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Agenda

- Wireless Technology and Automated Test

- PXI| Platform
- Introduction to NI-RFmx
- Optimizing for Utilization

- More Speed with the FPGA
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The Proliferation of Wireless |s Just Beginning

50 BILLION

DEVICES CONNECTED BY 2020

&

85%

EMBEDDED DEVICES TODAY
ARE UNCONNECTED

1.9 BILLION

SMART PHONES
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The Decreasing Cost of Wireless RFICs

Avg 1 I Units
Price
Ave
'a0e Se/; 16 Billion
$1.00 ling Prie
e
12 Billion
—>
UnitNo
,,,,, 8 Billion
$0.50
4 Billion
2011 2013 2015 2017 2019
Time ~ NATIONAL

_ p¥ INSTRUMENTS'
ni.com



Rising Complexity of Wireless Test
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Test Efficiency Is Key to Staying Profitable

Wireless chipset cost Wireless complexity Test implications
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"To remain profitable in the future, companies will need to rethink their approach for
wireless test and embrace new paradigms.” —Olga Shapiro, Analyst, Frost & Sullivan
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Challenges with Traditional RF Instrumentation

Traditional Rack and Stack

Expensive

Slow

Rigid Vendor Defined
Not Scalable

Lack of Integration

Traditional ATE

Very Expensive

High Maintenance Cost
Large Size

High Power Consumption
Single Vendor Integration
Proprietary Interface
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PXI System Overview

] =_= PX| Backplane PXI| Chassis
I : E e DataTransfer «  Power
L. . %« Timing « Cooling

Synchronization + System Monitoring
« Triggering * Enclosure

WL
Multicore PXI 1/O Modules
Embedded « Upto 1500
Controller « RFE DC, DIO...
NATIONAL
,"7INSTRUMEN'I'S~

ni.com i
T ——



Reducing Test Times with The Latest CPUs and FPGASs

Traditional Box PXI-Based
Instruments N Test Systems

gpf

Dual- COre CPU
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Processing Power

Industry-Leading NI PXI Controller Portfolio

NEW!

1 PX|e-8880

Octo-Core
Processing

PXle-8135
PX6-8106 Quad-Core
e- Processing
PXI-8156 PXI-8176 RT Fle8103 Dual-Core
Intel® Pentium® MMX  Real-Time Xpress Processing

Technology

o LT
R o P

166 MHz, 16 MB RAM  Operating System

. +
1997 2002 2003 2007 2012 2015
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Traditional Method of Programming
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_ _ _ Programming
Why are we still programming this way? Environment

- Takes too long

- Instrument returns data only after Read: ACP
processing is done Measurement

- Parallel processing

- Processor technology ?
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NI-RFmx

M Intuitive
easurement- Example Programs
Focused API Shipping LabVIEW, .NET,

Measurement focused LabWindows™/CVI, and C

API that speeds up software examples
Development times for all supported
measurements

and capabilities

Highly Parallel
Easy-to-program parallel
measurements for multi-DUT
testing

Fast

Industry-leading measurement
speeds for characterization and
production environments

High Performance

Guiding Documentation faaiacs e Use instrument features for
Measurement focused documentation r oy - Sl S best-in-class dynamic range and
. - Tedal s ®| 4 = % .
that helps test engineers solve RF test '-' X g §8 8 g8 EVM measurements
applications ;A7 g o &3 o €3
@ [} C‘D |5
el [
- l n . 68 6.5
® . —— o e o
PRi A © © 0 O O O O
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NI-RFmx Architecture

Soft Front Panel NI-RFmx Measurement API

BTy — —=

3 Fhratpecte O Bargl v
W ta

NI-RFmx

Software NI-RFSA

Hardware PXI Platform

PXI RF Instrument

> LabVIEW FPGA
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Using NI-RFmx Example Programs

i RFrmxSpecin CHP Exarmp

@u | oo« LabWIEWY 2012 » examples » RFmx b Spectn » mx b vl&,ll Search mx

File  Ed §3 RFrmxSpecAn CHP Example.vi Frant Panel

GHF

File Edit Wiew Project Operate Tools MWindow Help

HIHEEY A

=0

EASIC
|| @ || ERAMFL

{3 RFraSpecAn CHP Exarnplei Block Diagram

=

File Edit View Praject Operste Teols Windaw Help

| 15pt Application Fant |« |[ 8o

T | (60~ |[5ad]

| Search

External Attenuation (dB)|los
Reference Level (dBm)
Certer Frequency (HZ)

Frequency Source |[2be

ey el s

Steps:
L Open a new RFmx session

2. Configure the instrument properties Clock Saurce and Clack Frequency

3. Configure the basic signal properties (Center Frequency, Reference Level and External Attenuation)
4. Select CHP measurement and enable the traces

5. Configure CHP Integration BWY, Span and Sweep Time

8, Configure CHP Averaging .

7. Configure CHP REW filter

8. Configure CHP FFT

9. Configure CHP RRC Filter

10, Initiate Measurement

11, Fetch CHP Measurements and Traces

12, Close the RFrriz Session O

Reesource NameJ[T0F

finte gration Bandwidth (H2) 751

[ —

[spectrum Trace =]

[Measurement =]

Span (Hz)] o5t

Swveep Tirne Auto|(T37

[Sweep Tirne Interval (5)| oo

IFFT i d oo | (E32K

FFT Padding| (05t

v RRC Filter Enabled|(152F
RRC &lphal(061

ni.com
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Fundamental Operations in a Measurement

Configure Measurement Acquire Measurement
Parameters Data

Analyze Measurement Data Fetch Measurement Results

NI PXle-1071
® ®© © © © o o

.......
'''''''
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RF measurement — Serial Measurement

Serial / 1 TXP wl 2 ACP %] 3 SEM AW EVM
Single Thread
>

Time

N s

ni.com




Simple Serial Measurements

|Measurement1ntewal(8}|@ L

Center Frequency {Hx) | [DEL ¥
Reference Level (dBrn) [[DEL

[External Attenuation (dE) |[TELy

Fesource Mame

PIEL | [fverage Meane Power (dBrm)|
—¥3EL1[Peak to Average Powver Ratio (dB)]

g seech B

Integration Bandwidth (Hz)|[DEL»

foveraging Enabled|[(I32 8

{wi}
\g—cpv

fseraqing Count][I32

Time

ni.com

>

Configure

Measurement 1

Caontext Help

RFmxSpecAn CHP Read.vi (1833]

Selectar String [1]
Instrument Handle In [0]
Timeout {53 [3]

errar in (no error) [11] ==

[4] Instrurment Handle Qut

[6] Average Channel Power (dBm)
[8] &verage Channel PSD (dBm/Hz)
[15] error out

Configures hardware for acquisition, performs measurerment on acquired data, and
returns the channel power (CHPY measurement results,

Detailed help

GOKE

*

TIVIDUOUITUINTNITNIL &
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RF measurement — Composite Measurement

ation

Seriabosite 1M

Time —>  SERIAL: 10% CPU usage over 30 msec duration
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Simple Composite Measurements

Context Help ]|

»

RFmxSpechn Initiate.vi (4833)
Result Mame [2]

- Selectar String [1]
q".&CF‘ M IACP TxP Compaosite Me;ﬁrementl Instrument Handle In [1]
W THP ™

[4] Instrument Handle Out eah Power (dBim)

errorin (no error) [11] [15] error out Loweer Relative Power (dB)

Upper Relative Power (dB)

Initiates all enabled measurements, Call this VI after configuring the

sighal and mmeasurermnent. This VT asynchronously launches
g[?q ( Bt measurerments in the background and immediately returns to the caller
[. T (o] .
= prograrm, You can fetch measurernent results using the Fetch Ws or result
hultiple = praperties in the property node, To get the status of measurements, use |

the RFmxSpectn Wait for Measurernent Complete WT or RFmxzSpecfn
Check Measurement Status WL

Detailed help

a7 - »

Time >
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RF measurement — Overlapped Measurements

Instrument
1 y) 3
TXP ACP 2  TXPACD ol <3 instrun
SEM, EVM SEM. E\M SEM, EVM
PC/ 25% CPU for 16ms 25% Cﬁ for 16ms 25% CPU for 16ms
Controller
; > .
Time ™ Maximized PC / Controller usage

Overlapped: 45% CPU usage for 26 ms

Composite: 25% CPU usage for 48ms (16ms x 3)
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Overlapped Measurements

IACP_ResuIts_Ei
IIntegration Bandwidth (Hzy|[DELk ¥OEL | |Lowver Relative Power (dB)
Mumber of Offset Channels|[(I32 ¥oEL] (U Relative P dB
| [Reference Level 2 (dBrm)][DELY—F 5= S L] Upper Relative Power (dE)
T T

IAC P_Resu Its_li ¥

m m ) v05L | |Lowver Relative Power (dB)
»oEL] |Upper Relative Power (dB)

nal S oy _,,,,
: Context Help
RFmxInstr Wait for Acquisition Complete.vi ”
Measurement 1

Instrument Handle In ~ Instrument Handle Out

Timeout (s) - “'.,-
error in (no error) ] error out
Measurement 2
Waits and blocks the data flow until the acquisition is done, This
Vlis typically called after the specific Initiate VI,
Time > Detailed help v

EHEE >

Pe—
4
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NI-RFmx Results Naming

[integration Bandwidth (Hz)](2EL»
[Murnber of Cffset Channel |52

Channel Spacing (Hz)|[DELK
ACP &veraging Enabled
ACP Averaging Count

[Reference Level 2 idBrma](ELY IACP_Results_Ei

IACP_ResuItS_li‘

¥OEL | (L owwer Relative Power (dB)
¥oBL ] |Upper Relative Power (dB)

Measurement 1

Measurement 2

Time >

ni.com
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Overlapping In TestStand

ig'] Alliance Day 2015.seq
Steps: MainSequence

Step

= Setup (4)
ﬂ LTET0M - Conrfigure Measurement - Composite 1
ﬁ LTET0M - Corfigure Measurement - Composite #2
ﬁ LTET0M - Configure Measurement - Composite #3
{3 LTE10M - Configure Measuremert - Composite #4
<End Group>

= Main (4)
{3 LTE10M - Measurement - Composite #1
{3 LTE10M - Measurement - Composite #2
{3 LTE10M - Measurement - Composite #3
{3 LTE10M - Measurement - Composite #4
<End Group:

= Cleanup (4)
{3 LTE1OM - Fetch Result - Composite #1
3 LTE10M - Fetch Result - Composite #2
3 LTE10M - Fetch Result - Composite #3

ﬂ LTE1OM - Fetch Result - Composite #4

Description

Semiconductor Multi Test,
Semiconductor Multi Test,
Semiconductor Multi Test,
Semiconductor Multi Test,

Semiconductor Multi Test,
Semiconductor Multi Test,
Semiconductor Multi Test,
Semiconductor Multi Test,

Semiconductor Multi Test,
Semiconductor Multi Test,
Semiconductor Multi Test,
Semiconductor Multi Test,

niRFSTS SA SPECAN Configure vi, Numbe ..
niRFSTS SA SPECAN Configure.vi, Numbe...
niRFSTS SA SPECAN Corfigure.vi, Numbe...
niRFSTS SA SPECAN Corfigure vi, Numbe...

niRFSTS S5A SPECAN Measure vi, Number. ..
niRFSTS S5A SPECAN Measure vi, Number. ..
niRFSTS S5A SPECAN Measure.vi, Number...
niRFSTS 5A SPECAN Measure.vi, Number. ..

niRFSTS SA SPECAN Fetch RFand DC P...
niRFSTS SA SPECAN Fetch RFand DC P...
niRFSTS SA SPECAN Fetch RFand DC P...
niRFSTS SA SPECAN Fetch RFand DC P...

Settings

<End Group:=

Steps: MainSequence Variables

Configure

v NATIONAL
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Signal Naming

GMSK: 2G WCDMA: 3G LTE / LTE-A: 4G
AQ _— [ o]

eeeeeeeeeeee

o—F—>0

‘S\——P/."
v
;?
—>

o ¢t—T—>

Slgnal Attnbutes

Bandwidth 200 KHz 3.84 MHz 1.4 MHz — 20 MHz+
PAPR 0 dB 4 dB+ 8 dB+
Demodulation Simple Several Options Many Options
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Signal Naming

LTE Center Frequency (Hz)| 051
A Center Frequene (Hz)@>—_|

Reference Level (dBirn)] 051

External Attenuation (dB) 060 —— —] o
i1 [k}
= — -—
= G=Hz
........... ey B =i = 55 i
i
in: d (524

[WVCDIMA Averaging Count J[T3ZE

[Integration Bandhwidth (Hz) | 0610

MNurmber of Offset Channels @

Channel Spacing (Hz) (058

J BEP~
Integration Bandwidth {Hz)
Offset Frequency.Freguency {Hz) ]
|, [ Offset Frequency.Sideband I
|
Enabled ¥SELI[LTE Carrier Abs Powe
RRC Filter.Enabled #35L1[LTE Offset ChO Lowe
RRC Filter.Alpha

P60 |LTE Offset Ch0 Uppe

LTE Averaging Enabled [1328
LTE Averaging Count JlISZE

[Carrier Channel Integration Bandwidth (Hz)] (050

Offset Channels|[s=:

» POEL] WY DIA Offset Chl
POEL1[WC DA Offset Chl
POEL I DMA Carrier Abs

3G Signal 4G Signal - -

B WCONE o
Time >

Configure Acquire Analyze N7 NATIONAL
4
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Signal Configurations in Automation

A 2G Signal
* 3G Signal
. 4G Signal

High Power

B Medium Power
B Low Power

ni.com

»

Measurement List

Signal Name
p—
p—
p—
p—
p—
p—
Py
Py
Py
p—

Result Name
“2G FO LP"
“2G FO MP"
“2G FO HP"
“3G FO LP”
“3G FO MP"
“3G FO HP"
“4G FO LP”
“4G FO MP"
“4G FO HP"
“2G F1 LP"
Etc...
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Simplified Automation with Signal Naming

Pre-Assign Signal Names Initiate by Name Fetch Results by Name
@
ool m? i} 8] Sy 81} I
ACP - e ;
# 8= C 5':'A [} (g = e lL“E'-
NumberofOﬁsetsEJ: - ] ] ; ] ] ]
Integration Bandwidth (Hz) @ | ‘
External &ttenuation (dB) E i m J m
7 |1| 7 |1| I
Time >
. ‘7 NATIONAL
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Keeping the System Busy

4 Parallel Measurements

Time >

ni.com Conflgure
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Keeping the System Busy
e —

-
,—————————————————————— 20 Parallel Measurements

Time

>
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Keeping the System Busy

A B C

—— = Number of Parallel Measurements

A+B

Time >
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NI-RFmx Measurement Parallelism Demo

{3 RFemuiemod 4036 QAM Paraticlizm Diemo Gw Generation Included) o Frank Panel

| File fﬂl‘ Wiew Progect Openste  Tools Window Help
: 2 1 11 || 15pt Appleation Font | - | (S |[Sa |2~ | @~ Sppleations | Processes | Services | Preformaren | Hetworking | Users
Seg | Oeme NI-RFmx Measurement Parallelism o
4096 QAM Constellation
Programming Method 083 .
Serial -

06
Number of Measurements

1 04-

Acquisitions Com pleted
5 0.2-
Measurements Completed O 0.0
1

0.2

Acquisition Time (s)
2 0.4-

Measurement Time (s

7S 06

EVM (%) -0.8-7 g g g ' ' . ' " . " " 1
0.00 -08 -07 -06 -05 -04 -03 -02 -01 00 01 02 03 04 05 06 07 08
MNOTER: I
1. St "Bt Thavuagh on Set Systern Pyt
| Tab Conteol
1 Pyl Massery (MB) E—

Total a1 Handies 207
Cadhed 391 7

sovndabin w550
Fres
Commi: (8}
Kisaried Mamory (ME)
Paged ol
Horpsged % ¥ Resouros Moniter ..
Procerres 58 CPU Usage: 9% Piysical hemony: 4305




\Where Else Can \We Get Faster ?/

Faster Servo Faster Analysis
« FPGA » Coprocessor (PXImc or FPGA)
« DUT-Specific-Algorithm

|

I

Shorter Acquisition
» Stimulus-Response-Triggering
* Low-Noise-DUT

Time >
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Instrument Driver FPGA Extensions

- NI-RFmx Preserves usage of Instr

Host

FPGA

ument Drive FPGA Extensions

PXI Controller

NI-RFmx Measurement API FPGA

Instrument Driver FPGA

Extension <2 ms
Host API
NI-RFSA Instrument Driver

Instrument Driver Digital IP FPGA Extension IP

PXI Instrument On Board FPGA
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More Resources

Vﬁ% Products iketries & Support & Community Academic Everts &

Applications Services Training

Download NI-RFmx

vices > Modular Instruments > RF

All Products and Services NI RF and Wireless Products and Solutions

Learn

NI RF and Wireless

NI RF and Microwave Introduction Video

NI RF products and solutions span from design to test.
Reduce your cost of test with PXI instrumentation that

offers industry-leading performance. Take advantage
of NI AWR software for a more productive design
environment for RF and microwave circuits and
systems. Rapidly prototype new communications
systems with software defined radio platforms. Finally.
benefit from microwave components and custom
assemblies that push the limits of microwave
performance.

- ni.com/rf
- Click “Test Application Software”  «i.

Why Choose NI RF

- NI-RFmx SpecAn, Demod... —

Device/Module

| 2 00:00

Narrow by
Product Line Shop by Product

« Vector Signal Transceiver ~ « EDATools « Microwave Components/
Customn. FPGA-Based Assemblies/Synthesizers
Modules « TestApplication Software

RF Switches « Soft Front Panels

X Modular Instruments
« Vector Signal Analyzer

« Signal Generator

Product Family

NI RF LabVIEW RIO Instruments

~ Form Factor

« Vector Network Analyzer
RF Power Meters

« Software Defined Radio

DYI Diatinrm 1201

- ni.com/vst/getting-started

- Instrument Driver FPGA Extension |IP
- Servo, Triggering, 12C, RFFE, RTSA, Etc...
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http://www.ni.com/rf
http://www.ni.com/vst/getting-started

Stay Connected During and After NIDays

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

@ \outube.com/nationalinstruments



