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Nov. 1940 - News Flash

Disney releases Fantasia with
“Fantasound” , a new audio
stereophonic sound system

Walt Disney orders eight audio oscillators (HP
200B) for the sound production of the movie
Fantasia.

The 200B was used to calibrate the
breakthrough sound system of Walt Disney's
celebrated animated film, Fantasia

Stimulus/Response Testing
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Substitution

RF Signal
Injection

IF Signal
Injection

BPF
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Voltage

Continuous Wave (CW)

Frequency
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D
Voltage

Oscilloscope Spectrum Analyzer

The sine wave is the basic, non-modulated signal: It is useful
for stimulus/response testing of linear components and for
Local Oscillator substitution. Available frequencies range from

low RF to Millimeter.
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Modulation: Where the Information Resides

V = V(1) sin[2p f.(t) + f(1)]

/o1

AM, Pulse

\ \/

V = V(1) sin[q(t)]




Voltage

. V() =[1+ m x cos(w,, xt) x cos(w, xt)

Carrier

Amplitude Modulation

Modulation
frequency

. Modulation index

. M=2xYV

%AM
10%

sideband - Vcarrier
AdB

-26dBc

Modulation
depth %,dB

Important Characteristics for
Amplitude Modulation

. Modulation frequency (rate)

. Depth of modulation (Mod Index)
. Linear AM (%)

. Log AM (dB)

. Sensitivity (depth/volt)

. Distortion %

I AdB
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“Generating Signals —Analog Mogdulation
Amplitude Modulation

Carrier

Where are AM signals used?

Time

Voltage

. AM Radio
_ . Antenna scan
Modulation . ASK (early digital 100101)




Voltage

Frequency Modulation

Where are FM signals used?

Important Characteristics for
Frequency Modulation

. FM Radio

. Aviation Flight systems

. Radar

. FSK (early digital 1011)

. Frequency Deviation
. Modulation Frequency
. dcFM

. Accuracy

. Resolution

. Distortion

. Sensitivity (dev/volt)




ighals —Analeg=Modulation

Frequency Modulation
V= Asin[2pf.t + Bm(t)]

Important Characteristics for

B=AF JF Frequency Modulation
dev mod

. Freqguency Deviation
\ . Modulation Frequency
/\ f /\ . dcFM
. Accuracy
Time . Resolution
| . Distortion

. Sensitivity (dev/volt)

Voltage




Important Characteristics for
Phase Modulation

f\ ﬂ rv-\ . Phase deviation
_ . Modulation Rate
J Time . Accuracy
. Resolution

. Distortion
. Sensitivity

Voltage
_

Where are Phase Modulated
signals used?

. PSK (early digital 1010)
. Radar(pulse coding)




Phase Modulation

[\ Where are Phase Modulated
signals used?
. PSK (early digital 1010)

\‘/T'me . Radar(pulse coding)

Voltage
_




Pulse Modulation

Rate=1/T |<— T
Rise — ——
time _L
g On/Off
Q ratio
8
Pulse "I t I" Time 1
Width
Where are Pulse Modulated
signals used?
. Radar
. High Power
Stimulus/Response 2
. Communications g

—Anateg=Modulation " fiL L L L

Important Characteristics for Pulse

Modulation

Pulse width

Pulse period
On/Off ratio
Rise time
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Pulse Modulation

Rate=1/T - T
| Rise — - | Where are Pulse Modulated
time signals used?
On/Of
o f ratio ) R_adar
= . High Power
o | - _
. Stimulus/Response
> Time T L
Pulse | t |‘_ . Communications
Width
2
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Simultaneous modulation of two Mod Types

Independent Amplitude and

Phase Integrated 1Q Modulator
Modulation
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Independent
FM and Pulse
Modulation

NUM 32 QAM Constellation Diagram
FM during the pulse = chirp




* Magnitude is an absolute vait
* Phase is relative to a reference S|gnal (0 degrees)




Magnitude Change Phase Change




I-Value

. Project Signals to “I” and “Q” Axes

. Polar to Rectangular Conversion

IQ Plane Shows 2 Things
What the modulated carrier is
doing relative to the
unmodulated carrier.
What baseband | and Q inputs
are required to produce the
modulated carrier
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Transmitting Digital Data -- Bits vs Symbols

Binary Data bit = 0,1
Transmitting Digital Bits ( f1=0,f2=1) Transmission Bandwidth Required

f1

f(t) = f o

T | 010101010

— > 2] T +——
Main lobe width is 2 x Sample rate

Symbol = Groups/blocks of Bits

2 bits/symbol (00 01 10 11) _
3 bits/symbol (000 001 .....) Symbol Rate = Bit rate

- — Symbol 1 (00)
_ I_ . | - Symbol 2 (01) J\(\(MW
f (t) il & el K Symbol 3 (10)

I — - — — Symbol 4 (11) 2/ S




NG Signals — Composite Modulation:

S

| Digital Modulation Characteristics

Modulation 1 Number of bits 1 Constellation [ Transmigsion
format ! persymbol | I bandwidth
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. 1Q Modulation Bandwidth

. Frequency Response/flatness
. 1Q quadrature skew

. 1Q gain balance

flatness

y
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Vector Modulation - Where Used
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. Mobile Digital Communications
. Modern Radars
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Add signal impairments
Streaming data
Recovering User Data
Removing test signal imperfections




Record/playback real signals scenarios

RF Signal
Injection

%
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e Basic CW Signals
 Block Diagram (RF and Microwave)
 Specifications
» Applications
« Analog Signals
* Block Diagram (AM, FM, PM, Pulse)
» Applications
 Vector Signals
 Block Diagram (1Q)
» Applications




RF Source

Synthesizer Section

Frac-N{e _
Output Section
[ ALC Output
| | Modulator Attenuator
Phase f ~I>~ /\/ % % —
Detector

1 VCO ‘

. ALC R
divide Driver |
by X / E

Reference
Oscillator ALC Detector

Reference Section ALC = automatic level control




Phase
Detecto

—

4>

Optional External
Reference Input

To synthesizer

Divide

section
—

by X

Reference Oscillator (TCXO or OCXO)

| TCXO | OCXO

Aging Rate +/- 2ppm/year +/- 0.1 ppm /year
Temp. +/- 1ppm +/- 0.01 ppm
Line Voltage +/- 0.5ppm +/- 0.001 ppm




N =931
\
: Frac-N
Error signal
5MHz [
11
Phase —‘>— /\/
Detector
VCO
5MHz
From reference 465.5 MHz

section

Synthesizer Section

X 2

Front
panel
control

To output section

Multiplier

>
931 MHz




PLL/Fractional-N...suppress phase noise

Overall phase noise of signal

Phase-locked-loop (PLL)
bandwidth selected for optimum
/ noise performance
Reference

oscillator

noise

20IogN

Broadband

\ noise floor

>

frequency




« ALC

emaintains level output
power by adding/subtracting .,
power as needed synthesizer

e Qutput Attenuator
emechanical or electronic
sprovides attenuation to
achieve wide output range
(e.g. -136dBm to +17dBm)

section — > %

ALC

Modulator

Output

Attenuator

A

ALC |
Driver |

:

>
Source
output




Microwave Source

Reference Section

Frac

Phas
Det

N

ﬁ‘\@)"’l

OuF

Ref
Osc

—

Phase

...... —_ e — —— —— —

ALC

Modulator

Sampler

YIG
Oscillatol

Detector ‘ >

Frac

300

Synthesizer

N [<
— .
Section
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ALC

Driver

Output
Attenuator

i_.

ALC Detector
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>

Output Section




als— Specifications

Frequency

. Range -- F,;, to F, .,
. Resolution — smallest frequency increment
. Accuracy — is it where it says it is

—’l N |‘*Uncertainty

Accuracy =+ f.* Uging* tcal

fgw = CW frequency =1 GHz

aging = aging rate = 0.152 ppm/year
Lcai= time since last calibrated = 1 year

Power

t

Frequency

Accuracy = 1152 Hz




Amplitude

 Range (-136dBm to +17dBm)

» Accuracy (+/- 0.5dB)
* Resolution (0.02dB)
» Switching Speed (19ms)

* Reverse Power Protection

Source protected from
accidental transmission from

DUT

_ How accurate
What is Pmax out? | £ is this number?

T T

| T What is Pmin out?

Frequency

Voltage
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Frequency Sweep

A

Ramp sweep T
e accuracy :C’)
e sSweep time =
e resolution 2
|
f1 |
t1 t2
time
Step sweep N
e accuracy fa —

 number of points
e  switching time

—h
w

frequency
=

'_\




Frequency Sweep

» Level Accuracy
 Flatness

e Source Match (SWR)

Power Sweep

 Power Sweep Range
 Power Slope Range
e Source Match (SWR)




Spectral Purity

» Phase Noise
» Spurious

CW output
) ‘/////,,,

A

Phase
noise

Sub-harmonics /

'

Non-harmonic spur
~65dBc

3

Harmonic spur
~30dBc

— A
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se Noise

dBm Atten 0.08 dB

Frequency Offset

Prototype Instrument - Not For Sale

—
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— Applications

As a Local Oscillator

4[>_> transmitter output
Poor frequency accuracy

and/or resolution will cause

DUT

IF signal @7

g

Eé“ | LO signal the transmitter output to be at
Ca it | N the wrong frequency
Key Specs: Q poor phase noise spreads
» Frequency Range energy into adjacent
* Accuracy channels
* Resolution
e Output Power
* Phase Noise




In-Channel Recelver Testing

The smallest RF signal that will produce Receiver SenS|t|V|ty
a desired baseband output from the
receiver
. e ~e IF
o | signal
DUT
. in-channel signal
Key SpeCS' (cw signal)

source

output IF Rejection Curve

e Range (-136dBm to +17dBm)
e Accuracy (+/- 0.5dB)
» Resolution (0.02dB)

-116 dBm to —
126 dBm

Level (dBm)

IF Channel Frequency
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‘Out-of-channel Receiver Testing

Receiver Selectivity
Spurious Response
e ~e IF
1= | signal

out-of-channel signal
(CW and/or modulated

signal) D UT
source output
«— IF Rejection Curve
Key Specs:
spur from source and/or high levels
Frequency Range of phase noise can cause a good
Output Power receiver to fail
Phase Noise

Broadband noise
Non-harmonic spurious
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isolato _>‘ > OUIIOUt RF

Key Specs: Two-tone Intermodulation

« Frequency Range b|3t0 rtion
* Frequency Accuracy fA A1:2 test system third order
« Frequency Resolution o 1 products will also fall here
* Output Power © spurious signals from source
* Non-harmonic spurious g / cgn corrupt measurement
g_ s L /
©
>

fL=2f1-12 fu=2f2-f1
_frequency

-

=
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Out-of-annel Receiver Testng - IMD

== - Intermodulation immunity
- N ~e IF
—
. | isolator = " signa
F e Fmod = nF1 + mF2
DUT n=-12
m=2,-1
Key Specs: out-of-channel
; sources
« Frequency Range signals put IF Rejection Curve
* Frequency Accuracy
[ ] i A
Frequency Resolution F1 2 Intermodulation product
* Output Power Fmod = 2F2 — F1

Non-harmonic spurious spur from

source

Level (dBm)

. : B

-
R

A

o P

e 1 e



Sweeper Input

Detector
+

Detector
puT [ H—e

Key Specs:

Frequency Range

Frequency Accuracy
Frequency Ramp/step sweep
Power sweep

Sweep speed

Output Power accuracy
Residual FM

S p




e Basic CW Signals
 Block Diagram (RF and Microwave)
 Specifications
» Applications
e Analog Signals
* Block Diagram (AM, FM, PM, Pulse)
» Applications
 Vector Signals
 Block Diagram (IQ)
 Applications




Add AM. EM. PM. and PuIseModuIatlon

ALC Output
Attenuator

VCO Modulator
@ 5 % _)[>_> Pulse S §
[ Mod. I
VW O —]
/[ A VW
Freq.
Contro ALC k¢

Driver
A

ol

R;erence FM, PM input AM input  Pulse Mod input

| Oscillator
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~ Add internal modulation generator

ALC Output
Attenuator

VCO Modulator
@ 5 % _)[>_) Pulse S %
Mod. -
VW — >

T_ A VW
Freq.
ALC
Contro _
Driver [€
A
—e M, PM input _AM input —® Pulse Mod input
*
FM AM Pulse
Reference Sourcd | Source Source

| Oscillator
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In-channel signal
(modulated signal)

Key Specs:
* Frequency Range
* Modulation rate/deviation
* Modulation Distortion

Required SG

i Receiver .
Modulation = X 1,0-(margin(dB)/20)
distortion Distortion % X
Example:

For a receiver distortion of 5% and
a 10 dB test margin, the SG must
have < 1.58% mod distortion

Receiver' Baseband Distortion

;_ =

Recelver

Level (dBm)

Non-linear distortion is characterized by
the appearance of harmonics other than
the fundamental component in the

baseband output

istortio
n

Mﬁ*mw

}»F\ n <:|-‘\—> —



RF Signal
Injection

SN

FM during the pulse = chirp

ANTENNA< |

Key Specs:

* Frequency Range
 FM Modulation rate/deviation
» Pulse rate, width, rise time

a4 a4

2nd IF 1st IF
IFA BPF IFA  BPF




» Basic CW Signals
 Block Diagram (RF and Microwave)
 Specifications
» Applications
* Analog Signals
 Block Diagram (AM, FM, PM, Pulse)
» Applications
e Vector Signals
 Block Diagram (1Q)
» Applications
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. Good Interface with Digital Signals and Circuits

. Can be Implemented with Simple Circuits
. Fast, accurate state change
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Adding the 1Q modulator
I-Q Modulator Output

Synthesizer

O S
VWV

Control L® LALC <—|_\

T \
Freq.
Driver

| Q
~ _

Reference |




—Block=Diagram

Baseand 1Q signal genertn

Analog Reconstruction

Filters
DAC \ f—> |
Symbol |
Pattern Mapping and
RAM Baseband
Filters
DAC \ —> Q
\ 4 ‘l’
00 -> 1+j1
01 -> -1+j1 A

11000101101 _
01001011100 [0->-1-1
10101010 11 -> 141 R




Baseband Generator: Baseband Filters

Fast Transitions Require Wide Bandwidths

q Frequency |

|‘ 'l

Ly b

Frequency

e Bandwidth




Synthesizer

-

Adding an internal Baseband Generator

1-Q Modulator

Output

-

p/2

@VCO

Control

|
S

Reference

#H>

...... —_ e — —— —— —

ALC
Driver
Y
Pattern
_\ <DA RAM
— |
and
Symbol
N\ —<DA Mapping|




Format Specific Signal Generation
Receiver Sensitivity

Receiver Selectivity

Component Distortion




Dlgltal Format Access Schemes

Different time - different Users
A One User

FDMA Differ channel - different Users TDMA  Different time - different Users

>

CDMA Same channel — many users | OFDM




GSM:
slots

Format Specific Modulation

multiple users, same frequency, differentt ime
FREQUENCY a = 50.00dB Configure
935.20000000 mz | -35.00 oen Frene?
1] GSH RF ‘ nuu‘
EHULP| I/0 M

|TiITESll]t B 6 Timeslot.

GSM Data Format.: Framed Bits/Sumbol: 1 # 6

Mod Tupe: MSKE SumPate: 270.833333ksps Repeat : Cont

Un 55H: STAKDOARD Filter: 0.300 Gaussian P Pol: Normal Times lot.
Oiff Encode: On Off

GSH - Timeslot Pattern

1] 1 2 3 L a9 | 6 | 7
FCorr Sunc Dummu | Access | Custom | Hormal | Hormal | Hormal
an iy} ]y} ]y} an an an an

S0de S04

Timeslot AmMPl
Oelta

Timeslot THDE'
CHarmall

I:::uwFi;xur*e.,r
hormal




- Applications.. HWANA

Digital Receiver Sensitivity

The smallest modulated RF signal that will

produce a specified BER from the receiver DUT
o & %‘ RF | Baseband
- eI R I
e F o RN R = » =
l__El'-' 20 @ @ = l
|
RF LO :
!
v
A 8000000000000000000000000000000000000000000000000000000000000
: Payload
3 Data
2 : :
= E
E S S BER Spec
S . o S Line

’




Power Out

~ Applications.

Digital Receiver Sensitivity

Testing a -110 dB sensitivity digital receiver:

X= Failed unit
O=Passed unit

| 110 88 spefcatior

x -110 dB specification

l Set source to -111 dBm

X
Power Out

X X X Actual output power=-114 dBm

O oo Actual output power=-112 dBm

OT Set source to -115 dBm o

Frequency Frequency
Case 1: Source has +/-5 dB of Case 2: Source has +/-1 dB of
output power accuracy at output power accuracy at

-100 to -120 dBm output power.

——



o S — = —

—

ignals’= Applications.

Receiver Sensitivity — Connected Solutions
« Simulated portion




Receiver Selectivity (Blocking Tests)

In-channel signal
(modulated signal)

@ eane
DI &

le

T

L
B
f
g

b3

o 0BC

|
: Baseband
|
|

os?

ooooa B
H000.

oC

00000oa

gal
EIE]
=a

EC

Cw

a0aaoog
ooooa

En
EIE)
=a

|
|
|
i RF LO :
|

(CW or modulated signal)

v
IF Rejection Curve

Payload
Data

Spur from source and/or high
levels of phase noise can
cause a good receiver to fall

\ Level (dBm)
\

—————— Sensitivity specification




Input from VSG ACPR

ACP Margin
Margin (dB) 0 1 2 3 4 5 10 15
Frror contribution (dB)| 3.0 2.5 2.1 1.8 15 1.2 0.4 0.2
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Component Distortion — Error Vector Magnitude

OFDM Signal -
400 MHz Bandwidth

[\

&
&
L
=
&

Magnitude Error

Q

o|lofo|o]oe|o|[o]|e (1Q error mag)

f
&

Error @ |® | &=
Vector
Magnitude

&

%
%
=

&

Ideal (Reference) Signal

&

Phase Error (IQ error phase)




Measured EVM = - 30 dB,

& Chl OFDM Meas Ranige: -12 dBm

dB
dB

kHz

mdeg

dB
]
ppm

] by pE
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Simulating real signal environments

Signal Creation

Fadlng "._
Baseband

"" SW ':\ "““-‘. .'-.ht.“ ‘_> : User :
e % Digital * Hardware |

Waveform 3 Signal :
Capture and ‘-_/ Interface T e

Playback 7 e e \

m“ Baseband :. K - | BBG ¢«-‘ 1 H
.. SW " A Vector % RF/Microwave Signals

Baseband 1Q generation Signal >
External BBG Generato:"

auw
Rl Tre, (S Q
- . . g
* » o r K
K ., ‘ 4
1 . g
o II Q
g Slg al . e

i Creation
SW

Vector
Signal
Analyzer




Add
Predistortion

| T ————
(corrections) , eireeeess SARIEHRS 5
= | s | TTLO atatall 41 1
i TS e® ma ‘”EJD 828 %%EJ
Signal LAN/GPIB L -
Software VSG

Measurement
Results

VSA

A

v

Measure
Modulated
Signal
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Remove Test Signal Imperfections — 1Q Flatness

Typical Maximum Available Output Power 1/Q bandwidth using internal 1/Q source

3.00
24 1.00
__-1.00 .
- %.3,00 S \
— 20 I—l_
] L BW = 200 MHz = jgg
= 18 | 7
— \J 2 850 MHz
o / S -9.00 1800 MHz
2 16 ™ \v‘u -~ a | ] 1900 MHz
a ' 11.00 === 2200 MHz
14 o 13.00 —— 5700 MHz
12 2 1 < 15.00 I
0 : : 50 E -30 ﬂ.w ; 0 S?VIH 50
requency offset from carrier Z
0 1000 2000 3000 4000 q Y [ ]

Frequency [MHz]

Source of error — I/Q modulator, RF chain, 1Q path
Result — passband tilt, ripple, and roll off




e

- Remove Test_él_g_nal |mperfect|ons — IQ flatness
Solution — measure vector signal generator and apply
predistortion

Tradeoff — calculation time, valid cal time
Typical application — wideband, multitone, and multicarrier

32 tones - 80 I\/IHz 500 MHz UWB

HM | ‘f 0 . 2 4 dB Before
' I
\ ‘ ‘
\

uu ‘

i Agi
Ref —1€

\ \IHHH o
\ \h

|
\ il
H H
H\L

'-amn
uu H
Tun ‘

\h

Ext Ref
1

\LMJ J
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Removing Test Slgnal Imperfectlons - IMD

Before Predistortion
Measured in-band IMD = -40 dBc

% Agilent

a Mkrl
Ref -5 dBm #Atten 18 dB
N

After Predistortion
Measured in-band IMD = -84 dBc

% Agilent

a Mkr
Ref -5 dBm #Atten 18 dB
Mo

F T u..n.
S

VEH 3 kHz



Removing Test Signal Imperfections — Group Delay

Before Predistortion
EVM -30 dB, 3.3%

& Agilent 89600 Vector Signal Analyzer

File Edit Control Source Input MeasSetup Display Trace Markers Ubliies Help
EVM
FiotEVM

Mod Fint
Octets
Code Rat

Awerage Complete

PET] W ams

dé  CPE = G854 mims

FHz 10 Dffset = 43756 dB
mdeg  Gan Imb
SymCkEr = -

Symbols = 118
Bit Rate =41580  Mbps

INT REF CAL: None

After Predistortion
EVM =34 dB, 2%

& Agilent 89600 Vector Signal Analyzer

File Edt Control Source Input MeasSetup Display Trace Markers Utiides Help

vie BEODds - I kzie M) E

EVM = 20087
CPE = 5335

18 Dffset = 4367
Gain Imb = 01162
SymCkEn = 14.20

Symbols = 118
Bt Rate = 41580

Awerage Complele INT REF CAL None




DUT
output RF
>

Intermodulation
Distortion

* Improved IMD suppression (typically > 80 dBc)

« Correct generator with additional devices in the lo op

* Lower overall cost-of-test for large # tones

Signal Studio — Enhanced Multitone o Same hardware for ACPR/NPR distortion tests

Up to 1024 tones Set relative t one power

Set relative tone phase 80 MHz correction BW
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b=y S B g Receiver
- Sxiieg
O88s EDESJ /_\ <:|‘ _\ n
transmission 1
channel BER/PER
analysis

» Faded analog RF, IF, or IQ for receiver test

» Faded digital IQ baseband for digital
subsystem test
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“ Capture &Plba

\

RF Signal
Injection

» Record signals off the air @ \
» Transfer files to a PC equipped with Baseband Studi o and re-format

» Stream them into the Vector PSG signal generator fo  r playback

1st IF
IFA BPF
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Dta Capture yk

olutiens=—.

\

: Capture data from the digital
i section of a transmitter a—
: Digital bus

Capture digital 1/Q signals

Test stimulus to the digital
: section of a receiver

Digital bus

Playback digital 1/Q signals




’

The need for creating test signals
— Aerospace Defense to Communications

From Generating Signals...
— No modulation
— Analog Modulation
— Composite Modulation

...To Simulating Signals
— Simulating real-life signals
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Summary




I Analog >4 Vector I

Basic & Mid-performance

RF mid-performance RF mid-performance
! g o seceeEe '7 ssggese:
. O Ci ,
e o
NS5181A MXG N5182A MXG
New price/performance point, New price/performance point,
fast switching fast switching, best ACPR

High performance

E4428C ESG E8663B E8257D PSG E4438C ESG E8267D PSG

High spectral purity Best close-in High power, Real-time BBG, BERT, Agilent INNOVATION
phase noise low phase noise digital I/Q first vector modulation at MW
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5

ations

DVB-T/H/C

3GPP W-CDMA -9 | 802.16e Mobile WiMAX | |
3GPP W-CDMA [ 802.16d Fixed WiMAX | T-DMB
3GPP W-CDMA w/ HSPA 802.15 MB-OFDM UWB S-DVB
LTE Bluetooth
CPRI BTS =Y 802.11a/b/g/p/j/n
TD-SCDMA WLAN & MIMO

CDMA2000 & 1S-95-A

CDMA2000 & 1xEV-DV

cdma2k & 1xEV-DO

GSM/EDGE

Real-Time TDMA:
GSM/EDGE
GPRS/EGPRS
NADC
PDC/PHS
DECT/TETRA

ARB TDMA:
GSM/EDGE
NADC
PDC/PHS
DECT/TETRA
APCO
PWT
CDPD

—
=

lalStudio-& Embedped S¢

| Pulse Building |

[ Digital, RF, & MW Fading |

| GPS | | Toolkit

| Jitter Injection

Distortion Test
.9 (Enhanced Multitone
and NPR)

Multitone

| Calibrated AWGN

|  Custom Modulation

o - rew
Il = Signal Studio
I = Embedded SW




N5110A Baseband Studio
for waveform streaming

— Virtually unlimited playback
memory

N5115A Baseband Studio for fading

— Optimize number of paths versus
bandwidth

— Up to 48 paths or 30 MHz
bandwidth

N5102A Baseband Studio digital
signal interface module

— Digital I/Q & digital IF output
— Extremely flexible
For Further Information:
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