Waverorm Generator g resolution and Wide Bandwidth

Enhance your reality

Anticipate __Accelerate __ Achieve
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Drivers for Target Markets

Realistic testing, today and tommorrow

/\*\
= ===l === ===

« Simulate with the » Cram more » Ensure flexible « Keep programs
most realistic information into adoption to new on spec, on
signal to avoid existing distortion budget and on
expensive life bandwidth requirements time
tests

* Need for low * New standards « Mimic the analog * Never-ending
phase noise to require 100 times real world changing
detect slower wider modulation imperfections environment calls
moving targets bw than existing for new

standards innovation

Transmitter signal,f,

Clutter
signal

Reflectio
n from
target
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Differences M8190

There's obviously a difference ....

Revision 2 offering

Advanced Sequencer
DC and AC Amplifier

- . . Fast switching (export control for 12GSal/s)
Revision 1 configuration: B02 Calibration ISO 17025 or Z54

- 2 channel version 1 channel or 2 channel
- 14 bit 14 bit / 8 GSals or 12 bit/ 12 Gsals
- 2 GSa memory 128 Msa or 2 GSa memory per channel

~%-% Agilent Technologies
i September 19, 2012



M8190A Arbitrary Way.

Accelerated insight into your design with Signal Scenario Generator

Reliable, repeatable

measurements

Create complex signal
scenarios — efficiently

Anticipate __Accelerate __ Achieve

* Low phase noise
» Excellent SFDR and low harmonics

» Three software selectable amplifier for
different signal characteristics (DAC, AC,
DC)

* Up to 2 Gsa memory per channel
» Advanced sequencer

- 88 dBc, 555 MHz,
12 GSal/s DAC

» Generate mulit-level signals with
programmable S| and jitter up to 3 GB/s

1)




M8190A AWG - I@able-@pea-t-able\r#
measurements from precise signal simulation

8 GSals; foyr = 1GHz; internal sample clock
-110dBc@10kHz (typ)

-63 dBc, 2 GHz multi tone, DAC

Excellent SFDR ensures that tones stand out
from distortion even with hundreds of tones

Agilent Technologies

September 19, 2012



Optimize the Output to

Three Selectable Amplift
High bandwidth &

s ... - Eye \

application

Best SFDR, HD &
phase noise

I __ | measurement
X 12 GSals,
3 Gb/s
\ ~ 7 psyy, Jitter
[ 1B __ 50 ps transition
~ — time
-10...+33

Voltage window

%

DC ampliier’
Single ended or differential

Amplitude (se) 500 mV, to 1.0V,

Output voltage window
-10V..+3.3V
" AMP option More details

Anticipate __Accelerate __ Achieve

Agilent Technologies



M8190A AWG

Create complex signal scenarios — efficientl

'f
Waveform Memory

2 GSa memory ®
1/6 s playtime at highest sampling rate ops
. | / e
i _ ™\ 8
Best Memory Usage Through Sequencing

Oleusdg

A sequence consists of a list of waveform segments
Each segement can be looped up to 232 times

9 A sequence can contain up to 512 k steps
an .
Real-time Memory Access

The dynamic control port on the front panel
allows you to select one of 213 (219)
segments  / sequences dynamically at runtime by

applying a digital pattern to the connector \ : /
S pplying gital p )',_

v
N\

[ Long playtime and long signal scenarios for highly realistic testing ]‘

More Details

b - Agilent Technologies
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http://www.agilent.com/find/pxa
http://www.agilent.com/find/mpo

M8190A AWG —_
Flexibility to stress your device to its limits L

» Ensure flexible adoptions to new distortion requirements by just adopting the
waveform itself

« Mimic the analog imperfections that occur in real-world environments by a
mathematical descitions in tools like Matlab

* Reudce tests costs through realistic signal simlations that minimize the need for
additional hardware like power combiners /

a

21 Dec 2010 u feral gui‘:--:-ﬂ ontrol  Setup Measure  Analyze  Utilities  Help 21 Dec 2010 1:02 AM
- W ol L nect ed:
5 ; 12GHz Standard B
I

Data Rate (bits/s) 1.0e8

Sample Rate 7.2e+009 [ Auto
Type of data Random ~

#of bits 20000

User defined data repmat([0 1],1,48)
Transition Time (Ul}  |p.3

5J frequency (Hz)

I Display I IDDWI‘HDﬁdJ

1 Gbit/s data rate Matlab script 1 Gbit/s data rate with jitter and ISI

Agilent Technologies

September 19, 2012



Synchronization of moredthan.channels

4 )

1. Set up an external trigger generator to
generate a one-shot pulse synchronous
with its clock input p— J
2. Observe the skew between the marker ext. clock =| Sample ClkIn  SYNC Clk.Out
outputs on the scope on recurring runs; | Trg. In [ et .
make sure it is always the same skew. If Clock Input E Sample Ck Out__ Marker ou=—— Cn1 [l
. Ch2 |l
not, see next slide 5".“*”‘3' Sample Clk I SYNC Clk.Out 2088
: rigger generator - . Ch3 to measure
(e.g. 81150A) Output ==—j—— asir = 4 actual skew
Adjust the waveforms and output delays to - cha
compensate the skew - Chbtite I— /

2] agitent-feasadn == oE |
i ] FINEET Y

FOUF M81 90A = @| =] |@ -y Ctl‘ ‘ Zoom‘in On File Control Seap Messre Anshze Lhiltes Help 21 Fal 3013 10:14 P
i a il ol E L. Contral n :
channels in sync e rising edge: o

Waveforms consist

of a pulse (to show Skew

perfect alignment) can be

followed b%/ a o adeSted | ~
sinewave (to show
that channels are to <1ps —

independent) " oot ENEN " EHM v

In a real application,
the waveform can of

course be completely
\arbitrary

ements

ATime[1-4] ATime[1- | ATime[1-2)

Current 108 fs s -508 fs
Mean 948 f=s 810 fs 70 fs

More details

Agilent Technologies



http://cp.home.agilent.com/agilent7/s7viewers/flash/genericzoom.swf?logo2=false&serverUrl=/agilent7/is/image/&contentRoot=/agilent7/skins/&locale=en&config=Agilent/AGILENT-IMGSET&image=Agilent/PROD-1819784-IS

Flexible signal generati ables testing of

FHSS devices

Carrier frequency is rapidly changed across a wide range of frequency channels.
A special receiver knew the frequency-hopping pattern.
- Interfernce, noise:
»  Spread-spectrum signals are highly resistant
*  Only a small piece of data is effected by
interference because the frequency changes
all the time, so error correction is much more
successful.
- Secure transmission:
- The next carrier frequency is not known, so nobody can listen in
- Effiecient use of bandwidth
- Transmission occurs onIy on a small portion of this bandwidth at any given time With near-zero settling time, the COTS system enhances the testing of FHSS devices
- Spread-spectrum signals add minimal noise ot the communication,

it Agilent B9600 Vector Signal Analyzer
| Eile Edit Control Spurce Input MeasSetup Display Trace Markers Utilities Help
»ue BOOOO®O®GH22 ~ [xizo il |2

Frequency switching characteristics

Effective output frequency '

Option: -14B fmax = 3.2 GHz

Option: -12G fnax = 4.8 GHz

Effective frequency switching time ?

Option: -14B ® 313 ps (= 1/ Tra)
Option: -12G No option: —=FSW 210 ps
Option: -12G Option: —FSW 208 ps (= 1/f5a)

1 Effective| output frequency .y is determined as fsypx /2.5

2 Determines the minimum time to switch between selected segments in sequence mode

3 Option FSW does not affect switching time in 14 bit mode (Option 14B)

Anticipate __ Accelerafe  Achieve

. Agilent Technologies




Key characteristics of a RadactRulse

» Get up to 14 bits resolution and more than 5 GHz analog bandwidth per channel simultaneously
 Build long, realistic scenarios with 2 GSa memory per channel and a sophisticated sequencer

» Push radar designs farther with highly realistic

signal scenarios Radar LFM chirp — spanning 2 GHz, (Fs = 7.2 GHz, sin(x)/x compensated)

[} Agilent B9600 Vector Signal Analyzer E]E|

° Ident|fy deV|at|0n from the deS|red Waveform File Edit Control Source Input MeasSetup Display Trace Markers Utilities Help
. . id - i i =
to avoid degradation of radar performance R oEE ey > S

A Chl Spectum Range: 0 dBm

Phase
vs.
Spectrum Time
Typical Test Setup
[: Chi Main Time R ange:
- 28
oo EEEELEE - FEREE S R B e e e e e P e I
e
o
6 - |
Frequency
vs. Time
Time-
Domain

10 n

Trig U
CAL: Mone

Meazurement rwnning IMT REF

Agilent Technologies
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New features in Re

Output Formats (NRZ, DNRZ, RZ, Doublet)
 For RF applications, select mode based on desired frequency respons'e
 For time-domain applications, NRZ provides better pulse performance
» For frequency-domain apps, DNRZ provides better SFDR

F'y & ]

E DNRZ 2 RZ -20 NRZ__:“\\:'_*E o S N N
E AlB | A . W S
; ok ale : * H : i / i \'..DOU'E".‘EP .......
B0 AORED A s S N
AREE 1T N I/ R N S S
L AN U N
- B
Doublet 3 .16 \ . \ .......
© ] ® NR'Z ; 18 ..f.......: E :.\l]I ."/ ones \\ ......

E A : A = ' ) F N
E A ] g " 0 2 4 6 8 10 12 14

A B A Signal Frequency (GHz)
B IRBEENE 1] Frequency response (Fs=7.2 GHz)
° B

|| More details

September 19, 2012



SystemVue

M8190A Programmin
Wi nd Wavefor

_ User User specific software &
MATLAB | LabView S application software
rogram Runs on external PC
C++, CH#, OR
LabView ( NET) AXle embedded
.mdd driver . controller

VISA HiSLIP protocol
*or* raw TCP/IP on Port 5025
(same or different host)

SCPI ‘ IVI-COM IVI-C Firmware & driver
Runs on external PC
OR
Firmware AXle embedded controller

SPCIe

Measurement Hardware

Instrument M8190A .
More details

Anticipate ___Accelerafe __ Achieve




M8190A Operation with |
software platforms

Agilent BenchLink LabVIEW Visual Studio plus
Waveform Builder Pro

. " x 81199A Agilent
Pulse Builder and Multitone Wideband Waveform Center

“Planned

- Agilent Technologies

September 19, 2012



Agilent Benchlink Way BLPIO

Waveform I|brar_|es provide quick and easy access to both common Feature Basic Pro
(sine, square, triangle, ramp, pulse, exponential) and complex signals

_ ) Basic Waveform Library Yes Yes
Free-hand, point, and line-draw modes to create custom shapes
Cut, copy, past with Excle Yes Yes
Equation editor allows you create waveforms with exact polynomials
Waveform math Yes Yes
Advanced math functions provide additional flexibility for more complex
. Free hand Yes Yes
signals
P EIAT N e S Line draw Yes Yes
Bt Wavetorm [EEIEN Viow G omminicatons @ _ 8 x
R e e = L e el O Advance waveform library No Yes
A HafSine iSquare Line | /7 A Ay Ay JIL | Eduaton e el | en b
Equatation editor No Yes
Point draw No Yes
Parameters
Total Tire E s Center Frequency ]
. I ! Hmter o Teres E_& FFT, CCDF, and contstallation No Yes
e e diagrom
Gic Random Phase with Seed
P;::j f'f.i‘ . [ Tablei | Use Tableto Adiust ndividual Tanes Filters No Yes
0 Preview
: 1] H . ) .
N D ‘H‘mmH‘M\”\mmH‘mmHHHMHHMHHWHHW " i Windowing functions No Yes
Time 0s = 5316689 MSa, 618 b n P
e T e
ﬂl- \
Tim: 1

155077 n TR 930462 n
S " e i s ey

Sampling Rate 6.5G5a/s |

Basic version is part of M8190A shipments

Anticipate __ Accelerate  Achieve

Agilent Technologies




Matlab

MATLAB software for the M8190A available directly from Agilent .
for making your own arbitrary waveforms

(multi-tone signals, pulsed radar signals, and multi-carrier modulated waveforms),
measurement and analysis routines, and instrument applications.

) igtools - 2012401431 ...

L  Modulations tt Ve it T Do Wk i
f i File Preset dda kN5 089 LA 08 =0
— Configuration -
— OFDM Modulation: OFDM Settin
S SNt SEDegln S ) derls FFT Length B4 Symbols per Resource Map Ertry |5
— I & RF Signals ) Crversampling rate tl ‘
= Resource hap ‘4,4,3,4,4‘4,3,4‘4,4,3,4,4‘4.3.4.4.4‘3.4.4‘4.3.4.4.4‘4.4.4.4.3‘4.4.4‘3.4.4.‘
[ e ] OFDM System Frequency (Hz)  [5e+008 |
utti-Tone & Moise
Carrier Offset o Resource Modustion  [0,0,1,0,0,01,0,00,1 0000001 80,04 8,00.00,00,1,0001 0.0,
( Digital Modulstions | R Err—
El Mumber of Samples for Window 0 || T S
| P O—— Guam Levels
[ Radar Pulses / Freguency Chirps ] WS4 Window Beta 0 ‘ 41,2468
: — WSA Cortrol sl [104.04,0-40101.040-10

Frequency switcl

[Lvisustize using vse. | [Downioad using s, | FRERith: (e [1 471961 47198, 47196 -1 471961 47196,1.47196,-1 471961 471

OFD W3SA Measuremert settings Gusrd lower Subcartiers |5 |

— Arbitrary Waveform Generator Configuiration

T P e S I MeasLrement Freguency z ;
— Time Domain Signals —— —— 20 7 5e+008 Guard upper Subcarriers
. nstrumert model | MB1904_1 26t V‘ A5 interaal - Span

: o
- ; Guard Interval ; T Y LY P
Serial data geners| connectiontype  topin v m Poirts ,712301 | Resoltion uard Intervel 025 | T TINECLT S 0S5 =0
| Bandwidth |
T T SN | Eoit predistortion Resource Repeat Index |5 |
Function (eners| V1S4 addess (I T e n O | — |
| Paddess neieanim0 | [ caibrate using vse | [ show comection | Humber of Symbols (all) 30

— File:

——
Port 5025 ‘ o Apply correction [ Humber of Packages ] Pause between Bursts i (s)  |[2e-006
Load data from | _ (ehl vs Ch2)|:| [set Create Randam Data

P& | [ isusize inMatisb | | Download |
Binary Data Stream |

Chi Ch2

Ampltude 500 s00e-3 | [set i
Sequencer seh| o o [ set Algorithm Tern span |

— Sequencer

Amplifier Typs D [zt — Cther Settin
External Clock  [] sen *RST [] Ext up-conv. 1o [0 | @=nass)
—
] Tookips enabled 2 a8 a4 05 0 085 1 15 2
Ampltude scaing |y 3 = 'm’

Note: Parameter changes will be sent to hardware on next waveform dowrload EXampIeS can be modified and are downloadable from the Web

www.agilent.com/find/81180 examples:

Anticipate __Accelerate __ Achieve

Agilent Technologies



http://www.home.agilent.com/agilent/redirector.jspx?action=ref&lc=ger&cc=DE&nfr=-33319.972199&ckey=1400139&cname=PRODUCT
http://www.agilent.com/find/81180_examples

Accelerate “Design to Test” fo lex Waveforms

( "\ Digital IQ
Rad Fa ) -
Models [ =1 =+ = LT}~ E] =B === oy 0aD Analog 1/Q
== = = FROM
= = Syotomue Modulated UWB RF
Systemue - ==
_ - Clutter, noise, = o bti.:::: BB Pattern Generator
= andInterference . . = BB Arb. Waveform Gen
e s RF Signal Generator
e o e B
SystemVue | y

Electronic System-Level Design

Teatsetu Beoiset) Dapiiy Jracs Hajers (s ficp
. oelif §

Lte
||l|||!

UWB Radar 802.11ac MIMO = SEEEE TEEET - |-

EW 802.11ad 5 5
SDR

, .- "m® 05605000000 .o,

* — —
L e dew A Q 0 Q O

Anticipate __Accelerate __ Achieve
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http://www.google.com/imgres?imgurl=http://www.connectedinternet.co.uk/wp-content/uploads/2010/09/wifi_logo_0.gif&imgrefurl=http://www.connectedinternet.co.uk/2010/09/23/wifi-standards-coming/&usg=__dEO0bnHfGvfoDrn-Ec_g4EGxQtA=&h=253&w=366&sz=6&hl=en&start=17&sig2=ZJZSVRWOm1Tepru5MbYFeA&zoom=1&itbs=1&tbnid=CJyC8c1-cl00TM:&tbnh=84&tbnw=122&prev=/images?q=802.11ad&hl=en&gbv=2&tbs=isch:1&ei=vyZcTdG5IIW0sAOjj52gCg

Introducing-

02.11ad Signal
Signal Analysis Software or WWC

Compliant testing for Wireless HD,
WiGig and IEEE802.11ad

Complete transmitter and receiver
testing with the Wideband Waveform
Center

simple with drag & drop waveform
creation

Wideband Waveform Analyzer:
— Modulation analysis at at glance of fully
¥ coded signals

Wireless HD version 1.0

Supports HRP and PRP

Supports all transmit codes

WiGig & IEEE802.11ad

Fully compliant waveforms

Supports CPHY, SCPHY, OFMDPHY, LPSCPHY

Wideband Waveform Creator for transmitter testing:
General features:

IQ imparements and gaussian nois addition
Pre-distortion: complex and sin(x)/x

Output direct to Agilent AWG

Single-tone, two-tone and multitone

QPSK, 8-PSDK, 16-QAM, GMSK, Pi/2BPSK
Configurable baseband filtering

Drag & drop waveform

Assign attributes

Add predistortion for uplink compensation

Set sample rate and download waveform to the
instrument

PoNn=

Wideband Waveform Analyzer for receiver testing:
Color-coded composite constellation display

Multiple dockable windows, each independently
configurable to display one of 13 measurement results

Anticipate __Accelerate __ Achieve
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Agilent 60 GHz PHY -

Controlling PC .
(Could be Desktop, Laptop or Embedded)

~ . M8190A Wideband AWG (1/Q Generation)

8267D-520-016 (I/Q Modulation)

81199A Wideband
Waveform Center (WWC)

N5152A 5GHz/60GHz U.C.

N5183A-520 MXG (Tx LO)

DUT

N5183A-520 MXG (Rx LO)

N1999A 60GHz/5GHz D.C.

Acq'd Signal

September 19, 2012



The new AWG pic

Do you care about waveform resolution?

Radar, EW & Satellite with modulation bandwidth <1 GHz = 5 GHz
Communications with a bandwidth need <1 GHz 2 5 GHz
Education and Research looking for flexible, reliable signal generation

SFDR Y Serial Standards, which need to mimic analog imperfections up to 3 Gbit/s
P s AR
80 [T Tewew wewew ——F
©~ Upto80dBCcSFDR
. 5 GHz analog Bandwidth -
70 k\-—f\—)\_’_/f\_’/
60
50
Up to 50 dBc SFDR
7.5 GHz analog Bandwidth
40
I | l | l >
| | | | | Bandwidth
0.5 1 2 4 8 (GHZ) 2

ABPDRASTIOES NYEUist range with f = 150 MHz R

i Agilent Technologies

2) Bandwidth of a single channel AWG output



Arbitrary Waveform Ge
Ongoing Innovation

SFDR V 4

80 —

M8190A data formats

» Optimize signal performance
il through data formats

|
Wideband Waveform Center & M8190A

* New test tools for 60 GHz wireless: support of
modulation bandwidht 100 times wider than 802.11n

“Agilént
M9330R,

70 —

60 T

50 —

40 —

* Complete and compliant test solution for wireless HD,
| IEEE802.11ad
M8190A revision 2 -

* Advanced sequencer allows even longer radar playtime

* Low phase noise of — 110 dbc/Hz improves detections of moving targets

|
M8190A revision 1 - breakthrough performance: up to — 80 dBc SFDR & 5 GHz analog bw

» Build a strong foundation for highly reliable Satellite Communications Excellent SFDR
ensures that tones stand out from distortion even with hundreds of tones

* Push Radar design farther with highly realistic signal scenarios with 2 GSa memory per channel

Agilent Labs & high speed digital R&D designed a disruptive technology through BiCMOS silicon geranium process takes us years ahead

. Agilent Technologies

September 19, 2012



B ———

Rev 1 Rev 2

Ma190A Option shipment shipment Comment

s 1 channel 001 X
MUST order either 001 or 002
C) O 2 channel 002 X X
C - I_' 14 bit/8 GSa/s 14B X X MUST order either 14B or 126 or both
O 12 GSa/s/12 bit 126G X options
H
L 3 Additional DC and AC amplifier AMP X
m s Upgrade to 2 GSa memaory per channel 026G X X Optional options
U ‘|—‘ Sequencer SEQ X
L U) Fast switching FSW X Fast switching fur 12 GSa/s requires
O C export control license
— 1S0 17025 1A7 X
Calibration options
7540 754 X

Rev 1 configuration requires the Options 002, 148, 02G. These options are bundled into Option B0Z2. Ordering of additional options based on B0Z2

configuration requires a hardware upgrade. Additional options of revision 2 are software upgradable.

AXle infrastructure
« M9502A: Two-slot AXle chassis with ESM Acccessories

+ M9505A: Five-slot AXle chassis with ESM
M8190A-801 Microwave phase matched balun, 6.5 GHz. max SMA jack

» M9045A and M9045B: PCle laptop card
adapter Gen 1 x4

M8190A-805 Low pass filter, 2800 MHz, max SMA, VLF 2850+

MB8190A-806 Low pass filter, 3900 MHZ max SMA, VLF 3800+

» M9047A: PCle desktop card adapter Gen 2 x8 ,
M@&190A-810 Cable assembly coaxial-50 (0, SMA to SMA, 457 mm length

* Y1200A: x4 — x8 PCle cable M8190A-811 Cable assembly coaxial—50 01, SMA to SMA, 1220 mm length
* Y1202A: x8 — x8 PCle cable M8&190A-815  Dynamic control input cable
« M9536A: Embedded AXle controller ME190A-820 Connector-RF, SMA termination, plug straight, 50 0, 12.4 GHz, 0.5 W

- Agilent Technologies

September 19, 2012



Configurations /——\*\

—

5-slot AXle chassis @W

o fits up to 2 M8190As + system
controller + ESM module

«  Only a monitor is needed to form a
complete instrument

2-slot AXle chassis

. Fits one M8190A + ESM module

« Requires PC or Laptop with PCI-
Express interface card to control it

ESM module (provides PCI-Express connectivity)

Agilent Technologies

September 19, 2012



Backup

Anticipate __Accelerate __ Achieve
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Typical Setup

g-==55
‘ L e

Lk e e A P O IR J P
L —T

SsEE
| lgEieiEk

&
C
!._
l.—
o
s

- Agilent Technologies
September 19, 2012



Signal Generatiwm

IQ Modulation Differential 1/Q signals

Modulation BW up to 2 GHz
RF up to 44 GHz

M8190A

Marker output
- Pulse mod. input

E8267D,
Opt. 016

RF/IF out

Direct IF/RF
RF/IF/ DATA out

IF/RF up to 5 GHz

Agilent Technologies

>  Modulation BW up to
2 x(4.5GHz-IF)
Data up to 3 Gb/s

September 19, 2012




Agilent Arbitrary W
Portfolio Expansion

Enhance your Reality

» High Resolution
» Wide Bandwidth

Step 3
High Resolution and Wide Bandwidth

Step 2

Economic Version /M8190A

O 14 bit 8 GSa/s / 12 bit 12 GSals
Step 1 ‘
High Resolution 81180A

% Agilent 16:16:53 Nov 25, 2609
12 Bit, 4.2 GSals AWG
MO330A / N8241A Released April 2010
15 bit, 1.2 GSa/s

a — C — Marker a
. ige  mune e 1122000000 GHz (e e
Lo |-69.39 dB e

WL 52
53 FC

AR
(F:
n

T Marker

Mkrl 1.122 GHz
& Mt _H 29 ‘ig Select Marker
6959 & [

Normal

Span - Center

ul

ww[vwmmwm \wmmvwmm\&wn\vm0wm\NMMWMW\MWMWMww

Hz #/BH 3 MHz
2000-2005 Agilent Technologies

Agilent Technologies

September 19, 2012



Enhance your Reality

with a Source-of Greater Fidelity |

\ — L. ——
2
wgilent ! !ﬂ‘d et :_!!B, 2660
Ref B dBm tren 16 4B
Harm

A

g
E—r, Marker a

s 113.100000 MHz

- H: 186_31 dB ﬁUf:H|"f|'!lﬁ'l'!lhﬂﬂin'nh'ﬁ'ﬂhﬂ:‘ﬁlﬂ'ﬂ.'lld Ilﬁlh'rllfd‘hlﬁfﬁ'ilﬂ'ﬂ'l

Rees OH 18 kHz WOl 18 kH=z Sweap |

Anticipate __ Accelerate  Achieve v 8
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Analog vs. Digital Up-Cenversion

-&

35 Agilent 12:33:33 Dec 8, 2009

Analog | and Q

Slg nals are AWG or Signal Gen. Signal Generator

generated using Memory |—3>|D/A

an AWG. An ~

(analog) 1/Q 20
: X

1 4
Delta Pair
rackin -]

Ref A
pan

o g [ H\N&HWH JL
generates the IF } N
or RF signal iy P

In digital 1/Q ANG miux,ﬁ;"’er

modulation, the Memory g /LO

multiplication with ~

% D/A

a carrier signal is

performed Memory
digitally — either
in real-time or in Digital signal
software —> Analog signal

kJ 4l

September 19, 2012
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Sample after transient is settled

DAC output T DAC output
A

Resampling >

I time time
switch
Sy ) —— > Final DAGe

Shifting and adding 2 DAC's for more power and area

Bandwidth is
limited by DAC
sample rate

Accuracy is
limited by all
analog
components

DAC output

mm@

omasaa PAC

clk

S ——iy VD
clk

Performancel

\ mostly depends on
DAC

Analog output

Back

Agilent Technologies

September 19, 2012



Expansion into Signal Scenario Generators

120 MHz / 240 MHz 330 MHz / 500 MHz 4.2 Gsals

Signal Scenario Generator

Precision AFG Precision AWG

)
15
o
)
S
o
=
3
o
0
=
=
9
[T

81150A 81160A 81180A M8190A

January 2009

81110A || 81110A | | 81130A || 81130A ’ 81133A
81101A Pro-s +81111A + 81112A +81131A + 81132A SLLds
+ 81105A B

E8312A

E8305A

E8311A

Precise but flexible

Antici __ Accel — Achieve

Agilent Technologies



M8190A Software Stru

_ User Signal
MATLAB | LabView Studio,
Program :
Benchlink
(C++, CH#, WWC
LabView NET) ,
driver etc.
VISA HiSLIP protocol - or - VISA Address:
TCP/IP on Port 5025 LAN o
f;v{',x,_ﬂ (o,c:f;, R%V_ 2 FW) TCPIPO::xxx::hislip0::INSTR or
) TCPIPO::xxx::5025::SOCKET
/ | " T
SCPI ‘ IVI-COM ‘ IVI-C
Firmware
S g >
PCle VISA Address

PXIn::nnn::nnn

Back

Anticipate __Accelerate __ Achieve
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M8190A AWG - W
measurements from precise signal simulation

8 GSals; foyr = 1GHz; internal sample clock
-110dBc@10kHz (typ)

Excellent SFDR ensures that tones stand out
from distortion even with hundreds of tones

-63 dBc, 2 GHz, 100 tones, 12 Gsals, DAC

Back

Agilent Technologies

September 19, 2012



M8190A Block Diagram
- —

PCI-Express Link
from external PC Sync Marker
or embedded >
controller Sample e e >
Memory
to 2 GSa)

Sync Clk e Channel DAC Out

[ FpaA [77] PAC . P

v Sequence A 4 A

5| Module Memory
“| FPGA 12 K entri
(5 entrleS) Sync Clk s Sample Clk

A A
Trigger In NS
-_— © © Q o

|| © interface, Amplified
Dyn. Seq. Ctrl. N | I transferring 48 | ACAmP. _\_Lﬁ Out
o | B or 64 samples —e —>
Ext. Ref Clk S per SYNC clk
—> DC Amp.
Sample CkTn 2|  Clock Channel 1
? Generation;
Int. Clk
Sync Clk In Sync Clk Out (= sample clock/48 or sample clock/64)

(used with multi
module sync)
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Agilent Amplifier Conc

Amplitude
in Vpp

Bandwidht
in GHz
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Agilent Amplifier

Amplitude
in Vpp

Bandwidth
in GHz
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M8190A without@mehg\\

—

« Only a single waveform segment is available
« Waveform segment can be up to 2 GSamples long

Infinite loop

Agilent Technologies
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Seguence

- B

A sequence consists of a list of waveform segments

Total size of waveform segments can be up to 2 GSamples
Each segment can be looped up to 232 times
A sequence can contain up to 512K steps

i

Loop 1 time Loop 45 times Loop 1 time Loop 33 times

Infinite loop

Agilent Technologies
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Scenario —

« A scenario consists of a list of sequences

Loop 1 time Loop 5200 times Loop 1 time Loop 3567 times

Loop 317 times

Loop 1 time Loop 45 times Loop 1 time Loop 33 times

Loop 5 times

Agilent Technologies
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Advancement modes.
Advancing from one segment/sequence to the next can be...

« Automatic

— Loop N times, then go to next
segment/sequence (un-conditional)

« Conditional

— Loop until an event occurs, then go to next
segment/sequence

* Repeat

— Loop N times, then wait until an event
occurs before going to the next
segment/sequence

« Stepped

— Same as “Repeat”’, but wait for an event on
every loop

September 19, 2012



Selection of segme enegated
Selection of segment/sequence can be determined by...

* Pre-defined sequence
— If the order of waveform segments is known

ahead of time, it can be set up as a “sequence” Lo
 Dynamic Control Port
— The dynamic control port on the front panel allows cecunnce | cocauny
you to select one of 213 (219) segments/sequences Y=

dynamically at runtime by applying a digital pattern
to the dynamic control port connector

o Software

— Instead of applying a digital pattern to the dynamic control
port, you can also select a segment/sequence using
software by sending a command to the firmware

In all cases, transitions are “seamless” — without any gaps

Agilent Technologies
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Trigger modes

All of the previously mentioned cases can be combined with the following
trigger modes. This applies to segments or sequences.

 Continuous

. Output
 Triggered
— Each edge of the trigger Trigger/Gate input n
signal starts the selected
segmentisequence
Output
« Gated
— Segments are always Trigger/Gate input n
completed

Agilent Technologies
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..and how does It wor

Steps can
€ Ssame
N
S
X
Software N
Command
i 1 530 Segment #1
Dynamic Control |
Port 2 1000 500
3 534
Segment #2
3 25 X
In this example, ) 6 1 X Segment #3
3 sequences
are defined using
a total of 6 steps
Sequence Memory Waveform Memory
(total: 512K steps) (up to 2 GSamples) Back
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81199A Wideband Wavefaumn.Creator (GUI)

81199A Wideband Waveform Center

File  View Windows Help

=" N | Ji | el save waveform |l Save waveform As | |- Connect to AWG | = Full Screen |

ox WIHD Segment Library MultiTone Segment Library -~ WiGig St

Create a library of individually 2| "viGg Seqneres
Select waveform

configurable waveform T—T—T—T )
SegmentS .- Mlh m w W w W Segment format from

= %ET\::';DDT 1Segmerrt List _/ Waveform Layout | (WI H D’ WI G Ig etC.)

e in 3 it | View ~
4] Segmert 0 : WiGig Segment 1 i Sz o

Library ‘ Utility Segment Library - X

=] Track 2
|i| Track 3
[i] Track 4
14| Waveform Generators »

Fully parameterized

on 7F hex
e ing Scl 12- OFDM. QPSK. 1/2 LDPC
encodin -~
2 Foe ...drag and drop to create
\Z"Zm& " required composite
e Tnchrg Fabe waveform in the editor
one Paiing Type
DTP Indicator False
E Modulation
SC Shaping Fiter RC, Alpha=0.5
El Payload
Payload Content PNZ3
E Waveform Structure
Interpacket Gap 200 s

Add noise and user-

definable predistortion
(e.g. for uplink
compensation)

" Final Waveform

different packets are generated to

ment. Iif the segment is specified to ... q - - S -

i=| Findl Wavefo... =] Wavefo

=] WiGig Segme...

T Download direct to
Set final sampling AWG or to File
PR rate to match AWG

[ Lan [ [ sockets (i) telnet (i)
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81199A WiGig / 802.11ad.Madwlation Analyzer

81199A Wideband Waveform Center

finclou.

£l Heln,

Multiple dockable windows, each |fmme. scsice Bz g

: [WiGig Codeward Display] 6 : [WiGig Correlakor Oubput] F X 2 :[Spectrum] - X
independently configurable to — ' : :
display any mix of... Flexible graphing,
including image cut/paste

for easy documentation

Zoomed False Spectrum

» Spectrum

* Main Time

* Error Summary
* Decoded Payload Data

» LDPC Codeword Display
* Correlator Output

* Channel Estimation

* |Q Data

* Error Vector Spectrum

* Error Vector Time
 OFDM EVM vs symbol
 OFDM EVM vs subcarrier
* Carrier Tracking
* Phase Error

* Power .vs. Time

Stop:9.5997 ys

Detailed tabulation of
numerical results.

Received HC 6950 he"

Packst Type 0 ! Full remote control using
PSDU Length 2000 |

Reserved Bits 0 . SCPI over

Scrambler Initialization 42 hex

Training Length 0 ; ; X LAN/Telnet/Sockets

Additional PPDU
Demod On Aggregation
If true, the demoad will run on the Beam Tracking Request
SRR,

Colour coded composite
constellation display

| | |snckets iJ)|btelnet (i)
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VWireless Gigabit -&Illar'n:e

/Ufu

®

= Wireless®m

Agilent Technologies
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MEDI/TTEK

(intel)’ww locity ’5‘:

e
%l
NORIA

NEC
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802.11ad Technolog

p
%f’ Wider channels, enabling higher data rates over short

distances (1m — 10m
S ( )

//l
~ First commercial devices expected to be announced at CES in
Nlan 2012 (covert meetings occurred at CES2011 last January)

- Single Carrier OFDM

For Preamble and Data For Higher Data Rates

in

Bandwidth  1.76 GHz 1.825 GHz
Modulation  p/2-BPSK, p/2-QPSK,16-QAM  SQPSK, QPSK,16-QAM, 64-QAM
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Why New Test Tools for for 60 GHz Wireless

mm Technology

+ Performance taken for granted at lower
frequencies not so easy to acheive
* Mismatch, skew, cable lengths matter

Baseband Modulation & Demodulation
+ 2 GHz Modulation BW
+ Data rates up to 7 Gbps
* 100 times wider modulation bandwidth
than 802.11n.
+ 1.5 times wider than 802.11ac
* Traditional sources and analyzers lack BW
* Complex frequency response (flatness) difficult

No connectors at 60 GHz

» Built-in multi-element anntenas lack test
connection

* No place to insert 1.85mm connectors

* Qver-the-air (OTA) testing required

* Multi-path intrinsic in performance and in
measurement environment

Anticipate __Accelerate __ Achieve
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Agilent Participation in lliance

In the Alliance and Participation in the PlugFest

« Agilent representatives have chaired the WGA Interoperability
Working Group (IWG) for the last two years.

« Agilent exclusively provided the test equipment for the
PlugFest

From WiGig Alliance Press Release

“Key test instrumentation for the PlugFest is being provided by
Agilent Technologies, the leader in test and measurement and the
only commercial provider of signal creation and modulation analysis
SW and HW solutions for the WiGig Standard.”

WS

Wireless Gigabit Alllanc |=-

Back
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Triggering of M8190A modules
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Definition: Trigger/la_Laaey-\*\

Trigger latency is the amount of time it takes from the (active)
edge of the trigger input to the start of the output signal

» The trigger latency can typically be broken down into
— a fixed amount (due to the delay in cables & asynchronous circuits)
— a certain number of clock cycles (due to internal flip-flop stages)

e. 6 ns + 76§O Elk C¥CIES +|/ g4 C|k Cﬁdﬁa are nominal values for the
=% &a’p’a M8190A in 14-bit mode

fixed number of clocks uncertainty

Trigger

Output

A
\ 4

Trigger latency

Agilent Technologies
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Definition: Trigg%

Trigger uncertainty is the worst case variation of trigger Iatehcy
that can be observed on recurring trigger events

Trigger

Output

“—N Trigger uncertainty

« Without any precautions (= asynchronous trigger input), the trigger
uncertainty in the M8190A is +/- 3 ns @ 8GHz sample rate. At slower
sample rates proportionally more!!

« While the fixed and clock-dependent amounts of trigger latency can easily

be compensated by the system setup, a large trigger uncertainty might
be not acceptable for many applications

Agilent Technologies

September 19, 2012



Why does the M819 lgger
uncertail nty’) (when using asynchronous triggering)

—

* Inside the M8190A, the trigger input is sampled with the SYNC clock.
[SYNC clock = Sample clock divided by 48 (64) in 14-bit (12-bit) mode]

« Now consider two different scenarios of when a trigger input can occur
relative to SYNC Clock

Sample Clock JLM...MMM...MMMSMMM

SYNC Clock __|

ji Trigger is sampled with next rising edge of SYNC Clock
Trigger case #1 :
1 / i

Trigger case #2

1 1
‘4= |nternal processing has no uncertainty —=————

Output

(in both cases)

Trigger latency in case #1

Trigger latency in case #2 i_:

—> Different Trigger latencies are observed by the user

Agilent Technologies
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How can the trigw

Make sure the trigger input is synchronized with the SYNC
Clock Output of the M8190A. This reduces the trigger
uncertainty to an excellent +/- 5 ps (typ.) !!

Device Clock input [« SYNC Clk Out
generating M8190A
the Trigger Output  rigger i

...of course this only works if the DUT can operate at the SYNC
clock frequency (= M8190A sample rate divided by 48 or 64())

(*) SYNC clock = Sample clock divided by 48 in 14-bit mode, divided by 64 in 12-bit mode

Agilent Technologies

September 19, 2012



How to use synchr ' | t otheg
frequencies? |
Use the device’s clock output to drive the Ref.Clk Input of the
M8190A. This works under the following conditions:

« M8190A sample clock is set to the Ref.CIk Input frequency times
48 or 640) divided by an integer = 1. (Example: Ref.Clk = 100 MHz, Sample

Clk=4.8/2.4/1.6/1.2 GHz, etc. in 14-bit mode)
« The other device generates its output synchronous to its Clock Output
« The Clock Output frequency is a multiple of 1 MHz in the range 1...200 MHz

Device Clock Output SYNC CIk.Out  Ref.Clk.In
generating M8190A
the Trigger Output »| Trigger In

(*) SYNC clock = Sample clock divided by 48 in 14-bit mode, divided by 64 in 12-bit mode

Agilent Technologies
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...Or use an extem/aLW

Use an external Ref.Clk to drive both the device’s clock input
and the Ref.CIlk Input of the M8190A

« M8190A sample clock must be set to the Ref.Clk Input frequency times
48 or 640) divided by an integer = 1

« The other device generates its output synchronous to its Clock Input

« The Ref.Clk. frequency is a multiple of 1 MHz in the range 1...200 MHz

Ext. Ref. Clk .

Generator

Device Clock Input SYNC Clk.Out  Ref.Clk.In
generating M8190A

the Trigger Output J rigger n

(*) SYNC clock = Sample clock divided by 48 in 14-bit mode, divided by 64 in 12-bit mode

Agilent Technologies
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Synchronization of two or
more M8190A modules
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Synchronization of 90A m@dules
- Timeline |

« Synchronization between two M8190A modules
(up to 4 channels) will be officially supported in fall 2012

* The current plan is to support the synchronization without any hardware
changes — just an FPGA / Firmware update and a sync cable
* Synchronization between more than two M8190A modules
(more than 4 channels) is on the roadmap to be supported at
a later date

« This will require an extra “clock distribution” module. Other than that, the
plan is to work without any hardware changes to the modules
* Inthe meantime, the approach that is described on the
following slides can be used as a work-around to
synchronize two or more modules

Agilent Technologies

September 19, 2012



What does it exactly mean=te<tsynachronizes two or
more M8190A modules? (1)

Synchronization requires two things:

1. Frequency Synchronization
* This is to make sure that the modules run at the same sample rate
which must be derived from the same master oscillator for all modules
« This can easily be achieved in one of two ways:

— Feed all modules with a common reference clock. In case of two
modules in the same AXI chassis, this is the default

— Feed all modules with a common sample clock. The common
sample clock can either come from an external generator or one
module acts as a master and the clock is daisy chained to the other
ones

2. (see next slide)

Agilent Technologies
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What does it exact] ¥ onizez two or
more M8190A modules? (2) |

2. All modules must be started at the same time and run with
a repeatable skew

« Starting the modules at the exact same time is practically impossible
without the means that will be implemented inside the modules later
« Starting the modules with a repeatable skew is possible.

— Repeatable skew means it stays the same across multiple “runs” and
waveform downloads - as long as the sample rate and other operation
modes are unchanged

— The procedure is to download “test waveforms” that are used to measure
the skew between the outputs of multiple modules during a “test run”.

— Once the skew values are known, the waveforms and delays can be
adjusted to compensate for the measured skew

— Finally, the adjusted waveforms can be downloaded and the modules
started again — this time with zero skew between the outputs

Agilent Technologies

September 19, 2012



Why is it so difficul | modules at
the exact same time?

« Consider the Sync Clock timing of two or more modules. Even though ”they
are both derived from the same sample clock, they can have 1 of 48 (or 64)
different phase relationships to each other

« An asynchronous start signal might be sampled by the different modules
in different order every time = no repeatable skew - useless

« A start signal that is synchronous to the first module’s SYNC Clock is
better but might violate setup/hold times of other modules — depending
on their phase alignment

Sample Clock RMRMMRMMRMM

SYNC Clock #1 _| ~~

/ |
|
]
‘> / :<—>: Unknown phase relationship
"

Timing works for module#1, but might violate setup time for module #2

SYNC Clock #2

Start signal

Agilent Technologies
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Synchronization se
(shown for two M8190A, but can be extended to more)

1. Set up the M8190A in “armed” mode; load waveforms to all module that
contain a marker at the start of the waveform; start all modules

2. Set up an external trigger generator to generate a one-shot pulse
synchronous with its clock input

3. Observe the skew between the marker outputs on the scope on recurring
runs; make sure it is always the same skew. If not, see next slide

4. Adjust the waveforms and output delays to compensate the skew

Optional
ext. clock —» Sample Clk In SYNC CIk.Out

Trg. In M8190A #1

\ 4

Clock Input Sample Clk Out Marker Out » Ch1
External »| ch2 Oscilloscope
Trigger generator »| Sample Cik In SYNC Clk.Out to measure
(e.g. 81150A) Ch3  actual skew
Output * » Trg. In M8190A #2 Ch4

|— Sample Clk Out Marker Out

Agilent Technologies
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What if the skew%

« ...then you have a setup or hold-time violation on one of the modules

« identify which module does not generate a repeatable timing
(expect the skew to “jump” by SYNC clk period)

« Change the sample rate of the module to a different sample rate and
change it back to the original sample rate. This will cause the sync clock
divider to find a new (random) phase. Go back to the previous step

« With a little programming effort it should be possible to automate this
procedure

« Note: After every power cycle / change of sample rate / change of 12-/14-
bit mode, synchronization is LOST

Agilent Technologies
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Example

Four M8190A
channels in sync

Waveforms consist
of a pulse (to show
perfect alignment)

followed by a
sinewave (to show
that channels are
independent)

In a real application,
the waveform can of
course be

completely arbitrary

EINEEEY B EET]

File Conirol Setup Measure Analyze LHilities Help

dGHz Standard B
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Example

kg agilent-fcd59d0

B E S| e oA 5y % E

(= [® |mSa]

File Control Setup Measure Analyze Utilities Help 21 Feb 2012 10:14 PM

Web Control users connected;

GGHz Standard B =

ATim

H Current 100
Hean 240
i -2espmm  Current
Max 2.
Mean

-600 fs

Scales

ATimel[1-] ATime[1- )

180 fs 500 fs
940 fs 510 f=

Zoome-in on rising
edge:

Skew can be
adjusted to < 1ps

ATime[1-2]
-5AA fs
70 f=s
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Other consideratwwcmem

« Two M8190A modules can be plugged into a 5-slot AXI frame (plus an
optional embedded controller). That's the simplest configuration, since the
sample clock can easily be shared between the modules

* Three or four M8190A modules will have to be split up into two AXI 5-slot
chassis. In order to run such a configuration, you will either need

— One compatible PC with two PCle slots (we don’t know if that exists) or

— Two separate, compatible PCs or embedded controllers (which is
expensive, but probably OK for someone who can afford 3 or 4 modules)

* If a customer wants two M8190A modules in two separate 2-slot chassis
(e.g. because he wants to use them separately as well as together), the
same applies

Back
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