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Agenda —

- Involvement in Big Physics

- Special Big Physics Application Requirements
- Linux
- EPICS
- Radiation and Magnetic Field Testing
- RASM
- Lifecycle Management
- Global Services

W NATIONAL
ni.com 2 ’ INSTRUMENTS



R i "

- Scientific Research and

e B




LN A J,JwiL..l\’}., / /
IIII.L.

PORet  unr; nm '
O ‘\m L lm ﬁ,'f,z/

".llw’ ! III“




Worldwide Customers
{& Fermilab, B8 ) [ —, % @i

Max-Planck-Institut
fir Plasmaphysik

EURATOM Assozafion

o -
e .‘

A

. g
- A

ceeeeee] M

BERKELEY LAB

M Lawrence Livermore
National Laboratory

» Los Alamo

NATIONAL LABORATORY
3

OAK
RIDGE

National Laboratory

Bnogklﬁam
NATIONAL LABORATORY

el
R < {
LNLS a4l %%S INFN cbo meanuson - RNGANS 19))~
«\"’? I ao 5 ‘ / Istituto Nazionale ’ IN ) ;m

ni.com  N_ 2% DHDAQO "t 5l e

PAUL SCHERRER INSTITUT W Variable Energy Cyclotron Centre

w
\“4

HE 9




BP Application Requirements
Measurement, Control and Diagnostics
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Sensors and Signal

Logging, Database Conditioning

HMI
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Comprehensive Product Portfolio: High
Performance
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More than 1,500 PXI Products from More than 70 Vendors

DAQ and Control: Instruments: Interfaces:
Multifunction I/O Oscilloscopes GPIB, USB, LAN
FPGA/Reconfigurable Digital Waveform SCSI + Enet
I/C_). G_erllerator/,.AnaIyzers Boundary Scan/JTAG
Digital I/0O D.|g|tal Multimeters CAN + DeviceNet
Ahglog Input/O.utput Slg.nal .Generators RS232/RS485
Vision and Motion Switching VXINVME
Counter/Timers RF Signal Generation and
Analysis
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Comprehensive Product Portfolio: Low cost,
robust and compact

- Analog Input
— Up to 250 kS/s, simultaneous
sampling
— 4, 8, 16, and 32-ch options
— Built-in signal condition for sensors « Digital 1/0
—Strain gages, accelerometers, — Up to 10 MHz timing

U téhf ggcifoff(')e;’ARTDs — Counter/timer, PWM
1516, 4- — 38 and 32-channel options

— 12, 16 and 24-bit resolution _
— Available ch-to-ch isolation —SV/TTL, 12/24/48 V logic

Analod Outbut levels
- Ahiog JUtput e Specialty
—UU% t0100 kS/s simultaneous — 2-port CAN modules
pdating _
_ Up to 16-ch per module — Brushed DC servo motor drive
— +10 V. +20 mA * Third Party Modules
—Isolation —LIN, PrOﬁbUS, WLAN 802.11,
MIL-1553, ARINC-429, GPS,
and more
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Beam Control System - MedAustron lon Beam Therapy

- Custom Front End with COTS - N
Real-Time Computing

- 30k parameters through FPGA-
based real-time computation

- Fast, reliable power supply control
for 300 magnets with high precision
timing

Customized COTS to meet requirements
and complete project on time
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Fast Interlock, Control and Diagnostics - ITER

- ITER instrumentation and control requirements
-1 million I/O points
- 20 GB/s archive rate

- COTS hardware with native Linux & EPIC
drivers
- Fast Control
- Diagnostic
- Fast Interlock for Machine Protection
- Remote Handling

. // ‘ - oo E){sr‘Ethemet B \‘\

- Quench Detection { [, —— 7 — astons | 3
B (0SYLABS= 7 e
- Special testing [ a— oo |
- Fast and Thermal neutrons >
° Gamma rayS i é :": - 2 :{I(F)’;:om catalog:
K ﬂl_j;g B s
|

Figure 1 — A General Purpose Fast Controller

Developed custom drivers and performed
special testing to meet needs
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High Performance Computing with FPGA— TU

Wien, Austria

- High performance Quantum Optics Simulation using the

block Fixed Point data type

- Investigated lower limit computation times of complex
valued functions executed on an FPGA

- Algorithm verified with control of a laser cooled atom in a

magneto-optical trap

64 Mbyte
DDR-2 g
write

32 bit
10 ns

Sorting &

\

Streaming

(B3 LabVIEW FPGA

PXI Bus
132 MB/s

8 bit
ns 8 ns
Edge Detection

VHDL CLIP /

BlaVEW )

Host
PC HDD

Deserialization
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BP Application Special Requirements

25,206 EPICS
T f
RASM EPICS Support 'Tf'gcd?c?te
Llfecycle
Management

Blg PhyS|cs
Appllcatlons
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gamma ray

Radiation and Safety : EMI,
Magnetic Field UL, CE, SIL
Testing
RoHS
Environmental: ROHS, _ Global Calibration
ChinaROHS, WEgg  Global Technical And Repair

Support <7 NATIONAL
oP »
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Linux Support

Linux Support

A Blg PhyS|cs /
Appllcatlons

—
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NI MHDDK

- Measurement Hardware Driver
Development Kit

- Register-level programming for
Data Acquisition Devices

- Multiple OS support

- Driver developed entirely by the
customer

- Source code only, very small
footprint

ni.com 14

Example Program

Register-Level API

Generic OS Interface
05 Specific Functions [}

4

DAQ Hardware
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ITER DAQ MHDDK Based Drivers L&

- PXle 6368: Multifunction Data Acquisition
- PXI 6259: Multifunction Data Acquisition
- PXI 6528: HV Digital I1/0O

- PX1 6682: Timing

- PX1 6683: Timing

VNATIONAL i
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Deploying RIO Devices Under Linux &

Generated
Header and
Source Files

LabVIEW FPGA Development
(Windows) Linux Depddypmeent RIO Device

1. Develop LabVIEW FPGA VI, compile bitfile, and generate C API.
2. Develop and build C/C++ application with generated C API.
3. Deploy built application and bitfile to Linux target, and run.

y NATIONAL
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NI Real-Time Hypervisor for Linux &

/Red Hat Linux  LabVIEW Real—TimA

ni.com

- Combine real-time

processing with Linux
applications

- Connect to any I/O devices

supported by LabVIEW
Real-Time or Linux

- Communicate between OSs

17

with high throughput shared
memory
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ESS lon Source &

- Controlling and monitoring a ion source (ISHN) at ESS

- PXIl and FPGA running LabVIEW interfacing with Linux
operator interface through EPICS on real-time controller

g
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[ LabVIEW ] Long term collaboration

Support for spares,
intervention, calibration

LabVIEW interf. to CMW
LabVIEW 64-bit SL.C
PXI to CMW

timing FMC carrier
PXI
Dual OS, Linux + LV-RT

[ Gateway }

C++

Industrial Control Engineering

Ej':. ] NI-Scope + drivers+ GPIB
_ GMT timing card
@ WR timing card

NI+ CERN
NI + CERN

CERN

NI + CERN
NINETV
INCAA + CERN
NI Hypervisor
NI

CERN

NI

OK

OK

2013
2013
2013
2014
2014
2014
2015

@\ Requirements for PXI integration

mm

Adriaan Rijllart EN-ICE-MTA
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EPICS Support

EPICS

%

EPICS Support

I I 11
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Big Physic
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EPICS

EPICS Integration o

EPICS

LabVIEW I/O Server .EPICS CA
Client or Server

LabVIEW RT Shared Memor EPICS IOC
on cRIO y on VxWorks

LabVIEW RT Hypervisor EPICS I0C
on PXI Shared Memory on Linux

EPICS
PXI / cRIO 906x Linux Driver EPICS I0C
(No LabVIEW)  Device Support on Linux %
NATIONAL
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EPICS

Embedding EPICS I0C on CompactRIO " s

- EPICS 10C and LabVIEW Real-Time running
simultaneously

- Take advantage of FPGA platform with CompactRIO

‘ ‘ o loCard
—_—
‘ @
LabVIEW | | PCl LabVIEW o
L Real-Time JJ‘E’ FPGA m
\_
VxWorks Xilinx FPGA I/O Slots
CompactRIO Architecture
NATIONAL
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BiRa’'s Power Supply

- 16 channels of high precision
bipolar DC power

- Mainly used for corrector magnets
In particle accelerators

- Running LabVIEW EPICS CA
Server on an embedded
real-time controller

EPICS

%

e 'I-" SToP I} craTE MONITOR
Cul i |11.888 5 9 % °
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EPICS

Los Alamos LANSCE LANSCE« =

- Migration to a cRIO with embedded
EPICS

- 12 binary outputs
- 36 binary inputs
- 12 analog inputs
5 stepper motor channels

- Full IOC functionality allows access to
all record fields and EPICS utilities

- Maximum flexibility for partitioning the
problem
- LabVIEW for beam diagnostic
- EPICS for industrial control

/%
» Los Alamos Wanora
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EPICS

|OC Server on PXI ~

Network Traffic

(Channel Access Protocol)

Channel Access | Sequencer

PfOtOCOl Server (Finite State Machine)

Publishes values from Reads values from
the database onto the the database to
network using drive state changes
Channel Access in the IOC control
rotocol. application.

EPICS Database Shared Memory

Database ( LabVIEW
Engine Application

Hardware




EPICS

IOC Server on PXI — Shared Memory o

- PXI controller runs Linux, hypervisor, and LV RT
- Implemented via hypervisor shared memory

- Interface to hardware via LabVIEW RT and FPGA
(FlexRIO)

- EPICS Device Support needs to be developed by
customer or integrator

‘YNATIONAL i
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Beam Line Proposed Automation

Scintillators

PIN Diodes

ION Chamber

24+ actuators

24+ sensors

3 Party Devices

Spectrometer

30+ motors

EPICS

"5 DAQ

LINUX  LVRT

NI Hyp

Wi

Qw% Ll - R
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ni.com

N

Hypervisor
a step-by-step tutorial is available

27

NI PXI1-1045

* optional for local
motion control loops
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EPICS

EPICS Integration Summary o

EPICS

LabVIEW I/O Server .EPICS CA
Client or Server

LabVIEW RT Shared Memor EPICS IOC
on cRIO y on VxWorks

LabVIEW RT Hypervisor EPICS I0C
on PXI Shared Memory on Linux

EPICS
PXI / cRIO 906x Linux Driver EPICS I0C
(No LabVIEW)  Device Support on Linux %
NATIONAL
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Radiation and Magnetic Field Testing

lf(“ I V‘E =l
A Big PhySICS /
Appllcatlons

,

Radiation and
Magnetic Field
Testing
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Calliope Gamma Research

- Ll B i . 28 - .. . TSRO 12
B - i LN S S —
- i

3
r) vindass < —
o] { 32
, ! externd | 33
i ﬁllb}fir\(h ; g =
1 !.
i |
| r Metalclad
A it
& ? i Labyrirth | A
Wilicing, Jrooses !=
access | {
N + = |
N Sicing metd-clad deor | Y :
| S '~—_L,.., i e ey SO T — _:
Labceatery wea I: Opticd laratary 1
W iTeomins NI PXle-1075
TR e o
k3 o = :
@‘ it E
v o] :
; ©™ .
a - . :
L o ey o 4 .
5| |
L & | S = L}
PXiA © © 0o 0ol0o 0 0 0 @ o © © ® ® © ® ©

ni.com 30

‘YNATIONAL
’ INSTRUMENTS"



http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/37/054/37054956.pdf

PXle and cRIO Gamma Testing

PXle-7962R / NI 5761 28 \ \
NI 9264 30
PXle-1075/PXle-8375 100 ‘ ‘
PXle-7962R / NI 5781 100 NI 9205 72
PXI-6682H 100 ‘ ‘ ‘ ‘
NI 9477 / NI 9425 131
PXle-6259 100 ‘ ‘ ‘ ‘ ‘ ‘ ‘
PXle-6368 100 NI 9148 | | | | | | | 152 |
0 20 40 60 80 100 120 0 20 40 60 80 100 120 140 160
Integrated Gamma Dose (Gy) Integrated Gamma Dose (Gy)
Passing mPartial Failure m Complete Failure ~ Unknown Passing mPartial Failure ~m Complete Failure Unknown

« Cumulative effects are evident in the gamma testing

* Most (1 PXI/ 1cRIO) failed devices exceeded
expected failure dose of 50Gy

* More than half of the devices exceeded the maximum
expected failure dose of 100 Gy

y NATIONAL
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Fast and Thermal Neutron Testing

Frascati Neutron Generator, TRIGA Reactor, JSI,
ENEA, Italy (Fast) Slovenia (Thermal)

y NATIONAL
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Fast Neutron Results (SEUs/MIn)

PXle System Total
PXI-6682H
PXle-1075 / PXle-8375

cRIOSystem Total
NI9148

g NI9264 / NI 9205
Al Other Dovices 2 0E+6 nfcm?/s, 71 minutes, 17 Failures NI9477 /NI 9425 2.0E+6 nfom?/s, 71 |minutes, 13 Failures
PXle System Total cRIOSystem Total
PXI-66862H NI 9148
PXle-1075/ Ei:zgggg _ _ NI 9264 / NI 9205 _ _
All Other Devices 4 8E+5 nfem¥s| 37 minutes, 1 Failure NI947T / NI 9425 4.8E+5 nfem?fs, 37 minutes , 0 Failures
PXle System Total cRIOSystem Total
PXI-6682H NI 9148
P07 1BR o838 _ _ NI9264 / NI 9205
All Other Devices 1.3E+5 nfem?/s, 83 minutes, 0 Failures NI 9477 / NI 9425 1.3E+5 nfom?/s, 83 minutes , 0 Failures
I
0 0.05 0.1 0.15 02 0.25 0.3 0 0.05 0.1 0.15 0.2
SEUs / Minute SEUs / Minute

« Single Event Upsets dominated the neutron results generally
meeting ITER requirements
« Did not see permanent damage

y NATIONAL
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Thermal Neutron Results (SEUs/MIn)

Total PXle
Pile-8375 Total cRIO
PXI-6682H
Pxle-5671R NI9148
Ple-ST51R 9205/9264
Mio 1.90E+7 nfem?/s, 88 minutes, 14 failures 9425/9477
Total PXle
PXle-8375
PG Total cRIO
Pile-S671R
PXle-57E1R | . NI9148
MIO 1.52E+7 nfcm?(s, 93 minutes, 13 failures 9205/9264
Total PXle 9425/9477
Pile-8375
PI6682H
PXle-5671R
PXle-5781R Total cRIO
MIO 7.71E+6 nfcm?/s, 192 minutes, 16 failures NI9148

Total PXle 9205/9264
Pile 8375 9425/9477
PX1-6682H

PXle-5671R

le-5781R
Mo 3.85E+6 n/cm?/s, 110 minutes, 3 failures Total cRIO

1.90E+7 n/cm?/s, 36 minutes, 2 failures

1.52E+7 n/cm?/s, 51 minutes, 2 failures

7.71E+6 nfecm?/s, 143 minutes, 2 failures

Total PXle NI9148
PXle-8375 9205/9264
PXI-6682H -
ple-se71R (N 9425/9477
PXle-5781R
MIO

3.85E+6 n/cm?/s92 minutes, 1 failure

7.71E+5 nfcm?/fs, 171 minutes, 3 failures
Total cRIO
Total PXs NI9148
PXle-8375
PXI6682H 9205/9264
21:252332 9425/9477 <=7.71E+5 n/cm?/s, 208 minutes, O failures,
MO <=7.71n/cm?/s, 36 minutes, 0 failures
0 0.04 0.08 0.12 0.16 0.2 0 0.01 0.02 0.03 0.04 0.05 0.06

 Where able to test, are almost 1 order of magnitude more flux
compared to fast neutrons

» Failure rates were less than or equal to what was seen with fast
neutron testing

* MIO hardware handled thermal much better than fast (O failures)

ni.com 34
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Radiation Testing Conclusions

- Gamma Testing
- Most devices exceeded expected failure dose of 50Gy
- Cumulative effects are evident in the gamma testing

- Fast Neutron Testing

- Single Event Upsets dominated the neutron results generally meeting
ITER requirements

- Did not see permanent damage
- Thermal Neutron Testing

- Were able to test are almost 1 order of magnitude more flux compared
to fast neutron

- Falilure rates were less than or equal to what was seen with fast
neutron testing

- MIO hardware handled thermal much better than fast (O failures)

ni.com
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Magnetic Field Testing at DESY: Phase 1

PXI Chassis
* Fans fail between 15mT - 25 mT
» |nvestigation to find fans tolerant to higher field continues

NI 9148 (cRIO Ethernet Chassis)

» Chassis works well up to 60 mT

 Permanent HW damage at 230 mT

CcRIO-9205 & cRI0-9263

* Works well up to 40 mT

« Data error between 40 and 50 mT

« Permanent HW failure after several minutes at 50 mT




Reliability, Availability, Serviceability, Maintainability

¢ NATIONAL
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RASM

Availability

The messure of howe
1 12 akle 1o
|:::;:|1::||r'|'| it2 ntended functian,

gven n tha midst ot talures

Reliability Serviceability

Ak e e Features and aspects
as mtended, withaut HAS M of the system a

failure o dhomiinma,
and satsfies the desired
pErformanca racuirsmsants.

contributing o ease
of dagnois and repair.

Manageability

y NATIONAL
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System Reliablility Lab (SRL)

Mission:
Assess the reliability of National Instruments product-
based systems and drive product improvements

- Created to focus on system reliability for the:
- Compact RIO and PXI / PXle hardware platforms
- LabVIEW software platform

VNATIONAI.
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SRL PXI/PXle Testing

- 20 systems
- 18 systems at room

temperature g |
. 2 systems in temperature | o GO

GROUNDING
_ DEVICES

chamber (cycles between
5°C and 5°C)

- 5 systems running on dirty
power

- 3 different hardware
configurations

- 32 test applications

- 24/7 execution during
missions

‘7 NATIONAL
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SRL cRIO Testing

- 40 systems

- 32 systems at room
temperature

- 8 systems in temperature
chamber (cycles between -40
and 70°C three times per day)

- 8 systems running on dirty
power

-4 unique cRIO applications

- 24/7 execution during
mission

‘YNATIONAL
INSTRUMENTS"
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SRL Temperature Chamber

- Cycle Temperature
three times per day for
months

- 2 to 8 Systems run for
months at time In this
environment

- PXI'/ PXle: 5°Cto
50°C
- CRIO: - 40°C to 70°C

¢ NATIONAL
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SRL Dirty Power Test Station

- Simulates a bad power
grid
-5 to 8 Systems run for

months at time In this
environment

- Vary frequency from 47
to 63 Hz

- Vary voltage level from
90 to 264 V

‘7 NATIONAL
’ INSTRUMENTS"
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SRL MTBF Numbers

- PXle 8130 controllers have over 40 years of run-time
data and 1 failure = 40 yrs / 1 failure = 40 years per
failure

- PXle 1075 chassis have over 40 years of run-time and 2
failures = 40 yrs / 2 failures = 20 years per failure

- CRIO 9014 controllers have over 76 years of run-time data
and 2 failures = 38 years per failure

- CRIO 9104 chassis have over 76 years of run-time and O
failures >76 years per failure

y NATIONAL
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- Redesigned to mechanically fit into a custom rack

- Independently powered, redundant hot swap power supplies
and fans

- Remote Monitoring : Chassis Temperature, Fan Status,
Power Supplies

W NATIONAL
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Lifecycle Management

ni.com

/

\

Product
Llfecycle

L|fecycle
Management

Blg PhySICS
> Appllcatlons
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Hardware Life Cycle

2 Next Generation
Upgrade

Active

N

Purchase new
Repair Yes
Calibration Yes

Service Yes
Agreements

IIII Support Level

5-
(product line-dependent)

| Active | Mature |  Maintenance | Obsolete
Yes Yes No No

Mature Maintenan

Last Time Buy Notice—/'i

Last Time Buy Date— !
<1 year=,

15 years >i¢-1 year->€2-4+ years typical>:

Yes Yes Reasonable effort
Yes Yes Reasonable effort
Yes Yes Yes

ni.com
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Global Services

Blg PhySICS /
Appllcatlons

S

Global Calibration

Global Technical And Repair

‘7 NATIONAL

ni.com INSTRUMENTS




Safety Certifications

A Blg PhyS|cs ¢

S

Appllcatlons

Safety : EMI,
UL, CE, SIL

‘7 NATIONAL
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Environmental Certifications

Blg PhySICS £
Appllcatlons

S

RoHS

Environmental: ROHS,

ChinaROHS, WEEE

‘7 NATIONAL
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Summary of NI Offerings

25,206 EPICS
T f
RASM EPICS Support 'Tf'gcd?c?te
Llfecycle
Management

Blg PhyS|cs
Appllcatlons

U

®

gamma ray

Radiation and Safety : EMI,
Magnetic Field UL, CE, SIL
Testing
RoHS
Environmental: ROHS, _ Global Calibration
ChinaROHS, WEgg  Global Technical And Repair

Support NATIONAL
Pb W
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