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What |s a Software-Designed Instrument?

Typical Modular Instrument Software-Designed Instrument

Hardware

ldentical hardware architecture and measurement quality
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What |s a Software-Designed Instrument?

Typical Modular Instrument Software-Designed Instrument

Software

Out-of-the-box functionality
with FPGA enhancements
Hardware 8o

ldentical hardware architecture and measurement quality
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Out-of-the-Box Functionality +
FPGA Enhancements
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The NI Approach

We call this the LabVIEW Reconfigurable I/O (RIO)
architecture.

a2 )

— Analog I/0O I
— Digital 1/0 I
Processor

Real-Time or sl Specialized /0O I
PC-Based

Custom I/O I

e Bus Protocols I

A\ J

Highly Productive LabVIEW Graphical Programming Environment
for Programming Host, FPGA, |/O, and Bus Interfaces
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How Do | Use a ?
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Software-Designed Instrument Programming Options

Instrument Driver

r —

% ¢ |[ndustry-standard programming paradigm
| e Out-of-the-box functionality
8
£ Instrument Driver FPGA Extensions
£
§ ¢ Industry-standard programming paradigm

¢ Qut-of-the-box functionality

¢ Application-specific FPGA enhancements
>
Efg LabVIEW Sample Projects and Instrument
2 Design Libraries
é e \/ariety of architectural templates
S ¢ End-to-end customization of processor and FPGA
= capabilities

/
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Instrument Design Libraries (IDLs)

Instrument

= F L P L P
DGSIgﬂ o ..ﬂ.:.. § L
/ Libraries \ Shty EEEE [MES (D

FPGA Sample

Instrument
Extensions Projects

Drivers
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Instrument Design Libraries

- Pre-written FPGA IP for common

instrument functionality

- Consists of Host and FPGA Palettes

Installed to Functions Palette
NI “owned,” but primarily open source
- Vls are locked to avoid accidental editing

NI PXIe-6591R

I P3Te-5644R

MI Pxle-5644R

NI High-5pee

d Serial

=

4 l C%Search I %Customize"l

&' I CLSearch I 2, Customize® I

Eye Scan

*]

Commeoen IDLs

Host

ni.com
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ﬂ
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G oz [ Frin ] | FE ou | [Easccra] EZR
RFInput Con.. RF Output C... Basecard Co.. RF Input Con.. RF QutputC.. Basecard Co.. MIS644R Co..
H L4
L’ﬁ' ATLAL "’@’ W L’
[Hult &4 [FmSeq | [Fuit Az | e | o=k ]
tultirecord ... Waveform 5., Multirecard ... Wavefarm 3. D3P
ok M 00 o M M s M
o] =] X i s i
{Ficy Bus]  En i | {Fes Bus] CEme cia | 3
Register Bus  Embedded C... NIWET Calibr.., Register Bus  Ermbedded C... Trigger Sy
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Host T Coro ] fimeo

FPGA
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1. Instrument Drivers

- Highest level of abstraction from hardware
4 Processor "\

B B Acqunton A Dugm
Fie Ein Vien P Gpere Taok Wik
[51] {00[5] 5] ol ,» [ 5rmAppheamam Fom = S | = 60~ o] [ =

[
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Host AP|
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1. Instrument Drivers

- Intuitive APls with getting started examples
LabVIEW, C/C++, .NET

- Documented Help

2 RFSA Basic Acquisition Screenshot.vi Black Diagram EI@
File Edit View Project Operate Tools Window Help
> (8] @[11[@][25] [wal & [ 5ot Application Fone [~ | % | G | 4 [[%al] [l Search A [ 2]

Resource Mame

LRec LChan
Complex WDT

NI-RFSA LabVIEW API
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Instrument Drivers

- Soft Front Panels for interactive measurements

ni.com

ke 1:MI-RFSA Soft Front Panel - 5601 E@
File Edit Device Help
# NATIONAL 2 ( ¥Measure
INSTRUMENTS =
evice
[rea { (o] | (o] (Lo | (D
dBrm = ‘ Amptel H B I ‘ Save ” Recall ” Expart I
o
Trace! N
Geiooir | ‘ Trigoer | | Display |
Tome ] ]| | ] [ [l

Clear

NI-RFSA Soft Front Panel
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2. Instrument Driver FPGA Extensions

e I

e Digital I/O

Processor
Real-Time or
PC-Based

— Specialized /O

T— Custom |/O

| Bus Protocols

The compatibility of The flexibility of
industry-standard instrument drivers the LabVIEW RIO architecture

| T XILINX |
5

=

L

Instrument Driver FFPGA Extensions
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2.

ni.com

Instrument Driver FPGA Extensions

Embedded Controller (CPU)

Software-Designed Instrument (VST)

Host Application

Instrument Driver API Application |P

NI-FF=A|

API

NI-FF A
ES

-]

Bt

[Mi-FF =] LEVEL
STRRT

HI-FiF=A

Vendor- Application-
Defined Specific

LEVEL

HI-FiF=A
B

)

e

[ETER]
H LEVEL

Triggers,
Device

Instrument Driver FPGA [P State Application IP

Application-Specific FPGA VI
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2. Instrument Driver FPGA Extensions

Host FPGA

Always adding
' functionality in parallel
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FPGA Extensions Development Example

RF Input

[W[FPGA TARGET CLASS==PXIE 5644R v}
SRR RF IM 0/1 5 :
Bam RFNOQ ° 1 O e o ] g g
B0 RF IM 01 Overrange Bl = . é e - m—
" P RFIN 0/G O\.-'Errange“m _____ D =4

o ' '

1) Obtain instrument driver default FPGA personality
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FPGA Extensions Development Example

RF Input

[[FPGA_TARGET_CLASS==PXIE_5644R =}

o RF TN 0,1 B . _
Ban RF IN 0/0) 2l | HID — e g =]
BN RF IN 0/ Overrange §....... D e il L]
B RF IN 040 O\.-'errange"m e
[NERFEA]

simple trigger.gate
| TFE

|z

1) Obtain instrument driver default FPGA personality
2) Modify instrument driver FPGA
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FPGA Extensions Development Example

B Cornpilation Status E@
i ificati Status Elapsed time
Synhthesizing 00:29:03
Reports
Configuration E‘ Cancel Cormpilation

Project: WIRFSA 14.5 Simple Trigger for S644R FPGA lvpraj
Target: PxIe-5644R

1) Obtain instrument driver default FPGA personality
2) Modify instrument driver FPGA
3) Compile instrument driver FPGA
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FPGA Extensions Development Example

- Favorites

[=[=]==]
@\\'Jﬂ | <« Documents b Mational Instruments » FP&AExtensions Bitfiles b NI F3le-5644R, ~ [ | [ Search v Prtte-6aaR ol
Organize » Share with + Burn Mew folder B« [ I@I
Documents llbrary Arrange by:  Folder ~

NI PiIe-5644R

i Libraries Marme Diate o dified Type Size
8 Computer || MISimple Gated Trigger for WST.Ivbitx 172072015 2:47 P LWEITX File 10,527 KB
G‘ﬂ Metwark

1itern

|
1) Obtain instrument driver default FPGA personality

2) Modify instrument driver FPGA

)
)
3) Compile instrument driver FPGA
4) Place bitfile in <Public Documents>\National Instruments\FPGA Extensions
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FPGA Extensions Development Example

Refnum
Resource Mame
=R i e
] T . ]
simple trigger.gate {2 el
: o " : T FeeedQERFEA[nnmennsy pressssclessssnessseegUEFER| i [ TE- 1) i 1P sttt 11510 -] i [T e NI-RF=F
DriverSetup=Bitfile:MI Sirmple Trigger fior W5T lubit: N_;Igfrs ] ] — Lérsa 0 éﬁ érsa 5=
Bl R = niRFSA § ] PR |0 =N I
FPGA, Bitfile Path Ref

IQ) Powver Edge M
rod

1) Obtain instrument driver default FPGA personality
2) Modify instrument driver FPGA

3) Compile instrument driver FPGA

4) Place bitfile in <Public Documents>\National Instruments\FPGA Extensions
)

b) Access custom functionality through FPGA host interface ~ NATIONAL
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FPGA Extensions Development Example
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3. LabVIEW Sample Projects for SDls

Completely flexible, built on instrument design libraries

2 Create Project =
Choose a starting point for the project:

All smo  10GBE UDP Communication (NI 6592R) Szmple Frojects -
Templates gomlg  Transmit/receive data via 10GbE. Two 10GbE cores are implemented on Port 0 and Port 1. More
Sample Projects Information
C ctRIO
- Aurora Pattern Controller (NI 6591R)
Desktop furars

(I gy i +1  Usethe FPGA to generate and check sequences of data that are transmitted,/received via Xilinx
TR B cra GAB/GGE at 12.5 Gb/s o the NI PXIe-6591R, The CLIP... More Information

NI PXle-6591R

NI PXle-6592R surora AUTOTA Pattern Controller (NI 6592R) Sam, )
NI'S_TQX ‘?‘J‘ Use the FPGA to generate and check sequences of data that are transmitted/received via Xilinx
Oscilloscopes Aurora 64B/66B at 10,3125 Gb/s on the NI PXIe-6592R., The CLIP... More Information

Vector Signal Transceiver (V5T) . N
aurers AUTOra Simple Streaming (NI 6591R) =zm,

g Use DMA FIFOs to stream data between the Host a-ncl FPGA. Transmit/receive the stream data via
Kilinx Aurora 64B/66B at 12.5 Gb/s on the NI PXle-6591R. The CLIP... More Information

le Projects

suwora AUTOra Simple Streaming (NI 6592R) sam
gy Use DMA FIFOs to stream data between the Host and FPGA. Transmit/receive the stream data via
Xilinx Aurora 64B/66B at 103125 Gb/s on the NI PXle-6592R. The... More Information

JESD Data Converter Communication (Nl 8591R) Szmple Proje
Transmit/receive data via Xilinx JESD204 Core at up to 12.5 Gbps and up to 8 lanes. More
Information

SFID
=T

& Projects

spo  Serial RapidlO Simple Communication (NI 6592R) szmp
googg  Use DMA FIFOs to send data between the Host and FPGA. Transmit/receive the data via Xilinx
Serial RapidIO at 3.125 Gby/s on the NI PXle-6592R. The CLIP... More Information

Additional Search

Mext ] [ Cancel ] [ Help
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3. LabVIEW Sample Projects

File Operaste Tools Help

EdLabVIEW ( S

i Open Existing

| All Recent Files - |

FFT Demo Developer (Timed Loops) vproj
CA\Users\PXI\Desktop'FFT Dema Nl.vi
Cilsers\PXIN\DesktopiLabVIEW FFTNFFT Demo Nlvi
FFT Demo Keysight vi

b Find Drivers and Add-ons k| Community and Support Welcome to LabVIEW
Connect to devices and expand the " Participate in the discussion forums or Leam to uge LabVIEW and upgrade
functionality of LabVIEW. request technical support. from previous versions

£) LabVIEW News | [Poirt of VI

/] Debugging and Demystifying Compilers With Grandma COBOL
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3. LabVIEW Sample Projects

B LabVIEW [E=8 o )

File Operate Tools Help
I3 Create Project = @
EL' Choose a starting point for the project:
All smo  1OGDE UDP Communication (NI 6592R) Szmpole Frojects -
Templates oy Transmit/receive data via 10GbE. Two 10GbE cores are implemented on Port 0 and Port 1. More
Sample Projects Information
C ctRIQ
D::;f;p s AUTOra Pattern Controller (NI 6591R) <=
i 8 d s Usethe FPGA to generate and check sequences of data that are transmitted/received via Xilinx
{ High-Speed Serial H © g J i
Recert F S EmpEren B rora 64B/668 at 12.5 Gb/s on the NI PXle-6591F. The CLIP.. More Information
NI PXIe-6591R
Senal Ra M1 PXIe-6592R Aurora Pattern Controller (NI 6592R) Szmp
Aurora Si NI'S?QX
Oscilloscopes
Aurora Si Vector Signal Transceiver (VST) _
surers AUTOra Simple Streaming (NI 6591R) szmp
EErEED g Use DMA FIFOs to stream data between the Host and FPGA. Transmit/receive the stream data via
Xilinx Aurcra 64B/66B at 12.5 Gb/s on the NI PXIe-6591R. The CLIP... More Information
2| Find surers AUTOra Simple Streaming (NI 6592R)
— o
Cornel More Information
funictiol
smo JESD Data Converter Communication (NI 6591R) ==
gy [ransmit/receive data via Xilinx JESD204 Core at up to 12.5 Gbps and up to 8 lanes. More
~ Information
o LabVIEW
smo  Serial RapidlO Simple Communication (NI 6592R) i
goog  Use DMA FIFOs to send data between the Host and FPGA. Transmit/receive the data via Xilinx
Serial RapidIO at 3.125 Gb/s on the NI PXIe-6592R. The CLIP... More Information
Additional Searc
et ) ) (i W7 NATIONAL
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3. LabVIEW Sample Projects

B LabVIEW

Recent P
Senal Rap
Aurora Sir
Aurora Sir

Blank Pro

k| Find |

Connet
funition

£) LabVIEW

File Operate Tools Help

2 Create Project

m L o Choose a starting point for the project:
< -

Al 2 Create Project
Templates Configure the new project: Aurora Simple Streaming (NI 6592R)
Sample Projects
EOMRACIRIO Project Name
Desktop A
High-Speed Se My Aurcra Project
NI PiXle-659 .
NI PXTe-550 Project Root
NI-579X ChHigh Speed Serial

File Mare Prefix (Optional)

Finish

[

Cancel

J {

Help ]

»
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3. LabVIEW Sample Projects

B LW =R

File Operate Tools Help
2 Create Project
EL‘ Choose a starting point for the project:
§ All 2 Create Project ’E‘@
-Sr::ﬂns::t:rsnj s Configure the new project: Aurora Simple Streaming (NI 6592R)
gnmhpactRIO Project Name
HiE;h-DSzeed se | My Aurora Project 3 My Aurora Project.lvproj - Project Explorer E (25
Recert P NI PXTe-659: Proiect Root File Edit View Project Operate Tools Window Help
NI PXle-659 roject hoo W o = S
R NI-579% Ci\High Speed Serii ee| % A “J B E-F a5 ‘»)‘” v
Aurora Sir =
Ttems | Files \
Aurora Sir File Mame Prefix (O}
Sk = B My Computer
+- [ documentation
Aurora Stream (NI6592R) (Host).Ivlib
_> Find | oG SubVis
Conne - Acquire Eye Scan (Host).vi
functior - @ Stream Reader (Host).vi
g'}. Stream Writer (Host).vi
= FPGA Target (PXIe-6592R)
£ LabVIEW & cup
(J Resources
Aurora Stream (NI6592R) (FPGA).vlib
J SubVls
i |ml, Stream Controller (FPGA).vi
- BB 40 MHz Onboard Clock
G- 4§ PXle-6592R 10 Socket v1 (Dual Aurora x1 10.3125G - NI 6592R)
& @) IP Builder
- 4+ %' Dependencies
Additional Search P .‘:ﬁ Build Specifications o
% Dependencies
.é Build Specifications
‘7 NATIONAL
INSTRUMENTS
. Back Finish Cancel Hel ’
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Automatically Generated Code

3 My Aurora Project.lvproj - Project Explorer [olfe=s

File Edit View Project Operate Tools Window Help

eS| % ML IRV E

% t?“J L

ltems | Files ‘

EIY

N My Computer

[ documentation

3 Aurora Stream (NI 6592R) (Host).Ivlib
- @ SubVis

-l Acquire Eye Scan (Host).vi

EQ, Stream Reader (Host).vi

E;l Stream Writer (Host).vi

FPGA Target (PXle-6592R)

@ cup

- [ Resources

=3 C; Aurora Stream (NI6592R) (FPGA).Ivlib
i- @ SubVls

. |ml Stream Controller (FPGA).vi D=
- B9 40 MHz Onboard Clock

| g IP Builder

% Dependencies

E 'é Build Specifications
@+ % Dependencies

s

- @ Build Specifications

+ 48 PXle-6592R 10 Socket v1 (Dual Aurora x1 10.3125G - NI 6592R)

1

False «
Monitor transfer

&
|Wait for Transfer '"

I}ﬁ Port 0 RX Output |v

ni.com

stream.num sam pI*l

stream.metadata 1

§

stream.request state

i M

stream.samples transferred 1

™
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Demo: Starting from Sample Projects
High Speed Serial Cards

PXle-6591R & PXle-6592R Specifications

High-speed Up to 12.5 Gbps

serial interface Up to 8 TX and RX lanes

Connector SFP+ or Mini-SAS HD

RAM 2 GB/10.6 GB/s bandwidth

FPGA Kintex-7 410T FPGA
programmable w/ LabVIEW

PXI Express x8 Gen 2 bus
interface (> 3 GB/s)

Examples for: PXle-6592R

« JESD204B

» Xilinx Aurora

e 1SOerclaa| Rgp'glg “FlexRIO-like” VHDL

. Igabit Ethernet control of Xilinx MGTs

. NATIONAL
CPRI "7INSTRUMENTS"

ni.com
T ——



Xilinx Aurora | T
| ———

- Ultra low latency (<500 ns)
- Ultra High Bandwidth (up to 8 lanes @ 12.5 Gbps each)
- Free IP from Xilinx

.
Y

. XILINX.

-

’
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Demo: High-Speed Serial Sample Projects

Channel Info ———

RF Channelizer

Receiver

Xilinx Aurora >
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Demo: High-Speed Serial Sample Projects
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Instrument Model Instrument Driver Instrument Driver FPGA LabVIEW Sample Projects and
Extensions Instrument Design Libraries

PXle-5644R

PXle-5645R \/ \/

PXle-5646R

‘\

PXle-5170R

AN
N
(\

PXle-5171R

\‘

PXle-5624R X X

PXle-5668R / \/

‘\

PXle-6591R
PXle-6592R

>
>
AN
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8 ch., 250 MHz Reconfigurable Oscilloscope

4’}5‘»‘:') (]
Vi,
:ii]i‘(”j\ﬁ .L'" L] o
‘ﬂ |1 6 PXle-5171R Specifications
‘/'“) : Channels 8 (simultaneously sampled)

(,@ ADC

Analog Bandwidth

s Input ranges
@ |

‘@ ENOB
iy | . DRAM
+|‘ -

| FPGA

No. of Slots

ni.com

250 MS/s, 14-bit

250 MHz
Selectable 100 MHz filter

0.2 Vjy 105 Vi,
11
1.5 GB

Kintex-7 410T FPGA
Programmable with LabVIEW
PXI Express x8 Gen 2 bus
interface (> 3 GB/s)

1
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Finding IP from the Community

http://www.ni.com/software-designed-instruments/getting-started/
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Next Steps

- ni.com/software-designed-instruments
- Technical content

- ni.com/software-designed-instruments/getting-started
- Examples and application IP

- High-Throughput LabVIEW FPGA Training
- http://sine.ni.com/tacs/app/overview/p/ap/of/lang/en/pa/1/sn/n24:16770/id/2158/

- LabVIEW High-Performance FPGA Developer’s Guide
- http://www.ni.com/tutorial/14600/en/

- Alliance Partners
- ni.com/alliance — LabVIEW FPGA specialty

y NATIONAL
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http://sine.ni.com/tacs/app/overview/p/ap/of/lang/en/pg/1/sn/n24:16770/id/2158/
http://www.ni.com/tutorial/14600/en/
http://www.ni.com/alliance/

Stay Connected During and After NIDays

QD ni.com/community
Bl facebook.com/Nationallnstruments
] twitter.com/niglobal

@ \outube.com/nationalinstruments



