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Software-Designed Instruments

Typical Modular Instrument Software-Designed Instrument
« Software on the PC using the » Host-Software controlling Instrument
Instrument’s API through APl or custom interface

FPGA Code
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Features & Benefits of FPGAs in Oscilloscopes

High-Throughput Processing

* Inherently parallel
* High clock rate
« Algorithm-specific pipelining

Low-Latency Decision Making Signal Processing

T

« Custom logic in a single clock

cycle Real-Time Control

Complete Determinism Custom Triggering
* Design implemented in a
custom circuit
Re-programmable by user
NATIONAL
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NI FlexRIO

FlexRIO

Adapter FlexRIO PX| Syst
Module § Module e

e [nterchangeable I/O e \/irtex-5 or Kintex-7 FPGA e Synchronization

e Analog or digital e 132 digital I/O lines e Clocking/triggers
e Module Development e Up to 2 GB of DRAM e Data streaming
Kit
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Software Designed Oscilloscopes

NI 5761 FAM
Resolution 14-Bit
Sampling Rate 250 MS/s
Channels 4
Coupling AC or DC
Bandwidth 500 MHz

ni.com

Calibration
8 Channels E 3 )
AC and DC l
coupling ] |.
PXle Gen2 x8 I h;
Instrument | 2 i
Design Libraries A
PXle-517xR
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PXle-5171R Reconfigurable Oscilloscope

User Programmable
- Xilinx Kintex-7 410T FPGA
- 1.5 GB DRAM memory
High Density

- 8 analog input channels

- 250 MS/s, 14-bit resolution
- 250 MHz bandwidth

- 0.2to 5V, input ranges

High Throughput
- PCle Gen2 x8 (>3.2 GB/s)
- P2P streaming , | =
Customizable Digital 10 Lo

- 8 lines up to 50 MHz
- Timing, triggering, communication

1N VI
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User code

Closed driver

I“Strument DeSign Libraries Open driver code

Embedded Controller (CPU)

o s, O
x L

I

-~ Sample Project with user modifications ~

!*%%ﬂ i User Application on Host
ﬂ;;' . Example
Wk ProjectVis
L)
® .- Instrument Design Library Vis . User Add-ons
4

@ w2

PCl Express

Application-Specific FPGA VI

(Oscilloscope) INSTRUMENTS'
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Programming Experience

Sample Projects Customize Your Instrument
* Functionality out of the box e Custom IP with LabVIEW FPGA
*Built on IDLs Integrate VHDL code
D Create Project
Choose a starting point for the project: -
All / Multirecord Aca TS | A
Templates asic starting poi & e
Samsletprujects rljnfwc-rrlz:a':'n::rr:lr :ﬂt_*h“““" ':]:r iﬁ T I.Eq
g:imzfmpes Stream To Host | i channel 1) |27 | m
‘_ % I:T?p ||ﬁn;|ETT||¢bi(I: B e qul: ﬁtFo 4k ®
: [RET=1=0 Raw D 5 S )
E = -.E # @ Stcz)rre
SDevi_ce Config Multi .Rec.
ession ait for Ac . .
it et it * Fixed logic for management of

ADCs, memory, and other ICs

1. Triggered Multirecord-Acquisition
99 . *Easy access t0 /O [ oo 9
2. Stream to Host [F PFIO 'H

||°'J'LI'L[ AUX 1/0 Power Enable

v NATIONAL
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Software Deployment
FPGA Interface C APl and RIO Linux support

Acquire Data Loop

I WChcquie” b

[Sends analog input values to Filter Loop until a stop trigger is received]

BAR IO Module\&T 0 Data N ®wd ToFilterDecimationLoo... Ik ")

510 Module' A1 Data N White [l

PR 10 ModuleAL 2 Data N 3 _E\Ement E

Sanr i} imeou |

210 Module\ 13 Dats 1 et o T bl rog rarr] On

Owerflows are |atched

Windows host

auxDIL

a2

end proce chronizationFrs;

== Then we track of what the digﬁu'l input was on the previous

e -= ¢lock cycle by inserting another flip flop
A[qulre'&tate Dreviousoﬂqllﬂxnp?nt:
rocess( akeset, Clk )
[0 e B .
L

e?!n

f areset then
cPrevhoigitallnput <= false;

elsif ris?ng_edge(c1i) then
cerevoigitalinput <= cofgitalinput;

LabVIEW generates VHDL = =% oo

-= Then we have a 1ittle combinatorial logic to detect a rising edge
crisingEdgeDetected <= coigitalInput and not cPrevoigitallnput;

and Compiles With Xilinx - :rd‘gefj!?;i{e::ez.“e a register that increments when that rising

Counterregister:
gro:ess( areset, Clk )
ealn

Resulting bitfile and C header Bitfile.Ivbitx

H " " < H t -h>
file ready for use in Linux projectname
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Scientific Research Application
Examples
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ITER Microfission Chamber Neutron Diagnostic

Measurement of neutron source strength and fusion
power at [TER Tokamak

Stainless steel case  MFC (detector) Connector M cable

Fission Chamber based on the
P neutron diagnostics use case

Ik ;“ﬁ‘ﬂf

* Pulse count rates corresponding
to 100 kW - 1.5 GW

Upper MFC < AT et I 1 ms update rate for counting,
i epe ] e . campbelling, and current
Exhaust pipe| | > § B

e el G measurement methods
[LowerwFchA9d/ 7 [ * Timestamps from 1588 network
&= 7T 8 . -

S - » Raw data streaming for archiving
- ,~,.,—T.Tji' ﬂjh |

Figure credit: M. ISHIKAWA, et al., 2008
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Hardware Implementation

- Data acquisition at 250 MS/s

- Filtering, decimation, and three counting methods performed on FPGA
- Data streaming via DMA over PCle link

- Timestamps from 1588 module over PXI trigger bus

125MHz data
acquisition Low Pass Filter =~ Downsampling
14 bit at Al[0-2] L % N i
250MS/s per . m | 1O Regist
egisters
channel ! i i b o125mme .
Software Hardware ON/OFF Cyutoff %rZéC'ISMHz Cofﬁfaf;z; . Pulses detection
trigger  trigger activation gelectable g _
4 Campbelling
NI PXIe-7966R + 5761
== Current
: ] Fubs | Pulses
¥, . CHO
FPGA tc.‘t: detection / DMA transfers to HOST
Real Tlm.e Campbelling CHI |\ Raw data acquired
~—Preprocessing Hardware \
O processing Current CH2 \\\ DMA 0
PXI trigger line 2 \ Measurement info
Every Ims for | DMA | >
TimeStamps generation Pulse info:
sample peak detection
Width & heigth

ni.com
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Software Implementation
- EPICS-based Nominal Device Support programmed with open
source Linux RIO driver and FPGA Interface C API

- FC human machine interface: CA Client created with CSS.
- Permits control, configuration, and results monitoring

o 2|4]4] mafF 2lalalols] alv| &)

PXle-7966R
o | Haoware revision I D Pulses count/s 250 000000000

FPGA HW Revision YYMMDDHH: 12030019 S sea17

Device Serial Number c

RIOSN:Ox177a280, FAMSN 0x151126016 g -
Theeshold Max
E 200
pET

ATTWare version number CHANNELS MESSAGE SET

CLKF (S/s)
e |
e . R T
SOftwale vets:on numbes 4 100 200 300 400 500 600 700 800 900 999018

SWyersion: 1L.O ON CODE=0 Primary X Axts (0)

P S Device Temp
ho

.00 scamng £ el 4 K13 5 N KN £ PR Y
Campbelling countsls 0.000000000

=
—
Width Min Device Power
a
o— > o=
214
= <

State of the Devi
ok Oecmaton of analysis (m8) e e

>0
i

DEVICE MESSAGE SET

‘-:\
_ {1 O O 1
S | R R R R R e R

ALS =L LT L 2l el oo com. sla14) sixlolsialsofE ol @l

Raw data acquired
2087 ' . . Current counts/s 0.614905200
2 -2
2 2000 E 1
< <
¥ 1500 >0
§1000 E ;
£ £
& 500 d,
81 ¥ LARAASASAAS e senas Manas aaans aaded Aasas aaatd taian aasas aanes aanas Manad taces Aasdd aadan vt S . - - — - - - - 0 S0 100 150 200 2 JJK!}‘,-UJ!) HD&H’J&DB‘(]TIJMKI B850 900 950 1000
0 100 200 300 400 SO0 600 700 800 900 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 2095 Prin U'\ s (0)
Do 2o € eal Sampiing Rak 125,000,000 S+
—— | L oy
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Nab Neutron Spectrometer

Determine a and b neutron beta decay parameters by
measuring proton and electron energies to high precision

dw ﬁe : ﬁv m, ﬁe ﬁv ﬁe X ﬁv
X, E(E,—ED)*%x |1+ +b +{(c ) |A—+B—+D
AE.dn.dq,  Pefelfo — Eo) LE g g T (At BT DT

< Segmented

P i
t _ Si detector
A udu Ve

U, (upper HV)
-

TOF region
..-r——"“""’(ﬁeld r.B,)

magnetic filter
1 region (field B,)

decay volume
F' (ﬁe]d rH'Dy'Bg)

a, Yo%
S Segmerjtdd U,... (lower HV)
n Side T

¢ NATIONAL
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System Requirements

- 256 synchronized channels with PXle-b171R
- Readout energy and timing from each pixel
- Event rates up to 10 kHz with no dead-time
- Continuous data buffering in onboard DRAM

¢ NATIONAL
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Signal Processing

- Trapezoidal FIR filter implemented in LabVIEW FPGA
- Low-threshold triggering below noise level
- Energy, timestamp, and channel number sent to host

) s Y ,’ o= f{!:f = B Raw Output’
i——"“ | ¥ reag |
Trapht, | | o 'D
C Cs y - L BHE
.- \ A \\ {fql —
f " “ .
J /' LR * ——t I & Filter
' - v & Qutput

— »
&8 BB
55 ° 8

y NATIONAL
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Signals

Proton-Electron Coincidence

Global coincidence performed on host CPU
Beta decay triggers retrieval of record with adjacent pixels

ni.com

FPGA Board [
= e e e = = = === — - [
e g | | e e e e e e e - ———
| FPGABoard | | : I Main Controller
| [ [
I Time Stamps + | : I | Trigger Channel ID
| Channel ID | | I |
| DMA | I | Retrieve Sort Mapto
L »| FIFD ] 1 Time — Time  |—— Adjacent
| 5 ; ] | i Stamps + Stamps Channels
T o | | [ I Channel ID
| = -
| Raw I : [ | Channel List
| Data | | : | *
I pmMa 1, I
I DRAM T | Retrieve Trigger If Valid
[ Event
: * | | ! Data = Validation
| |
On Demand | I I
| r - |
I | I Local
L |_| I Storage
______________ |
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Beam Position Monitor

- Acquire signals up to 500 MHz on 4 channels (£X, £Y) plus reference
- RF downconversion

- Calculate position and phase-information
- Provide data to control system

- Parallel time and frequency domain signal processing

‘7NATIONAI.
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BPM High-Level Architecture

— i —

INSTRUMENTS"
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Summary - Reconfigurable Oscilloscopes

- New PXle-b170R and PXle-b171R
- High Channel Density Oscilloscope - 8ch at 250MS/s, 14-Bit
- Xilinx Kintex-7 FPGA, Programmable with LabVIEW and VHDL
- Stream up to 3.2 GB/s over PCle Gen2 x8 Bus

- Open FPGA for Scientific Research Applications
- In-line Signal Processing
- Real-Time Control
- Custom Triggers without Dead-Time

- Out of the Box Oscilloscope Functionality
- Sample Projects for Record-based Acquisition and Streaming
- Deployable under Linux in C programming environment

¢ NATIONAL
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Resources

Thank you for your attention!

- NI PXle-5171R - 250 MHz, 250 MS/s, 14-Bit, Software-Designed Oscilloscope
http://sine.ni.com/nips/cds/view/p/lang/en/nid/212657

- Building a New Class of Instrument: Software-Designed Instrumentation
- http://www.ni.com/newsletter/51599/en/

- Get Better Measurements Faster Using Oscilloscopes With User-Programmable FPGAs
http://www.ni.com/white-paper/52320/en/
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