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Antenna Architectures

Parabolic Dish Passive Active
Antenna Electronically Electronically
Scanned Array Scanned Array

AN/APG-77 (F-22)

Feed Network ‘
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Passive Electronically Steered Arrays (PESA)

One Source of RF Energy
« Klystron
* Single Point of Failure

* High Voltage Requirements

TR Isolation
 Circulator
* Duplexer

e Switch
Power Distribution

Phase Shifters

One Receiver
« High Dynamic Range Requirements

« Single Point of Failure
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Antenna Arrays Allow Beamforming

Main lobe = D deg azimuth
#nulls =1

Main lobe = omnidirectional
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2 antenna elements
0.5 wavelength separation
0 deg phasa shift per ant alemeant

(b)

Main lobe = 0 deg azimuth
#nulls=3

4 antenna elements
0.5 wavelength saparation
0 deg phase shift per ant element
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Main lobe = -30 deg azimuth
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Antenna Arrays Allow Flexible Patterns

Especially with large element counts

Search

Broad Patterns
Robust Modulation and Coding
Search Protocols

Many possible antenna

patterns with main lobe in the
%\ desired direction.

Uses:
* Modify main lobe width
Place null on interferer when
receiving
Periodically randomize
sidelobe direction for security,
or for lower interference
levels
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Active Electronically Steered Arrays (AESA)
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“T/R-Module Technologies Today and Possible Evolutions”,
Patrick Schuh, et. al EADS
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Advantages of Active Electronically Scanned
Phased Array (AESA) in Satellite
Communication

— Key Benefits

Fixed position antenna

Ability to form multiple agile beams

« Fast scan rates for wonderful tracking ability

* Independent T/R modules for Multi-band communication
 Reduced power loss from integration of RF source on each T/R

» Graceful degradation — single source failure will not cripple system
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5G — Strategic Vectors for Test & Measurement

Ve viive® => New Architectures

mmWave => New Spectrum

SNENREENE => New Physical Layer

KEYSIGHT

TECHN OLOGIES



5G -

« Massive MIMO — new research for next generation wireless
« Base station encompasses “hundreds” of antenna elements
* Lower power in the channel
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5G e Argos is a 64-element antenna array built using Rice
WARP

e Completely programmable at PHY, Argos can
simultaneously communicate with 15 MIMO mobile nodes
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AWG Basics: Sample waveforms

Memory + sample rate = playback time
256 kSa ~ 64 GSa/s =4 ps

Waveform Memory >
010000
001111
111
881102 data
001011
001001
001010
001100
DAC
1IN clock
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AWG Basics: Sample rate
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010000
001111
001110
001101
001011
001001
001010
001100

data

L

clock
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DAC

Sample Rate determines Modulation Bandwidth

bandwidth = typically less than 1/2 of sample rate
e.g. 12 GSa/s =5 GHz BW

FAV ANV

Reconstruction
Filter




M8190A Block Diagram

PCI-Express Link
from external PC
or embedded
controller

Sync Clk

—

\"/
Module

Sample
Memory
(up to 2 GSa)

Sync Marker

FPGA

7/}
Trigger In

Dyn. Seq. Citrl.

Ext. Ref Clk

Sequence
Memory

(512 K entries)

Var. delay

~

|9 Var. delay

Sample Clk In E
—_—>

Clock
Generation

Int. Clk
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Sync CIk In

(used with multi
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transferring 48,:"
or 64 samples
per SYNC clk

Sync Clk Out (= sample clock/48 or sample clock/64)

Sample Marker
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DAC Out
—/—>| DAC .
A
Sample Clk
sl Ac Amp Amplified
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—> DC Amp.

Hammerhead delay line




Enhance your Reality

Combination

with a Source of Greater Fidelity opers up new

applications

Up to 80 dBc SFDR for
Reliable and repeatable mea

Best IF signal quality
Digital Up Conversion

199

Agilent 11:06:34 Oct 26, 2083

2 GSa memory for
30 - 1,000,000 times more
I_O Nn Ia t| me Digital Up Conversion
g play :

5 GHz analog bandwidth
For today’s and tomorrows apps

Doublet mode:
4-7GHz signals

A
Operation with leading New

Applications:
Pulsebuilder, £IZZZF_2'>: Mark
software platforms o it Marker o
6.31 dB i

VBH 18 kHz
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Supported Software

Agilent BenchLink
Waveform Builder Pro

LabVIEW Visual Studio plus

Soft Front Panel
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81199A Agilent
Wideband Waveform Center

MHL Compliance Test



Frequency Expend to 44GHz
with PSG E8267D
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9 RF up to 44 GHz
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5 Modulation BW up to 2 GHz
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Keysight Arbitrary Waveform Generators
Proprietary Technology - Unique Performance

Choose the performance you need

» High Resolution
» Wide Bandwidth

A M933xA
L

MO330A / N8241A

15 bit, 1.2 Gsa/s

Best signal quality in PXI
and LXI form factor
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M8190A
81180B
w

M8190A

14 bit 8 GSal/s /
12 bit 12 Gsa/s

81180B ‘ 5 GHz analog bandwidth

12 Bit, 4.6 GSa/s
1 GHz analog bandwidth

Best signal quality and
longest playtime

Economic version SFDR: upto-90 dBc .

10 dB more than the closest |
\ | competitor '

M8195A

M8195A
8 bit 65 GSals
20 GHz analog bandwidth

Highest speed, bandwidth
and port density in a 1-slot
AXle module

Jitter 5 ps pp @ 32 Gb/s
SFDR: up to -80 dBc
Integrated 16-tap FIR filter
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16 Channels Coherence Signals Generator

AWG Group 1
T TRy W o

Slave 1c 1

AWG Group 2

4x PCle Controller

External Clock  Trigger Cable

&z Se

e € €€ Cable Coaxial
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— - j | Extender Cable
il 7 |slave1c | Slave 2c
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CHANNEL 1 DIRECT COUT of é‘ 5; g %
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Key Performance of 16 channels signals generator

Frequency range: DC - 6GHz

Amplitude: 350 mVp-p to 700 mVp-p

16 channel differential / single ended output

Amplitude Consistency: < 0.1dB

Phase Adjust Accuracy: < 0.5 deg (1GHz)

Easy 16 Channel auto skew correction / phase calibration
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Keysight High-Speed AWG portfolio

M8190A M8195A M8196A
-8/12Gsals » Up to 65 GSals « Up to 92 GSals
*14 /12 bit resolution « 8 bit resolution « 8 bit resolution
*5 GHz BW « 20 GHz BW « 32 GHz BW

* Up to 2 channels » Up to 4 channels - Up to 4 channels

Download time in %

* Waveform * Real-time

100

CEEEECEED

= = W Tr/Tf=7ps
with real-time 20%-80%

mode

SFDR -94 dB
- "
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New M8195A AWG

Leading performance

65 GSa/s AWG
, 20 GHz BW 1
, 1, 2 or 4 channels \

Multitone from DC to 20 GHz

Go where you have never been able to test before:
in speed, in bandwidth and in channel density.

Explore your possibilities
KEYSIGHT
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M8195A in A/D and Wireless Applications

Explore your possibilities by using wide BW

— Wideband wireless communication signals up to 20 GHz
with flexible modulation schemes (nQAM, OFDM, etc.)

— Emitters simulation of in C, L, S, X and Ku band up to
20 GHz directly — without external up-conversion

— Extremely wide modulation of radar pulses with
bandwidths (DC to 20 GHz instantaneous BW)

— Fast hopping in picoseconds across a whole frequency
band

— Emulation of multiple phase coherent emitters
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M8195A Multi Channel Support
Requires M8197A sync module (release end of Nov. “15)
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4 channels 4 modules (= up to 16 channels) and
1 synchronization Module

« Synchronization of more than 4 modules is possible, too
« Use asynchronous or synchronous triggering scheme

« MB8197A improves trigger accuracy and offers dynamic control input
« useful even in conjunction with only one M8195A
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Keysight M8196A AWG

Highest speed = 92 GS/s

Extremely high bandwidth = 32 GHz

High channel density =
Up to 4 synchronized channels

Differential outputs:
*  Amplitude up to 1 Ve (2 Vipaitr)): Voltag
window -1.0 ... +2.5V

8 bit resolution

rise and fall times below 9 ps
512 kSa memory

Software integration
+ M8070 System software for BER test solutions
« 81195A optical modulation software
* Matlab, IQ tools
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