
信号发生器

BY
NeuHelium
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Agenda

 Generating Signals
• Continuous Wave (CW)
• Sweep Signal
• Analog Modulation
• Digital Modulation

 Signal Generator Architecture
 Basic Applications
 Applications in Modern Wireless Communications 
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Generating Signals – No Modulation
Continuous Wave (CW)

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.  

RF Microwave Millimeter

20-70 GHz 300 GHz6 GHz

Vo
lta

ge Frequency

Spectrum Analyzer

Vo
lta

ge Time

Oscilloscope
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CW Source Specifications
Amplitude Parameters

4

 Range                                          (-136dBm to +13dBm)
 Accuracy                                     (+/- 0.5dB)
 Resolution                                   (0.02dB)
 Switching Speed                         (15ms)
 Reverse Power Protection

DUT

V
ol

ta
ge

The maximum output 
Power The accuracy of 

signal level

The minimum output 
Power 



类

脑

智

能

驱

动

未

来

类

脑

智

能

驱

动

未

来

CW Source Specifications
Frequency

 Range: Range of frequencies covered by the source
 Resolution: Smallest frequency increment.
 Accuracy: How accurately can the source frequency be 

set.
 Frequency change speed: How fast the frequency 

change
 Standard High Stability (1E5) 
Aging Rate <±1ppm/yr. <±0.1ppm/yr. 
Temperature (0-55deg C) <±1ppm, typical <±0.005ppm, typical 
Line Voltage <±0.1ppm(+5%,-10%), 

typical 
<±0.002ppm(+5%,-10%), 
typical 

 

Vo
lta

ge

Frequency

Uncertainty



Example
Accuracy     = 

= CW frequency = 1 GHz
= aging rate = 0.1ppm/year
= time since last calibrated = 1 year

+_ f CW τ aging calτ* *

f CWτ aging
calτ


		

		Standard

		High Stability (1E5)



		Aging Rate

		<(1ppm/yr.

		<(0.1ppm/yr.



		Temperature (0-55deg C)

		<(1ppm, typical

		<(0.005ppm, typical



		Line Voltage

		<(0.1ppm(+5%,-10%), typical

		<(0.002ppm(+5%,-10%), typical
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CW Source Speci�cations
Spectral Purity

 Phase Noise
 Residual FM
 Spurious

0.5f0 f0 2f0                                     3fo

non-harmonic spur
~65dBc

harmonic spur
~30dBcCW output

Residual FM is the integrated 
phase noise over 300 Hz - 3 
kHz BW phase 

noise

sub-harmonics
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CW Source Specifications
Spectral Purity：Phase Noise——Basic Concepts

7

Idea signal Real world signal

V (t) V (t)

E(t)

φ(t) 

f f
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CW Source Specifications
Spectral Purity:Phase Noise——Performance
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CW Source Specifications
Spectral Purity:Residual FM
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CW Source Specifications
Spectral Purity:Phase Jitter
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CW Source Specifications
Frequency Synthetic Technology 
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CW Source Specifications
Direct Frequency Synthesis
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CW Source Specifications
Indirect Frequency Synthesis
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CW Source Specifications
Direct Digital Synthesizer (DDS)
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CW Source Specifications
Summary of Synthesis
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Agenda——Signal Generator

 Generating Signals
• Continuous Wave (CW)
• Sweep Signal
• Analog Modulation
• Digital Modulation

 Signal Generator Architecture
 Basic Applications
 Applications in Modern Wireless Communications 
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Sweep Source Specifications
Frequency

t4t3t1 t2

f4

f3

f1

f2

t4t3t1 t2

f4

f3

f1

f2

– Step Sweep

• Accuracy

• number of points

• switching time

– List Sweep

�Accuracy

�switching time

�dwell time
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Sweep Source Specifications
Amplitude

– Frequency Sweep

• Level Accuracy

• Flatness

• Source Match (SWR)

– Power Sweep

• Power Sweep Range

• Power Slope Range

• Source Match (SWR)

flatness spec

level accuracy spec

f1 f2
frequency

po
w

er
po

w
er }

P2

P1

power sweep range
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Sweep Source Specifications
Applications & Critical Specifications

– Frequency Response

• Level Accuracy

• Output Power (Level)

• Flatness

• Speed

• residual FM

– Amplifier Compression

• Power Range Power In

1 dB 
compression
point

Input 1dB compression point

Output 1dB compression point



类

脑

智

能

驱

动

未

来

类

脑

智

能

驱

动

未

来

Agenda——Signal Generator

 Generating Signals
• Continuous Wave (CW)
• Sweep Signal
• Analog Modulation
• Digital Modulation

 Signal Generator Architecture
 Basic Applications
 Applications in Modern Wireless Communications 
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Generating Signals - Modulation 
Where The Info is?

V(t) =  A(t) cos[2π f(t) + Φ(t)]

AM, Pulse FM PM
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Generating Signals - Modulation 
What Can Be Changed?

22
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Generating Signals - Analog Modulation 
Amplitude Modulation

23

Important Characteristics 

for Amplitude Modulation

 Modulation frequency (rate)-rate  the modulating 
signal varies the amplitude of the Carrier

 Depth of modulation (Mod Index) – ratio of the 
peak of Modulating signal to the carrier signal 
amplitude Vpeak mod / Vcarrier

 Distortion %

Where are AM signals used?

Vo
lta

ge

Time

Carrier

Modulation 
frequency

Modulation 
depth %, dB

 AM Radio
 Antenna scan
 ASK (early digital 100101)
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Generating Signals – Analog Modulation
Frequency Modulation

24

Vo
lta

ge

Time

Important Characteristics 
for Frequency Modulation

V(t) =  A cos[2πfct + βsin2πFmt]

β is the modulation index, where β

= ΔFdev /Fm

 Frequency Deviation (ΔFdev)-Amplitude of 
Modulating signal determines how far in Frequency the 
carrier signal will shift   

 Modulation Frequency (Fm)-Determines how quickly 
carrier will shift from one frequency to another

 Accuracy
 Resolution
 Distortion (%)
 Sensitivity (dev/volt)
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Generating Signals – Analog Modulation

Phase Modulation

25

Important Characteristics 

for Phase Modulation

 Phase deviation (Δθ)-amplitude of 
modulating signal determines the amount 
of phase deviation.

 Modulation Rate (Fm)- determines how 
quickly carrier will shift from one phase to 
another.

 Accuracy

Vo
lta

ge

Time

V(t) =  A cos[2πfct + β2πFmt]
Where β =Δθ, the peak phase deviation

Where are Phase Modulated signals used?

 PSK (early digital 1010)

 Radar (pulse coding) 
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Generating Signals – Analog Modulation
Pulse Modulation

Important Characteristics 

for Pulse Modulation

 Pulse width (t)
 PRF (1/T)
 Duty cycle (t/T)
 On/Off ratio (dB)
 Rise time (ns)

Where are Pulse Modulated signals used?

 Radar
 High Power Stimulus/Response
 Communications

Time

Pulse Width

On/Off ratio

Rise time 
T

t

Vo
lta

ge

Pulse Repetition
Interval (PRI)

Po
w

er

1/t1/T

Frequency

2/t
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Agenda┕ Signal Generator

 Generating Signals
• Continuous Wave (CW)
• Sweep Signal
• Analog Modulation
• Digital Modulation

 Signal Generator Architecture
 Basic Applications
 Applications in Modern Wireless Communications 
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Generating Signals - Digital Modulation 
From Bits to Modulated Signal

Now we are going to show how information is  transmitted by 
digital modulation.

Our example is a QPSK transmitter. 

111001011010...
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Generating Signals - Digital Modulation 
QPSK Constellation Diagram
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Generating Signals - Digital Modulation 
Serial Bit Stream

Suppose these are the bits we want to send:

0110110001...

So we group them into 2-bit symbols:

01 10 11 00 01 ...
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Generating Signals - Digital Modulation 
Two Waveforms

31

I and Q voltages represent 01 10 11 00 01 . . .

- 1

Q =

I =

+ 1

+ 1

- 1
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Generating Signals - Digital Modulation 
I-Q Modulator

32

π/2 Carrier

I:

Q:
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Generating Signals - Digital Modulation 
Limiting Bandwidth 

Low pass filters are added at inputs

I: . . . 

Q: . . . 
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Generating Signals - Digital Modulation 
Modulation Accuracy - EVM

I

Q

Error Vector

Ideal (Reference) Signal

Test Signal

f
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Agenda┕ Signal Generator

 Generating Signals
• Continuous Wave (CW)
• Sweep Signal
• Analog Modulation
• Digital Modulation

 Signal Generator Architecture
 Basic Applications
 Applications in Modern Wireless Communications 
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CW Signals – Block Diagram 
Basic Building blocks of RF Source: Four Phase Noise Contributors

Reference
Oscillator

VCO

Phase
Detector

Frac-N

divide
by X

ALC 
Modulator

ALC
Driver

ALC Detector

Output
Attenuator

ALC = automatic level controlReference Section

Output SectionSynthesizer Section

f

Broadband 
Noise Floor
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Signal Generator– Modulation
Generation of AM, FM, PM & Pulse Signal

Freq.
Control

FM
Source

ALC 
Modulator

Pulse
Mod.

Output
Attenuator

ALC
Driver

AM
Source

Pulse
SourceReference

Oscillator

VCO

FM, PM input AM input Pulse Mod input

LF Generator
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Vector Signals – Block Diagram
Adding an internal Baseband Generator

Freq.
Control

ALC
Driver

Pattern 
RAM and 
Symbol 
Mapping

VCO

Synthesizer

Reference

OutputI-Q Modulator

Baseband Generator
DAC

DAC
Q

I

90̊
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Vector Signals – Block Diagram
IQ Modulator 

 Good Interface with Digital Signals and Circuits
 Can be Implemented with Simple Circuits
 Fast, accurate state change

π/2

I
:

Q
:

I

Q 0001

1011

IQ inputs to produce 
Modulated Carrier

90 degree                   
phase shifter

RF
Carrier 
synthesizer 
section
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Vector Modulation Signals – BBG Block Diagram
Baseband IQ signal generation- Contains information to be transmitted

Pattern RAM 
Binary Info to 
be transmitted 

Symbol Mapping 
and Baseband 
Filters Map to 
digital symbols 

then to Digital I Q 
signals

DAC

DAC

DAC’s Convert Digital IQ 
signals to analog IQ signals

I

Q

1100010110
1010010111
0010101010

00 -> 1+j1

01 -> -1+j1

10 -> -1-j1

11 -> 1-j1

Send to            IQ 
Modulator
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Vector Modulation Signals – BBG Block Diagram
Arbitrary waveform generator 

Step 1 

DAC
16

DAC
16

Filter

Q

IOver -
sampling

I/Q
Symbol
Builder

Data
Generator

Step 2 

Signal Studio
or
Customer File

16

16
Q RAM

Signal Studio
or
Customer File

16

16

16

16

Over -
sampling

DSP I RAM
Step 3

To
I/Q modulator

Filter
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Vector Modulation Signals – BBG Block Diagram
Real-time waveform generator 

I/Q
Symbol
Builder

16

16

Created in DSP and continuously
streamed to DAC

DAC
16

Filter

DAC
16

Filter

Over -
sampling

Over -
sampling

External 
Data input

I

Q

Customer
User File

Data
Generator

Repeated 
indefinitely

Infinite data length!

Built-in data 
patterns 
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Agenda——Signal Generator

 Generating Signals
• Continuous Wave (CW)
• Sweep Signal
• Analog Modulation
• Digital Modulation

 Signal Generator Architecture
 Basic Applications
 Applications in Modern Wireless Communications 
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Basic Applications
Serve as an Oscillator

• Enhanced phase noise performance
• High stability time base
• Lower aging rate
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Basic Applications
Digital Format Access Schemes

FDMA TDMA

CDMA OFDM

One User
Different time - different Users

Differ channel - different Users Different time - different Users

Same channel – many users
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Agenda——Signal Generator

 Generating Signals
• Continuous Wave (CW)
• Sweep Signal
• Analog Modulation
• Digital Modulation

 Signal Generator Architecture
 Basic Applications
 Applications in Modern Wireless Communications 
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LTE-Adv. 

(R10 and beyond)
802.16m /
[WiMAX2]4G

802.16e
(Mobile WiMAX)

HSPA+ /
E-HSPA

LTE
(R8/9 FDD/TDD)3.9G

HSDPA 
HSUPA EDGE Evolution 1x EV-DO

0  A  B3.5G

TD-SCDMA
(China)

W-CDMA
(FDD & TDD)

E-GPRS
(EDGE)

cdma2000
(1x RTT)3G

M
arket

evolution

802.11ax
NG60

802.11ad

802.11ac

HSCSD GPRSiMODE IS-95B
(US CDMA)2.5G

WiBRO
(Korea)

802.16d
(Fixed WiMAX)

Wireless Evolution: 1990 to 2020+

802.11h/n

802.11a/g

802.11bGSM
(Europe)

IS-136
(US TDMA)

PDC
(Japan)

IS-95A
(US CDMA)2G

Increasing efficiency, bandw
idth and data rates

© 2012 Agilent Technologies

5G

WLANCellular

A unified 5G standard?
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3GPP LTE/LTE-Advanced Evolution…
Introduction

5G

IoT

’16 ’17 ’18’13’12篠11

Rel-10 (Jun ’11)
• DL/UL CA
• 8x8 DL MIMO
• 4x4 UL MIMO
• eICIC / ABS
• Relays

Rel-11 (Mar ’13)
• CoMP (virtual cell ID)
• EPDCCH
• TDD special subframe

Rel-12 (Mar ’15)
• DL 256QAM
• UE Cat 0 (IoT)
• TDD-FDD CA
• Dynamic TDD
• ProSe/Sidelink (D2D)
• 3 inter-band CA 

Rel-14 (Mid ’17)
• feMTC
• eNB-IoT
• MUST (NOMA)
• UL 256QAM
• eLAA
• V2X, etc…

Rel-13 (Mar ’16)
• LAA
• AAS
• 32CC CA
• eProSe
• eMTC (IoT)
• NB-IoT (IoT)

’15’14
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5G Standardization Timeline 
Industry rallying around these cardinal dates

• Mid/Late 2020: commercialization focused below 6GHz (standard must be complete before end 2018). 
2022 or later for mmWave commercialization (technology, spectrum) 

• 2018 and 2020 Olympics will showcase 5G.  

• 3GPP Workshops & Plenary in Sept and Dec 2015 is official start to 5G standards work

2015 2016 2017 2018 2019 20212020 2022

2018 Milestones
Feb: Winter Olympics South Korea
June/July: FIFA World Cup, Russia

2015 Milestones
Sept: 3GPP 5G Workshop
Nov: ITU WRC 15
Dec: 3GPP RAN Plenary

2019 Milestone
Nov (Likely): ITU-WRC 19

2020 Milestone
July/Aug: Summer Olympics Japan
Summer (Likely): 1st 5G Commercial

2022 Milestone
Summer (Earliest): 2nd 5G Commercial
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Application in LTE- N7624B/N7625B 

N7624(5)B Signal Studio Basic Waveform for LTE and LTE-Advanced FDD (TDD) Component Testing
• Create spectrally-correct LTE and LTE-Advanced FDD signals for ACLR and spectral mask type testing
• Predefined setups for E-UTRA test models (E-TM) and reference measurement channels (RMC)
• Set parameters such as channel power and modulation type for modulation quality testing

N7624B Signal Studio Advanced Capability, Real-time Signal Generation, LTE FDD eNB Receiver Testing
• Choose a pre-defined fixed reference channel (FRC) configurations
• Create PUSCH sounding reference signals (SRS), including frequency hopping and UCI multiplexing
• Use the PUCCH wizard to create multi-user configurations
• Customize RV index sequence for HARQ retransmission
• Create real-time uplink LTE signals for closed-loop HARQ and timing adjustment testing

N7624B Signal Studio Advanced Waveform for LTE and LTE-Advanced FDD UE Receiver Testing
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Application in LTE �Basic TDD Carrier 

• Basic : use waveform playback 
mode to create and customize 
waveform files needed to test 
components and transmitters – E-
TM (Test Model Wizard)

• Advanced:  address applications in 
LTE receiver test, including the 
verification of baseband designs 
and the integration of the 
baseband and RF modules. – FRC 
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Application in LTE –Basic TDD Downlink 
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Application in LTE –Advanced TDD Downlink 
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Application in LTE –Configure TDD Uplink and Downlink 

Clicking the 
ON/OFF button 
to enable 
DL/UL signal

Oct, 2008
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Application in LTE –Basic LTE TDD- Uplink PUCCH

0=m

0=m1=m

1=m
2=m

2=m3=m

3=m

One subframe

0PRB =n

1UL
RBPRB −= Nn

PUCCH 
format

Modulation 
scheme

Number of bits per 
subframe, 

1 N/A N/A
1a BPSK 1
1b QPSK 2
2 QPSK 20

2a QPSK+BPSK 21
2b QPSK+QPSK 22

bitM
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Application in LTE –Basic LTE TDD- PHICH

ACK/NAK信息
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Application in LTE �Advanced LTE TDD- Uplink FRC
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Application in NB_IoT – NB-IoT Component Carrier

Select “NB-IoT Uplink CC” is 
under LTE-A Pro, Advanced 

FDD Uplink CA

Select “NB-IoT Downlink CC” 
is under LTE-A Pro, Advanced 

FDD Downlink CA

Note: “Beta” features are included but hidden by default. Select “Show Beta Features” under View menu.
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Application in NB_IoT – UL FRC Wizard 
UL FRC Wizard

A14 FRC for NB-IoT reference sensitivity
A15 FRC for NB-IoT dynamic range

A16 FRC for NB-IoT NPUSCH format 1

Choose the specified FRC 
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Application in NB_IoT – UL-SCH Node 
UL-SCH Node

For 𝑁𝑁𝑆𝑆𝑆𝑆𝑅𝑅𝑅𝑅 = 1 and MCS = {0,1} 
is BPSK, otherwise QPSK

3.75kHz or 15kHz

# of subcarriers in 
RU

# of Repetition

# of Resource Unit

NPUSCH format 1 (UL-
SCH) or 2 (UCI)
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Application in NB_IoT – Downlink Configuration 
NB-IoT Downlink Con�guration

Standalone(/guard-band) 
or in-band 

# of antenna (1 or 2)

Resource map shows 
color coded channel 

allocation

Configure N-TM in Test 
Model Wizard (Beta in Mar 

Release)
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Application in Verizon 5G- Features 
Signal Generation Based on VZW Pre-5G Spec

• Main PHY layer structure are implemented for signal generation 

• Support multi-user channels generation

• Support transport channel coding for DL-SCH, UL-SCH, 
BCH, DCI, and UCI

• LDPC and tail biting CC

• DCI Auto Generation with xPDSCH and xPUSCH scheduling 
information

• Multi-Antenna Transmission

• Tx Diversity and Spatial Multiplexing

• High Speed case for KT5G spec

• Support flexible signal configuration

• Both single carrier and multi-carrier are supported

• 8 Carrier Configuration Preset

• Support flexible signal configuration (Cont’d)

• Graphical display for frame resource allocation

• User can assign resource blocks to both downlink and 
uplink channels.

• Support generating DL and UL signal at the same time.

• Support partial generation of one radio frame

• Signal verification methods

• User can export the demod setup of VSA software from 
Signal Studio for VSA demodulation. 

• Requires VSA Custom OFDM (89601B-BHF)
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Application in Verizon 5G- User Interface 

Quickly setup 8 carrier 
configuration

Export multi-measurement VSA 
configuration

# of frames and subcarriers to 
generate waveforms

Crest Factor Reduction(CFR) 
reduces peak-to-average ratio
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Application in Verizon 5G- Subframe Configuration 
Subframe Configuration

Flexible UL/DL Sub-
frame/PHY channels 

allocations

Switch between channels and 
signals in the selected 

configuration
Select MIMO Transmission Mode: 
Diversity or Spatial Multiplexing

Resource Allocation Map shows 
channel configuration (Hovering 
mouse gives channel and signal 

name in a tooltip)

Quick navigation between 50 
subframes

Check symbol types  
in the configuration

Enable LDPC 
coding

Add/remove/copy more 
configurations



THANKS

BY
NeuHelium

旡
梲
�
�

�
�
娺
�

类

脑

智

能

驱

动

未

来


	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29
	幻灯片编号 30
	幻灯片编号 31
	幻灯片编号 32
	幻灯片编号 33
	幻灯片编号 34
	幻灯片编号 35
	幻灯片编号 36
	幻灯片编号 37
	幻灯片编号 38
	幻灯片编号 39
	幻灯片编号 40
	幻灯片编号 41
	幻灯片编号 42
	幻灯片编号 43
	幻灯片编号 44
	幻灯片编号 45
	幻灯片编号 46
	幻灯片编号 47
	幻灯片编号 48
	幻灯片编号 49
	幻灯片编号 50
	幻灯片编号 51
	幻灯片编号 52
	幻灯片编号 53
	幻灯片编号 54
	幻灯片编号 55
	幻灯片编号 56
	幻灯片编号 57
	幻灯片编号 58
	幻灯片编号 59
	幻灯片编号 60
	幻灯片编号 61
	幻灯片编号 62
	幻灯片编号 63
	幻灯片编号 64
	幻灯片编号 65

