Acq andlO_Fct_Usr
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the value of théOFi field. Each port is configured independently the signals that can be multiplexed
are shared between the two PIO lines.

This multiplexer feature is primarily intended tase firmware debugging and to allow remote support
and testing by enabling the output of signals eériest. As thdOFi field is 6 bits wide, up to 64
different signals can be connected to the PIO Lifdw first 32 are namelD_Fct_Acqg and are
reserved for use by Agilent. The table below shdvescurrent signal allocation. In the future, itlviie

completed with signals of interest for the support.

IOF Value Signals Comments

0 ‘0 For production test

1 ‘1 For production test

2 ‘0’

3 ‘0’

4 Raw trigger Trigger Signal at pad level
5 Formated_Trigger Trigger Accepted Signal
6 SP_Trigger Trigger Signal at User Core Level
7 Trigger_enable User Trigger Enable

8 Sysclk System Clock

9 SP_Data_Val_A MACA Data Valid

10 SP_Data_Val_B MACB Data Valid

11-31 Reserved

Table 3 : PIO Agilent Predefined Signals

The other 32 entries refer to th@_Fct_Usr
the user’s core.

ports and can be used to monitor signals of istdrem

Warning: Do not connect clocks to tH®_Fct_Usr port! It could generate mapping errors due to
clock placement constraints that cannot be satisfieen trying to output the clock signal on a Pil@|

6.14.4 Register
The PIO Control Register is mapped to a fixed liocaf0x2280) within the Customer Reserved FPGA
Register space and is available whenever the RiEdféce Core is used.

6.14.4.1PIO Control

Register Space Register Number Register Address
Customer 32 0x2280
31..18 17 16 15 14 13..8 7 6 5.0
INIO2 INIO1 IOMD2 IQDIR2 IOF2 IOMD1 IOD|R1 IOAL
[5..0] IOF1 RW IO Function to be sent on PIO1 while configurecdiautput,
i.e. when IOMD1 = 1 and IODIR1 = 1. See Table 3.
[6] IODIR1 RW Defines the direction of PIO1 buffer (0: In/ 1: (u
(71 IOMD1 RW  Defines the management mode of PIO1
0 P01 is managed by the User Core (default)
1 P101 is managed by this register
[13..8] IOF2 RW IO Function to be sent on PIO2 while configuredaasoutput,
i.e. when IOMD2 =1 and IODIR2 = 1. See Table 3.
[14] IODIR2 RW Defines the direction of PIO2 buffer (0: In/ 1: {u
[15] IOMD2 RW  Defines the management mode of PIO2

0 P102 is managed by the User Core (default)
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1 P102 is managed by this register
[16] INIO1 R Current value on the PIO1 line, if OMD1 = 1.
[17] INIO2 R Current value on the PIO2 line, if IOMD2 = 1.

6.14.5 Instantiation
This core is already instantiated in the base desigample.

It only requires adding external pad buffer for #veternal (from the FPGA point of view) signals.
Although there may be several ways to insert |/@dps, the explicit IOBUF instantiation is the stiun
preferred by Agilent.

It is highly recommended to conné€ _Fct_Acq as specified in Table 3

6.14.6 Constraints
* Clock Constraint

This core assumes dB_Clk frequency of 33 MHz. This constraint must be defirfor the clock
manager component and is automatically propagatedighout the whole design.

¢ Input/Output Constraints

This core contains two outputpidl_dir , pio2_dir ) and two bidirectional signals that must be
connected to the 10 Pad via an OBUF/ IOBUF. TheTASDARD attributes for these buffers should be
"LVCMOS33" with default drive strength (12mA) aniew rate (Slow) values.

6.14.7 Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 114 66176 0.2%
CLB Slices 57 33088 0.2%
Dffs or Latches 70 69068 0.1%

6.14.8 Version History

Date FDK Version Comments
April 05 Beta 1 Initial Version
March 06 Beta 7 Description updated.
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6.15 Temperature Interface

6.15.1 Functional Description

The coreacq_tmp_struct provides control of the temperature monitoringpcthiat senses the FPGA
temperature diode integrated within the FPGA dewdlen enabled it performs a sense cycle every 8
seconds. It can generate an alarm if the obseerederature is greater than a programmable thréshol

6.15.2 Port Description

Port Name Size | Type | Description

IB_Customer 1 In Must be connected to the IB-BUS signal with the sarame. For
IB_Dirsel 1 In details please refer to the description of the BB
IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 32 In

IB_DataW 32 In

IB_DataR 32 Out

IB_CIk 1 In Internal Bus Clock

Reset 1 In Start Up Reset

Tmp_Alarm 1 Out Temperature Alarm

Tmp_Sclk 1 Out Temperature Monitoring Serial Clock

Tmp_Sel 1 Out Temperature Monitoring Serial Line Selection
Tmp_Sdata 1 In Temperature Monitoring Serial Data

6.15.3 Detailed Description

When enabled by writing at 1 to tiéPEbit of the TempMonitor register, a new value isoavatically
read every 8 second. The last value read is avai&hthe lower 13 bits of the TempMonitor register

The temperature value is formatted as a 13-bid fieat contains the sign at the leftmost positiod the
absolute value on the 12 lower bits. The tempeeatesolution is 0.0625°C. Thus reading back a vafue
0x822F would correspond to an FPGA temperaturex®®B * 0.0625 = + 34.9375°C.

The temperature monitoring core lets the user dediprogrammable temperature threshold. If theeotirr

temperature exceeds the programmed temperaturghtiidefield and ifALAE is set, theTmp_alarm
event is triggered.

Temperature monitoring is highly recommended, dsfigdn a processing intensive context, in order t
avoid damage to the FPGA. It should be performélteeiby monitoring the temperature register with
software or directly within the firmware by usingefTmp_Alarm signal to halt the user core activity.

6.15.4 Register
The TempMonitor Register is mapped to a fixed limeaf0x221C) within the Customer Reserved FPGA
Register space and is available whenever the Texyerinterface Core is used.

It is used to retrieve the internal temperaturehaf Data Processing Unit and to set the temperature
threshold for the temperature alarm.

6.15.4.1TempMonitor

Register Space Register Number Register Address
Customer 7 0x221C
31 30..29 28..16 15 14..13 12..0
ALAE -- Tmp_Threshold TMPE -- TMP|_Monitor
[12..0] TMP_Monitor R FPGA temperature when monitoring is enabled

FDK Reference Manual Page 87 of 165



[15] TMPE RW FPGA Temperature Monitoring Enable
[28..16] Tmp_Threshold RW FPGA Temperature Threshold for user Temp Alarm
[31] ALAE RW FPGA Temperature Alarm Enable

6.15.5 Constraints
* Clock Constraint

This core assumes an IB_Clk frequency of 33 MHzisTdonstraint must be defined for the clock
manager component and is automatically propagatedghout the whole design.

¢ Input/Output Constraint

This core contains two output¥rip_Sclk , Tmp_Sel) and one input Tmp_Data) that must be
connected to the 10 Pads via an OBUF/ IBUF. TheTI®ISDARD attributes for these buffers should be
"LVCMOS33" with default drive strength (12mA) aniew rate (Slow) values.

6.15.6 Resource Utilization
Resource count and relative usage in the targatXXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 132 66176 0.2%
CLB Slices 76 33088 0.2%
Dffs or Latches 152 69068 0.2%

6.15.7 Version History

Date FDK Version | Comments
April 05 Beta 1 Initial Version
March 06 Beta 7 Description updated
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6.16 DAC Interface

6.16.1 Functional Description

The coredac_interface provides control of the 16-bit Digital to Analog@verter (DAC) that drives
the analog output (ANL OUT) on the front panel MMQ@Xnnector, either via software through the
Internal Bus or directly from the User firmwaredbgh dedicated ports.

This analog signal can be driven within a [-5V & range and has rise/fall times faster than 50tves
DAC settling time being specified at 1us.

There are three predefined test patterns thatlesady implemented within the DAC Interface Core: a
positive square waveform, a full scale square wawefand a rising ramp over the full scale range.

6.16.2 Port Description

Port Name Size | Type | Description

DAC_DIN 16 In 16-bit data word to be output to the DAC
DAC_WR 1 In Data Write Request

DAC_BUSY 1 Out DAC Interface Availability (='0")

DAC_DONE 1 Out DAC Interface Conversion Completion (='1")
IB_Customer 1 In Must be connected to the IB-BUS signal with the sarame. For
IB_Dirsel 1 In details please refer to the description of the IBSB
IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 32 In

IB_DataW 32 In

IB_DataR 32 Out

IB_Clk 1 In Internal Bus Clock

Reset 1 In Start Up Reset

SCS_N 1 Out DAC Chip Select

SDATA 1 Out DAC Serial Data Line

SCLR_N 1 Out DAC Clear

SCK 1 Out DAC Serial Clock

6.16.3 Detailed Description

There are two different ways of controlling the DA@erface. It can be controlled either by the us@e
(default) or by using the DAC Control Register.

By default, the user core drives the DAC interfagelooking at its availability PAC_BUSYshould be
negated), writing the 16-bit data codeDAC_DIN, and asserting thBAC_WRequest. In response, the
DAC Interface asserts tH@AC_BUSYsignal to prevent further write requests and &e€és the data onto
the DAC serial interface. The DAC Interface annamtermination of the serial transfer, i.e. loadifig
the DAC, by asserting thRAC_DONEignal and simultaneously negating v&C_BUSYsignal (see the
following timing diagram).

The theoretical voltage is defined by

Vout= ( DAC_DIN —32768}10\/

65536
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mox LU LT LT L mEmEnl
DAC WR ’47 Note 1: Min 35 IB_Clk Cycle > ,7

DAC_DIN XDAC Codel \Q\ Xoac codp )

DAC_BUSY

DAC_DONE Note2

SDATA [ Bitts (Note3) | Bit 14 | Bit 13 } Bit1 } B0 Bit 15

SCLK | \ [ | \ [

scs_n

Note 1: Design limitation due to the uselBf Clk /2 to generatSCLK
Note 2:DAC_DONEemains high until the nekIAC_WRequest.
Note 3: Data are shifted out starting from the Maigmificant Bit.

The next DAC value can be accepted no earlier 8dB_Clk cycles (1050ns) after the previous write
to DAC_IN. This limitation derives from the fact that the DAnterface core uses a serial clock at half
thelB_CIk frequency (16.67 MHz) because the DAC device caaustain serial clocks higher than 25
MHz. The full scale settling time of the DAC is tgplly 1us.

The DAC Interface can also be controlled by the D8@htrol Register by writing 1 to tHeMOUDield.
The 16-bit DAC value is defined by tiBAC_VAlLfield and theDSNDfield acts as th®AC_WHRort. In
this mode, the DAC Interface provides three testepas that can be selected with fRRAT field. By
default, the DAC Interface uses tBAC_VALvalue. The table below presents the test pattiatsare
automatically generated on the DAC output whenBAT field is different from “00” andMODB- 1.

TPAT Value Test Pattern Comments

00 Level defined by DAC_VAL Sent upon write tSNDfield
01 Positive square signal 0-5V / f= 246 KHz

10 Bipolar square signal -5V to + 5V, f= 246 KHz
11 Ramp (-5V to 5V) -5V to +5V, f= 14.96 Hz

Table 4 : DAC Test Patterns

6.16.4 Register

The DAC Control Register is mapped to a fixed lmra(0x2284) within the Customer Reserved FPGA
Register space and is available whenever the DA&fate Core is used.

6.16.4.1DAC Control

Register Space Register Number Register Address
Customer 33 0x2284
31..20 21..20 19 18 17 16 15..0
TPAT DMOD DSND DUSY DONE DAC_VAL
[15..0] DAC_VAL RW  DAC value

If DMODBx ‘1, it is loaded by the software and sent te AC
If DMOB= ‘0, it is the last value loaded by the userecor

[16] DONE R ‘1’ = DAC Interface has completed the last convansi
[17] BUSY R ‘1’ = DAC Interface not available (initializing ctill
converting)
[18] DSND RW  Send the word defined KJAC_VALto the DAC interface when
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DMOBG-"1".

[19] DMOD RW  Defines the mode used for the DAC interface control
0 DAC under User Core control
1 Remote control by software
[21..20] TPAT Defines the test pattern to be generated afteligunaftion to

remote controlPMOD- ‘1)

6.16.5 Constraints
¢ Clock Constraint

This core assumes an IB_Clk frequency of 33 MHzis Tdonstraint must be defined for the clock
manager component and is automatically propagatedghout the whole design.

¢ Input/Output Constraints

This core contains four outputSES_N SCLR_N SDATA SCLK) that must be connected via an OBUF
to the 10. The IOSTANDARD attributes for these leuff should be "LVCMOS33" with default drive
strength (12mA) and slew rate (Slow) values.

6.16.6 Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 169 66176 0.3%
CLB Slices 85 33088 0.3%
Dffs or Latches 120 69068 0.2%

6.16.7 Version History

Date Version Comments
April 05 Beta 1 Initial Version
March 06 Beta 7 Description updated.
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6.17 Dlink Interface

6.17.1 Functional Description

The coredlink_interface is a design example that performs data seriatinagind de-serialization
on up to 7 differential lines connected to the pBdhnector (I/O EXT) located on the front panel of
AC2x0 modules.

The 15 pin uDB connector offers either 14 closelymled individual lines or 7 differential pairs tt@an

be configured to any standard supported on bantslied with a 2.5V Voltage reference. As thereds n
active logic between the pin connector and the FR@ffer, the user can independently instantiate any
type of buffer (input or output) on each availale.

This core is primary aimed at testing of the pDRreector. It can easily be removed from the useigdes
or replaced by a more straightforward user corfdhe 10 buffers.

6.17.2 Port Description

Port Name Size | Type | Description

IB_Customer 1 In Must be connected to the IB-BUS signal with the sarame. For
IB_Dirsel 1 In details please refer to the description of the IBSB
IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 32 In

IB_DataW 32 In

IB_DataR 32 Out

IB_Clk 1 In Internal Bus Clock

Reset 1 In Start Up Reset

10_Sel 1 In Serial Line Select Input Signal

I0_Data 1 In Serial Data Input Signal

10_CIk 1 In Serial Clock Input Signal

S Clk 1 In Serial Clock Reference used for Serial trassion
S CS 1 Out Serial Line Select Output Signal

S DATA 1 Out Serial Data Output Signal

S CK 1 Out Serial Clock Output Signal

S CLR 1 Out Serial Clear Output Signal

I0_DDO 7 Out Parallel Data Bus Out

10_DDI 7 In Parallel Data Bus In

DZ_CRT 7 Out Impedance Control for LVPECL Differentiaplntsl

6.17.3 Detailed Description
The coredlink_interface can be used in several ways depending on thegroafion of the 10
Buffers. The FDK Base Design uses this core aslgasi / de-serializer on 3 differential outputnsaand
3 differential input pairs. These I/O differentairs are externally connected with each other lioop
configuration within the tester component in theMHTest Bench.

The data to transfer is loaded into the Dlink_Dagister. When enabled, by writing tB&NBDbit of the
Dlink_Control register, thalink_interface may shift out all or parts of the Dlink_Dout retgis

contents using a dedicated Serial Cla8kClk ). TheBYEfield of the Dlink_Control register defines the
number of bytes of Dlink_Dout that are sent to sieeial interface. The Dlink interface also provides

! Note: Impedance Control bits should be asserteceémh LVPECL differential pair used as Input.
Otherwise, it must be left at its default value. ‘0’
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receiver that is able to de-serialize the data iheoDlink_DIN register and flags the data receapiitto
the DAVLbit of the Dlink_Control register.

The dlink_interface can also be used as a simple input or outputrfgrnaix thereof) buffer by
using thelO_DDOandIO_DDI ports. These ports are directly connected taB®andDDI fields of
the Dlink_Control register and can be used to fater with dedicated IO buffers.

The table below presents the pinout allocatiorterp DB connector.

1 2 S 4 5 6 7 8 9 10 11 12 13 14 15

DP6_p DP6.n DP5p DP5n DP4p DP4n DPOp DPOn DP3p DP3.n DP2p DP2n DPlp!DPLn GND

Table 5 : uDB Connector Pinout
DPx_n refers to the DIO_DPx_n line defined in trees8 Test Design.

6.17.4 Registers
The Dlink_Control register controls the data traission / reception to/from the Dlink. The Dlink_Diou
register defines the data to be sent to the Dliviktae DIlink_Din contains the data received from th
Dlink. They are mapped to a fixed location (0x228x2294, and 0x2298) within the Customer Reserved
FPGA Register space and are available whenevélthk Interface Core is used.

6.17.4.1Dlink_Control

Register Space Register Number Register Address
Customer 36 0x2290
31 30..24 | 23..17 16 15 14..12 11 10 9..8 7 6..0
-- DDO DDI DPAVL  DENB -- SEND - BYE -- DPDIR
[6..0] DPDIR RW Input Impedance control for each differential pair
[9..8] BYE RW  Byte Enable: Defines the number of bytes in thénloIDout

register that should be shifted out with the SEN@n@hand
‘0’ =1 byte, ‘1’ = 2 bytes, ‘2’ = 3 bytes, ‘3’ = Bytes

[11] SEND RW  Start sending the Dlink_Dout contents to the DLink

[15] DENB RW  Data Enable: ‘0’ = interface disabled, ‘1’ = intack enabled

[16] DAVL R Data Available: Asserted upon data receipt, repehuegister read

[23..17] DDI R Digital Data In. Meaningful only if the micro DBk is used with
7 differential inputs

[30..24] DDO RW  Digital Data Out. Meaningful only if the Dlink issed with 7

differential outputs

6.17.4.2Dlink_Dout Register

Register Space Register Number Register Address
Customer 37 0x2294
31..0
DOUT
[31..0] DOUT RW  Defines the data word to be sent to the Dlink

6.17.4.3DLink_Din Register
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Register Space Register Number Register Address
Customer 38 0x2298
31..0
DIN
[31..0] DIN RW  Last data word received from the Dlink

6.17.5 Instantiation
This core is already instantiated in the base desigimple.

The DIink Interface core may be used in severalsmdgpending on the direction and type of the 1/O
buffers. The Base Design Instantiation enablesstgalizer / de-serializer “ configuration.

In the Base Design Configuratiol) DDO should be looped inttO_DDI to successfully run the test
bench. Sysclk2 should be connected ® Clk . DDO(6) is connected tdIO_DP6 only for test
purposes.

Other configurations are possible with the same.cor

Please note that even if the Dlink Interface ceredt used for controlling the lines to the pDB mector,
DIO_CFG(6:0) must be driven to ‘0’ to avoid any transmissionlpgems.

6.17.6 Constraints
e Clock Constraint
This core assumes dB_Clk frequency of 33 MHz and aB8_Clk frequency of 133 MHz. This

constraint must be defined for the clock managengmment and is automatically propagated throughout
the whole design.

In order to save precious BUFG resourcesI®eClk should be mapped to long line resources (low
skew lines). This is done at the Base design lesilg the following declarations

attribute uselowskewlines: string;
attribute uselowskewlines of IOL_DP2: signal issye

e Input/Output Constraints
DIO_DPx_n/_p ports should be connected to external I/0O buffers
The IOSTANDARD attributes for these buffers f&dO_DPx_n / p could be either differential

(LVDS/LVPECL) or any single ende® 5V signaling standard (e.g. LVCMOS25). Buffer typepfit or
output) is left to the requirements of the useriappion.

Please refer to the ac240.ucf file for LOC constsai The IOSTANDARD attributes for these buffers
should be "LVCMOS33" with default drive strengtt2(dA) and slew rate (Slow) values.

6.17.7 Resource Utilization
Resource count and relative usage in the targatXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 345 66176 0.5%
CLB Slices 222 33088 0.7%
Dffs or Latches 443 69068 0.6%

6.17.8 Version History

Date Version | Comments
April 05 Beta 1 | Initial Version
March 06 Beta 7 | Description updated.
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6.18 Dual Port Memory Interface

The coredp_interface is the interface to the (optional) external dualtlSRAM. The size of the
dual port memory is 8 Megabits, equivalent to 1 E®agmples. This is somewhat more than the total of 5
Megabits available within the FPGA block RAMs, amdich less compared to the (optional) external
dynamic RAM. Its advantage lies in its usage, msiatpler as compared to the dynamic RAM.

The Dual Port is functional only on boards of remisC and later.

6.18.1 Functional Description

The dual port SRAM has two 64-bit user ports opegaat up to 133 MHz. This is enough to store the
data stream at 2 GS/s, using both ports. Howetveaninot be read simultaneously at the same speed.

Its versatility makes it easy to implement applimas$ with random addressing, such as histograms.

Dp_interface
Internal-Bus
h - | Memory PortA
_ User PortA R N | DualPort Sram
D ” 1Mbytes
User PortB | | . Memory Port B 1Gbytes/s/port

The dual port RAM can be read or written by therygegram through the Internal Bus port. The Indérn
Bus port and the User port are multiplexed and etha used simultaneously. The Internal Bus pors ru
at 33 MHz. The priority of the Internal Bus oveettser port is controlled by the BPM_Local in the
DP_Control register.

Each port handles both single read/write or bwatifwrite operations.

The memory can be reset with tb®M_reset bit of the DP_Control register or with the corgun
signalDPM_Reset. A reset should be executed by the program at tease after the dedicated DCM is
enabled.

6.18.1.1User Port

Each port has independent clock, data, addresd,/reaite, and byte enable control signals. Ther use
may connect the clock to any desired frequencyuf88 MHz. The data bus is 64 bits wide.

On a single port, back-to-back read/write can dmdydone at half the clock rate. A read can follow a
write, but a write can follow a read only aftereday of 2 clock cycles.

If necessary, full speed back-to-back read/writeutdh be implemented with both ports, one for regdin
and the other for writing. This achieves a throughpf max 2.13 GB/s with a clock frequency of 133
MHz on each port (133 M x 8 x2=2.13 G).

6.18.1.2Internal Bus Port

Logically, the dual port RAM is accessed as a 32xi@mory of 256 Kwords, using the Indirect Access
mode of the Local Bus interface.

The bit 1 of the DP_Control register selects wipoht, User Port A or the Internal Bus port, takestool
of the memory port A. The selection must be donerpo accessing the memory.

The start address is set by writing into the Indtigddress register. Correct values are (0 + N,*wjere
N [0...256K] is the requested 32-bit word. Even valwé N access the lower 32 bits of the memory
while odd values of N access the upper 32 bit@ftemory.

6.18.1.3Self-Testing

FDK Reference Manual Page 95 of 165



Three patterns are implemented:

= Memory positions are set to values that are increete The 32-bit data are split in two words, a
17-bit counter and a 15-bit counter. This makesptitgern unique over the entire memory.

= All memory positions are set to the value of thst f@ttern register.

= All memory positions are set to the inverted vadfiehe test pattern register.

The test can be run in these different modes:

1.

No stop on error. This mode tests the entire mem@he T_Status bit in the
DPStatus register is set ‘1’ if at least one eoceurs. Thél_End bit is set at the end
of the test.

Stop on error. This mode tests the entire memohng. fEst is suspended when an error
occurs. The test position, the test data, andesierésult can be read by software.. The
test is continuously repeated at the position whiggeerror occurs (write-read-test). The
T_error bit in the DP_Status register indicates if therent test is successful or not.
Test repetition occurs until the program activdfes at least 2 us) and deactivates the
T_Continue bit. This is useful for debugging. The test caraberted by deactivating
T_Start

Automatic Error. This test simulates the behavibthe test when an error occurs. An
error will be automatically generated at memoryradsd 0x8.

Short memory. This is to shorten the simulatioretinm short memory mode, only the
first 16 positions are tested.

6.18.2 Instantiation
The core is already instantiated in the base desigmple. It is always associated with its companio

dp_interface_io

, Which handles the Xilinx 10 primitives.

6.18.3 Port Description

Signal | Size ‘ Type | Short Description

INTERNAL BUS

IB_Customer 1 In Must be connected to the IB-BUS signal with the sarame.

IB_Dirsel 1 In For details please refer to the description ofiB¥8US.

IB_Write 1 In

IB_Valid 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_End 1 Out

IB_IndirCtr 1 In

IB_Addr 31 In

IB_DataW 32 In

IB_DataR 32 Out

IB_CIk 1 In Internal Bus clock, must be connectedbidkg |, the Local Bug
clock

Reset 1 In Reset, must be connected to the general Brestet

USER Port: x=A or B, stands for User Port A or UsePort B

UPx_select 2x1 In Port selection for read and write. It mweshrain ‘1’ for one clock
cycle for single access or multiple times for barstess. On
each port, a write can be directly followed by ader a write
access. A read can be directly followed only bgadr A
minimum of two 2-clock cycles must be inserted adteead
before a write can occur.

UPx_ADS 2x1 In Address strobe. When ‘1’, the value ORx_Address is stored
in the auto increment address register of the mgnabherwise
the current value of the auto increment registehefmemory is
used.

UPx_Write 2x1 | In It must be set to ‘1’ for writing, ‘0’ forelading. Simultaneous
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Signal Size | Type | Short Description
writing to the same location on memory ports A 8will store
unknown data.

UPx_WriteVeto 1 In When ‘1’, the dual memory port does not aceept write access

UPx_Address 2x20 | In Address. The value is always in bytes, frestelently of the
selected data bus width.

UPx_DataW 2x64 | In Bus for data write

UPx_DataR 2x64 | Out Bus for data read

UPx_Valid 2x1 | In After a read cycle, will be ‘1’ for one cycWhen the data is
ready. This occurs 6 clock cycles afté#Px_select has been
set.

UPx_clock 2x1 | In Memory port clock. It can be set to any freqcy up to 133
MHz.

UPA_Busy 1 Out User Port A only: ‘1’ when the user port canbe accessed.
This is the case when the program reads or wtiesltial port
memory.

DPM_Reset 1 In ‘1’ resets the Dual Port Memory

OUTPUT to Dual Port Memory: x=A or B, stands for Memory Port A or Port B

DPx_Select 2x1 | Out Portx Select.

DPx_ADS n 2x1 | Out Portx Address Strobe.

DPx_Write_n 2x1 | Out Portx Direction

DPx_Address 2x17 | Out Portx Address

DPx_CNTEN_n 2x1 | Out Portx Address Counter Increment

DPx_BE_n 2x7 | Out Portx Byte Enable. “y” is any value froma07.

DPx_DataW_hz 2x1 | Out Portx output enable for FPGA Data Bus outpu

DPx_DataW 2x64 | In Portx Data Bus Output

DPx_DataR 2x64 | Out Portx Data Bus Input

DPM_Reset_n 1 Out Common reset for port A and port B
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6.18.4 User Port Timing Diagram
The access to the memory is enabled wler_Select is active. The address must be defined and
stored in the memory by simultaneously activatiigk_ADSon the first read/write transaction.

Dual port Memory: read and write access

UPx_Clock

UPx_Select J \—[ \—,—‘
UPx_ADS
UPx_Write J Read \x—[ Read [x | write [Read [x

UPx_Address A0 X

UPx_WriteVeto \—1

UPx_BE_n BE X BE X BE X

UPx_DataW  Not Used WAO+3)X W(A0+4)X X

UPx_DataR  x R(AD) R(A0+1) XR(A0+2) R(AO+5)
UPx_Valid \ \ \ \ [ ]

Afterwards, the user may continue using the addséisdbe and supplying an address (which may be
random or incremented). Alternatively, the user rayp activating the address strobe, in which tase
memory circuit automatically increments the addrésmust be remembered that for the User port A
only (because the memory port A is shared for teeryort A and the Internal Bus port), the addiess
the memory chip could be modified when the applicasoftware accesses the memory (via the Internal
Bus port).

6.18.5 Registers
6.18.5.1DP_ Control

Register Space Register Number Register Address
Customer 39 0x229C
31..9 8
T_short
7 6 5 4 3.2 1 0
T_ForceError T| StopOnError T_Continue T_Start DPN_ Local DPM_Reset
[0] DPM_Reset RW Reset of dual port memory. It must be setto ‘d an
back to ‘0’ at least once after the FPGA firmwage i
reloaded.
[1] DPM_Local RwW Select Master of memory port A

0 Access to the memory port A is controlled by the
User Port A port

1 Access to the memory port A is controlled by the
Internal Bus port.

[4] T_Start RW ‘1’ Starts the test sequence. ‘0’ aborts the tegtisnce

[5] T_Continue RW Continue the test after an error was found in tloelen
StopOnError . Test_Continue  must be toggled to
‘1" and back to ‘0’. Duration of the ‘1’ state mube
greater than 2 us.

[6] T_StopOnError RW ‘1’ to set the debugStopOnError mode, ‘0’ to
complete the whole test without stopping

[7 T_ForceError RW An error will automatically be generated at addi@s3.

[8] T_short RW All test patterns are executed but only for memory
positions 0 to 15. This is useful for simulatioriyon
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6.18.5.2DP TestPatternControl

Register Space Register Number Register Address
Customer 40 0x22A0
31..17 16..0
Test_Pattern

[16..0] Test_Pattern RW Test pattern

6.18.5.3DP_Status

Register Space ‘ Register Number ‘ Register Address
Customer \ 41 | 0x22A4
31..24 23 22 21 20 19..17 16..0
T_Chip T_Error T| Status T _End T_Address

[16..0] T_Address R Current test address

[20] T_End R End of test flag: ‘1" indicates the test has cortgale The flag is reset
by the rising edge of the bit Start in the DP_Control register.

[21] T_Status R Test status flag: The flag is reset by the risidgesof the bit
T_Start  of the DP_Control register.

0  The entire test completed without error
1 There was at least one error

[22] T_Error R Test error flag, is the status of the currentagshe current memory
address. The flag is reset by the rising edgeeobttil_Start  of
the DP_Control register.

0  The current test failed
1 The current test passed

[23] T_Chip R When an error occurred, indicates which memory &ipd. ‘0’ for
the instance NDP1A, ‘1’ for the instance NDP2A.

6.18.5.4DP TestValue

Register Space Register Number Register Address
Customer 42 0x22A8
31..0
TestValue
[31..0] TestValue RW The value written at the current/last test address

6.18.5.5DP_TestResult

Register Space Register Number Register Address
Customer 43 0x22AC
31..0
TestResult
[31..0] TestResult RW The value read at the current/last test address

FDK Reference Manual Page 99 of 165



6.18.6 Accessing the Dual Port Memory

The Dual Port memory can be read or written in riecti Access mode using the Indirect Addressing
register. The maximum length is 2 Mwords of 32 .bifse Indirect Address Register and the Buffer
Identifier Register must be set prior to readingvating the memory.

6.18.6.1DPMemory

Register Space Register Number Register Address Buffer Identifier
Customer 0 0x2200 0x04
31..0
RWData
[31.0] RWbData RW Data format depends on the customer application.

6.18.7 Constraints
* Clock Constraint

This core assumes dB_Clk frequency of 33 MHz. This constraint must be defirfor the clock
manager component and is automatically propagatedighout the whole design.

e User Port Clock Constraints

This core assumedPA_clock andUPB_clock frequencies of maximum 133 MHz. This constraint
must be defined for the clock manager componenti@adtomatically propagated throughout the whole
design.

e Output and Input Signal Constraints

All FPGA inputs / outputs are LVTTL. All must begistered within the IOB. All must have the drive
strength set to FAST — 12 mA.

6.18.8 Resource Utilization
Resource count and relative usage in the targatXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Block RAMs 2 328 0.6%
Function Generators 843 66176 1.3%
CLB Slices 729 33088 2.2%
Dffs or Latches 1457 | 69068 2.1%

6.18.9 Version History

Date FDK Version Comments
February 06 Beta 6 Initial Version
March 06 Beta 7 Description updated.
November 06 1.0 Bit DPM_Local of the registeDP_Control was described the
opposite ways it effectively behave. Corrected.
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6.19 Dual Port Memory Control Example
The coredp_ctr_example is delivered as an example of control for the adpeinterface . Its

function is to store a portion of the incoming dataeeams to the dual port memory after a trigger
occurred, until the memory is full. Developers ddae@move it or may adapt it to their own applioati

The two incoming data streams, 2x16 bytes at egsblk period are multiplexed and sent to the dual
port interface as two new streams of 2x8 bytes syttlk2 , which is twice thesysclk frequency.

The first stream is sent to the port A of the duadt memory interface. It is written starting adeess 0.
The second stream is sent to the port B of the dael memory interface. It is written starting aet
middle of the memory.

The control bitStart  enables storage to the dual port memory. Deperalingpe state of the control bit
StartOnTrigger , storage will effectively begin either immediatelyafter the first trigger occurs. Of
course the stream must be enabled prior to actiy&fart . The storage stops 8tart is set back to
‘0’ or when the entire memory has been filled.

In mode start on trigger, the output sigialggerEnable will be set ‘1’ until the input signal
SP_Trigger becomes ‘1’'indicating a trigger has been detected.

The status biEULL is set to ‘1’ after the dual port memory has beatirely filled. It is set back to ‘0’
whenSTARTiIs again activated.

6.19.1 Port Description

Signal Size | Type | Short Description

IB_Customer 1 In Must be connected to the IB-BUS signal with the sarame. For details
IB_Dirsel 1 In please refer to the description of the IB-BUS.

IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 31 In

IB_DatawW 32 In

IB_DataR 32 Out

IB_CIk 1 In Internal Bus clock, must be connectedbitkg

Reset 1 In Reset, must be connected to the general Breset

Data Stream Input and Trigger

SP_Data_A 128 | In Samples from channel A

SP_Data_Val_A 1 In Data valid from channel A

SP_Data_B 128 In Samples from channel B (AC/SC240 only)

SP_Data_Val B 1 In Data valid from channel B (AC/SC240 only)

SP_Trigger 1 In Trigger marker

Enable_Trigger 1 Out Trigger Enable to the Trigger core

OUTPUT to Dual Port Memory: x=A or B, stands for Memory Port A or Port B

UPx_ADS 2x1 Out Address strobe. When ‘1’, the value ORx_Address is stored in the

auto increment address register of the memorynetke the current
value of the auto increment register of the menwrysed.

UPx_Write 2x1 Out It must be set to ‘1’ for writing, ‘0’ foeading. Simultaneous writing to
the same location on memory ports A and B willstanknown data.

UPx_WriteVeto 1 In When ‘1, the dual memory port does not ace@apt write access

UPx_Address 2x20 | Out Address. The value is always in bytesgfrahdently of the selected data
bus width.

UPx_DataW 2x64 | Out Bus for data write

UPx_DataR 2x64 | In Bus for data read

UPx_Ready 2x1 Out After a read cycle, will be ‘1’ for one dgavhen the data is ready. This

occurs 6 clock cycles aftélPx_select has been set.
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Signal Size | Type | Short Description

UPx_clock 2x1 Out Memory port clock. It can be set to anyjérency up to 133 MHz.

UPA_Busy 1 In User Port A only: ‘1’ when the user port cahhe accessed. This is the
case when the program reads or writes the duahpemory.

6.19.2 Registers

6.19.2.1Control Register

Register Space Register Number Register Address
Customer 66 0x2308
31..2 1 0
-- Full Start
WRITE
[0] Start w Write only bit. Set Start to ‘1’ will enable dateosage to
the dual port memory. Set to ‘0’ will stop dataraige.
[1] StartOnTrigger ~ RW ‘0" Storage will start inmediately aft&tart has been
set ‘1",
‘1": Storage will start after the first trigger astence
afterStart has been set ‘1.
READ
[0] Full R Read only bit. ‘1" indicate the dual port memorysha

been entirely filled.

6.19.3 Resource Utilization
Resource count and relative usage in the targatXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 185 66176 0.3%
CLB Slices 212 33088 0.6%
Dffs or Latches 424 69068 0.6%
6.19.4 Version History
Date FDK Version Comments
February 06 Beta 6 Initial version
March 06 Beta 7 Description updated.
November 06 1.0 Updated port description.
Updated operation description
Triggered mode is now programmable.
BufferFull and stop filling were badly implemente@orrected.
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6.20 Serial Front Panel Data Port Controller

6.20.1 Functional Description

The Serial Front Panel Data Port (sSFPDP) cste,controller , implements &ata Link layer
compliant with the Serial Front Panel Data Speatfan (ANSI/VITA 17.1-2003). It is intended to be
used together with one RocketlO Multi Gigabit Tregiser (Virtex Il Pro primitive) that implementseth
physicallayer of theData Link The physical media could be either an opticah @opper link at up to
2.5Ghit/s.

Note: It is assumed that the user of the sFPDP core lesic knowledge of networking technology and
is familiar with the Serial Front Panel Data Porbtpcol and with the RocketlO primitives. Detailed
information can be found in

« [RD1] ANSI/VITA 17.1-2003 Serial Front Panel DatarP
* [RD2] RocketlO Transceivers User Guide- Ug024-VXBinx 9.12.2004
* [RD3] LocalLink Interface Specification, DS230, Kik 18.10.2002

Convention: The acronym TX points out to anything relatedni® Transmit path, whereas the RX one to
the Receive path.

The figure hereafter presents a functional bloagim of the sFPDP Controller.

Core
Configuration
Internal Bus
Control Register H Status Register || Signal Register
Tx [
Controller _é
) = g | RocketlO
Tx Link X FIFO %g [ MGT Transceiverl . . .
BIS&rial Link to Transceivers
TX Elastic Buffer
RX Elastic Buffer
Rx
Controller
Rx Link Phveicdlt .
RX_FIFO ysical Layer || [Tf@RSCeivers Controls
Control

Configuration and control of the core are perforrtt@dugh dedicated registers that are accessedhégth
Agilent Internal Bus. Data transfers are perfornusihg the Local Link standard used by Xilinx for
packet transmission (See [RD3]).

The sFPDP core performs all the tasks related é¢ofrdiming of user data into the Fiber Frame (TX),
including the CRC32 generation and insertion, fitsrinternal 16 KB TX FIFO. It also performs alleth
tasks related to retrieving the user data fronmisrnal 2 KB RX FIFO. The sFPDP core instantiaies
RocketlO MGT primitive and handles all the physitayer control tasks, including the transceiver
control and initialization. The physical link isrdctly managed by the RocketlO transceiver, which
implements all the functions involved in the 8B/16&ling and decoding including clock recovery.

6.20.2 Port Description

Port Name Size | Type | Description

SLC_Base_Add 12 In Twelve rightmost bits of the Controller Balsédress

IB_Customer 1 In Must be connected to the IB-BUS signal with the sar@ame. For detailp
IB_Dirsel 1 In please refer to the description of the IB-BUS.

IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In
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Port Name Size | Type | Description

IB_Addr 32 In

IB_DataW 32 In

IB_DataR 32 Out

IB_Clk 1 In Internal Bus Clock — 33 MHz

Reset 1 In Start Up Reset

Tx_Data_Usr 128 In TX Data Bus. It contains the data of therfeao be transmitted.

Tx_Rem_Usr 4 In TX Data Remainder: Indicates the number ofidvdlytes on giver
transfers.

Tx_Sof n_Usr In TX Start of Frame: Indicates the first tramdfg a given frame.

Tx_Eof n_Usr In TX End of Frame: Indicates the last transtere given frame.

Tx_Src_rdy n_ In TX Source ready : Indicates that the sourgeasly to transfer data

Usr

L)é?Dst_rdy_n_ 1 Out TX Destination ready : Indicates that the coreedy to accept data

Rx_Data 40 Out RX Data Bus. It contains the data and therdous of the receive
frame.

Rx_Rem 4 Out RX Data Remainder: Indicates the number didvhytes on given
transfers.

Rx_Sof_n 1 Out RX Start of Frame: Indicates the first trangbr a given frame.

Rx_Eof_n 1 Out RX End of Frame: Indicates the last tran&fea given frame.

Rx_Src_rdy_n 1 Out RX Source ready : Indicates that the coreasly to transfer data

Rx_Dst_rdy_n 1 In RX Destination ready : Indicates that the useeady to accept data

Rx_Piol 1 Out P1O1 — Received sFPDP Signal Status

Rx_Pio2 1 Out P102 — Received sFPDP Signal Status

Rx_Dir 1 Out DIR — Received sFPDP Signal Status

Tx_Nrdy 1 Out NRDY — Received sFPDP Signal Status

Rx_Loop 1 In Loop command for dynamic loop configuration

Tx_Empty 1 Out TX FIFO Status: A ‘1’ indicates that the TXB is empty.

Link_Err 1 Out Data Link Error: it indicates that the datiklhas encountered an err
condition

Link_Rdy 1 Out Data Link Ready: it indicates that the dat& is initialized and read
for the transmission or reception of data.

Sysclk 1 In User Clock used to store and retrieve UsemEra

Refclk 1 In Reference clock used by the MGT for serialdraission

Usrclk 1 In User Clock used for reading/writing the daitiffér

Usrclk2 1 In Clock used to transfer data and status witmenFPGA fabric

Usrclk_lock 1 In Lock Status of the DCM that drives Usrclk/UkEc

TXN 1 Out Transmit differential port (FPGA external)

TXP 1 Out Transmit differential port (FPGA external)

RXN 1 Out Receive differential port (FPGA external)

RXP 1 Out Receive differential port (FPGA external)

Phy Rx_Loss 1 In Physical Layer Loss of RX signal

Phy Tx_Fault 1 In Physical Layer TX Fault

Phy_Tx_Enable 1 Out Physical Layer Enable
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6.20.3 Detailed Description

Basically, the core architecture is divided intootwnain blocks — the TX Controller Block which
implements all the operations involved in the daaasmission and the RX Block which implements all
the operations involved in the data reception. Eamttroller shares the same Control, Configuratiod
Status registers. Both controllers may interachwiach other, especially when the core is confidjtioe
run in copy or copy loop mode.

The core’s behavior is highly dependent on its ignmkition which is mainly static. The core musstibe
configured into one of the operating modes usirg3ShC Control register. The table hereafter shdwes t
different Serial Front Panel Data Port running n®otleat are currently supported and the associated
software configuration.

Serial FDPD Mode Supported TXE | RXE | CPY | FWC | MST | RFC | CRC
Tx Only Mode v 1 X 0 X 0 X
Rx Only Mode v 0 1 0 0 0 0 X
Bidirectional Mode v 1 X | X | X | X [X
Copy Mode v 1 X |1 0 X |0 X
Copy Loop Mode v 1 X 1 1 X 1 X
Copy Master option v 1 X 1 X 1 X | X
Flow Control option Ve 1 1 X |1 X |1 X
CRC option v X X | X |[X |X |[X |1

Note: X means “don’t care”.

Note: Do not attempt to use the core until therclock / Usrclock2 are configured and ready (DCM
locked). Otherwise access to these registers wilidither relevant in reading nor effective in imgt

Note: Copy Loop Mode may be dynamically controlled hg tise of the RX_loop port. This feature can
be removed by wiring this input port to ‘1’.

6.20.3.1TX Controller

The TX Controller is the sequencer used to frangeuber data into Serial FPDNPrmal Data Fiber
Frames and to send them to the associated Rockedtperforms all the tasks relative to flysical
layer. It handles the overall framing process (tgbehe frame, frame length, control characterdbéo
inserted, flow control and CRC encoding if requdste

The TX Controller is enabled by setting fR¥E bit to 1 in the SLC Control register. This actiaitiates
the physical layer initialization process. It erebl the optical transceiver by driving the
Phy_tx_enable control line to 1 and waits for thghy_tx_fault status signal to be negated. The
logical state of that control line could be readiyTXF bit of the SLC Status register.

Then, it sends IDLE characters (TX_INIT_DLY) for mpximately 800 ms to enable the receiver’s
physical layer to lock onto the serial data stredpon completion of this physical layer initializat, the
TXR status bit of the SLC Status register is asseriéén, it sendSTX_IFRX_VAL Idle Data Fiber
Frames before reaching the “initialized” state WiReady = 1). Upon completion of this link layer
initialization, theTXRstatus bit of the SLC Status register is asserted.

Both TX_IFRX_VAL and TX_INIT_DLY are generic parameters that are different betwiben
simulation model and the synthesizable model.

After the TX Controller is started, it maintaingki synchronization by continuously sending Idle
characters anddle Data Fiber Frames until the TX_FIFO memory contains enougta da start the
framing of a user Data Fiber Frame. As long asTiiecontroller has no user data to frame, it mamgai
the link synchronization and the Serial FPDP sigtr@nsmission.

2 CRC checking not supported in this core versib@RC is used by TX, it must be set to 1

% If RXE is not set the data are not available atRX side of the link

* Dynamic Copy Loop Mode available using Rx_Loop mod

® RX Flow Control and TX Flow Control are indepentgiconfigurable. RX Flow control is limited to
the RX buffer size and by the user core abilityetisieve enough data.
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The Serial FPDP protocol defines 6 status and obsignals that may be exchanged between two nodes
of a Serial FPDP link (DIR, PIO1, PIO2, NRDY, TXHD Overflow, and STOP/GO). These status and
control signals are embedded within the controle@ed Sets that frames any serial FPDP Fiber frames
(See [RD1] for more details). The STOP/GO signahtsrnally used by the core for the flow control
management and is not available at the User irtterf@he core guarantees by design that no TX FIFO
Overflow event will ever occur. The remaining cahtand status signals are managed by the SLC Signal
register. Local signals (i.e. those defined atSleeial FPDP core level) are driven by the corredpan

bit values TX_PI01, TX_PIO2, TX_DIR, RX_NRDYwhereas remotely driven signals are available as
read only bitsRX_PI101, RX_P102, RX_DIR, TX_NRDYRX_FOVH.

Note: Remotely driven signals are also availablededicated ports in this version of the sFPDP
controller.

The update rate of these control signals dependhepurrent fiber frames and on the selected ngni
mode. While the TX Controller has no user datartonk, it periodically insertdlormal Idle Fiber
Frames that still update the values of these control a@ign(one Normal Idle Fiber Frame after
TX_IDLE_MAX (16) Idle characters). In this case asignal changes are propagated within the next 320
ns. When the TX Controller sends user data, thatepdite depends on the size offlwemal Data Fiber
Frameand on the idle time between two consecutNeamal Data Fiber Framedn this case any signal
changes are propagated within the next 8320 ns.

The user provides the data frame to the core bynmegthe TX link which is implemented as a suludet
the Local Link Specification (See [RD3] and secti{f0.3.3TX AND RX LOCAL LINKS). The TX link
data are directly stored in the TX FIFO using 8ysclk clock. The size of the TX buffer is set to 16K
by the TX_BUFFER_SIZE generic parameter. It mustabeultiple of 8K due to the memory buffer
layout which is organized with a programmable degth Block RAM primitives.

The TX Controller can generate two types of Sdfiaint Panel Data Port frames:

1. Normal Data Fiber Frame

2. Sync Without Data Fiber Frame
The Sync With Data Fiber Frameannot be generated but is supported and decadedalid frame.
Normal Idle FiberFramesreNormal Data FiberFramesvith no data.

As soon as data are available in the TX FIFO, tKecdntroller will try to send them as fast as pbksi
usingNormal Data Fiber Framevith the maximum length. The frame length is 5afadvords of 32 bits
unless there is not enough data to complete theefralf the size of the user frame is greater tha@
Normal Data Fiber Framet is split into multipleNormal Data Fiber FramesThe last one is shorter or
equal to the maximum length oNormal Data Fiber Frame

Note: In order to maximize the data bandwidth it is yglecommended to wait for the TX buffer to be
empty (Tx_Empty = ‘1") and then fill it at the mawum TX link bandwidth. This avoids generating short
incompleteNormal Data Fiber Framehat reduce the link performance by adding thequa overhead.

If the FWCbit of the SLC Control register is asserted, the Céntroller takes into account the flow
control information issued from the RX controller pause the data emission. Once the STOP Ordered
Set is decoded on the RX Controller side, the TXt@dler interrupts its ongoing transmission by an
early completion of its current Normal Data FibemaiRe. Then it will restart transmission upon the
receipt of a GO Ordered Set.

If the SYF bit of the SLC Control Register is set, the TX Gohiér will mark the end of each TX Frame
by sending an addition@®ync Without Data Fiber Framafter the lasNormal Data Fiber Framelt
might be a convenient way to mark the user framenbaries at the receiver side.

The user could also request the sending ofSyme Without Data Fiber Framgy writing theFSY bit of

the SLC register at ‘1’. This bit must be set b&awk0’ in order to enable the negync Without Data
Fiber Framerequest.

6.20.3.2RX Controller
The RX Controller is the sequencer used to optlgrdgcode the arriving Data Fiber frames. It haadle
the overall decoding process and discards all tbéopol overhead characters. It stores the usedtd d
and the associated status bits in the RX_FIFO mgmor

The RX Controller is enabled by writing 1 into tRXE bit of the SLC Control register. This action
initiates the physical layer initialization proce&srst it waits for thePhy _rx_loss  control line to be
negated indicating that the optical transceiverdetected a useful signal. The logical state df ¢coatrol
line can be read via tHRXL bit of the SLC Status register.
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Then, it must successfully decode RX_INIT_DLY (0OR0R000) IDLE characters to complete the
physical layer which is flagged by the assertiothefRXR status bit of the SLC Status register. Finally it
must correctly decode RX_IFRX_VAldle Data Fiber Framedefore reaching the “initialized” state

where theRXK status bit is asserted

Both RX_IFRX_VAL and RX_INIT_DLY are generic paratees that are different between the
simulation model and the synthesizable model.

Note: At this point it is highly recommended toalell status bits by writing ‘1" into thRSF bit of the
SLC Control register.

Once enabled, the RX Controller performs continuchexking of the arriving data. It could detecheit
a 8B/10B decoding erroDER), a Running Disparity ErrolRDE), a loss of synchronization err@YE)
or a format errorKTE) that would assert the corresponding bit in th&€Status register. Any error is
memorized until it is explicitly cleared by the timg ‘1’ into theRSF bit of the SLC Control register.

The RX controller’'s behavior is closely relatedtbe sFPDP running mode. The Copy modes do not
require that the controller be configured in theBle state. Data are just decoded and passed thtbeg
RX controller to the TX controller. Data decodirgsitill performed in order to determine Fiber Frame
boundaries and allow dynamic switching upon the R3OP port. If this port is connected to ‘0’ and the
CPY bit is asserted then the core is running inoFBidirectional mode. On the other hand, if thistgs
connected to ‘1’, the core is running in Copy MobBgnamic switching is always performed once IDLE
characters are sent or received. In order to cosgie for clock drift, the RocketlO instance is
configured to add or remove one IDLE character velvenit receives or sends an IDLE character.

The RX controller stores the incoming RX framesithRX FIFO buffer, in the Bidirectional or RX
modes only. The size of the RX buffer is set tobikthe RX_BUFFER_SIZE generic parameter. It must
be a multiple of 2K due to the memory buffer layadtich is organized with a programmable depth of
one Block RAM primitive.

The RX FIFO should be read using the RX local liclocked by theSysclk user clock. The
Rx_Dst _rdy _n input port of the RX local link is used to enalihe core to output its incoming data.
When this port is driven by the user to ‘0’, theecoutputs all the data contained in its RX_FIF@oan
40-bit bus. Received data are contained on the®2dt bits. The 8 upper bits should be discardedyT
are reserved for future use.

If the RFC bit is set to ‘1’ in the SLC Control Register, tRX Controller can request the source to pause
its transmission by asking the TX Controller tod@nSTOP Ordered Set. This request occurs if at lea
one of the two following conditions is satisfied :

0 TheuserasserBx_Dst rdy n to'l'.

0 The RX FIFO filling exceeds the filling threshol@fthed by the RX FIFO Threshold
field RXTHRof the SLC Control Register. A value of OxFF cepends to a “RX_FIFO
full” threshold whereas a value of 0x80 is the “FEXFO half full” threshold.

6.20.3.3TX and RX Local Links
The TX and RX Local links are implemented as subsétthe LocalLink specification. LocalLink is a
high performance, synchronous, point-to-point if@ee, designed to serve as user interface to Xdinx
system interfaces intellectual property (IP) solnsi. The interface defines a set of protocol agnost
signals that allow the transfer of protocol datéau(PDUSs).

LocalLink allows the source and destination inteefa to control data flow with a simple handshake
protocol: when the signalSrc_rdy_n andDst_rdy_n are both valid, data is transferred. Source
ready Grc_rdy_n ) is asserted by the source, when it is readyatosfer data and is presenting data on
the data bus.

At the start of a PDU transfer, the source assadsg-of-frame $of_n ) together with source ready
(Src_rdy_n ). If the source temporarily runs out of data dgrihe PDU transfer, it can de-assert source
ready.

Destination readylst_rdy_n ) is asserted when the destination is ready topaat&ta. This may be
before or after it has detected the source interémsert source readyr€_rdy_n ). The destination can
de-asserDst_rdy _n if it temporarily cannot accept data.

A LocalLink frame transfer with source and destimatflow control is shown in the figure hereafter.
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Transfer starts when the source interface presdata and assertS8of n and Src_Rdy n . The
destination interface is not ready and hdldd_Rdy_n de-asserted. The source interface presents the
next set of data bytes after the designation asBet Rdy n . Next, the source interface de-asserts
Src_Rdy_n , which means it is unable to present any new dathe clock cycle. Transfer starts again
when the source interface asse3ts_Rdy n and presents the next data set. Transfer ends thieen
source interface presents data and askerfisn andSrc_Rdy_n and when the destination is ready to
accept these data. Further details can be foufRIDS3].

The present sFPDP core implementation does notheseemainder field and thus assumes that when
data are valid the whole data bus width carriegl\@dta. It implies that the TX frame length grkamity
is 128 bits or 16 bytes and that the RX frame lergganularity is 32 bits (4 bytes).

Channelization, parity, source, and destinatiorcatitinuation options are not implemented in order t
keep the implementation simple and obtain a usendiy interface.

6.20.3.4Clocking
The sFPDP core requires the 5 clock dom&n<lk , Sysclk , Refclk , Usrclk, andUsrclk2

IB_CIk is used for the Internal Bus interfa@ysclk is used for data transfer to the TX FIFO and from
the RX FIFO.

Refclk is used by the RocketlO MGT primitive to generigdeserial clock at the desired bit rate (up to
2.5GHz)

Usrclk andUsrclk2 are used by the RocketlO MGT primitive and by sk€DP core to perform all
controls related to TX and RX controlletdsrclk andUsrclk2 have both a phase and a frequency
relationship that is derived from the way the RaEBeMGT primitive is configured (especially the wd

of the data path which is set to 32 bits. See [Rib2more details).

The Refclk , Usrclk, andUsrclk2 frequencies are dependent on the serial linkdté. rAlthough
this core was tested and qualified for a 125 MHerence clock leading to a 2.5 Gbit/s bit rateisit
possible to use other bit rate values. The refererhack is fed by an external dedicated clockingp ch
which provides a low jitter LVDS reference clockhélfrequency of that reference clock must be ".6#0
the desired bit rate. It is set using a dedicateitbate named oldTxbitrate that can take the \@lR&G,
2.125G or 1.063G, leading to bit rates of 2.5 GbR/125 Gbhit/s or 1.063575 Gbit/s.

6.20.3.5Throughput Monitoring

The sFPDP core implements a convenient way to mionite effective data throughput of the TX
controller. After the TX Controller is enabledcibunts during 65538srclk2  periods (roughly during
more than 1ms) the number of periods it has spentling user data. When this counting period is
elapsed, it stores the counting result intoTX@GH field of the SLC Status register and restarts a new
counting cycle. Thus, the effective data throughgaut be computed as follows

TXTGH

Bandwidth 6553(
TXthroughputlS the effective user data throughput andsFXviamthe raw sFPDP core TX Bandwidth.

X X

Throughput:

FDK Reference Manual Page 108 of 165



2
Trefclk

Trecik 1S the period, expressed in ns, of the referetaekaised for the sFPDP core.

[M Byte/ s]

TX gandwidin=

6.20.3.6Generic Parameters

Although these parameters should not be modifiedHey developer, the table hereafter presents the
generic values which are used for both simulatiwh synthesizable models of this sFPDP core version.

Parameter Simulation Synthesis Comments

TX_INIT_DLY x"00000100" x"08000000" Number of IDLBNVords sent for Link
Initialization

TX_IFRX_VAL x"0010" x"2000” Number of IDLE framesent for Link
Initialization

RX_FIFO_SIZE 16384 16384 Size [Bytes] of the TX f@uf

TX_FIFO_DPH 9 9 Memory Depth of the TX Buffer

TX_IDLE_MAX x“OF” x“OF” Max number of IDLE charactes before
IDLE Frame Insertion

TX_FIFO_THR “000000001” “000000001” Defines the noen of words before
starting a Data Frame

PHY_INIT “00001F” “3D0900” Defines the start up tarfor PAROLI
transceivers

RX_INIT_DLY x"00000080" x"02000000" Number of IDLEvords to be correctly
received for Link Initialization

RX_IFRX_VAL x"0008” x"1000" Number of IDLE framesotbe correctly
received for Link Initialization

RX_BUFFER_SIZE 4093 4096 Size [Bytes] of the RX fBuf

RX_PDUI_TMO x“03” x“03" Number of PDU Idle before faame is
aborted on the RX side

6.20.4 Register
SLC Registers refers to a set of three registehngzh are embedded within each Serial FPDP Core. Th
address of these registers is defined by a baseesglqwhich may be mapped anywhere into the
Customer-free address space) and an offset. Thresaldffset is frozen within the core whereas #eeb
address is defined by the SLC_BASE_ADD port value.

@ Note: It is up to the user to carefully assign the SBEBSE_Add value so that there will not be any
address overlaps or other conflicts.

6.20.4.1SLC Control Register
The SLC Control register defines the configuratow running modes of the Serial Front Panel Data Po
Controller. It should not be accessed until theoeissedUsrclk /Usrclk2 clocks are available and
stable.

Register Space Register Number Register Address
Customer User_Defined(*) User_Defined(*)
(*) Register Address = SLC_Base_Add + 0x00
31 30 29..26 25 24 23..16
RSF RRX Reserved RXP TXP RX FIFO Threshold
15..14 13 12 11..9 8
Reser ved FSY SYF Reserved RFC
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7 6 5..4 3 2 1 0
CRC MST Reserved FWC CPY RXE TXE
[0] TXE RW  TX Controller Enable. ‘0": Disabled , ‘1": Enabled
[1] RXE RW RX Controller Enable. ‘0’: Disabled , ‘1: Enabled
[2] CPY RW  TX Copy Mode.TXE must be asserted’: Disabled , ‘1’: Enabled
[3] FwC RW ' TX Flow Control. TXE andRXE must be asserted.
0’: Disabled, ‘1’: Enabled
[5..4] Reserved RW  Reserved: Do not use these bits in either readingiting.
[6] MST RW  TX Copy Master ModeTXE andCPY must be asserted.
‘0’: Disabled , ‘1’: Enabled
(71 CRC RW CRC Encoding Enable. ‘0": Disabled, ‘1": Enabled
[8] RFC RW  RX Flow Control. TXE and RXE must be asserted.
‘0 : Disabled , ‘1’: Enabled
[11.. 9] Reserved RW  Reserved: Do not use these bits in either readingiting
[12] SYF RW  Mark TX Frame with SYNC without data.
‘0 : Disabled, ‘1": Enabled
[13] FSY W Send a SYNC without data frame. ‘0": Disabled, Ehabled
[23..16] RXTHR RW RX FIFO Threshold for Flow Control
[24] TXP RW  TX Polarity. ‘0": Default Polarity, ‘1': Invert Plarity
[25] RXP RW RX Polarity. ‘0": Default Polarity, ‘1': Invert Palrity
[29-26] Debug RW  Reserved: Do not use these bits in either readingiting.
[30] RRX W Reset RX Controller. '0 : Reset Flags, '0": Default
[31] RSF RW Reset Status Flags. '1": Reset Flags, '0": Default

6.20.4.2SLC Status Register

Register Space Register Number Register Address
Customer User Defined (*) User Defined (*)
(*) Register Address = SLC_Base_Add + 0x04
31..16
TXTGH
15 14 13 12 11 10 9 8
RES CRE RDE DER FTE SYE - EER
7 6 5 4 3 2 1 0
- RXK - TXK RXR TXR RXL TXF
[0] TXF R TX Fault (Optical Transceiver Not Ready or Faulty).
[1] RXL R RX Loss of Signal (Optical Transceiver Not Readyaullty).
[2] TXR R TX Physical Layer Ready. ‘0": Not initialized orfly, ‘1": Ready
[3] RXR R RX Physical Layer Ready. ‘0": Not initialized onitay, ‘1’: Ready
[4] TXK R TX Link Layer Ready. ‘0": Not initialized or faulty1’: Ready
[6] RXK R RXLink Layer Ready. ‘0": Not initialized or faulfyl’: Ready
[8] EER RW  TX Encoding Error. ‘0’: No error, ‘1": Error Deteetl
[10] SYE RW RX Loss of Sync Error. ‘0: No error, ‘1": Error Dected
[11] FTE RW RX Format Error. ‘0": No error, ‘1': Error Detected
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[12] DER RW RX Data Encoding Error. ‘0": No error, ‘1": Errorddected

[13] RDE RW RX Running Disparity Error. ‘0": No error, ‘1': Eor Detected
[14] CRE RW RX CRC Checking Error if relevant. ‘0": No errod,’! Error Detected
[15] RES RW Reserved

[31..16] TXTGH R TX Effective Throughput (Relevant only if TX is Bolad)

6.20.4.3SLC Signal Register

Register Space Register Number Register Address
Customer User Defined (*) User Defined (*)
(*) Register Address = SLC_Base_Add + 0x08
31.9 8
- RX_FOVF
7 6 5 4 3 2 1 0
RX_NRDY| RX_DIR | RX_PIO2 |RX_PIO1 |TX_NRDY | TX_DIR |TX_PIO2 TX_PIO1

[0] TX_PIO1 RW  Value of the PIO1 signal to be transmitted overSleeial Link

[1] TX_PIO2 RW  Value of the PIO2 signal to be transmitted overSkeeial Link

[2] TX_DIR RW  Value of the DIR signal to be transmitted over Segial Link

[3] TX_NRDY RO Value of the NRDY signal received from the Seriaiit

[4] RX_PIO1 RO  Value of the PIO1 signal received from the SeriakL

[5] RX_P102 RO Value of the P1O2 signal received from the SeriakL

[6] RX_DIR RO  Value of the DIRY signal received from the Seriail

[7] RX_NRDY RW Value of the NRDY signal to be transmitted over Serial
Link

[8] RX_FOVF RO Value of the RX_FOVF signal received from the Sdriak

6.20.5 Instantiation
This core is not instantiated in the base desigmgpte.

The TX_Data__ IF signals (refer to the Logic Symbgaups) should be connected to the User Coreghat i
expected to transmit data packets.

The RX_Data__ IF signals (refer to the Logic Symimalups) should be connected to the User Coredhat i
expected to receive data packets. Even if the Réallank is not used, it is highly recommended toewi
the RX_DST_RDY_N portto ‘0.

The PIO_IF could be left open with the exceptiorspécific applications that need to control firmavar
operation by means of Serial FPDP Control SignBfese status signals are also available in the SLC
Signal register.

The IB_IF signals should be connected to the IateBus.

The Clocks signals should be carefully wired defregndn the location of the associated RocketlO MGT
primitives and on the physical media the user wemegldress (See Constraints sections).

Miscellaneous signals could be used for the Uses tjmcontrol the link availability for the TX path

RocketlO IF signals are directly connected to tle pf the RocketlO MGT instance. No additional
OBUF instantiation are required for those pins (TXRN, RXP, and RXN).

Transceiver Control Signals only require the additof an external pad buffer. Although there may be
several ways inserting I/O buffers, the expliciBIOF instantiation is the recommended solution.

Generic parameters are not available in this cersionsare frozen at the value described in thedtsdl
generic section.
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6.20.6 Constraints

*  Clock Constraint
The sFPDP core assumesIBnCIlk frequency of 33 MHz, 8ysclk frequency of 66 MHzRefclk
andUsrclk frequencies of 125 MHz, andusrclk2  frequency of 62.5 MHz. These constraints must
be defined for the clock manager core and are aatioally propagated throughout the whole design.
Refclk must be allocated to a dedicated routing resothraeprovides a low jitter path from a clock

buffer directly to the RocketlO MGT primitive. Itust be directly wired without any BUFG primitive.
The “Place and Route” tool automatically detectd ttonnection and routes it accordingly.

Depending on the instantiated RocketlO MGT pringitithe user should connect ttésrclk /
Usrclk2 andRefclk either toUsrclka/Usrclk2a andRefclkA ports of the clock manager core
or on theUsrclkb /Usrclk2b  andRefclkB

e Input/Output Constraints

RocketlO Transceiver Clocking TXP | TXN |[|RXP |RXN
instances Edge

GT_XO0Y1 SFP ODLA RefclkA A35 A36 A34 A33
GT_X2Y1 SFP ODLB RefclkA A3l A32 A30 A29
GT_X6Y1 PAROLI_LO RefclkA Al4 A15 Al13 Al12
GT_X7Y1 PAROLI_L1 RefclkA Al10 All A9 A8
GT_X9Y1 PAROLI_L2 RefclkA A6 A7 A5 A4
GT_X5Y1 PAROLI_L3 RefclkA A18 A19 Al7 Al6
GT_X4Y1 PAROLI_L4 RefclkA A23 A24 A22 A21
GT_X3Y1 PAROLI_L5 RefclkA A27 A28 A26 A25
GT_XO0YO PAROLI_L6 RefclkB AW35 AW36 AW34 AW3J
GT_X2YO0 PAROLI_L7 RefclkB AW31 AW32 AWwW3Q Aw24
GT_X3Y0 PAROLI_L8 RefclkB AW27| AW28 Aw?26 AW2§
GT_X6Y0 PAROLI_L9 RefclkB AW14| AW15 AW13 AWw1Z
GT_X5Y0 PAROLI_L10 RefclkB AW18 AW19 AW17 AWI1E
GT_X4Y0 PAROLI_L11 RefclkB AW23 Aw24 AwW22 Aw21

The sFPDP core contains one outp®HY_TX_ ENABLE and two inputs RHY_TX_FAULT
PHY_RX_LOS¥that can be used to control directly a SFP optiemsceiver. PAROLI transceivers
should be controlled by an additional component divectly interfaces with these ports.

Please note th&HY_TX_ENABLEnust be first inverted before being connectedhéoeixternal pad.

6.20.7 Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 2722 66176 4.11%
CLB Slices 1361 33088 411 %
Dffs or Latches 2001 69068 2.90 %
Block RAMs 10 328 3.05 %

Note: Please note that the figures above are for amigetd version of the core that does not implement
CRC Decoding on the RX path.

6.20.8 Version History

Date FDK Version | Comments
July 05 Beta 3 Initial Version
March 06 Beta 7 Description updated.
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6.21 DDR Memory Interface

The P512MB Memory Option provides two independeBRDSDRAM (“Dual-Data Rate, Synchronous

Dynamic Random Access Memory”) memory banks tha accessed through two independent
interfaces: DDRA and DDRB. Each memory bank isrdediby four DDR SDRAM devices each with a

16 bits wide data bus. Thus the data bus of eank 13a64 bits wide. The DDR SDRAM clock runs at

166 MHz and provides a usable bandwidth of 2 GB/s.

The size of each DDR SDRAM device is 512 Mbitsdiag to a total of 256 MB per bank.

DDR SDRAM
chip #1

User Port A DDR SDRAM

D — DDR SDRAM chip #2
controller A

A
y
A

A 4

DDR SDRAM
DDR SDRAM chip #3

Register and
Access Interface DDR SDRAM

chip #4

Internal Bus| DCM Phase Shift
<+—> >

DDR SDRAM
chip #1

User Port B DDR SDRAM

> DDR SDRAM chip #2
controller B

A
A 4
A
A 4

DDR SDRAM
chip #3

DDR SDRAM
chip #4

6.21.1 Functional Description
After a bit file is loaded, the DDR SDRAM memorigrist first be initialized. Once the initializatios

completed, the access to a DDR SDRAM bank can Herpsed either from the Internal Bus (for access
to/from the PCI bus) or from the User Port.

The User Port and the Internal Bus port of a bamnot be simultaneously active. The active porthmn
set independently for each bank. It is not possiblsimultaneously access both memory banks through
the Internal Bus.

The User Port is optimized for high throughput sfens using Burst mode accesses. Single accel®is a
available but will be less efficient than singleess to the Dual Port SRAM. The DDR memory intexfac
core contains multiple read/write buffers in ortesustain the 2 GB/s throughput. The buffer hamylis
automatically performed by the core. In the samg the DDR memory refresh cycles are automatically
managed by the core.

The Internal Bus port enables DMA readout throdghRCI backplane at up to 132 MB/s.

The DDR memory interface core includes a self-f€kis self-test covers the entire memory depthiand
performed at full speed with different test patgerihis test can be run through the AcqgirisAnalyzer
application if the base design is loaded in the APG

6.21.1.1Initialization
After the bit file is loaded the DDR memory iniiizdtion begins automatically. It will end several
microseconds after the user program releaseS@Reset_n bit of the control register of the core
acg_ctr_reg . When the initialization is completed, theit DDR_Done bit of the DDRStatus
register is set to ‘1’. The user program shouldtviaiit before attempting to access the DDR memory
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6.21.1.2Minimum Number of Transfers
The coreddr_interface configures the memory devices to use burst4 teassfThis means that a
minimum of four words of 64 bits are transferretbtadfrom the memory when accessing the memory. It
therefore requires a minimum of two transfers oa thser Port (2 x 128 bits) and a minimum of 8
transfers on the Internal Bus port (8 x 32 bits).

6.21.1.3Read Access Time
The coreddr_interface always reads the memory starting at an addregsealito O (modulo 128)
and reads entire buffer blocks of 128 x 128 bitgneif the start address is not aligned to 0. Tddress
always refers to words of 128 bits. The time toesscthe first data is then directly dependent sn it
alignment in the read buffer. As soon as the reguiata is available, the user is informed withatad
valid signal.

6.21.1.4Port Selection

The bitLB_Get_Ctrl  of the DDRControl register selects which port ol the active port. Of course
the selection must be done prior to accessing #maany bank.

6.21.1.5User Port
Each User Port has independent clock, data, addesss$/ write control ports. The data bus width28
bits. The user can connect the clock to any reduirequency up to 133 MHz as long as the write rate
does not exceed the maximum of 2 GB/s, or 128 d&itd25 MHz. This average value must not be
exceeded when completely filling a single buffed@8 x 128 bits. For example, if 128 words of 1#8 b
were written at a rate of 133 MHz, there shoulchbattempt to write data for at least 8 clock cgcle

The User Port provides two kinds of accesses:

Single Access: It corresponds to a single memonesg (burst4) which always results into a double
transfer at the User Port (2 x 128 bits).

Burst Access: It corresponds hoconsecutive memory accesses (burst4) which alwesglts into2n
transfers at the User Port (n x 2 x 128 bits).

Any User Port access begins by activating the siggax_ADS for one clock cycle and ends by

activating the signaUPx_End for one clock cycle. The transfer direction, typ@ed start address are
sampled wheldPx_ADSis active.

NOTE: The UPX_Address address is defined on a basis of 128-bit words, wh differs from the
internal bus address.

The start address on thE>X_Address bus must always be 0 modulo 2 (i.e. be a multpl2).

In the case of write access, the sigdBx_WriteEn should be activated when valid data are present on
theUPx_DataW bus.

In the case of read access, the sigiax_DataR_Valid is activated when data are available. The user
should then activate the sigridPx_DataR_En to get the data available &Px_DataR with a latency
of one clock.

6.21.1.6Internal Bus Port

The Internal Bus port provides access to the cbregister, status register, and to the memory.e&sdo
the register uses the direct access mode of thal Bats interface. Access to the memories usesaatir
addressing with DMA capability for fast readout.

Each memory bank is seen through the Internal Busraemory space of 64M words of 32 bits.

The start address is the content of the indiredtess register of the Local Bus interface.
NOTE: The address is in bytes, which differs from the ser port address.
Valid address are (0 + n * 4), where n [0..64Mjhs targeted 32-bit word.

Reading the DDR memory can start at any valid asfdre

The DDR core writes data to the memory with a mimmburst of four 64-bit words. Therefore the DDR
core accumulates eight 32-bit words into an inteliate buffer of 256 bits prior to writing. In case
access ends before 8 words are accumulated, thetisnediate buffer remains in the DDR core ad i
not written to the memory. Any write access toaadress 0x0 modulo 0x20 (8x32 bits) overwrites the
intermediate buffer even if it was previously paliii filled.
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6.21.1.7Internal Bus Port Address versus User Port Address

Internal Bus port User Port

address [bytes] Address[128 bits]
0x00 0x0, Data(bits 31 to 0)
0x04 0x0, Data(bits 63 to 32)
0x08 0x0, Data(bits 95 to 64)
0x0C 0x0, Data(bits 127 to 96)
0x10 0x1, Data(bits 31 to 0)
Ox14 0x1, Data(bits 63 to 32)
0x18 0x1, Data(bits 95 to 64)
0x1C 0x1, Data(bits 127 to 96)

6.21.1.8DDR SDRAM Clock Structure
The clock speed of the DDR SDRAM devices is 166 MHAkze DDR SDRAM controller uses three
different 166 MHz clocks generated from 3 differ®@Ms to ensure the DDR SDRAM device timing.
- SYS_DDR_CLKis used to generate the DDR command and the D& alitput.
- STB_CLK generates the DDR SDRAM clock and the DQS strobes
- SMP_CLKis internally used, to set the sampling pointnef DDR read data properly
All these clocks are shared among the two DDR-SDRMtrollers.

TheSTB_CLKandSMP_CLKcan be individually shifted. This allows exact otahg of the timing of the
DDR SDRAM devices to compensate the board layolatyde

The STB_CLK can be shifted by using the phase shift op®M_EXT_PSThe SMP_CLKcan be
shifted by using the phase shift optio€M_SMP_PSThe phase shift affects always both DDR SDRAM
controllers. It can’'t be set individually.

NOTE: The phase shift is fixed by design. Developers akid not modify the default value

6.21.1.9Self-Test
The DDR memory interface core also implements &test that is used in production for testing the
DDR-SDRAM memory devices. The goal of this testasfill the whole memory with four types of
patterns: all '0', all '1', '6> '1'> '0', and ramps on 16 bits (for 160 bits, 10 ramfp$6 bits) and then to
read back the memory to check the proper behavior.

The test is started by writing the Htart_Self_Test in the DDRTestControl registerhis test can

be run in different modes. The simplest mode perfothe entire test and counts the number of errors.
This mode is selected by setting the3sif Test Autocont in the DDRTestControl register before
running the test. When the test is complete, th®BiR_Ready of the DDRStatus register is set to ‘1.
The bitSelf_Test_ Ok of the DDRTestStatus register is ‘1’ if the testsasuccessful, otherwise it is
‘0.

NOTE: Developers need not know more details. The testan be executed by running Acqiris
Analyzer with the Base Design firmware.

6.21.2 Instantiation

The DDR memory interface core is already instaedtain the base design example. It is always
associated with its companiaigr_interface_buffer , which handles the Xilinx IO primitives.

6.21.3 Port Description

Signal | Size ‘ Type ‘ Short Description

INTERNAL BUS
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Signal Size | Type | Short Description

IB_Customer 1 In Must be connected to the IB-BUS signal with the sarame. For

IB_Dirsel 1 In details please refer to the description of the 1B

IB_Write 1 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 32 In

IB_DataW 32 In

IB_DataR 32 Out

IB_IndirCtr 1 In

IB_Valid 1 In

IB_End 1 In

IB_Clk 1 In Internal Bus clock, must be connectedbidkg |, the Local Bus
clock.

Reset 1 In Reset, must be connected to the general Bresiet .

USER Port: x=A or B stand for User Port A or UserPort B

UP_Clk 1 In Memory port clock. It can be set to any fregueup to 125 MHz.
Up to 133 MHz is also allowed, but only with theximaum
sampling rate of 2 GS/s

UPx_ADS 2x1 In Address strobe. When ‘1’, the value ORx_Address is used. It
is stored in the auto increment address registtiaaccess will
be started.

UPx_Write 2x1 In Transfer direction: ‘1’ for writing to theemory, ‘0’ for reading.

UPx_Address 2x26 | In Start Address. The address value is irsuwfitl28-bit words.

UPx_Burst 2x1 In It must be set to ‘1’ for burst transfer, fOr single transfer.

UPx_End 2x1 In Each access must terminate by settilRx_End to ‘1’ for one
clock period.

UPx_DataW 2x127 | In Bus for data write

UPx_WriteEn 2x1 In DataW write enable

UPx_DataR 2x127 | Out Bus for data read

UPx_DataR_Valid 2x1 Out Data read valid signal. ‘1’ indicates ttte controller has valid
data in the read buffer.

UPx_DataR_En 2x1 In Data read request. Read a next valid data the read buffer. The

user must first wait foPx_DataR_Valid

OUTPUT to DDR SDRAM MEMOR

Y: x=A or B stand for Port A or Port B

DDRx_CK 2x1 Out Portx DDR SDRAM Clock Output

DDRx_CK_N 2x1 Out Portx DDR SDRAM negative Clock Output
DDRx_CKE 2x1 Out Portx DDR SDRAM Clock enable (is fixed ‘1)
DDRx_ADDR 2x13 | Out Portx DDR SDRAM Address

DDRx_BA 2x2 Out Portx DDR SDRAM Bank Address

DDRx_CS N 2x1 Out Portx DDR SDRAM Chip Select

DDRx_WE_N 2x1 Out Portx DDR SDRAM Write Enable

DDRx_RAS_N 2x1 Out Portx DDR SDRAM Row Address Strobe
DDRx_CAS N 2x1 Out Portx DDR SDRAM Column Address Strobe
DDRx_LDM 2x1 Out Portx DDR SDRAM Lower Data Mask (is fixexl'0’)
DDRx_UDM 2x1 Out Portx DDR SDRAM Upper Data Mask

DDRx_DQ 2x127 | InOut | Portx DDR SDRAM bidirectional Data Bus
DDRx_LDQS 2x4 Out Portx DDR SDRAM Lower Data Strobe
DDRx_UDQS 2x4 Out Portx DDR SDRAM Upper Data Strobe
DDRx_CS_N_RDBACK 2x1 In Portx DDR SDRAM Chip Select Readback Signal
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Signal Size | Type | Short Description

DDRx_WE_N_RDBACK 2x1 In Portx DDR SDRAM Write Enable Readback Signal
DDRx_RAS N_RDBACK | 2x1 In Portx DDR SDRAM Row Address Strobe Readbaighal
DDRx_CAS_N_RDBACK | 2x1 In Portx DDR SDRAM Column Address Strobe Reattfaignal

6.21.4 User Port Timing Diagrams: Burst write and Single wite
Notel: UP_ADSinitiates the transferUP_Write , UP_Burst, and UP_Address must be valid

Burst Write Single Write
930S s e I O B
UP_ADS | Notet | [ ]
UP_ Wite W Note8: Min 3 CK cycle
UP_Burst [ Burst |
UP_WriteEn J ‘ ‘ Note3 ‘ Note4 ’—‘ W ’—\—
UP_DataW DO D1 D2 D3 D4 D5 DO D1
UP_Address AQ Note2 Al
UP_End [ | a2

Note5 J
<

simultaneously t&JP_ADS
Note2: The start addresd>_Address must be 0 modulo 2.
Note3: UP_WriteEn enables the transfer of the actual valu&/Bf DataW.
Note4: The average writing rate must not exceed®&@or longer than 128 transfers.
Note5: The number of transfers in a burst is moitéd.
Note6: The number of transfers in a burst mustrbeven value.
Note7: UP_End must be ‘1’ for one clock cycle in order to teramie the transfer.
Note8: Any sequence of read or write, burst orlsimgust be separated by at least 3 clock cycles.

6.21.5 User Port Timing Diagrams: Burst read

Burst Read
9738 S [ s
UP_ADS [ Notet | ]
UP_Write Read <Nt Vin3Ekovce )
UP_Burst W
UP_DataR_Valid wécﬁflnﬁ
UP_DataR_En | Notea | Notes|
UP_DataR DO D1 D2
UP_Address A0 Note3 A1
UP_End [orer |

Note6

J
>

Notel: UP_ADSinitiates the transferUP_Write , UP_Burst, and UP_Address must be valid
simultaneously wittUP_ADS

Note2: The access time depends on the alignmethedtart addreddP_Address with respect to the
read buffer.

Note3: The start addres¥®_Address must be 0 modulo 2.
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Note4:

Note5:
Note6:
Note7:
Note8:

UP_DataR_En enables reading. It must be activated only afsdid\data are present in the read
buffer of the DDR core. This is true when the sigdB_DataR_Valid becomes ‘1'. The data
will be present on the signdlP_DataR with a latency of one clock cycle.

The average reading rate must not exceeBl/2 8r longer than 128 transfers.

The number of transfers in a burst is noitéd.

UP_End must be ‘1’ for one clock cycle in order to teriaia the transfer.

Any sequence of read or write, burst orlgimgust be separated by at least 3 clock cycles.

6.21.6 User Port Timing Diagrams: Single Read

UP_Write Read

UP_Burst Burst

Single Read

Note6: Min 3 CK cycle

LNﬁuteZ Access time
UP_DataR_Valid —
UP_DataR_En Noted
UP_DataR DO D1
UP_Address A0 Note3 Al
UP_End [ Notes |
Notel: UP_ADSinitiates the transferUP_Write , UP_Burst, and UP_Address must be valid
simultaneously wittUP_ADS
Note2: The access time depends on the alignmethedtart addreddP_Address with respect to the
read buffer.
Note3: The start addres¥®_Address must be 0 modulo 2.
Note4: UP_DataR_En enables reading. It must be activated only aftdidwdata are present in the read

Note5:
Note6:

buffer of the DDR core. This is true when the sigd®_DataR_Valid becomes ‘1'. The data
will be present on the signblP_DataR with a latency of one clock cycle.

UP_End must be ‘1’ for one clock cycle in order to teritia the transfer.
Any sequence of read or write, burst orlgimgust be separated by at least 3 clock cycles.

6.21.7 Registers
Each register exists both for the DDR BankA and Bi@R BankB. The first value in the column
“Register Number” and in the column “Register Adsreis for the register of BankA, the second vatue
for the register of BankB.

Each bit has a different meaning depending on thess direction.

6.21.7.1DDRControl

Register Space Register Number Register Address

Customer 44/52 (*) 0x22B0/0x22DO0 (*)

Note (*) : the two values refer to the register of BankA and BankB ( A/B)
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31..9 8
LB_Get_Cirl
7 6 5.4 3.2 1 0
- DDR_SDRAM_Sim DDR_SDRAM_Size - Clr_Overflow_Fla g
[1] Clr_Overflow_Flag W Clears the DDR write buffer overflow flag. Overflew

[5..4] DDR_SDRAM_Size
6] DDR_SDRAM_Sim

[8] LB_Get_Citrl

can occur when the write speed is more than 2 GB/s.
RW It must be set to ‘0": 256 MB (32M x 64 hits)

RW Select Simulation mode:
- in order to reduce the simulation time
- to perform automatic tests on reduced memory size

0 Normal operation
1 Simulation
RW Select the port for subsequent DRAM memory access
0 User port (UPXx port)
1 Internal bus port (indirect address)

6.21.7.2DDRStatus

Register Space Register Number Register Address
Customer 44/52 (*) 0x22B0/0x22D0 (*)
Note (*) : the two values refer to the register of BankA and BankB ( A/B)
31..16 15..13 12
-- -- Stop_Rd_Flag
11..9 8 7 6 5.4
LB_Get_Ctrl -/  DDR_SDRAM_Sim DDR_SDRAM_Size
3 2 1 0
-- \Wr_Buffer_Overrun DDR_Ready Init DDR_Done
[0] Init_DDR_Done R After power up the DDR SDRAM devices have to be

[1] DDR_Ready

[2] Wr_Buffer_Overrun

[5.4] DDR_SDRAM_Size

[(]  DDR_SDRAM_Sim

[8] LB_Get_Citrl

FDK Reference Manual

initialized first.Init_ DDR_Done goes to ‘1’ as soon as
the initialization process is finished

R Self-test status.

0 State after power up
1 Self-test process is finished
R Write Buffer Overrun. Overruns can occur when th&ad

write speed is more than 2 GB/s
RW DRAM memory size
01 256 MB (32M x 64 bits)
others Not available

RW Select Simulation mode:
- in order to reduce the simulation time
- to perform automatic tests on reduced memory size

0 Normal operation.
1 Simulation.

RW Select port for subsequent DRAM memory access
0 User port (UPXx port)
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[12]

Stop_Rd_Flag

R

1 Internal bus port (indirect address)

Status for read access:
0 A read access is active.

1 A read access is stopped. The DDR core is ready
for another access

6.21.7.3DDRTestControl

Register Space

Register Number

Register Address

Customer 45/53 (¥) 0x22B4/0x22D4 (*)
Note (*) : the two values refer to the register of BankA and BankB ( A/B)
31 30-8 7.4
Self_Test_Short Self_Test_NB_Active
3 2 1 0
Self_Test_Autocont Self_Test_Stop Self_Test_Continu e Start_Self_Test

[0]
(1]

(2]

[7..4]

[31]

Start_Self Test W Writing a ‘1’ starts a self-test
Self_Test_ W  Writing a ‘1’ continues a self-test. In case of DB
Continue SDRAM access error detected by the self-test psyche
test is paused and can be continued by this bit.
Self _Test_Stop \W Writing a ‘1’ stops a self-test and the DDR SDRAM
controller goes into normal operation mode. In cefsa
DDR SDRAM access error detected by the self-test
process, the test is paused and can be stoppédshyitt
Self _Test_ W Writing a ‘1’ puts the DDR controller into auto-damue
Autocont mode. In auto-continue mode, the self-tests arelgzd
on the whole memory. They are not paused in casa of
access error. At the end of a self-test, the nuroberrors
is written in the self-test error counter regig&0/58).
Self_Test_ NB_ W Test pattern number (multiple selections possibléje
Active pattern number will be processed one after another.
Bit4 Data pattern ‘0’
Bit5 Data pattern ‘1’
Bit6 Data pattern ‘0"’ — ‘1’ — ‘0"’ = ‘1" — .....
Bit7 Data pattern ramp
Self_Test_Short W Writing a ‘1’ force the self-test to be executed &4K
memory position word instead of on the whole memory
6.21.7.4
DDRTestStatus

Register Space

Register Number Register Address

Customer 45/53 (*) 0x22B4/0x22D4 (*)
Note (*) : the two values refer to the register of BankA and BankB ( A/B)
31 30 29 28
- Self_Test_Timeout Self_[Test_Busy Self_Test_Ok
27..25 24..0

Self_Test_Addr_KO

[24..0]

Self_Test_Addr_KO
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memory where an access mismatch was
found. Check this register when
Self_Test_Busy goes to ‘O and
Self Test Ok indicates ‘0’

[28] Self_Test_Ok R Self-test pass / fail status
0 Self-test was not successful
1 Self-test was successful
[29] Self_Test_Busy R Self-test busy status

0 Self-test is finished. When finished,
checkSelf_Test Ok

1 Indicates a running self-test

[30] Self_Test_Timeout R When equal to '1’, this bit indicates that the
current self-test did not terminate.

This is normally due to an incorrect phase
shift value for the DCM Ext or the DCM
Smp.

When internal timeout occurs, the
Self Test Ok andSelf_Test Busy

bits are deactivated

6.21.7.5DDRTestData0

Register Space Register Number Register Address
Customer 46/54 (*) 0x22B8/0x22D8 (*)
Note (*) : the two values refer to the register of BankA and BankB ( A/B)
31..0
Self_Test_Data_KO_1(31:0)

[31..0] Self Test Data KO_ 1 R Data bits (31:0) at the DDR SDRAM address location
where a mismatch was found

6.21.7.6DDRTestDatal

Register Space Register Number Register Address
Customer 47155 (*) 0x22BC/0x22DC (*)
Note (*) : the two values refer to the register of BankA and BankB ( A/B)
31..0
Self_Test_Data_KO_2 (63:32)

[31..0] Self Test Data KO 2 R Data bits (63:32) at the DDR SDRAM address
location where a mismatch was found

6.21.7.7DDRTestData2

Register Space Register Number Register Address
Customer 48/56 (*) 0x22C0/0x22E0 (*)
Note (*) : the two values refer to the register of BankA and BankB ( A/B)
\ 31.0
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Self Test_Data_KO_3(95:64)

[31..0] Self Test Data KO 3 R Data bits (95:64) at the DDR SDRAM address
location where a mismatch was found

6.21.7.8DDRTestData3

Register Space Register Number Register Address
Customer 49/57 (*) 0x22C4/0x22E4 (*)
Note (*) : the two values refer to the register of BankA and BankB ( A/B)
31..0
Self_Test_Data_KO_4(127:96)

[31..0] Self _Test Data_ KO_4 R Data bits (127:96) at the DDR SDRAM address
location where a mismatch was found

6.21.7.9DDRTestCounter

Register Space Register Number Register Address
Customer 50/58 (*) 0x22C8/0x22E8 (*)
Note (*) : the two values refer to the register of BankA and BankB ( A/B)
31..25 24..0
-- Self_Test_Error_Counter

[24-0] Self_Test_Error_Counter R In auto-continue mode, these bits
indicate the number of errors during
the last self-test

6.21.7.10 DDRClockControl

Developers should not modify nor write to this regiter. The proper behavior of the DDR memory
could be altered. This register is common for bottbDR Banks.

Register Space Register Number Register Address
Customer 60 0x22F0
31..26 25 24 23..16

- DCM_Smp_Change_Start DCM_Smp_PS_IncDec DCM_Smp_P S Offset

15..10 9 8 7..0
- DCM_Ext_Change_Start DCM_Ext_PS_IncDec DCM_Ext_P S_Offset

[7..0] DCM_Ext_PS_Offset W Phase shift offset of the DCM Ext
Phase shift width is:gf e * (DCM phase shift /
256)

[8] DCM_Ext_PS_IncDec w Phase shift is decremented (‘0") or incremented (‘1
by the value oDCM_Ext_PS_Offset

[9] DCM_Ext_Change_Start W  Start DCM Ext Phase shift

0 no action
1 Phase shift process of the DCM Ext is started

[23..16] DCM_Smp_PS_Offset W Phase shift offset of the DCM Smp
Phase shift width is: gt smp * (DCM phase shift /
256)

[24] DCM_Smp_PS_IncDec W Phase shift is decremented (‘0") or incremented) (‘1

by the value oDCM_Smp_PS_Offset
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[25]

DCM_Smp_Change_Start

W Start DCM Smp Phase shift

0 no action
1 Phase shift process of the DCM Smp is started

6.21.7.11 DDRClockStatus
Register Space Register Number Register Address
Customer 60 0x22F0
31..24 23..18 17 16
DCM_Smp_Done_cnt DCM_Smp_Overflow DCM_Smp_Busy
15..8 7.2 1 0

DCM_Ext_Done_cnt

DCM_Ext_Overflow DCM_Ext_Busy

[0]

[1]

[15..8]

[17]

[31..24]

DCM_Ext_Busy

DCM_Ext_Overflow

DCM_Ext_Done_cnt

DCM_Smp_Busy

DCM_Smp_Overflow

DCM_Smp_Done_cnt

0 Phase shift of DCM Ext is idle or finished
1 Phase shift of DCM Ext is in progress

When equal to ‘1’, this bit indicates the overflafv
the DCM Ext phase shift

Phase shift counter of DCM Ext. Counts the actual
number of DCM_Ext_PS_Value, which are
executed

0 Phase shift of DCM Smp is idle or finished
1 Phase shift of DCM Smp is in progress

When equal to ‘1’, this bit indicates the overflafiv
the DCM Smp phase shift

Phase shift counter of DCM Smp. Counts the actual
number of DCM_Smp_PS Value which are
executed.

6.21.8 Accessing the DDR SDRAM Memory

DDR memory content could be read or write by ther yggogram using the Indirect Addressing register.
The Indirect Address Register and Buffer IdentifRagister should be set prior read or write the mrgm

6.21.8.1DDR A -memory

Register Space

Register Number

Register Address Buffer Identifier

Customer 0 0x2200 0x00
31..0
RWnData
[31..00 RWbData RW Data format depends on the customer application.

6.21.8.2DDR B —memory

Register Space

Register Number

Register Address Buffer Identifier

Customer 0

0x2200 0x01

31..0

RWData
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[31..0] RWbData RW Data format depends on the customer application.

6.21.9 Constraints
¢ Clock Constraint

This core assumes dB_Clk frequency of 33 MHz. This constraint must be defirfor the clock
manager component and is automatically propagatedghout the whole design.

» User Port Clock Constraints

This core assumes3ysclk frequency of maximum 133 MHz. This constraint miostdefined for the
clock manager component and is automatically pragatthroughout the whole design.

« DDR A&B Port Clock Constraint

This core assumes a DDR clock frequency of 166 MHuEs constraint must be defined for the clock
manager component and is automatically propagatedghout the whole design.

e Output and Input Signal constraints
They are set in the design, using Xilinx primitives

6.21.10Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Block RAMs 20 328 6.1%
Function Generators 4120 66176 6.2%
CLB Slices 3167 33088 9.6%
Dffs or Latches 6334 69068 9.2%

6.21.11Version History

Date FDK Version Comments
February 06 Beta 6 New core
March 06 Beta 7 Description updated.
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6.22 DDR Memory Control Example

is delivered as an example of interfacing thir_interface
core. Developers should remove it or adapt it Fairt own purpose. Its main function is to verifeth

The blockddr_ctr_test_only

correct behavior of the two user ports of tur_interface
pattern with short burst (2x128 bits) and long b(256x128 bits).

6.22.1 Port Description

block. This is done by exercising fixed

Signal Size Type | Short Description

IB_Customer 1 In Must be connected to the IB-BUS signal with the sam

IB_Dirsel 1 In name. For details please refer to the descriptidhenlB-

IB_Write 1 In BUS.

IB_Rdy 1 Out

IB_TimeO 1 In

IB_Addr 31 In

IB_DataW 32 In

IB_DataR 32 Out

IB_Clk 1 In Internal Bus clock, must be connectedbidkg |, the
Local Bus clock.

DReset 1 In Reset, must be connected to the general Brsstet .

UPx_ADS 2x1 Out | Must be connected to the corresponding pins otthe

UPx_Write 2x1 Out | ddr_interface . For details please refer to the

UPx_Address 2x20 | Out | description of the corddr_interface

UPx_Burst 2x1 Out

UPx_End 2x1 Out

UPx_DataR_En 2x1 Out

UPx_DataW 2x128 | Out

UPx_WriteEn 2x1 Out

UPx_DataR 2%x128 | In

UPx_DataR_Valid 2x1 In

Sysclk 1 In It must be connected to the system cl8gisclk

6.22.2 Registers

6.22.2.1DDREControl

Register Space

Register Number

Register Address

Customer 67 0x230C
31..6 5 4 3.2 0
- Burst2 StartTest - SmallMem --
[1] SmallMem w It must be set ‘1’ to perform user port tests atueed memory
size in order to reduce the simulation time.
0 Normal operation
1 Simulation
[4] StartTest w Setting to ‘1’ starts the built-in test. Thdr_interface
core must be set in the user port mode beforargjatie test.
[5] Burst2 w Access type for the built-in test:

FDK Reference Manual
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6.22.2.2DDREStatus

Register Space Register Number Register Address
Customer 67 0x230C
31..12 11 10 9 8
- - TestErrorB TestFailB TestEndB
6 5 4 3.1 0
- TestErrorA  TastFailA TestEndA -
[4] TestEndA Set to ‘1’ when the test of the DDR bank A is coetpl Reset to
‘0’ when the test is started.
[5] TestFailA R Latches to ‘1’ when at least one error occurs. Res®’ when the

TestErrorA R
TestEndB

TestFailB R

TestErrorB R

test is started.
Set to ‘1’ for a single clk period when an indivatest fails.

Set to ‘1’ when the test of the DDR bank B is coatel Reset to
‘0’ when the test is started.

Latches to ‘1’ when at least one error occurs. Res®’ when the
test is started.

Set to ‘1’ for a single clk period when an indivatest fails.

6.22.3 Resource Utilization

Resource count and relative usage in the targatXirtex Il Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 1020 66176 1.5%
CLB Slices 510 33088 1.5%
Dffs or Latches 661 69068 1.0%
6.22.4 Version History
Date FDK Version Comments
February 06 Beta 6 New core
March 06 Beta 7 Description updated.
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6.23 Base Streamer Example

The block strl_example is instantiated in the Base Streaming Base Desigscribed in the

paragraph 5.5. It is an example of how to buildedént types of data frame and how to send thedsam
to the serial front panel data port controlic_controller that is instantiated in the block
slcl_interface.

This core also implements the two monitoring budfeéhe TX-Monitor buffer and the RX-Monitor buffer.
Both can be read by program and are useful fofigation purpose.

Base Streamer Core Example: str1_example

str1_parameters |.-2MeP_
str1_acc FrameA : Tx_Frame
Accumulate " l "
. : unified stream i .
‘TnggerEnab|e: T str1_mux str1_monitor © Rx_Frame
4 - str1_raw Rx-Monitor [ ¢————
Trigger . Tx-Monitor .
— Unfly & Reorder | Framer Each 64 Kbytes
StreamA S & " Monitoring Buffers
StreamB : Trigger Control 4
str1_registers str1_ctr
P IB-Bus » Control & Status Framing Sequence
Register Control

The blockstrl_raw  mixes the stream A and B to a single unified stréaan interleaved fashion. The
unified stream could also be reordered in ordeign the trigger position to the 16 samples détaks.
Once enabled and after each trigger, the biick raw  generates and sends a Raw Data frame to the
FrameR port of the Frame multiplexer. The Raw Diagane has a 128 bits header followed by a
programmable number of raw samples [or bytes].

The unified stream is also connected to the bkick acc . This block perform the store accumulate
function. The number of acquisition to accumulage programmable from 1 to 256. When the
accumulation completes, the blosikl_acc generates and sends an Accumulated Data franteeto t
FrameA port of the frame multiplexer. The AccumethData frame has a 128 bits header followed by a
number of accumulated data equal to the numberaframmed of Raw Data samples. In bytes, this
corresponds to double the number of programmed Isanggcause the accumulated data is now on 16
bits instead of the 8 bits initial raw Data.

After the Accumulated Data frame has been sent e frame multiplexer, the block
strl_parameters generates and sends a Parameter Data frame terdheeP port of the Frame
multiplexer. The Parameter Data Frame has a 138kiader followed by a fixed number of parameters.
In the example, there is 256 parameters, each paeasns 128 bits wide.

The Frame Multiplexer simply multiplexes one of thput frames to TX-Frame output. The TX-Monitor
Buffer is a spy on the TX-Frame and can be reathbyser program.

For verification, the front-panel TX output of tbetical link could be looped back to the RX inpfitiee
optical link and the received data could be moeiowith the RX-Monitor Buffer and readout by theus
program. This makes possible to verify receivec @aé strictly identical to the transmitted data.

Once enabled, the TX- and the RX-Monitor buffer wibre one Raw Data frame, one Accumulated Data
frame and one Parameter Data frame and will staip i@started. Two readable status bits, one for RX
and one for TX buffer, indicate when the monitoffers are ready for readout.

Monitoring can be enabled or disabled at any tiktenitoring has no effect on the streaming process.

FDK Reference Manual Page 127 of 165



6.23.1 Framing Sequence Flow Chart

The streaming or framing sequence is controllethbymain state machirstrl_ctr

Framing Sequence

Start ?

T
A,
Inititialise Accumulation

Trigger Event ?

Stream_Ch1_Ch2
Accumulate_Ch1_Ch2

Nbr of accumulated
ewent reached ?
T
Stream_Accumulation

Stream_Parameters

6.23.2 Raw Data Frame

The Raw Data Frame consists of a 128 bits heatlewked by a programmable number of raw data.

raw data is 8 bits.
Header, 1x 128 bits

B

Each

127..120 119..64 63..0
FrameType=x'00’ TimeStamp Fixed to O
Raw Data
7.0 7o | ... 7.0
RawData#1 RawData#2 RawData#n

[127..120] FrameType
[119..64] TimeStamp
[7..0] RawData

Fixed to X'00’, indicates the frame is a Raw Datanie
The TimeStamp value indicate the arrival time @f ttigger

Raw data. The number of raw data is programmalte the bitsSFS
of the Base Streamer Configuration Register. THeegare signed 8

bits values.

6.23.3 Accumulated Data Frame

The Accumulated Data Frame consists of a 128 latsdér followed by a programmable number of
accumulated data. Each accumulated data is 16 bits.

Header
127..120 119..64 63..0
FrameType=x'01’ TimeStamp Fixed to O
Accumulated Data
15..0 5.0 | ... 15..0
AccData#1 AccData#2 AccData#n
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[127..120] FrameType
[119..64] TimeStamp
[7..0] AccData

Fixed to X'01’, indicates the frame is an AccumethData frame

The TimeStamp value indicates the arrival timeheftrigger of the
last acquisition that participates to the accunitat

The number of Accumulated data is equal to the rarmof
programmed raw data. The values are signed 1&dlites.

6.23.4 Parameter Data Frame

The Parameter Data Frame consists of a 128 bidehdallowed by a 256 parameters. Each parameter

data is 128 bits.

Header
127..120 119..64 63..0
FrameType=x'02’ TimeStamp Fixed to
x'0123456789ABCDEF’
Parameters Data
128..0 128.0 | ... 128..0
ParamData#1 ParamData#2 ParamData#256
[127..120] FrameType Fixed to X’'02', indicates the frame is a Param@&ata frame
[119..64] TimeStamp The TimeStamp value indicate the arrival time &f ttigger of the
last acquisition that participate to the accumalati
[7..0] ParamData The value of each Parameter is fixed to
x'0123456789ABCDEF0123456789ABCDEF’ .
6.23.5 Port Description

Signal ‘ Size ‘ Type | Short Description

Internal Bus

IB_Customer 1 In Must be connected to the IB-BUS signal with the sam

IB_Dirsel 1 In name. For details please refer to the descriptidhenlB-

IB_Write 1 In BUS.

IB_IndirCtr 31 In

IB_Rdy 1 Out

IB_TimeO 1 In

IB_End 1 out

IB_Addr 32 In

IB_DataW 32 In

IB_DataR 32 Out

IB_Clk 1 In Internal Bus clock, must be connectedhtdkg , the Local

Bus clock.

Reset 1 In Reset, must be connected to the general Brsstet .

Sysclk 1 In It must be connected to the system cl8gsclk2

Data Stream and Trigger

SP_Data_A 128 In Samples from channel A

SP_Data_Val_A 1 In Data valid from channel A

Sp_first_A 4 In Position of the trigger in the data block

SP_Data_B 128 In Samples from channel B (AC/SC240 only)

SP_Data_Val B In Data valid from channel B (AC/SC240 only)

SP_Trigger In Trigger marker

SP_Trigger_Reo In Trigger reorder control input

rder
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Signal Size | Type | Short Description

TimeStamp 56 In Trigger time stamp value from the triggerecor

Enable_Trigger 1 Out Trigger Enable to the Trigger core

Transmit port

Tx_Rem 4 out TX Data Remainder: Indicates the number Gtivaytes on
given transfers.

Tx_Data 128 out TX Data Bus. It contains the data of tlaenfe to be
transmitted.

Tx_Sof_n 1 out TX Start of Frame: Indicates the first tramgbr a given
frame.

Tx_Eof n 1 out TX End of Frame: Indicates the last tranffer given
frame.

Tx_Src_Rdy_n 1 out TX Source ready : Indicates that the sowsgeady to
transfer data

Tx_Dst_Rdy_n 1 in TX Destination ready : Indicates that the dsreeady to
accept data

Tx_Empty 1 in TX Destination ready : Indicates that the dereeady to
accept data

Tx_NRDY 1 in TX Destination ready : Indicates that the dsreeady to
accept data

Receive port

Rx_Rem 4 In RX Data Remainder: Indicates the number ofdvaytes on
given transfers.

Rx_Data 39 In RX Data Bus. It contains the data and therebus of the
received frame.

Rx_Sof_n 1 In RX Start of Frame: Indicates the first transfer a given
frame.

Rx_Eof n 1 In RX End of Frame: Indicates the last transfar & given
frame.

Rx_Src_rdy_n 1 In RX Source ready : Indicates that the core&ly to transfer
data

Other

Link_Err 1 Out Data Link Error: it indicates that the datakl has
encountered an error condition

Link_Rdy 1 Out Data Link Ready: it indicates that the dat& Is initialized
and ready for the transmission or reception of.data

Ledl 2 Out To control the front panel led L1:
Link O Status :
¢ Red: ODL faulty.
¢ Green: ODL successfully initialized and active i WMode.
¢ Orange: ODL successfully initialized.

Led2 2 Out To control the front panel led L2:

Acquisition Status :
¢ Orange: transfer disabled

¢ Green: Transfer & Trigger Enabled

* Red: Transfer Enabled & Trigger received

6.23.6 Registers

6.23.6.1Main Control Register

FDK Reference Manual

Page 130 of 165



This register defines the main control of the BE&seamer Application.
Register Space Register Number Register Address
Customer 64 0x2300
31.24 23..16
ACCN -
15 14 13 12 11..10 9 8 7.6 5.4 3.0

BIDIR | CPRB| CPTB STFX - -

[8] STFX RW Start/Stop framing process according to the Stredioele
0 Stop
1 Start

[13] CPTB RW SettingCPTBto ‘1’ will start capture a new TX-Monitor bufferccording
to the configured Capture Mod€PTB shall remain ‘1’ until the TX-
Monitor buffer is full or until the programmer wanto abort the capture
by settingCPTBback to ‘0'.

[14] CPRB  RW SettingCPRBto ‘1’ will start capture a new RX-Monitor buffeiccording
to the configured Capture Mod€PRBshall remain ‘1’ until the RX-
Monitor buffer is full or until the programmer wanto abort the capture
by settingCPRBback to ‘0'.

[15] BIDIR RW This bit shall be set ‘1’ when the RX-Monitor buffés used for
monitoring.

[31..24] ACCN  RW Number of Accumulation before to send accumulatath.d Value O to

255 for number of accumulation 1 to 256.

To restart another capture, the start capture GISIB and CPRB shall be set to ‘0’ and then set ‘1’

again.

6.23.6.2TX-Monitor Buffer Control and Status

Register Space Register Number Register Address
Customer 66 0x2308
31 | 30 20.28 | 27 | 26 | 25 | 24 | 23 | 22 21..20 19..16
RDY - -
15..0
[31] RDY R Buffer ReadyAfter a capture is starteRDYis set ‘1’ when the TX-

Monitor buffer is ready for readouRDYis set ‘0’ when the capture bit
CPTBof the Main Control Register is set ‘0'.

6.23.6.3RX-Monitor Buffer Control and Status

Register Space

Register Number

Register Address

Customer 67 0x230C
31 | 30 20.28 | 27 | 26 | 25 | 24 | 23 | 22 21..20 19..16
RDY R R
15..0
[31] RDY R Buffer ReadyAfter a capture is starteRDYis set ‘1’ when the RX-
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Monitor buffer is ready for readouRDYis set ‘0’ when the capture bit
CPTBof the Main Control Register is set ‘0’.

6.23.6.4Base Streamer Configuration Register
Register 73 defines the length of the Stripe Fréon&tream.

Register Space Register Number Register Address
Customer 73 0x2324
31..16
15..0
SFS

[15.01 SFS RW Size of a Stripe Frame in units of 16-sample blo8KS does not take into
account the size of the Header. The number of Esntansmitted with a
Stripe Frame iSFS x 16 plus the Header size. The valid range iss¢bfiples

to 64K sample$¢SFS = OxF to OXFFF)

6.23.7 Resource Utilization
Resource count and relative usage in the targetxXxirtex 1l Pro — XC2VP70-6FF1517:

Resources Used | Available | Utilization
Function Generators 1020 66176 1.5%
CLB Slices 510 33088 1.5%
Dffs or Latches 661 69068 1.0%

6.23.8 Version History

Date FDK Version Comments
February 06 Beta 6 New core
March 06 Beta 7 Description updated.
January 07 1.0 New SC240 Base Design

FDK Reference Manual Page 132 of 165



7. VHDL Test Bench

7.1 Overview

The Agilent Acqiris-supplied Test Bench is a sintida environment that simplifies the simulated
functional verification of new or existing designs.

There is one test bench for each base design. édtebénch component name is the name of the base
design with the adjunction df tb”. The test bench usually contains a tester comppttenbase design
itself, and the attached memories when requirecer&tis a single tester for all ac2x0 base designs,
ac240_top_sysclk_tester and one tester for the Base streamer:
sc240_top_sysclk_strl_tester

-
BaseDesign_tb
ac240_top_sysclk_tester DualPort Sram
1B- 2Mbytes
‘ Bus_ Lol ' 1Gbytes/s/port
| Text Command file(s) A « ocalBus | BaseDesign —
q_lib DE-Bus (DUT) Bank1 Dram
; | 1 acqt_acqiris_tester_top > +—> 256Mbytes
‘ Text Data file(s) b i Probe 2Gbytes/s
Clock > Bank2 Dram
«—> 256Mbytes
Others 2Gbytes/s
- >y

The tester has been designed with the requirenteit implementing new tests should not require
recompilation for simulation. It is also based ba toncept of executing the self verifying testslevthe
simulation is running. This is achieved by readamy executing commands from a text script file,
configuring the FPGA, running some simulated openst and then reading the resulting data with the
ability to compare them to a reference and to refhar result of the comparison. The report featime

be configured to list only the errors, all testulesor all commands.

The reference data can be either intrinsic datdata read from a text file. The test results apomed to
the Modelsim transcript window with a basic “endsohulation” summary.

Developers need not understand the tester in dbtailshould be aware of the existing commandseto b
able to write their own test bench scripts. Theetddelow is a summary of the existing commandsyThe
are described in detail later in this chapter.

Command | Comment

LL Writes the text argument to the Modelsim traipgcwindow.

SHOWAC Enables locally to display all commandsh® Modelsim transcript window.

HIDEAC Resets the SHOWAC command.

DC Declares and sets a value to a numeric constant.

DF Declares and sets a value to a string constant.

EF Executes lower level script file.

BG Begin group

EG End Group

RUN Makes the simulation run when not automaticatiyrted by another command.

CWx Writes to the FPGA (emulates driver registeelavrite operations). Burst available.

CRXx Reads from the FPGA (emulates driver registgell read operations). Burst & Test
available.

IWx Writes to the FPGA internal bus. Needs a spet#st bench. Burst available.

IRX Reads from the FPGA internal bus. Needs a fip@est bench. Burst & Test available.

CKx Defines clock frequency, start / stop clocks.

WP Signal Probe with capability to wait for a sfiiegpattern.

MACF Generation of de-multiplexed data stream. Etad the ADC and demux ASIC.
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7.2 VHDL Generic of the Tester Component
Several simulation parameters can be set throughlVgenerics of the tester component.

Generic

type

Short Description

DefaultScriptFile| String

Pathname of the scripe fihat Modelsim will attempt to
open at the beginning of the simulation. This ccadda
path relative to the Modelsim working directory.

TrigLevel Std_logic_vector(7..0) Trigger level

ShowAllTest Boolean It must be set True to list all tests to the Mouhels
transcript window. False to list only failing test.

ShowAllCmd Boolean

It must be set True to list all commands to the Msian
transcript window.

7.3  Script Command Syntax

A script consists of a collection of files includicommands. Each command contains first a command

name keyword followed by a series of arguments.

The syntax of this language is divided into tworgnaars. The first of is the lexical grammar which

define the tokens of the language. The second @igei syntaxical grammar which defines the correct

sequences of tokens to write commands. The twomgamare as follows in the EBNF notation.
In the syntaxical grammar, all the italic uppereasrds refer to tokens defined by the lexical grem

7.3.1Lexical Grammar

input = {inputelement }
inputelement = whitespace
| token

Whitespace = L | \t' | \f | '

token = command_name
| number
| string
| constant
| switch
| semicolon
| comment
| eol

command_name = letter_up {letter_up | decdigit | '_

number = '0' 'd' decdigit {decdigit}
| '0" 'x" hexdigit {decdigit}
| '0" 'b' bindigit {bindigit}

string = " {schar}"™

constant = ' ' (letter | decdigit ) {letter | decdi
switch = \' (letter | decdigit )

semicolon = !

comment = - {cchar}

eol = \n'

letter = letter_up | letter_down
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letter_up = ‘Al |'Z

letter_down = a'l..|'?
Decdigit = 0.9
Bindigit = 0|1
Hexdigit = 0| ..]9a .| T|I'A [...|'F
Cchar = all characters except \n'
Schar = all characters except " and '\n'
7.3.2Syntaxical Grammar
SCRIPT = {LINE }
LINE = [ EXPRESSION ] [ comment ] eol
EXPRESSION = comrand_name {ARG} ( swi tch ARG} senicol on
ARG = string
| nunber
| constant

7.3.3Description of the two grammars

A script contains a list of commands and some contsnéeComments begin with a double dash and are
valid until the end of a line (as in VHDL). Excdpt empty or comment lines, a line contains exactig
command which consists in a command name followedrguments. An argument is either a number, a
string, a constant or a switch. A switch is speaigument type composed of two parts: the firstisre
backslash follows by a character while the secomel is either a number, a string or a constant. Each
command must be followed by a semicolon. The argusnef a command are either mandatory or
optional. The optional arguments always follow thandatory ones, but the switches, which are optiona
by definition, always follow the optional argumenks short, the arguments are in the following orde
mandatory parameters, optional parameters, andisyt

Only 32-bit unsigned values are supported. Thefahg syntax must be observed within the scrigtsfil
e 0d must precede any decimal value (0d11)
¢ Ox must precede any hexadecimal value (0xB)
e 0Ob must precede any binary value (0b1011)

7.3.4Special rules
Some rules are not expressed within the gramméesy @re as follows:
- the maximum number of commands is 1000
- the maximum number of tokens is 20'000
- the maximum number of declared constants is 400
- the maximum size of a token is 120 characters

- aconstant is valid from the line after its dediarato the end of the script independently of the
files structure of the script. If a constant isldeed in a file F2 called by the file F1, it is ihl
from the line after its declaration in the file &2the end of the file F1 including all files calle
from F1 after F2. In other words, the file hierardh first flatten before checking the scope of
the constants

- agroup can be opened in a file and closed in @nathe. As for constants, the file hierarchy is
first flatten before checking for groups

If needed, these values can be changed in thiyfiee def pkg.vhdin the ACQ_LIB library.

7.3.5Data files

Some commands (e.g. CWF and CRFB) need a stringremgt which indicates a file containing data to
write on the bus or data to use for comparisonh@ufile must respect the following syntaxical graan.
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DATAFILE = {LINE }
LINE = [ nunber ][ coment ] eol

An example of such a file is given above:

-- generated by the command $ perl ./WfGen.pl -b 10 -150-0512
0d512
0d576
0d639
0d700
0d758

7.4  Script Commands

This section details all the available commands.dach command, all the arguments are describe. No
that an argument in square brackets indicates tionab argument that can be omitted.

Note thatall arguments can be set explicitly or with predeéi constants, using the DC or DF command,
i.e. a number can be replaced by a constant declaite the DC command and a string by a constant
declared with the DF command.

All the commands are blocking in the sense thaetezution of the script is paused until the comanian
finished. They are two exceptions to this rule: B2ahd D2WF.

7.4.1Creating Groups: BG / EG

In order to facilitate the simulation of a compldesign, the concept of group of commands was
introduced. It is therefore possible to run the lghseript including all files or to run only someogps.

Each group is defined by a label (a string) andesmited by the command BG (Begin Group) and EG
(End Group).

Begin group.
BG NAME

End group
EG NAME

The entire text is displayed

NAME string Name of the group

Example:

BG “test”; Defines the group “test

EG “test”™;

7.4.2Displaying Comments: LL

Displays comments in the Modelsim transcript window
LL [TEXT]
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The entire text is displayed

TEXT string  This text is displayed

Example:

LL “TEST9 FIFO Read”; The text “TEST9 FIFO Read’gented to the Modelsim transcript
window.

7.4.3Report Control Command

This command is useful to modify the reporting heébtrawithout the need of recompiling the design. It
allows reducing the amount of text being printed.

The commandSHOWAGEonfigures the test bench to report all subsequentmands to the Modelsim
transcript window, independently of the setting tfe generic parameterShowAllCmd or
ShowAllTest of the tester component.

The commandHIDEAC configures the test bench to revert to the repgris defined by the generic
ShowAllCmd or ShowAllTest of the tester component. In other words, it camtkee effect of the
SHOWACommand.

Forces the reporting of all commands to the Modelgi transcript window.
SHOWAC

All subsequent commands of the test sequence poeteel, until theHIDEAC command is issued.

Forces the reporting to the rules defined by the &ter generic.
HIDEAC

Example:
SHOWAC;

Other commands...
HIDEAC;

7.4.4Defining a Numeric Constant: DC

The DC command defines a numeric constant of typggaed integer. This constant can replace any
numeric parameter of the same type in any comm@athember that the name of a constant must begin
with an underscore.

Defines a numeric constant of type unsigned integer
DC NAME VALUE

NAME - Name of the constant.

VALUE number The value must be a positive integer, limited tdoB8 binary.

Example:
DC _Tvalue 0x12345678; Assign the value 0x12345678e constant Tvalue.
DC _Reg0 0x2210; Assign the value 0x2210 to thestzont Reg0. Intended to

be the address of a register.
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CW _Reg0 _Tvalue; Write Tvalue to the register Reg0

7.4.5Defining a String Constant: DF
The DF command defines a string constant. This taohscan replace any string parameter in any
command. Remember that the name of a constantbagst with an underscore. This type of constant is
usually used to define paths to script files oaddeés.

Defines a string constant, name, and value limitetb 120 characters (including quotes)
DF NAME VALUE

NAME - Name of the constant, use only alphabetic chamacter

VALUE string Any valid sequence of characters.

Example:
DF _wavel “D:/test/wavel.txt”; Absolute path
DF _wave2 “wave2.txt"; Within the Modelsim direcyor

DF _wave3 “../testfiles/wave3.txt”;  Relative to thtodelsim directory

7.4.6Executing a Script: EF
The EF command enables execution of a test bergpt $rom a script file. This enables to split a
number of tests into several files, making thememaadable and easier to handle. No limitationtgxis
on the hierarchy depth, i.e. a script can call agobne which can call a third one, etc.

Defines a string constant, name, and value limitetb 120 characters (including quotes)
EF FILENAME

FILENAME string Name of the script file to be executed

Example:

DF _TESTR “D:/test/RegisterTest.txt”; Define theiptpath
EF _TESTR; Execute a script file
EF “D:/test/RegisterMem.txt”; Execute a script file

7.4.7Run the Simulator;: RUN

The RUN commanderves two purposel always russ the tesbenchfor the amount of time specified
by the first parameter value. It also can delaypteeessing of théollowing script commandfor a
certainamount of time if the second parameter value igtechor null. Otherwise, theubsequengcript
commandsreimmediately processed by the test bench.

When a command is initiated, for exampleenwriting a bit into a register that triggers a coatpl
acquisition (issued from a CW command), the sinmetime advancguntil the CW command is
complete But afterwardsthe simulatiordoesnot continue unless there is another command to be
executed. If you want to run for a defined timedsefexecuting another command you can use the RUN
command.

Runs the simulation for a defined period of time.
RUN TIME [ MODE ]

TIME number Time in ns.
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MODE number When missing or when set to 0dO, the simulatios for a period of time
equal to TIME before reading the next script comdhan

When set to 0d1, the simulator runs for a periotinoé equal to TIME,
but also reads and executes immediately the neipt sommand.

When omitted, this parameter is set to 0dO

Example:
RUN 0d1000; Run simulation for 1000 ns (1 us), theecute next script command.

RUN 0d1000 0d1; Run simulation for 1000 ns (1 ug) simultaneously execute subsequent
script commands.

7.4.8Writing to Local Bus: CWx

This command emulates writing to the module, andenspecifically to the FPGA, which is the area of
interest for firmware developers. It allows singterepeated single writes as well as burst writbsés
command can be used to configure and control psesasithin the FPGA. A CWx command produces a
write access (or several write accesses) on thal lRgs.

Single or repeated write, explicit data.
CW ADDRESS WDATA [INCR] [REPEAT]

This command can be used for Direct as well asgnfdirect Access.
In the case of Indirect Access, it executes a nurabsingle word transfers.

Burst write, explicit data.
CWB ADDRESS WDATA INCR BURSTLEN

This command only allows Indirect Access.

Single or multiple write, data read from file.
CWF ADDRESS RFILE OFFSET REPEAT

This command can be used for Direct as well agndirect Access.
In the case of Indirect Access, it executes a nurabsingle word transfers.

ADDRESS number  Destination address
WDATA number  Data to write to the destination

INCR number  Data increment for repeated or burst operationst WEDATA <=
WDATA + INCR ). When omitted in the CW command,ghi
parameter is set to 0d0

REPEAT number  Number of times to repeat. When omitted in the GWhmand, this
parameter is set to 0d1

BURSTLEN number  Number of data in the burst

RFILE string File path for data to be written to destination

OFFSET number  Number of data discarded at the beginning of tlee fi

Example:

CW 0x2200 0x5; Single indirect write to the procegdF-PGA
CW 0x2210 OxAA; Single direct write

CWF 0x2200 “../testdata.txt” 0d2 0d5; 5 x indireaite, data from file, starting

from the third data
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7.4.9Reading from Local Bus: CRx

This command emulates reading the module, and sp@eifically reading the FPGA, which is the area
of interest for firmware developers. It allows dangr repeated single reads as well as burst rd#ils.
command can be used to configure and control psesesithin the FPGA. A CRx command produces a
read access (or several read accesses) on theRugal

Single or repeated read, explicit data.
CR ADDRESS RDATA [INCR] [REPEAT]

This command can be used for Direct as well agndirect Access.
In the case of Indirect Access, it executes a nurabsingle word transfers.

Burst read, explicit data.
CRB ADDRESS RDATA INCR BURSTLEN

This command only allows Indirect Access.

Burst read, Data read from file.
CRFB ADDRESS RFILE OFFSET REPEAT

This command only allows Indirect Access.

ADDRESS number Destination address

RDATA number Reference data for comparison with read data

INCR number Data increment for repeated or burst operationst RBATA <=
RDATA + INCR ) When omitted in the CR command, thegameter
is set to 0dO

REPEAT number Number of times to repeat. When omitted in the ©Rmand, this

parameter is set to 0dO
BURSTLEN number Number of data in the burst
RFILE string  File path to data for comparison with read data
OFFSET number Number of data discarded at the beginning of tlee fi

Available switches:

\M MASK number Mask for the comparison. A ‘1’ at a given positiodicates that this
bit position will be taken into account. When omsitt the mask is put
to OXFFFFFFFF

Example:

CR 0x2200 0x5; Single indirect read to the proces&iPGA

CR 0x2210 OXAA \M OxFF; Single direct read. Onlgt8 LSB are taken

into account for the comparison to the OxAA
value

CRFB 0x2200 “../testdata.txt” 0d2 0d5; 5 x indiregad, reference data from file,

starting from the third data

7.4.10 Writing to Internal Bus: IWx

This command partially emulates writing to the intd bus port (IB-BUS) of the tester component
acqt_acqiris_tester_top of the libraryacq_lib . This port is a ‘simulation’ port and is not
identical to the IB-BUS inside the FPGA. The comahBiYx therefore cannot be used to communicate
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directly with the internal bus within the FPGA. Tiig&eBUS port of the tester component is usually not
forwarded to the test bench component of the Basadns.

Developers can use this command to implement &sthes for sub-parts which communicate with the
internal bus port as defined by Agilent. By conimegsuch sub-parts directly to the IB-BUS of thstée
component, the test bench complexity for non-sygesnhbenches is reduced.

These “Ixxx” commands have a corresponding “Cxx@menand. This simplifies the conversion of
internal bus test benches to system test benchiessimiply replacing the “I” with a “C”.

Only a single Internal Bus can be emulated witketesomponent.

Single or repeated write, explicit data.
W ADDRESS WDATA [INCR] [REPEAT]

This command can be used for Direct as well agnfirect Access.
In case of Indirect Access, it executes a numbsingfle word transfers.

The address is any valid FPGA address except thieebit Data Register.

Burst write, explicit data.
IWB ADDRESS WDATA INCR BURSTLEN

This command should be used only in the case dfdaidAccess.
The address is the Indirect Data Register.

Single or multiple write, data read from file.
IWF ADDRESS WHFILE OFFSET REPEAT

This command can be used for Direct as well agnfdirect Access.
In the case of Indirect Access, it executes a nurabsingle word transfers.

ADDRESS number Is the full address as if the register was addegs®ugh the Local
Bus interface. The upper bits are not used. Thitites the
translation of the internal bus command to a L& command or
vice-versa.

Command IW: any valid FPGA address except the Indirect Data
Register.

Command IWB: The address is the Indirect Data Register, 0x2200
for the processing FPGA and 0x2600 for the commaiiun

FPGA.

WDATA number Data to write to the destination

INCR number Data increment for repeated or burst operationst WEDATA <=
WDATA + INCR)

REPEAT number Number of times to repeat

BURSTLEN number Number of data in the burst

WFILE string File path for data to be written to destination

OFFSET number Number of data discarded at the beginning of tlee fi
Example:

IWB 0x2200 0x5 0x1 0d1; Indirect write, this casaiburst of 1 data.
IW 0x2210 OxAA; Single direct write.

FDK Reference Manual Page 141 of 165



7.4.11 Reading From Internal Bus: IRX
This command partially emulates reading from therimal bus port (IB-BUS) of the tester component
acqt_acqiris_tester_top of the libraryacqg_lib . Please refer to the comments of the previous
section for more explanations.

Single or repeated read, explicit data.
IR ADDRESS RDATA [INCR] [REPEAT]

This command can be used for Direct as well agnfdirect Access.
In case of Indirect Access, it executes a numbsingfle word transfers.

The address is any valid FPGA address except theelit Data Register

Burst read, explicit data.
IRB ADDRESS RDATA INCR BURSTLEN
This command should be used only in the case afdadAccess.

The address is the Indirect Data Register.

Burst read, Data read from file.
IRFB ADDRESS RFILE OFFSET REPEAT

This command only allows Indirect Access.

ADDRESS number Is the full address as if the register were ademe#srough the Local
Bus interface. The upper bits are not used. Thuditites the
translation of the internal bus command to a L&s command or
vice-versa..

Command IR: any valid FPGA address except the Indirect Data
Register.

Command IRB: The address is the Indirect Data Register, 0x2200

RDATA number Reference data for comparison with read data

INCR number Data increment for repeated or burst operationst RBATA <=
RDATA + INCR)

REPEAT number Number of times to repeats

BURSTLEN number Number of data in the burst
RFILE string  File path to data for comparison with read data
OFFSET number Number of data discarded at the beginning of tlee fi

Available switches:

\M MASK number Mask for the comparison. A ‘1’ at a given positiodicates that this
bit position will be taken into account. When omiitf the mask is put
to OXFFFFFFFF

Example:
IRB 0x2200 0x5 0x1 0d1; Indirect read, this case mirst of 1 data word

IR 0x2210 OXAA \M OxFF; Single direct read. OnlyetB LSB are taken into
account for the comparison to the OxAA value
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7.4.12 Clock Generation: CKx
Up to 8 different clocks can be defined for teshdiees. The clocks are generated on the outputs
ExtCIk(7:0) of the tester componen&cqt_acqiris_tester_top of the libraryacq_lib
Each one can be enabled or disabled separatelgeTtieck signals are usually passed to the testhben
component of the Base Designs.

Setting clock period
CKSET CKNUMBER  CKPERIOD

Enabling clocks
CKEN ENMASK

CKNUMBER number A number from 0 to 7 referencing the clock sigBatClk.

CKPERIOD number Clock period in picoseconds, must be a positiveget.

ENMASK number An 8-bit pattern for enabling the clocks. If the ibjwith i = O to
7) of ENMASK is set to ‘1’, the clock sign&ixtCIK(i) is
enabled.

If the biti is set to ‘0’, the corresponding closignal is disabled.

Examples:

CKSET 0d0 0d1000; Period of clkO is 1 ns.

CKSET 0d2 0d8000; Period of clk2 is 8 ns.

CKEN 0b101; The two clocks ExtCIk(0) and ExtClkéE enabled. All

other clocks are disabled.

A In the previous version of this command, the basié was a nanosecond, not a picosecond. All the
custom scripts using the previous “ns” units mhetéfore be modified to the new “ps” units.

7.4.13 Probe Interface: WP
Up to 8 different probes can be used for test besicfihe signals to probe must be connected to the
inputs ExtProbe(7:0) of the tester componerdcqt_acqiris_tester_top of the library
acqg_lib . Each probe can be masked individually. The pigaals are usually connected to the test
bench component of the Base Designs.

The implemented function simply waits until theidefl masked pattern exists on the sidieProbe .
This is useful to wait for some process to endpleetontinuing the simulation (example: wait for an
interrupt signal).

Wait for probe pattern
wpP MASK PATTERN

MASK number An 8-bit mask where the bit i, in the range O will mask the value
of the signal ExtProbe(i), setting the probe vatube ‘0’ if the bit is
set ‘0’ or to the value of the connected signahé bit is set ‘1.
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PATTERN number An 8-bit pattern

Example:
WP 0b1011 0b11; Wait until signal 3=0 AND signat 1 AND signal 0 =1

7.4.14 Data Stream Generation: MACF

This command generates a digital data stream ietend emulate the acquisition and demultiplexer
function that supplies ADC data to the Data Praogsgnit.

The data are read from a file and demultiplexedht signalDE_DATAwhich is an output from the
componentcqt_acgiris_tester_top of the libraryacq_lib . The command also generates the
clock DECLKthat must be used to store the data. The outgnaHDE_DATAIs 16 samples wide. The
negative edge ddECLKmust be used for clocking it into subsequent tegis

This is a single channel command. For multiple dehrversions there some additional circuitry is

implemented within the tester component of the Hassigns. For dual channel versions, we usually use
the MACF command at twice the effective samplintgradhe data being de-multiplexed by 2 and the
clock period multiplied by two.

The data stream can start in two different waytheeiimmediately after the command is executed or
triggered by the input signdIRACPTof the componen&cqt_acqiris_tester_top . Please read
the description of the base design tester compdnesge if it is available and how it has been eoted.

Generate demultiplexed data stream

MACF FILE PERIOD REPEAT [ STARTMODE ]
FILE Filename of source data
PERIOD declk period in ns
REPEAT Number of 16-sample blocks to send on the DE bus

STARTMODE  0dO or omitted to start the data stream immediately
0d1 to start the data stream at the next rising @ RACPT

Example:

MACF ../src/laaa_debug 0d8 d10;  Generate immedidtlyiocks of 16 data values from file,
declk period is 8 ns.

7.5 Version History

Date FDK Version | Comments
September 05 Beta 4 Added Internal Bus command
May06 Beta 7 Add new command: SHOWAC, HIDEAC.
Overall Description updated.
Dec 06 1.0 New syntax
January 07 1.0 New SC240 Base Design
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8. Design Flow

The purpose of this chapter is to describe the aip@ design flows and tools. You will find a
description on how the tools shall be configuredwdat is specific to Agilent and on where to fithe
information developers will need.

There are multiple design flows that are differéwim one to the next because the design entry tool
and/or the synthesizer are different. The desigmyetool can be either HdIDesigner from Mentor
Graphics or a simple text editor while the synthesican be either Precision Synthesis from Mentor
Graphics or XST from Xilinx.

The VHDL simulator is Modelsim, there is no othdwice. The “Place and Route” tool is ISE from
Xilinx.

It is responsibility of the developer to attendsfecific course in order to get used to VHDL desigd
tools usage.

The design flow can be :

Flow Design phase Tool for Tool for TOOL FOR
Design Entry Simulation and P&R
Synthesis
With Design & Verification | HdIDesigner Modelsim
HdIDesigner
Implementation Precision Synthesis ISE
or XST (ISE)
Without Design &Verification Text Editor / Modelsim
HdIDesigner other
Implementation Precision Synthesis ISE
or XST (ISE)

The design entry tool for the flows without HdIDgisér can be either a simple text editor or another
higher level design entry tool.

The installer program will copy all FDK design 8lgo the directory at the location defined by the
environment variable AcqirisFdkRoot. This directoiy referenced hereafter as tR®Kdirectory
whereasbAcqirisFdkRoot is used in path names a#tdhcqirisFdkRoot% is used within the value of an
environment variable.

The FDK directory structure is described heredftehe paragraph about the HdIDesigner flow witile t
key files are listed in the next chapter in thecdigsion of the developer library.

8.1 Standard Tools
Developing a new firmware will be faster in the Igastage for developers using HdIDesigner. This is
why we strongly recommend that our customers bugitstomers will have the advantage of a fully
integrated tool. Agilent Acqiris Technical supputitl be able to react much faster to any inquiry.

Tool Name Actual Features / Comment Approx.
Version Costin

uss$
HDL Designer 2004.1b | Graphical entry: 12.500

Author graphics . State diagram.

Mentor Graphics »  Block diagram.
* Integrated flow for synthesis and simulatio

-

» Facilitate work for documentation.
» Good overview of the whole design.
«  2"party tool integration for Version contro|.

Modelsim PE / SE 6.1b /d Best simulation tool on the market. 5600
Mentor Graphics

Precision Synthesis | 2005c.79] New generation of mentor synthesis tedyyol 15000
Mentor Graphics

ISE Foundation 8.1.03i Xilinx Synthesis Floorplanning and Placé&ute. 3000
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Edif or VHDL flow
Xilinx

8.2 Design Flow with HdIDesigner

HdIDesigner is our main tool for design managenagwt to run synthesis or simulation. HdIDesignex is
complex program with the capability of doing almastything for FPGA firmware designers. We make
minor changes to the default mentor graphic Hdl@mesi configuration. These changes can be set by
firmware developers by loading the default Acgifesam and User configuration.

The directory structure is strongly oriented by tisage of HdIDesigner. It is based on a set ottbrees
containing design libraries. At the upper level, sipported design flows share the same directory
structure. So it is also useful for non HdIDesigneers to read this paragraph entirely.

8.2.1Block Diagram

Acqjiris Libraries ;
HdIDesigner Design Change
Graphical / Text Entry

SDC

UCF

Text VHDL generation

Customer Design
Customer Libraries

}

ModelSim compilation
g q Simulati
VHDL Text Libraries meeen

Simulation OK

r
Check Design for Synthesis

Synthesis

Timing Constraint

Precision Synthesis
XST

Simulation OK / Synthesis Check

when necessary

Timing Constraint

ISE - Foundation

Floorplanning
Place & Route

ModelSim
Functionnal Verification

Chipscope Core Insertion

Bitfile Generation
Run Application

Design Change ‘

FDK Reference Manual

ChipScope
Builtin Oscilloscope
for In-Operation Debugging

Test Script
Xilinx Libr
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8.2.2Directory Structure of the FDK Installation

$AcqirisFdkRoot, path to the FDKdirectory

w

/

[ / [ /

lib_common  lib_component lib_projects lib_xilinx HdIDesigner
$AcqirisFdkRoot /* | Purpose
lib_common Library group folder for Acqiris standdibraries.

lib_component

Library group folder for third patfifyraries.

lib_projects Library group folder for Acqiris prajs and base design(s).
lib_xilinx Library group folder for Xilinx libraria: unisim, simprim, xilinxcorelib
HdIDesigner Directory for HdIDesigner configuratiand preferences

HdIDesigner

[

[

Ty &y

bitmaps mapping preferences
HdIDesigner/* Purpose
bitmaps Several icons bitmap for the HdIDesigner gu
mapping HdlDesigner Project file and shared prdjéefor library mapping
preferences User and Team preferences for HdIDesign

lib_*: library group folder

—

lib1 : library folder

iy 9 B9 v

hdlgraphic hdltext modelsim cores

—

===

libN precision

Directories of the | Purpose
library folder
hdlgraphic HdIDesigner Graphical Design files. NiddIDesigner users should not ta

care of these files. HdIDesigner will generate allvtext version of thesg

ke
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designs in the hdltext folder.

hdltext The vhdl source files for simulation anathesis.

modelsim ModelSim compiled files & working direcyoilt includes the file modelsim.ini
that should be used to define the libraries antepeaces for modelsim.

cores ISE source folder for sub-components witkdihor ngc description.

precision* Working directory for Precision Synttesi

ise* ISE implementation directory for the ISE EOléw

Xst* ISE implementation folder for the XST desidow

* These directories are present only for the lib@c240_developer_lib.

8.2.2.1 HdIDesigner SideData
Side Data are supplementary source design dath ésUEDIF, SDF, and document header files) or
user data (such as design documents or text filbgh are saved with a design unit view and can be
viewed using the Side Data browser. (design ueitvvistate machine, Block diagram, VHDL text
file,...).

8.2.2.2 HdIDesigner SideData Directory
There are two Side Data directories: The desiga 8ate Data directory and the user data Side Data
directory. We only use the design data directotgrtiig HdIDesigner 2004, the pathname of this
directory depends on the type of design unit vielw associated with.

Design unit type design data SideData Directory

Block diagram hdlgraphidésign_unit_namnistruct.bd.info

State machine hdlgraphit&sign_unit_nanifésm.sm.info

Text VHDL hdlgraphic/.hdIsideda@ésign_unit_namehd.info

There is Side Data for each component with a nomVHlescription. For example when there is an
EDIF or NGC description, which is the case for som components created with the Xilinx core
generator. The necessary EDIF or NGC view will bpied to the directorgores of the developer
library.

There is Side Data for each top level base desigriecludes script files and configuration filesrf
downstream tools.

8.2.3Configuring HdIDesigner

This paragraph describes how developers shouldgroefHdIDesigner. All necessary files are copied t
the directory$AcqirisFdkRoot\HdIDesigner.

8.2.3.1 Acqiris Team and User Preferences

The User and Team preferences as defined by Agiemfiris must be used in order to compile
successfully the designs. This can be simply dgngelting two environment variables:

HDS_USER_HOME to %AcqirisFdkRoot%\HdIDesigner\Prefeces\hds_user
HDS_TEAM_HOME to %AcqirisFdkRoot%\HdIDesigner\Prefaces\hds_team

The Team and User preferences are set to recogmzprograms listed hereafter. These programs run
automatically when necessary from within HdIDesigriéis is true only if the path for the executaisle
added to the window environment variable PATH.

Microsoft WORD, EXCEL, and POWERPOINT as well as ROBAT, CORELDRAW, and ULTRA-
EDIT.

8.2.3.2 Project File / Library Mapping

HdIDesigner has the concept of Project File and&@h&roject File. The Project File defines all poj
specific libraries while the Shared Project Fildimes libraries that are shared by multiple prge&
good example of a specific library is the librag240_fdk while the best example of a shared libiary
the test bench library acq_lib.
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The library mapping is included in the project dileThe mapping is a list of paths indicating to Hdl
Designer where the files associated with a libmg. This includes paths for design files and pé&ths
the downstream tools working directories.

As the path for the Shared Project File is definitiin the Project File, we only need to load thejéct
File to get the settings for all Design libraries.

Library Mapping File Location
Shared Project File $AcqirisFdkRoot/HdIDesigner/idiayg/FDK_Name shared.hdp
Project File $AcqirisFdkRoot/HdIDesigner/MappiR@K_Namehdp

FDK_Namestands for the main fdk library. For the ac240 Fiis will be “ac240_fdk”.

8.2.4Simulation with Modelsim

The FDK installation includes the Agilent Acgiribrdaries already compiled for the currently supedrt
version of Modelsim. As Agilent does not issue a fobeach new Modelsim version, the customer shall
recompile the libraries when using a newer Modelgarsion.

Modelsim can be started from the HdIDesigner ghie Simulation resolution shall be set to 1ps.

x
Design | YHDL | Verlog | SDF |
Library: Iac24DJdk
Diezign unit Iac24D_lop_syscIk_tb
Wiew: Istruct
Log file: I Riesolution: IpS j
Host Mo
& Local & Interactive (GUI)
" Remate Server: " Command-ine
j = Batch
Edit Server List | Fiefiesh |
[V Enable Communication with HDS
[~ Exclude PSL [-nops])
Iritiglization command [-do] Browse Cmd File |
[ave.do Ecit Cmd File |
Additional simulatar arguments:
| [~
0K I Cancel I

Once the design is loaded, you shall start the lsitmuby running it for the desired time: “run 106"
You might then follow the queries of the Acqiris steBench. The test results are displayed in the
transcript window. Please refer to the descriptibthe Acqiris Test Bench for more information.

8.2.5Synthesis with Precision Synthesis

The FDK installation has the Base Design alreadyttssized for the currently supported version of
Precision Synthesis. Precision Synthesis shouktdrted from HdlDesigner as parameterized below.

In the General tab of the Precision Synthesis i8gtinterface, you must activate the option “Inelud
SDC Constraint files”. The synthesis constrairg fil the Design Side Data will be used for synthesi
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H[} Precision Synthesis Settings I [=] S|

General ] Setup ] Uszer Script ]

— Precision Synthesis executable directory path

Pleaze specify the directory which containg the Precizsion Synthesis executables if
not already included in your system PATH wariable. User variables and environment
wvariables can also be used.

#task_PrecisionRTLPath Browse... Wariables... |

— Place and Route Path

Altera: I$QUAF|TUS_F!DDTDIF! Browse... |
g Alliance S enies: |$><ILIN>< Browss... |

Lattice DesignDirect: |$FDUNDHYK.. Browse... |

Actel Designer. |$ACTEL_HDME Browse... |

— Constraint File:

¥ Include SDC Constraint files

AllSDLC files in the <Design Side Datax/Synthesis/Constraints directary for each
view will be included in the generated script.

[ Add allfiles into a single “work" libram

Defaults | Ok | Cancel

In the Setup tab of the Precision Synthesis Settintgrface, you should activate the option “Ovétevr
implementation folder”. We select this option irder to have the edif and ucf files created by Rreci

Synthesis always at the same location. This is evient when ISE is configured to point to these two
files.

"BPrecision Synthesis Settings =101x]

General  Setup 1 User Serpt |

—Setup

Technolagy:
E—dictel I
T—Altera

E
G—Lattice Speed Grade:
Bl I

Device:

Dresign Frequency:
MHz

[T 4dd10 Pads

" Use safe F5M

I Retiming

— Output Format:
¥ EDIF [~ wHOL [~ Werilog

— Run Option:
™ Compils
™ Synthesize
I™ Run Integrated Place and Route
Metiizt Famat @ WHDL € Werilog

¥ Overwrite implementation folder

Defaults | ok | Cancel |
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In the User Script tab of the Precision Synthesitiigys interface, you must activate the optionriRuis
script after processing” and you must select theeco script file. The script file depends on whighse
Design will be synthesized. It is located in thesige Side Data directory of the Base Design, in the
folder “/Synthesis/Constraints”.

Hl} Precision Synthesis Settings =101 =]

General ] Setup  User Script ]

User Script
[~ Fiun this script before processing

I Browse... |
¥ Run this script after processing

|ac:24D_t0p_sysc:Ik.-"struct.bd.info.-"Synthesis.-"Eonstraints.-"prec:ision.tc:l Browsze... |

Defaults | ()8 | Cancel |

The synthesis will automatically run and save tidFEand UCF file for ISE. While the EDIF file is
always the design entry for ISE, the ucf file tee uould be different than the ucf file generated by
Precision Synthesis. Details are indicated in thegter VHDL libraries.

8.2.6Synthesis with XST (ISE)
XST could be launch directly from HdIDesigner. Tfiwv is not supplied with the FDK installation.

8.2.7Implementation with ISE

The ISE-EDIF implementation shall be used if theigie was synthesized with Precision Synthesis. This
is described hereafter in the paragraph specifibealesign implementation with ISE.

8.3 Design Flow without HdIDesigner

The directory structure is designed for the uséldiDesigner. It is recommended that non HdlDesigner
users read section 83ESIGN FLOW WITH HDLDESIGNER prior to read this one.

8.3.1Block Diagram

The more simple design flow will uses a text editdtodelsim, and ISE Foundation with the XST
synthesizer. Synthesis with Precision Synthesidsis possible.
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Customer Design
Customer Libraries

!

% Text Editor F Design Change

J7 ModelSim compilation Mode|S|m Test Script
iri i i . . & Simulati
Acgiris Libraries VHDL Text Libraries e _ | xilinx Libr
Functionnal Verification

Simulation OK

Synthesis

Check Design for Synthesis
SDC
Timing Constraint

Post-Synthesis
Simulation

Precision Synthesis
XST

Simulation OK / Synthesis Check

Chipscope Core Insertion
when necessary

UCF

. . Post-Place & Route
Timing Constraint

Simulation

ISE - Foundation

Floorplanning
Place & Route ‘

Bitfile Generation
Run Application

Design Change ‘ ChipScope
Builtin Oscilloscope
for In-Operation Debugging

8.3.2Simulation with Modelsim

The file modelsim/modelsim.ini should be used tafgure Modelsim. This includes the preferences and
the library definitions.

8.3.3Synthesis with Precision Synthesis
Developers should use the two files below to canmigPrecision Synthesis:
$AcqirisFdkRoot/lib_project®leveloper_LibraryprecisionBase_Designstruct/hds/add_files.tcl
$AcqirisFdkRoot/lib_project®eveloper_LibraryprecisionBase_Designstruct/hds/precision.tcl

Developer_Librarystands for the delivered developer library. In cafsthe ac240 FDK this is the library
ac240_developer_lib

Base_Desigrstands for the delivered Base Designs. In casheofit240 FDK this can be either240Q
ac210or ac240_ddr

The script add_files.tcl is executed from the dcpiecision.tcl. These two scripts include refesmnto
design files using absolute paths. You should nyoidi€m prior of use. The absolute path E:/FPGAlshal
be replaced by the value you set for the variaBleg#isFdkRoot.

8.4 Design Implementation with ISE

We distinguish two ISE implementation paths: ERIF path for which the synthesis is done with an
external synthesizer like Precision Synthesis dedvHDL path for which the synthesis is done with
XST, the Xilinx synthesizer.

As the input files for th&eDIF path and theVHDL path are different, we created two separate ISE
projects. The ISE project files for ti#DIF path are stored in the directoise while the ISE project files
for the VHDL path are stored in the directorst . We created one ISE project for each Base Design,
this leads to 6 ISE projects ( 3 base designs atls)p. Using these project files ensures that yetual

the correct settings.
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The configuration for the ISHranslate, Map, Place-and-Route and Generate-Programming-File
processes are identical for both the EDIF and tH®V flows.

8.4.1Cores Directory

There is Side Data for each component with a nomVHiescription like the EDIF and/or the NGC
format. This is the case for cores or componentegdged with the Xilinx core generator. These EDIF
and/or NGC files are copied to a common directtng, directorycores of the developer library. The
delivered ISE projects are configured to searchilies in this directory.

8.4.2Synthesis with XST (ISE)
The ISE project file points to the vhdl files oktfdk libraries (vhdl files located in the diredes hdltext
of the fdk libraries). Any change in these filesletected, requiring the flow to be re-run.

8.4.3Property Settings for ISE-XST

The Optimization Goal property must be set to spsedi the Optimization Effort property to High. The
Cores Search Directories property must be set éactines directory. The custom compile file list
add_files.txt must be used.

E Process Properties ﬂ
LCategory
i iling S pecific Options
Property Mame alue
Optimization Goal Speed Ll
Optimization Effort High =\
Usze Synthesiz Constraints File I
Synthesiz Constraints File _|
Library Search Order _|
K.eep Hierarchy Mo ;I
Global Optimization Goal AllClockMets hd
Generate RTL Schematic Yes =
Read Cores v
Cores Search Directaries A foores =
Wwite Timing Constraints I
Crozz Clock dnalpsis I
Hierarchy Separator ! Ll
Bug Delimiter < L'
Slice Utiization Fatio 100 —
BR&R Utilization Fatio 100 ﬂ
Case b zintain ha|
‘whork, Directary Aust =
HOL IMI File: [
Verilog 2001 =3
Werilog Include Directories _|
Generics, Parameters
Verlog Macroz
Custom Compile File List dadd_files bt _|
Other #%5T Command Line O ptionz

Property dizplay lewvel: I.&dvanced vl Diefault |
QK. I Cancel | Apply | Help |

y
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The FSM Encoding Algorithm property must be seDtte-Hot.

E Process Properties

Category

-~ Synthesis Options

|

- Xilinx Specific Options
Property Name Value
FSM Encoding Algorithm One-Hot v
Safe Implémentation No ~
Case Ifﬁpleme.n.tatjon Style | None v
FSM Style LUT v
RAM Extraction [w]
RAM Style Auto v
ROM Exraction [w]
ROM Style Auto v
Mux Extraction Yes v
M.uxSter Auto v
Decoder Extraction [w]
Pridrity Encoder Extraction | Yes v
Shift Register Extraction [/
LogicatSh'iﬁerExtracﬁon
XOR Collapsing [V
Resource Shar.ing
Multiplier Style Auto v
Property display level. |Advanced v| ’ Default

[ oK ][ Cancel ][ Apply ][ Help ]

The property Add 1/O Buffers must be unset. The Maxout property must be set to 500.

E Process Properties

Category

- Synthesis Options
~~HDL Options
. Xilinx Specific Options

Property Name | Value

Add IO Buffers 1

Max Fanout 500 ¥
MNumber of Clock Buffers 16 -
Register Duplicaion ™

EquivaleniRegisterRemoval 1
Fieg.isterBaIancing No v
Move F.ir.stfil.ip—.Fio.p.n Stage
Move L'aschp—FIop Stage

Pack /0 Registers into I0Bs
Slice Packing

Convert Tristates To Logic Yes v
Use Clock Enable Yes v
Use Synchroﬁoﬁs Set Yes v
Use Sy_nc.hronous Reset Yes w

Optimize Instantiated Primitives ]

Property display level: |Advanced v|[ Default ]

OK IH Cancel ][ Apply ][ Help ].::
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8.4.4Properties Settings for ISE-Translate
The Macro Search Path property must be set todtes directory.

E Process Properties

Category
B Translate Properties

Property Name Value

Use LOC Constraints

Netlist Translation Type Timestamp v
Macro Search Path _[.Jcores ]
Create /O Pads from Ports |l

Allaw L.Inexpanded Blocks D

UserRuIes File forNeﬂlsterLauncher . ]
Allow Unmatched LOC Constraints |:|

Preserve Hierarchy on Sub Module D

Other Ngdbuild Command Line Optrons .

Property display level: |Advanced vH Default ]

8.4.5Properties Settings for ISE-Map

Mapping the design must be run with the Timing-Briyproperty set and with an effort level set tchhig
The Optimization Strategy property must be sesfwed.

E Process Properties

Category
el

Property Name Value
Perfarm Timing-Driven Packing and Placement [v/]
Map Effort Level High ~
Exira Effart Mone v
Startmg Placer Cost Table 1 100) 1 -
Combinatarial Logic Optlmlzatlon =
Register Dupllcatlon D
Trim Unconnected Signals .
Rephcate Logic to Allow Logic Level Reduchon Z|
Allow Logic Optimization Across Hierarchy :|
Map to Input Functions 4 ~
Optimization Strategy (Cover Mode) Speed v
Generate Detailed MAP Report [l
MAP Guide Desngn File (.ncd) | ]
MAP Guide Mode | None v|
Use RLOC Constraints
Pack I,.fO Fiegmters,’Latches into |0Bs | Forlnputs and Outputs |
Disable Registar Ordering
CLB Pack Factor Percentage 100
Tri-state Buffer Transformation Mode Off w
Map Slice Logic into Unused Block RAMS ]
Other Map Command Line Options [

Eroperty display level: |Ad\fanced v| [ Default J

[ 0K ] [ Cancel J [ Apply J [ Help ]
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8.4.6Properties Settings for ISE-Place and Route

E Process Properties

Category
B Place & Route P'roperties

Property Name Value

Place And Route Mode MNormal Place and Route |
Place & Route Effort Level tOveraIi] Medium »
Placer Effort Level (Overrides Overall Level} None v
Router Effort Level (Overr.ides OveraII.L.eveI} MNone v
Exira Effort '(Highest'PAR'leveI only) - None

Starting Placer Cast Table (1-100) ] %
PAR Guide Design File (ned) =
PAR Guide Mode | None v
Use Timing Constraints

Use Bonded |/0s il

Generate Asyﬁc-hronous Delay Report |:|

G_en_er_ate Clack Region Report |:|

Generate Post-Place & Route Static Timing Report .
Generate Post-Place & Route Simulation Model |:|
Number of PAR lterations (1-100) [ |
Number of Results to Save (D—‘!D"tI") |Default: Un
Save Resultsin Diréctory (.dirwill.be appended) .
Nodelist File (Unix Only)

Power Reduction |:|
Om_grPIacg_B'.'Routg Co_mmand'_Line Options '

Broperty display level: |Advanced v|’_ Default J

[ QK ][ Cancel ][ Apply ][ Help ]

8.4.7Properties Settings for ISE-Bit file Generation
We use all default properties except for the “Didene Pin High* property which must be set.

E Process Properties

Category

- General Options

Configuration Options

Startup Options

Readback Options

Encryption Options Property Name Value
FPGA Start-Up Clock | CCLK w
Enable Internal Done Pipe ol
Done (Outpthvents] ' Default (4) o
Enable Outputs (Output Events) Default (5) v
Release Write Enable (Oumu{iévents] Default (6) b
Release DLL.(OutputEvents] Default (NoWait) w
Match Cyclle - Auto e
Drive Ijo_nle Pin .Hi_gh [W

Property display level: |Advanced v| [ Default J

[_ OK ][ Cancel ]l Apply ][ Help ]
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8.5 ChipScope

The module could be connected to Xilinx ChipScopeg the Xilinx Platform Cable USB and an
adapter delivered by Agilent.

8.6 FPGALook

FPGALook is a program used to add a header ategehing of a bit file. This header has predefined
fields that can be modified with FPGALook. Theselds can be read with the Acqiris Driver function
Acqgrs_getinstrument Info.

I FPGA Look B ] 54
Eile ‘Window Help
Ji5erverd/XFerFiles/4daniel;/ Analyzers¥1/acZ40.bit I [ |
Name |ac240 bit for PCBrevB Target List block | device
PartNumber [t L L e
Version |BETA vOOD
YersionTxt |
Compilation Date |2E|E|5£D4£22T15:15:53
—— Add Target
Techno |X|I|nH Yirten? Pro 49'
Model |2vP70iE17 6 Delete Tﬁrgetl
Function List Marne Description
1 |EaseDesign Baze Design for FOK AC240, includes DE and IM Buffer, tigger and 1/0 cantral
Add Function |
Delete Funl:tiunl 4 _,l
Binary data:
0o 02 OF Fo OF FO OF FO OF FO 00 OO 01 61 00 15 ... ........ a. . ﬂ
61 63 32 34 30 S5F 74 £F 70 5F 73 78 73 63 E6C BB acZ40_top_syscl
Z2E BE 63 64 oo g2 00 OC 32 Ve 70 37 30 66 66 31 .ned.b, L 2wpV0£E£1
35 31 37 00 63 00 OB 32 30 30 35 2F 30 34 2F 32 517.c..2005/04/2
3= 00 64 OO0 09 31 35 34 31 35 34 35 33 0o 85 00 Z2.d..15:15:53.e.
31 C7 ihd4 FF FF FF FF ia 99 55 65 30 oo S0 01 00 locoooooao Ufo.
oo oo o7 30 01 60 01 OO oo 01 09 30 01 20 01 01 coolocooco a.
04 3F ES5 30 01 Co 01 01 2B A0 93 30 oo Co 01 oo .?.0....4..0 LI
Cpen (Chrl+o) &

The following fields must be filled as indicatedde:

Compilation Date: This field is automatically inserted and read frother portions of the bit file.
Techno: Name of the target technology

Model: reference of the target

Target List: block shall be 0, device shall be 0.

Contents of the others fields are up to the Firnenaeveloper.

8.7 Version History

Date FDK Version | Comments
September 05 Beta 4 Modify path for modelsim compiled files offiKx
libraries, uses the $XILINX environment variabledahe
default path defined by ise.
May06 Beta7 Reviewed the entire chapter, add informdtiothe XST
flow.
January 07 1.0 New SC240 Base Design
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9. VHDL libraries

The FDK uses components from Acqiris or Xilinx stard libraries

The purpose here is to briefly describe the liesend their key components.
9.1 Delivered Libraries

The FDK installer will install the VHDL librariesdted in the table below.

Library Name ‘ Purpose

AcqirisFdkRoot/lib_projects/...

ac240_developer_lib Library for developing new firmware for the AC2x0 SC2x0
products

ac240_fdk Acqiris library: components specific to the FDK tife AC2x0 /
SC2x0 products. This library shall not be modified

cpld_sc240 Acqiris library: On board Local Bus control and itizer control

ddr_ctrl_virtex2 Acqiris library: DDR interface core

AcqirisFdkRoot/lib_common/...

std_lib Acaqiris library: common components for basic funog

std_xilinx Acqiris library: common Xilinx components

acq_lib Acqiris library: common test bench components

fdk_lib Acqiris library: common FDK components

fdk_lib_h Acqiris library: common FDK cores

AcqirisFdkRoot/lib_component/...

cypress Acqjiris library: SRAM simulation model based on thgress mode

samsung_ddr Acqiris library: DRAM simulation model based on tl&amsung
model

9.2 Xilinx Libraries

The Xilinx libraries are not installed by the ins{arogram because of their size (>~100 MB). Depels
have to generate them with ISE. The installatiacedure is described hereafter.

The HdIDesigner mapping should be modified if tmewator is the modelsim SE version.

9.2.1HdIDesigner Library Mapping

The HdIDesigner mapping uses the default path ddfiny ISE for modelsim PE and modelsim SE. In
case developers use modelsimSE, the HdIDesignepintaghould be modified to point to the file for
modelsim se.

Libraries ‘ Purpose | Location ModelSim
Xilinx Compiled libraries
unisim Xilinx library for | $Xilinx/vhdl/mti_pe/unisim PE
functional simulation $Xilinx/vhdl/mti_se/unisim SE
XilinxCoreLib Xilinx Cores $Xilinx/vhdl/mti_pe/xilinxcorelib PE
$Xilinx/vhdl/mti_se/xilinxcorelib SE
simprim Xilinx primitives for delay| $Xilinx/vhdl/mti_pe/simprim PE
annotated simulation. [ gxjiny/yhdl/mti_se/simprim SE

9.2.2Installing the Xilinx Libraries

You shall install the Xilinx * ip update” on top @he standard Xilinx installation in accordancette
supported Xilinx version.

= download and install ise_81i_ip_updatel.zip
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9.2.3Compiling the Xilinx VHDL Libraries
Follow this procedure to compile the HDL Simulatioibraries with ISE 8.1.
Open one of the delivered projects by double dligkon one ISE project file.

Select the FPGA in the source window (here xc2v@ff0517).
Select the Compile HDL Simulation Libraries procesthe Processes window.

E Xilinx - ISE - D:\FPGA\lib_projects\ac240_developer_lib\xst\ac240_ddr\ac240_ddr.ise - [D

i Fle Edit \View Project Source Process Window Help

DPHT LD AR BAALEL[NE £ XBE oo obd desc.

Sources for: | Synthesis/Implementation

- Hac240_ddr

= Eaxc2vp/0-6ff1517
= m,ﬁ;ac?#ﬂ_top_sysclk_ddr - struct (/. ./hdltext/ac240_top_sysclk_ddr_struct vhd)

[ 137 - ac240_user_block - struct {_./. fhdltext/ac240_user_block_structvhd)
E I31 -user_block_example - struct (/. fac240_fdk/hdltext/user_block_example_struct vhd)
: I3- user_block_example_ctr-fsm (/[ fac240_fdk/hditext/user_block_example_ctr_fsm.vhd)
|5_|- IN_Buffer_A- de_buffer - struct (.././../. lib_common/fdk_lib/hditext/de_buffer_struct vhd)
=] 10 - ramb16_s36_s36_m-arch (../.f./ lib_common/std_xilinx/hditextramb16_s36_s36_m_arch.

- [Zi_ramb16_536_s36 - ramb16_s36_s36
& Ii -ramb16_s36_s36_m-arch (../././ lib_common/std_xilinx/hditext/ramb16_s36_s36_m_arch.

|

(1

- i ramb16 536 $36-ramb16 536 536 k]
< i | 3
=2 Sources |E@Snapshots || [y Libraries |
|
Processes:
[ Add Existing Source
|:| Create Mew Source

=% Design Utilifies
- P2 Update All Schematic Files

Compile HDOL Simulation Libraries
Regenerate All Cores
Pre-Assign Package Pins
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= Set the properties for Compile HDL Simulation libes as indicated below.

E Process Properties

Category

- Simulation Library Compiler Properties

Property Name Value

Language LAl |
Compiled Library Directory | $HILINK/<language>/<simulator> (]
Simulator Path Searchin Path &
Cverwrite Compiled Libraries | Overwrite v/
Compile UNISIM (Functional) Simulation Library

Compile SIMPRIM (Timing) Simulation Library .

Compile XilinxCoreLib (Coregen) Simulation Library
Compile SmarModels (PPC, MGT) Simulation Library
Update modelsim.ini File for Xilinx SmartModel Use l\/

Other Compxlib Command Line Cptions

Property display level: |Advanced v|[ Default ]

[ 0K ][ Cancel ” Apply H Help ]

* Run the Compile HDL Simulation libraries process.

The file modelsim.ini shall be adapted to simuldte MGT (Multi Gigabit Transceiver) of the SC
products. Note that the MGT simulation models aedivdred as encrypted SWIFT models and the
SWIFT interface must be enabled and correctly cpméd to simulate these models.

The above compilation changes the file “modelsiihuwvithin the installation directory of ModelSimf |
the used “modelsim.ini” file is a different one, &sthe case in all modelsim directories of the FDK
libraries, the following modifications shall be dipg manually to these files:

Edit the modelsim.ini file related to the top lewa$tance of your design (the one that is use@uodh
the simulation). It should be located at $Acqirisf®bot/ac240_developer_lib/modelsim if the design to
simulate is developed from the ac240_developefidibry as recommended.

Set the simulator resolution to 1ps
; Simulator resolution

; Set to fs, ps, ns, us, ms, or sec with optional p refix of 1,
10, or 100.

Resolution = ps
Set the libsm and libswift variables as following:
[Imc]

; The simulator's interface to Logic Modeling's Sma rtModel SWIFT
software

libsm = $MODEL_TECH/libsm.dll
libswift=8LMC_HOME/lib/pcnt.lib/libswift.dll

; The simulator's interface to Logic Modeling's har dware modeler
SFI software

libhm = $MODEL_TECH/libhm.sl
9.3 Library ac240_developer_lib

As the name suggests, this library, or a copy,a$hibuld be the design library for new firmware(s).
contains the base designs, their test benchesthendser block core skeletons. The user block core
skeletons are already instantiated in the basgusi
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Component

Short Description

ac240_top_sysclk_ddr_tb

Base Design Test Bench for vhdl simulation

ac240_top_sysclk_tb

Base Design Test Bench for vhdl simulation

ac210_top_sysclk_tb

Base Design Test Bench for vhdl simulation

sc240_top_sysclk_strl_tb

Base Design Test Bench for vhdl simulation

ac240_top_sysclk_ddr

Base Design for AC240 firmware with memory cores

ac240_top_sysclk

Base Design for AC240 firmware (no memory cores)

ac210_top_sysclk

Base Design for AC210 firmware (no memory cores)

sc240 _top_sysclk_strl

Base Design for SC240 firmware

ac240_user_block

user block skeleton for AC240 firmware

ac210_user_block

user block skeleton for AC210 firmware

user_block_example Example of interfacing the input data stream. Ipliements the
In-Buffer of the base designs.
9.3.1Key Components and Files
Otherwise specified, the file paths are relative tbe library directory of the library

ac240_developer_lib

which is $AcqirisFDKRoot/ac240_developer_lib

Comment

| File(s)

Specific to HdIDesigner

HdIDesigner Graphical
Design Data

./hdigraphic/component_name/*

HdIDesigner Library
mapping for projects

../HdIDesigner/Mapping/ac240.hdp

HdIDesigner Library
mapping for shared
projects

../HdIDesigner/Mapping/ac240_shared.hdp

Base Design Test Benche:

5

Top level design for ‘geioa”,

/hdigraphic/sc240_top_sysclk_strl_tb
/hdigraphic/ac240_top_sysclk_ddr_tb
./hdigraphic/ac240_top_sysclk_tb
/hdigraphic/ac210_top_sysclk_tb

compilation”, and simulation:

Base Design

Top level design for “generation”, “@lation”, and synthesis:

./hdigraphic/sc240_top_sysclk_strl
./hdigraphic/ac240_top_sysclk_ddr
/hdlgraphic/ac240_top_sysclk
/hdlgraphic/ac210_top_sysclk

Base Design Tester

$AcqirisFdkRoot/lib_projects/ac240_fdk/hdlgrapha240_top_sysclk_tester
$AcqirisFdkRoot/lib_projects/ac240_fdk/hdigrapha@40_top_sysclk_strl_tester

Acqiris Tester

$AcqirisFdkRoot/lib_common/acq_libiyraphic/acqt_acqiris_tester_top

Key VHDL file

Test Benches for
Simulation

Top level design for simulation:

/hdigraphic/sc240_top_sysclk_strl_tb_struct.vhd
J/hdltext/ac240_top_sysclk_ddr_tb_struct.vhd
/hdltext/ac240_top_sysclk_tb_struct.vhd
J/hdltext/ac210_top_sysclk_tb_struct.vhd

Base Designs for Synthesi

IS

Top level design fottmgis:

./hdigraphic/sc240_top_sysclk_strl_struct.vhd
/hdltext/ac240_top_sysclk_ddr_struct.vhd
J/hdltext/ac240_top_sysclk_struct.vhd
J/hdltext/ac210_top_sysclk_struct.vhd

Base Design Tester

$AcqirisFdkRoot/lib_projects/ac240_fdk/hdltext/a624op_sysclk_tester_struct.vhd
$AcqirisFdkRoot/lib_projects/ac240_fdk/hditext/s@24op_sysclk_strl_tester_struct.vhd

Acqiris Tester

$AcqirisFdkRoot/lib_common/acq_lidfext/acqt_acqiris_tester_top_struct.vhd

Functional Simulation

Test Benches Main scripts|

/hdigraphic/sc240_top_sysclk_strl_tb/struct.bd/Bim/Control.txt
/hdigraphic/ac240_top_sysclk_ddr_tb/struct.bd/@iim/Control.txt
/hdigraphic/ac240_top_sysclk_tb/struct.bd.info/&ontrol.txt
/hdigraphic/ac210_top_sysclk_tb/struct.bd.info/&ontrol.txt
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preference for modelsim ./modelsim/modelsim.ini

Precision Synthesis

Precision Synthesis script| These scripts are generated by HdIDesigner anaicosgveral absolute pathnames. Non
and setup HdIDesigner users must adapt these pathnames.

Iprecision/sc240_top_sysclk_strl_struct/hds/pieitc|
Jprecision/ac240_top_sysclk_ddr_struct/hds/prenisl
Iprecision/ac240_top_sysclk_struct/hds/precisobn.t
Iprecision/ac210_top_sysclk_struct/hds/precisobn.t

Add file script These scripts are generated by HdIDesigner anaicoseveral absolute pathnames. Non
HdIDesigner users must adapt these pathnames.

precision/sc240_top_sysclk_strl_struct/hds/adies.fcl
precision/ac240_top_sysclk_ddr_struct/hds/adeis fit
Jprecision/ac240_top_sysclk_struct/hds/add_fites.t
Jprecision/ac210_top_sysclk_struct/hds/add_fites.t

Precision Synthesis config} ./hdlgraphic/sc240_top_sysclk_strl/struct.bd.infotBesis/Constraints/precision.tcl
/hdigraphic/ac240_top_sysclk_ddr/struct.bd.infetBesis/Constraints/precision.tcl
./hdigraphic/ac240_top_sysclk/struct.bd.info/Systs&onstraints/precision.tcl
./hdigraphic/ac210_top_sysclk/struct.bd.info/Syste&onstraints/precision.tcl

Constraint file Pad location constraints and timing constraintsciBion Synthesis will translate these constraints
to ucf format and generate the output ucf file|®E.

/hdigraphic/sc240_top_sysclk_strl/struct.bd.injotBesis/Constraints/sc240_top_strl_struct.sdc
./hdigraphic/ac240_top_sysclk_ddr/struct.bd.infoBgsis/Constraints/ac240_top_struct.sdc
/hdigraphic/ac240_top_sysclk/struct.bd.info/SystskConstraints/ac240_top_struct.sdc
/hdlgraphic/ac210_top_sysclk/struct.bd.info/Systi&onstraints/ac240_top_struct.sdc

Edif output The netlist file generated by PrecisBymthesis in EDIF format for ISE:

Jprecision/sc240_top_sysclk_strl_struct/sc240 gpgclk_strl_struct/sc240_top_sysclk_strl.edf
Iprecision/ac240_top_sysclk_ddr_struct/ac240_tggrlk_ddr_struct/ac240_top_sysclk_ddr.edf
Iprecision/ac240_top_sysclk_struct/ac240_top_Rystluct/ac240_top_sysclk.edf
Iprecision/ac210_top_sysclk_struct/ac210_top_Rystluct/ac210_top_sysclk.edf

Ucf output The constraint file generated by Precistynthesis in Xilinx UCF format for ISE:

Jprecision/sc240_top_sysclk_strl_struct/sc240 _gpgclk_strl_struct/sc240_top_sysclk_strl.uc
precision/ac240_top_sysclk_ddr_struct/ac240_tygrlk ddr_struct/ac240_top_sysclk_ddr.ucf
Iprecision/ac240_top_sysclk_struct/ac240_top_kystiluct/ac240_top_sysclk.ucf
Iprecision/ac210_top_sysclk_struct/ac210_top_Rystluct/ac210_top_sysclk.ucf

Project file Jprecision/sc240_top_sysclk_strl_struct/sc240 spgclk_strl_struct.psp
Iprecision/ac240_top_sysclk_ddr_struct/ac240_tggxlk_ddr_struct.psp
Jprecision/ac240_top_sysclk_struct/ac240_top_kystluct.psp
Jprecision/ac210_top_sysclk_struct/ac210_top_kystluct.psp

ISE cores for all flows

NGC and EDIF file for NGC and EDIF files for pre-synthesized parts like toregen component:

subparts Jcores/*

ISE EDIF flow for synthesis with Precision Syntheis

ISE Project file Jise/sc240_strl/sc240_strl.ise
Jiselac240_ddr/ac240_ddr.ise
Jiselac240/ac240.ise
Jiselac210/ac210.ise

Constraint File Otherwise notified here, the constraint file to issthe UCF constraint file generated by Precisio
Synthesis (see above).

For the ac240 base design with the memory opthenfdllowing file shall be used:
Jiselac240_ddr/ac240_ddr.ucf

Netlist File The EDIF netlist generated by PrecisBynthesis shall be used (see above)
ISE VHDL flow for synthesis with XST
ISE Project file Ixst/ac240_ddr/ac240_ddr.ise

Ixst/ac240/ac240.ise
Ixst/ac210/ac210.ise

Constraint File For the base designs without the memory optionctimstraint file to use is the UCF constraint file
generated by Precision Synthesis (see above)

For the base design with the memory option the¥ahg file shall be used:
Ixst/ac240_ddr/ac240_ddr.ucf

9.4 Library ac240_fdk

This is the main library specific for the ac240 aawf10. In order to simplify upgrades to newer fdk
versionsa developer must never modify this library
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New firmware shall be developed in the developbbisary where the Acqiris Test Bench, the top level
design, and the user core skeletons have alreaydmpied.

Main component:

Component Short Description
ac240_top_sysclk_ddr_tb Base Design Test Bench for vhdl simulation
ac240_top_sysclk_tb Base Design Test Bench for vhdl simulation
ac210_top_sysclk_tb Base Design Test Bench for vhdl simulation
sc240_top_sysclk_strl_tb Base Design Test Bench for vhdl simulation
ac240_top_sysclk_ddr Base Design for AC240 firmware with memory cores
ac240_top_sysclk Base Design for AC240 firmware (no memory cores)
ac210_top_sysclk Base Design for AC210 firmware (no memory cores)
sc240_top_sysclk_strl Base Design for SC240 firmware
ac240_top_sysclk_tester Tester for all AC2x0 base designs
sc240_top_sysclk_strl_tester Tester for the SC240 base design
strl_example Example of generating frame and streaming datheo t
ODL of a SC240.

9.4.1Key Components and Files

The structure and files are identical to thosehefltbrary ac240_developer_lib. Only the desigesfiare
included; there are no downstream files, eithesfmthesis or for simulation.

9.5 Library fdk_lib

This is the library for common component sharedvben multiple FDKs. The table below is an abstract
of the available components or cores. The compgsnksited as a “Core” in the table below are
described in the Chapter FDK Core Library. Only paments listed in the table to be part of “This FDK
should be used.

Component This | Core | Short Description
FDK
DE_BUFFER ] 4 Ram blocks to implement the DE-Buffer.

128+16 bit wide Input port
128+16 bit wide output port

de_chip_io () Xilinx 10 primitives for the core de_interface_F,
single channel

de_controller () State machine for de_interface startup

de_data_mix_8 () Convert to signed an 8-bit vector

de_dataformat Format the data in the stream, with pipeline.
Signed / Unsigned. Convert gray to binary.

de dff r 8 [} Constrained 8-bit dff with reset

DE_IBTARGET_IND_4_8X32 State machine controlling IB-BUS reading or
writing from/to the DE-Buffer

de_interface_1ch 1 channel Interface for data input from the ADC
de-multiplexer.

de_interface_2ch ] ] 2 channel Interface for data input from the ADC
de-multiplexer

de_interface_2ch_rg [} [} 2 channel Interface for data input from the ADC

de-multiplexer for the SC240 with the high
resolution trigger core

de_rd_mux ] Mux for DE-Buffer to IB-BUS readout
de_stream_start Glue logic for de_interface control
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Ib_chip_io

Xilinx 10 primitives for the core Ib_interface

Ib_cpld

Q|

-- actually unused

Ib_ibtarget_bram_4 8x32

&

State machine controlling IB-BUS reading or
writing from/to the IN-Buffer

Ib_ibtarget_io_base ] Example implementing a single 32-bit registe

Ib_ibtarget_io_base2x Example implementing a dual 32-bit register

Ib_ibtarget_io_base3x ] Example implementing a triple 32-bit register

Ib_ibtarget_io_base4x ] Example implementing a quad 32-bit registe

Ib_interface_m A wrapper to the core Ib_interface of the library
fdk_lib_h. A synthesized edif version is
delivered for “Place and Route”

slc_controller A wrapper to the core slc_controller of the

delivered for “Place and Route”

library fdk_lib_h. A synthesized edif version ig

9.6 Library fdk_lib_h

Not described in details. This library contains tlesign files for the Local Bus interface. Versians!

changes will not be documented unless a major ghaagously affects customer designs.

9.7 library std_lib

Not described in details. Basic logic functionseThame of a component informs the developers on its
function. Any developer could use it. See the $ijefor details. Versions and changes will not be
documented unless a major change seriously affestemer designs.

9.8 Library acq_lib

Not described in details, only a short descriptogiven here:

Component

Short Description

ACQT_ACQIRIS_TESTBENCH

Test bench for acqt_acqiris_tester

acqt_acqiris_testbench_Ib

Local Bus Target for test

acqt_acqiris_tester_top

The main tester component. Script File parsingyaig
generation for emulation of Local Bus, MAC100 DEtpo
Clock generation, and signal Probing. It performtematic
test and reports the test results to the modelsinsctript
window.

acqt_clock_gen_interface

Clock generation.

acqt_execom

Get the command from the parser, dispatch the cordnma
the dedicated controller.

acqt_interleaver_mac

Interleaver to emulate two interleaved MAC100.

acqt_ibus_interface

To emulate the internal bus.

acqt_lbus_interface

Local Bus control and automatic test for readings.

acqt_mac MAC100 DE port emulation

ACQT_MAC2 Additional MAC100 DE port control for interleaved
acquisition.

acqt_menu Display the simulation menu in the modelsim traipgcr

window, control the parsing mode of actq_parser.

acqt_parser

Parse the script file, send the command to acqtaeme

acqt_probe_interface

Probe control

acqt_run

Run control

acqt_sram_zbt_pipelined

Zbt sram model for test

FUNCTION_LIB

Package for specific acqt functions

type_def

Package for definitions of acqt specific types
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9.9 Library std_xilinx

Xilinx primitives: The complex function are mappgal use the Xilinx model from the library unisim.
Synthesis tools will recognize these componentdak box.

9.10 Library cypress
Simulation model for the SRAM memory.
Component Short Description
cy_dual_port_0852 Cypress model for the dual port SDR SRAM memorychi

9.11 Library samsung_ddr

Simulation model for the DRAM memory.

Component Short Description
k4h511638b_b3 AC2x0 DDR memory Bank. It is a combination of fdMDR memories
k4h511638b_b3x4 Samsung model for the DDR DRAM memory chip

9.12 Library ddr_ctrl_virtex2

Micron simulation models for the DDR memory.
Component Short Description

DDR_CTRL Top level of the DDR controller

9.13 Version History

Date FDK Version | Comments

September 05 Beta 4 Added Internal Bus Port to acq_lib.acqtirecdester_top

February 06 Beta 6 Added library samsumg_ddr, cypress, ddr \dttex2,
std_xilinx
Removed the library std_virtex2

May06 Beta7 Reviewed the entire chapter, add informdtiothe XST

flow.

January 07 1.0 New SC240 Base Design
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