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USB Vector RF Spectrum Analyzer Operating Manual

Copyright Notice

Copyright © 2018 Triarchy Technologies, Corp. All rights reserved.

Initial Version December 2018

Documentation version 1.0

No part of this publication may be reproduced, transmitted, transcribed, stored in a retrieval system, or translated into
any language or computer language, in any form or by any means, electronic, mechanical, magnetic, optical, chemical,
manual, or otherwise, without the prior written permission of Triarchy Technologies, Corp.

Technical Support

For technical support, please call 1-604-637-2167, send email to info@triachytech.com, or visit our website at
http://www.triarchytech.com
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1 Introduction

VSG6G1C is USB RF signal generator, it plug on PC and working with PC application, then VSG6G1C will be really
RF signal generator, the RF frequency range from 100Hz to 6.1GHz for VSG6G1C model, Amplitude output range
will be -100dBm~10dBm. VSG6G1C are will very easy to use, PC application window just like front panel of
normal desktop signal generator. If PC support touch screen, operating VSG6G1C are very similar to operate
desk top signal generator.
VSG6G1C have more functions. It also can generate a lot of modulation signal with 1&Q engine and Pulse
modulation. So that it can simulate a lot of wireless system.

1.1 VSG6G1C Product Package Overview

VSG6G1C product package will be:
1: USB signal generator device (25x25x100mm)

2: USB Type C cable
3: SMA to MMCX cable
4: N to SMA adapter

5: CD with PC application program and document
6: 160x110x40mm product case

1.2 USB Device Overview
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1.3 TSG PC Application Overview
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1: utility keys

Allows user to access the system level function, Function detail will be shown on second function keys

2: Message selection keys

Click the Message selection key, the Message display area will be followed to be changed.
3: Message display area

Message display area will be shown the detail information of output signal.

Main Block Diagram is shown the how the RF vector signal generator working, how the signal output.

Freq Hopping setting will be table of hopping frequency points.

port.

1&Q Streaming Raw Data is waveform of 1&Q raw data, it will be same as real waveform signal from [&Q

1&Q pattern image is shown I&Q pattern if I&Q raw data is generated based on the I1&Q pattern.
1&Q constellation diagram is shown, it will be selected to depended on Raw data or I1&Q pattern.
4: Status block

Status block will be shown the main parameter of output signal, such as frequency, amplitude, duty
cycle, symbol rate and working mode. Detail the information of output signal is also shown on Message
display area. (Please note: parameter can not set up from Status block, it is only display window)

5: Second functions keys

Second function keys will be extend key, it will be followed the function keys and utility key to extend
function setting to more detail. It is similar to soft key in most of equipment which is location on side of

screen. Most of parameter will be input from second function keys.
6: Function keys
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Most of major the equipment setting will be done by Function keys. General setting for signal generator
will be:
Select mode, such as frequency selection for single, sweeping and hopping and pulse modulation
selection.
Input frequency, such as setting for signal frequency, frequency sweeping and frequency hopping
Input amplitude, such as level setting.
Input timing for pulse modulation.
Adding 1&Q modulation, to setup a lot of different kind of modulation to meet each application
requirements.

7: Digital input keys
Digital input keys will input digital and units for frequency, amplitude and timing. When units key is
clicked, the commend is sending to USB dongle. This standalone input key is similar to desktop
equipment. It will be better to be used in touch screen PC without keypad.

8: USB connection area
When USB device plug in the PC, USB connection area will be shown the product model name, S/N and
connection status. When connected is shown, the device is really connected to TSG application, TSG will
fully control the USB device.

| Device | | VSG6GIC || Deviee | | |

CN62800028 v v

| USB || Connected || USB || |

1.4 Electrical Requirements

1.4.1 Specification for Frequency
Frequency range for VSG6G1C:

Band 1 : 1MHz ~4000MHz

Band 2: 4000MHz ~6100MHz

Low Band : 100Hz ~1MHz

Frequency resolution: 1Hz
Frequency stability: +/-0.5PPM over temperature -20~+60 degree
Frequency aging per year: +/-1PPM

Frequency reference output: 10MHz

Frequency reference input: 20MHz
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1.4.2 Specification for power
Output level range for VSG6GI1C :
Band 1: -100dBm~10dBm (Calibrated )
Band 2: -100dBm~0dBm (Calibrated)
Low band : -50dBm~0dBm (No calibrated)
Output level resolution: 0.25dB
Output level error: <1dB (@ 1GHz at 25C)

1.4.3 Specification for Pulse modulation

Pulse repeat time with single frequency: 40uS to 20s

Pulse repeat time with Sweeping and hopping: 400uS to 20s

Pulse duration time: 0.25us to 55

Multiple pulse number: 2~250

Multiple pulse delay: 0.71us~5s (last pulse cannot be overlay with first pulse)
On/off ratio: >90dB

1.4.4 Specification for Frequency sweeping with/ without pulse modulation
Span range: 50 Hz to full span

Scan points range: 2 to 50000

Frequency step range: 1 Hzto 1GHz

Step time: Controlled by pulse repeat time 400uS to 20s

Pulse width in Pulse mode: Controlled by pulse duration time 0.25us to 10s

*|f it is in “Freq sweeping w/o Pulse mod”, this parameter is no function
1.4.5 Specification for Frequency hopping with/ without pulse modulation

Frequency hopping range: 50Hz to 6.1GHz

Frequency hopping number: 2~4000

Frequency hopping times: 2500 hop/s to 0.05 hop/s

Pulse width in hopping mode: Controlled by pulse width time 0.25us to 5s

* If it is in “Freq hopping w/o pulse mod”, this parameter is no function
1.4.6 Specification for 1&Q unit for analog modulation

FM modulation in Demo key: Modulation frequency range: 10Hz to 2KHz;
Modulation index 20

AM modulation in Demo key: Modulation frequency range: 10Hz to 2KHz;
Modulation index 80%

PM modulation in Demo key: Modulation frequency range: 10Hz to 2 KHz;

Modulation index 280 degrees

9248 163 Street
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*Define the I&Q RAW data file, any kind of analog modulation can be achieved. Such as RF narrow band noise

signal.

1.4.7 Specification for 1&Q unit for Digital modulation

MSK modulation in Demo key: Data rate rage: 20b/s to 200Kb/s;

GMSK modulation in Demo key: Data rate rage: 20b/s to 200Kb/s; BT=0.7
FSK modulation in Demo key: Data rate rage: 10b/s to 10Kb/s;

* Define the 1&Q data file, study different 1&Q pattern, internal 1&Q engine will generate the most of digital

modulation; Such as SFSK.

1.4.8 Specification for 1&Q unit for phase modulation
QPSK modulation in Demo key: Data rate rage: 200b/s to 2Mb/s;
8PSK modulation in Demo key: Data rate rage: 400b/s to 4Mb/s;
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16QAM modulation in Demo key: Data rate rage: 800b/s to 8Mb/s;
* Define the 1&Q data file, study different 1&Q pattern, internal I&Q engine will generate the most of digital
modulation.
1.4.9 Specification for I1&Q internal modulation
1&Q sample rate: 2KHz~2.4MHz (1&Q step count from 36000~30)
note: timer clock is 72MHz, sample rate=timer clock/step count
1&Q data buffer size: 100KB
1.4.10 Specification for 1&Q external modulation
Baseband signal bandwidth: 500MHz
1&Q signal level: 0.9Vpp
1&Q reference points: 0.5V

*internal 1&Q modulation IC is ADRF6755, please check ADRF6755 data sheet for detail interface.

1.4.11 Specification for Low band mode
SIN Waveform: 100Hz~1MHz
This is SW DDS, output from N connector. DDS clock is 2MHz, so that
more distortion of SIN waveform will be occurred from 300KHz ~1MHz.
Load Mod File: 1&Q file will be working with Low band SIN waveform to generate any
kind of modulation
the I*Q file can be generated from 1&Q engine, but keep two rule:
1:1&Q clock keep at 2MHz ( step count is 36)
2: symbol rate must be low than frequency of low band SIN waveform.
Load Raw file: Generate waveform based on the 1&Q buffer file. It is Arbitrary
waveform generator with clock 2MHz.
More useful can be generated in this mode such as, DTMF, stereo FM
signal format.

AM FM PM Mod: To modulated Low band signal (from SIN waveform, modulated or
Arbitrary waveform) to RF band, to generated AM, FM and PM of RF
signal
AM index: 0~100%

FM index: 1Hz~500KHz
PM index: -18000degree~+18000 degree

note: Low band output from N connector after SIN waveform, Load Mod file, Load Raw file setting.
RF signal signal will be output from N connector after AM FM PM mod setting.

1.4.12 Specification for Pulse signal output

Pulse output level: 3.3V

Pulse repeat time: 40uS to 20s

Pulse duration time: 0.25us to 55

Multiple pulse number: 2~250

Multiple pulse delay: 0.71us~5s (last pulse cannot be overlay with first pulse)

the output will be from “pulse” MMCX connector at rear panel.

1.5 Product internal Option unit

The product internal option will be:
A: High speed 1&Q data generator:
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it can generator up to 100MHz/B data rate 1&Q signal, so that it can simulate high speed wireless system, such
as wifi, LTE, microwave relay system.

2 Getting Started

2.1 Install PC Application

Open the CD, go into the SW file folder, you can find setup.exe and Document folder, please double click to
setup.exe to start the installation.

. Document
E setup.exe

When you finished the installation, the TSG ICON will be shown on the desk. Double click the TSA ICON.

Install USE Signal Generator to:
C:\Program Files (x86)\Triarchy Tech'TSG Signal Generator\ Change...

InstalShield

Destination Folder
Click Next to install to this folder, or dick Change to install to a different:

If you want to review or change any of your nstallation settings, elck Back. Click Cancel to
exit the wizard,

Current Settings:

Setup Type:
Typical
Destination Folder:
C:\Program Files (x86) Triarchy Tech\TSG Signal Generator|

User Information:
Mame: renquanjun @hotmai.com

Company:

InstallShield

Ready to Install the Program
The wizard is ready to begin installation.

< Back & Install Cancel

_AH)  Piease wait whik the InstalShield Wizard installs USB Signal Generator. This
|_‘;:;1 may take several minutes.

Status:

Writing system registry values

InstalShield

Installing USE Signal Generator
The program features you selected are being installed

Instalishield Wizard Completed

The InstalShield Wizard has successfully installed USB Signal
Generator, Click Finish to exit the wizard,

<ma ol

After installation, the program file will be installed at program file folder.

C:\Program Files (x86)\Triarchy Tech\TSG Signal Generator
The application data will be generated at Document folder:

C:\Users\Username\Documents\Triarchy Tech\Signal Generator
Customer need to check the application data at document folder.
Hardcopy folder will be stored the image file which generated by hardcopy key.

Hopping folder will be stored the hopping files.
IQ Modulation folder will be stored the all the modulation file.
Setting folder will be stored the saving file, preset, and special setting can be stored in it, then using load key to

resumed the special setting.
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Calibration 8/ 512:22 ..

Hardcopy 8/ 5 10:53
Hopping 8/ 5 10:53
IQ Modulation 773172015 2:39
Setting 8/9/2015 10:53

The customer can add more files into document folder, so that more modulation signal can be generated.

2.2 Uninstall PC Application

Try to find Uninstall TSG ICON, then click it to uninstall.

You also can use control panel to uninstall the TSG program.

2.3 First Working Example

When you first time to use the VSG6G1C product, you shall turn off the TSG PC application. Connecting
VSG6G1C to PC via USB cable, PC will install the USB hardware configuration with a little long time, please wait
for all the configuration is installed.

Then open the TSG PC application, the USB connection area will be shown the device model, S/N and
connection status.

Device | | vsG6GIC |
| SN | cne2s00028 v

use | Connected |

Connect device output to Spectrum analyzer. Then click RF off, RF output will be on.
Spectrum analyzer will be shown the signal waveform:

= Tracel [] Show +Peak Mormal Clear |
0.0 3
20,0 -
<40.0 -
-60.0 -
-80.0 -0
-100.0
= CF 1.00000 GHz <« Span 10.00 MHz
Frequency |1.00000 GHz| Ref Lev |0.00 dBm Span | 10.00 MHz Res BW | 100 &tz Markers| [ Traces| ¥

CW Signal output at 1GHz and 0dBm level

2.4 TSG Utility keys setting

Preset
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When clicking the Preset key, the second function key will be shown:
Last_setting key select to ON, when TSG program turn on or USB device plug off and on, all system
setting will go to last setting.
Last_setting key select to OFF, when TSG program turn on or USB device plug off and on, all system
setting will go to preset 1 status.
Preset x (x=1~6) can be clicked, then system setting will go into the preset x status.
Preset x can be setup at Load Save key
Preset 1 is stored the default setting
Off Line
offline Off, offline function is not working
offline ON, USB device will be working at any 5V power source based on the offline setting to work.
Save Files, setup specific signal by setting function key. Then save this setting into file. More signal
setting can be saved by repeating save setting.
Load Files, load file to set the offline function.
Interval On, Interval Off and Loop will be used to setup duration and period of offline signal.
System

When clicking the System key, the second function key will shown:

Manual AMP Cal:
The value can be input, when input terminal attached the attenuator or cable will be caused path loss.
Manual AMP cal range is -10dB~+10dB
Manual Freq Cal:
This function is used for compensate of I&Q error in RF path to improve the EVM performance.
Application note will discuss this item more detail. Manual Freq Cal range is +/- 50KHz
Send Cal File to Dongle:
This function is reserved for manufacture using.
Change the dongle series number:
It need passwords to change the series number. This function is reserved for manufacture using.
Version:
Show the current TSG version number
Load Save:
When clicking the System key, the second function key will shown:
Save Setting:
To save the current setting status into file, it can be resume setting by Load setting.
If save the file into preset folder, and name as Presetx, the preset set can be updated by save setting
key.
Load Setting:
To recall the setting file by Load setting, the old setting status will be represent into current setting.
Hardcopy
Click hard copy, the image of setting will be save at document folder.
Flash ON/OFF
when Off Line is OFF, Flash On is working as last setting offline function, set Flash ON and RF ON, (Off
Line is off), the signal status will stored in USB device, last signal status will be working at any 5V source
power.
RF ON/OFF
This is selection key, the Preset 1 will set this key to RF OFF, after you connect RF output terminal with
UUT, then you can set this key to RF ON.
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3 Operations

3.1 Single frequency without Pulse modulation

Select Mode to “Single Freq without Pulse Mod”. Click RF OFF to turn on the RF output, input frequency and amplitude
value from Frequency and amplitude function key.

Set VSG6G1C amplitude level to 0dBm at 1GHz. set RSA306 Span to 1MHz and 5MHz, RBW to 1KHz, to get spectrum
waveform.
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VSG6G1C amplitude level can be set to -100dBm, and amplitude setting resolution is 0.25dB So that VSG6G1 can be used
to measure receiver sensitivity level.

VSG6G1C RF frequency range from 1MHz to 6100MHz, and frequency setting resolution is 1Hz, the following image are
shown -100dBm level and 6Ghz frequency output.

+ Trace 1 [] shaw +Peak Normal Clear |  Trace 1 [] show +Peak Normal | Clear |
o e MR: -1.66 dBm
£.999975 GHz
-80.0 - -20.0
-100.0 - 40.0
-120.0 - l 600 -
i (M i “ st e
Vhifiy Tt ST >
1400 | 500 S
Data from warm-up period ... Maores» Data from warm-up period ... More==
-160.0 - -100.0 -
= Start 999.497 MHz = Stop 1.000497 GHz = Start 5.99500 GHz = Stop 6.00500 GHz
Frequency |999.9Ref Lev| -60.00 dBm ||1.000 MHz | 1.00 kHz Markers| Traces|@| Frequency |6.000Ref Lev||0.00 dBm 100 kHz Markers| Traces\@|
CW Signal output at 1GHz and -100dBm level CW Signal output at 6GHz and 0dBm level
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3.2 Single frequency with Pulse modulation

Select Mode to “Single Freq with Pulse Modulation”. Pulse modulation in signal frequency can be achieved narrow pulse
modulation, the minimum pulse width will be 0.25us, it can be used to simulate the radar signal and some detection device
signal. The following image are shown pulse modulation signal with 0.25us pulse width, and 40us period.
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202
HIL
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Pulse modulation output at 1GHz with 0.25us on 39.75us off Pulse modulation output at 0.25us width wide
The pulse modulation have multiple pulse function, the multiple pulse number can be from 2~250, some
transponder have multiple pulse signal format, and multiple pulse working as data information. The following
image is shown the multiple pulse modulation with 1us pulse width and 6 pulse group.
T . A i o
X din l::.l":' - : ) o | =l =mnwe abenk anal ::r\-.'n'l
. :-::-'1: dl_-'I-:.:;d:\‘n-‘:“:\‘ (RN}
:*Iur_ == T H 4
i ) XTI
=1 HILa I
W, N ALECERTN A -109.0 -
Ry w PR AR e A : i - F- <) B Pl -0 1% H
= LEde & NHE MW o g P XEla ETEH u. 3 dulin - NEESR N O =1t 3 dur - PR BT 3
Spectrum from RSA306 RF time waveform from RSA306

When VSG6G1C is working at pulse modulation mode, it can open the I&Q modulation to add data into pulse signal, it can
simulation physical layer data frame of communication set, such as GSM, wireless key.
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3.3 Frequency Sweeping without Pulse Modulation

Select Mode to “Freq Sweeping without Pulse Modulation”. click frequency then setup frequency at second function area. Input
Start frequency, stop frequency and step frequency for frequency sweeping setting, then click the Send to dongle. The USB dongle
will be followed to setting to work.

The step frequency is from 1Hz to 1GHz, so that the span of sweeping can be small step or large step.

The sweeping timing will be follow Pulse Mod function. The pulse period will be one step frequency. The minimum pulse period time

is 400us, but RF signal will be mute by 300us for frequency setup time.
Spectrums/line: 1 +Peak Spectrumsfline: 3 +Peak

A

v

= CF 1.00000 GHz = Span 40.00 MHz & CF 1.00000 GHz % Span 40.00 MHz
Frequency 1.00000 GHRefLev |0.00 dBm | Span [40.00 MHz s BW |J00 4z [Markers| [Traces| {GH Frequency |1.00000 GHRef Lev |0.00 dBm | Span [40.00 MHz s BW [ 3004z | [Markers| [Traces| {3}
Frequency Sweeping 3D dispaly Frequency Sweeping 2D display

3.4 Frequency Sweeping with Pulse Modulation

Select Mode to “Freq Sweeping with Pulse Modulation”. It need to setup pulse modulation parameter at “Pulse Mod” function key.
It still can add 1&Q modulation into the frequency sweeping mode ( both with/without modulation), just set I&Q Sel into internal,
then select 1&Q file at Analog/Digital/Phase mod functional key. The following image is shown that frequency sweeping
with/without 1&Q modulation at waterfall display.

Spectrums/line: 1 +Peak I Spectrums/line: 1 +Peak

ore=>

... More=»

& CF 1.00000 GHz & Span 40.00 MHz

& CF 1.00000 GHz = Span 40.00 MHz
Frequency 1.00000 GHRef Lev [0.00 dBm  Span [40.00 MHz s BW 300 kHz | [Markers| @ : Frequency |1.00000 GHRef Lev [0.00 dBm | Span 40.00 MHz s BW 3004tz | [Markers| [Traces| (£
Frequency Sweeping with pulse modulation Frequency Sweeping with pulse and 1&Q modulation
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3.5 Frequency hopping with/without Pulse Modulation

Select Mode to “Freq Hopping with/without Pulse Modulation”, then click Hopping function key, it need to load file or
select Demo key. Demol1 is 300 points hopping and frequency range from 980MHz~1200MHz. It also need to setup “Pulse
Mod” key to setup hopping timing parameter. The fast hopping rate is 2500 hopping/s.

Spectrums/line: 1 +Peak Spectrums/line: 1 +Peak
“E5 2 = L] ~E 607 &

& CF 1.00000 GHz & Span 40.00 MHz 2 ChGr 08000 Gl & Span 18.00 MHz

Frequency |1.00000 GHRef Lev |0.00 dBm | Span 40.00 MHz s BW | 300 ktz [Traces| (¥ Frequency |1.00000 GHRef Lev |0.00 dBm | Span |40.00 MHz js BW | 200 kHz [Traces] ¥

Frequency hopping without pulse modulation Frequency hopping with pulse and 1&Q modulation
Seq | Value Unit | Seq. Value Unit | Seq. Value Unit |#|  Sspectrumsfine: 1 +peak
h 980.04024 | MHz 2 1.00241389| GHz 3| 99542406 | MHz 2
4| 100361465| GHz 5 100359705 GHz 6| 101288418| CHz
7| 101725103] GHz 8 100629555 GHz 9| 981.09158| MHz

10| 997.08948 | MHz 11 1.01338382| GHz 12| 1.01561083 | GHz
13| 1.01666755 | GHz 14 1.01651821 | GHz 15| 1.00780819 | GHz
16| 1.0196523 | GHz 17 99930686  MHz 18| 984.77436 | MHz
19| 1.01297846 | GHz 20  997.08754 MHz 21| 1.00551275| GHz
22 993.8529 | MHz 23 99953563 MHz 24| 982.53485| MHz
25| 99303726 MHz 26 98948419 MHz 27| 1.01405061 | GHz

29

32

28 1.00580039| GHz 980.12647 | MHz 30| 1.00114536 | GHz
31 996.99247 | MHz 1.00071159 | GHz 33| 986.59005 | MHz
34| 1.00010725| GHz 35 990.72528  MHz 36| 1.01757388 | GHz
37| 1.01040576 | GHz 38 984.2772  MHz 39| 98599083 | MHz
40| 1.01101083 | GHz H 980.76053 | MHz 42| 994.05319 | MHz
43| 989.67876 | MHz 44 990.30063  MHz 45| 1.00708734| GHz
46| 981.23568 | MHz 47 99734149 MHz 48| 1.00658076 | GHz |+ =

= CF 1.00000 GHz = Span 40.00 MHz

Hopping number300 Frequency | 1.00000 GHRef Lev [0.00 dBm | Span [40.00 MHz s BW | 700 kHz [Traces|[£3H

Frequency table of hopping Frequency hopping 3D display

3.6 Analog Modulation

First, “1&Q Sel” key shall be at Internal, then 1&Q modulation can be working. Select “Analog Mod” go into Analog
modulation.

Analog modulation is using I1&Q raw data file. AM/FM/PM modulation index can be changed by using these raw data files,
signal repeat frequency can be changed by setting the I&Q step count and I&Q data amount. It also can generate a lot of
modulation signal by working on the different raw data file.

Following example is narrow band RF noise signal. I&Q will be random noise data, 1&Q clock will be 2MHz, so that 2MHz
bandwidth noise will at 1GHz.

When signal level set to -90~-100dBm, this device can be simulated noise generator.

||_, PIN4000.txt 7/29/2015 2:12 .

| PIN4000.txt

RF narrow band noise is generated at 1GHz.
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- p— — PN4000 [ Step [FilaiLD
v Btmp  Wshow On Cear 1,192
o dBfdie: 0.0-

10.0d8
< RBW:
20.0ktz

1.043

894

745

596

Spectun v

1900 - 224 240 256 272 288 304 320 336

200 400 600 800 1,000 1,200
Autoszale  © CF: 1.000000 GHz © Span: 2.000 M4z Amount:4000 Amount:4000
Spectrum from RSA306 1&Q Raw data from TSG 1&Q constellation from TSG

There are demo AM, FM and FM key in the second function of Analog Mod, just click it, then AM/FM/PM signal will be
generated from N connector.

Demo AM index is 80%

Demo FM index is 20, if modulation frequency is 2K, deviation will be 40K

Demo PM index is 280 degree

3.7 Digital Modulation with I1&Q Engine

First, “1&Q Sel” key shall be at Internal, then 1&Q modulation can be working. Select “Digital Mod” go into digital modulation.
There three demo in the Digital Mod second function area, they are MSK, GMSK and FSK. The data rate can be changed by setting
1&Q step count.

More modulation signal can be archived by loading file.

GMSK signal can be generated by clicking Dome GMSK.
GMSK data rate will be 100KHz/b when step count is 72, changing 1&Q step count will change GMSK data rate.

[ Demod I&Q vs Time s I Eye Diagram - 1&Q = Eon = | Trellis Diagram o o
Freq Eror: 5033 Ha, Auto Freq Eror: 5026 Hz, Auto Freaq Eror: 506.8 Hz, Auto
5000

o Postion:
0.000V

500 mv. 500

Autoscale | = Postton: -1.00 Symbol o Scale: [ISTE Autoscale Symbo o Saale: 4 symbol Autoscale Symb © Scale: [FSTEE

Demod 1&Q vs Time from RSA306 Eye Diagram from RSA306 Trellis Diagram from RSA306

FSK signal can be generated by clicking Dome FSK.
FSK data rate will be 40KHz/b when step count is 50, changing 1&Q step count will change FSK data rate.

il Demod I&Q vs Time. = [0 il EyeDagram Frequency = O i Constellation o (@]
e v Tacel [show Vector

Fre
5 250mv

MO i M \ it u’ \‘\ I o .
i \1\ \|> \I\ H‘ |‘ “1 I |‘ w‘ MM - rec o soore,
\“”“‘m”““m\ ‘ ““\‘HH‘ ”‘M‘ UL
111 HM i i i \Hw ‘\mem i
3 wmmwmwwmmwwm
‘\H"\wa “ H“J‘HMH\”“‘\H \”
LU 8 H\ L I umw
WA

\

1l
Hu’

MR
50.50 Symbol

‘.“u‘ ‘H U‘ MH

250 mv.

Autosale | o postion: 0.00 Symbo © Scal: [T Autoscle Symb © Scal:  Symbol
MgDev -1 mosk -+ 9@k

Demod 1&Q vs Time from RSA306 Eye Diagram from RSA306 Constellation Diagram from RSA306
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Working on 1&Q file , most of all digital modulation can be generated, save the I&Q file into Digital modulation sub
folder, The 4FSK file can be found at 4FSK folder. Load IQ 4FSK_1.txt file, 4FSK signal can be generated

| GMSK-GSM.ixt 3 KB
L IQ 4FSK_1.bet 2 KB
| Demo FSK.txt 1KB
| Demo GMSK txt 4 KB
W | Demo MSKixt 2 KB W
| 1Q 4FSK_1.txt w| |Text File (*txt) v
4FSK data rate will be 40KHz/b, changing I1&Q step count will change 4FSK data rate.
Group 0 v 1Q 4FSK_1 (] Step I Eye Diagram - Frequency =3 o == @ Constellation = @)=

7 Tacel  Mshow Vectors

R
T 50.62 Symbol
ev: 37362 kiz

200 ktz

0 2 4 6 B 10 12 1 18 0 2 4 6 8 10 12 U 16 Autoscale o scale: 4 Symbol

1&Q pattern from TSG Eye Diagram from RSA306 Constellation Diagram from RSA306

3.8 Phase Modulation with 1&Q Engine

First, “1&Q Sel” key shall be at Internal, then 1&Q modulation can be working. Select “Phase Mod” go into phase modulation.

There three demo in the Digital Mod second function area, they are QPSK, 8PSK and 16QAM. The data rate can be changed by
setting I1&Q step count.

More modulation signal can be archived by loading file.
QPSK signal can be generated by clicking Dome QPSK.
QPSK data rate will be 4MHz/b, changing 1&Q step count will change QPSK data rate.

Demo QPSK Pattemdata v | i Eye Diagram -1& Q == ] Constellation = r=n |
1,179 Freq Error: 368.6 Hz, Auto v Tracel [¥Ishow Vectors

1

917

524

393 (o 0

262

200 400 600 800 1,000 Autoscale Symbe o Scale: 4 Symbol

RMS: L788%  PeskEVM: 4.251 @ 4300 Symbol

Constellation Diagram from TSG Eye Diagram from RSA306 Constellation Diagram from RSA306
8PSK signal can be generated by clicking Dome 8PSK.
8PSK data rate will be 8MHz/b, changing 1&Q step count will change QPSK data rate.

Demo 8PSK Pattemn data v I Eye Diagram - 1& Q =8 o~ a Constellation o [®@=
uto 7 Tmcel [show Vectors

Freq Error: 362.4 Hy, Auto
Marker: MR
41

00 Symbol
Mag: 1.021

20 @

145 e
20 400 60 800 1000 1200
Amount 8

Autoscale 0 Symb © Scale: 4 Symbol

RMS: 2834%  PeskEW: 7.475% @ 5.00Symbol

Constellation Diagram from TSG ~ Eye Diagram from RSA306 Constellation Diagram from RSA306

16QAM signal can be generated by clicking Dome 16QAM.
16QAM data rate will be 16MHz/b, changing 1&Q step count will change QPSK data rate.
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Demo 16QAM Patemdata v| [ Eye Diagram - 1& Q = e = e eE =
rama

1029

K 1 Position:

5880011y Coir Ti1t o1

441

b o= Ean e an s

7 i ! 100

200 400 600 800 1000 1200 e O O
Amount16 . —

Constellation Diagram from TSG

Eye Diagram from RSA306
3.9 Example for GSM signal output

load I&Q file from Load Save key. More complex signal can be setting by using different function keys. After signal is generated,
Using Save key to save the setting status, the Load function can resume the signal which setup before.

Constellation Diagram from RSA306

Select TSG configuration folder to load

Hopping L
IQ Modulation
4 ) Setting
4 . Demo
2G4_4PSK
4PSK_B6G
GSM_CW
GSM-pulse
Phase Mod

Preset

TSG Signal Generator_demo v

Select GSM pulse signal from Setting /Demo folder
Status block will be:

Start Freq 900MHz Stop Freq 900MHz Step Freq _

Amplitude Repeat Time 4615ms Duration Time
Mode Single Freq with Pulse Mod Symbol Rate |EvraN{i]Nzr

GSM data rate will be 271Kb with GMSK modulation, repeat time will be 4.6ms, duration time will be 577us.

@ e Spectrogram =l8)= 5 53| ¥ Trace 1 [) Show +Peak Normal Clear
+ Timera 0o -
4.6 m
R
100 o
0 vaw:
=200
130
-40.0
Posttion:
“ 0.000
-60.0 -
-80.0
1.00
L pos: -100.0 - N—
407 dv |8 —— Autoscale = Position: 0 Symbol & Scale: | IETMT = Posftion: -1.023 ms & Scale: 10.015ms
Autoscile | © G 90000 Mz © Span: 10.00 @ 47#me Mn:  57.45d8m @ B.5Ims
GSM signal with |@Q Mod 271K GMSK signal

two pulse of GSM signal

3.10 Low Band
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when Low band select to ON, N connector channel switch from RF channel to I&Q DAC channel. DAC channel will be directly output
to N connector, it can generate 100Hz to 1MHz signal.

The Low band output is really SW DDS, it means that 1&Q file will be calculated by SW based on the input value, then DAC will be
converted I&Q file into real signal. The DDS clock is 2MHz, so that it can only generate maximum 1MHz signal, but when frequency
larger than 300KHz, SIN waveform distortion will be larger.

When select Wave_Sin, just input frequency value, after I&Q data is generated, the low frequency will be generated at N
connector. The amplitude level will be from -50dBm~0dBm, it is not calibrated. It can be setup at “Amplitude” Key.

 Trace 1 [2] show +Peak Normal Clear | le-l(“ . ” Trig'd k Pos: —d0.00n0s FMEAELIRE
L LEar T AR R s e e —————

. T T Ty
MR -4.10 dBm i i
10 kiiz AOUrCE

CH2
Cyc AMS

230y

CH2

I
4
H
T
-
-
i
i
i
i
i

; T1Zmy
i 1 EHe
& Start 5.00 kHz & Stop 15.00 kHz |:H1 2.':”:'"."&,!,! I:H‘_J Elﬁliﬁlm'u' r,'1 5['.':‘,.')'5 ? EH: -‘".. 4I:I,I:|rr|||.‘l
Frequency | 10.00Ref Lev 0.00 dBm 10.00 kHz 100 Hz Markers | Traces|/§|
Spectrum waveform of Low Band 10KHz signal output Time domain waveform of Low Band 10KHz signal output

when Click “Load Mod File” key in low band, it will load 1&Q file to generate modulation signal based on low band
frequency which generated at “Wave_Sin”. So example, if 10KHz Sin waveform is generated by “Wave_Sin” key, load 4.8K/b
FSK 1&Q file at “Load Mod File” key. The output signal will be 10KHz signal with 4.8K/b FSK modulation, two FSK frequency
will be 5.8KHz and 14.8KHz.

VSA6G2A USB Vector Spectrum Analyer

Current _l Max ‘ Density |VUaIel’F:]I > Marker

A

¢

Ref 0 [dBm]
0 Name
Marker1

Enable
oN

Line
Current

Left

Right

Peak

ToCenter

Turn off

All Marker

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Frequency[Hz]

FFT Scan OHz 20KHz 10KHz

20KHz 200Hz 0dBm 810ms

4.8K/b FSK signal base on 10KHz carrier

Changing the 1&Q file, the more modulation signal can be get, such as MSK, BPSK, 4PSK .....
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When click the “Load Raw File” key in low band, arbitrary signal waveform be archived based the data in the file. Several
waveform can be combined together, the Combined action could be (+),(-),(*),(/), or some kind of modulation.
There DTMF signal file can be found at Low band/Raw File folder. It is dual tune signal which used for telephone keypad.
Another waveform in the Load band/Raw File folder is FM Stereo base band signal, Stereo signal need to combine L and R
signal onto one FM modulation signal. It has one pilot signal fp, fp is 19KHz, so that (L-R) will be modulated to 38KHz.
The FM stereo signal formula will be:

(0.9%((L+R)/2+SIN(4*PI()*fp*T)*(L-R)/2)+0.1*SIN(2*PI() *fp*t))*75KHz(FM)
the Raw data file can combine with 1) L+R signal, 2) (L-R) section modulated to 38KHz, 3)19KHz pilot signal.

Marker1

Al
]
[
AR

i |
wl | ¥
i
{ L
| “ “‘m‘ ‘
| I o

|

|

n
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} )
| “I l"‘\ : “I
I

1/

e .
VoY
‘ ! ‘“\‘ VR
| ) B

28000 32000 36000

i
1000 2000 3000 4000 5000 6000 7000 8000 9000 4000 8000 12000 16000 20000 24000 40000

Frequency[Hz]

Frequency[Hz]

FFT Scan OHz 10KHz

FFT Scan 0Hz 40KHzZ 20KHz

10KHz

100Hz

0dBm

40KHz

400Hz

0dBm

405ms

DFMF dual tone signal, 697Hz and 1209Hz

FM stereo base band signal, (L+R), pilot and modulated (L-R)

When click the “AM FM PM Mod” key in low band, Input index of AM/FM/PM, then click Set AM/FM/PM. The low band
signal will be modulated into RF signal, N connector output will be switch back to RF channel. RF frequency and amplitude
level are setting by “Frequency” key and “Amplitude” key.

it will be easy to generate AM/FM/PM with single modulated frequency and not need to handle 1&Q file, just need to input
low band frequency and index.

If modulated low band signal is from “Load Raw File” , the more complex low band signal can be generated, then modulated
it into RF signal. Stereo FM signal is one example, after load FM stereo base band signal, and set RF frequency to FM radio
channel, such as 88.9MHz, the FM radio can be received this RF signal, and play dual tone to each speaker.

Ref 0 [dBm]
0

Ref 10 [dBm]
10

M
‘ ‘|H\ L
Pl RERER V|
\‘,.|"u“|\ e
il
FilRER
10000 12000
Frequency[Hz]

2000

4000 6000 14000 16000 18000 20000

88.8 88.9 89
Frequency[MHz]

FFT Scan

OHz

20KHz

10KHz

FFT Scan

88 4MHz

89 4MHz

88 9MHz

20KHz

200Hz

0dBm

810ms

1MHz

10KHz

10dBm

4.5ms

FM stereo base band signal, L+R and pilot

FM stereo RF signal, frequency=88.9MHz
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3.11 Pulse modulation signal output

The Pulse port (MMCX) at rear panel can generate pulse signal, when mode setup to “Single Freq with Pulse
Mod”. The parameter of pulse can be setup at pulse mod, following IMAGE IS pulse signal output measured by
scope.

Tek I Trg d ™ Pos: TA0.0105 FEAZLIFE

3.12 Clock selection

Internal clock reference will be 20MHz, and Main processor will be work at 7Z2MHz, maximum the I&Q symbol
rate will be 2.4MHz ( when 1*Q step count set at 30).

When clock select at internal without output, it is also default setting, clock port will be nothing.

When clock select at internal output, clock port will be output 10MHz reference clock.

When clock select at external, it need to input 20MHz reference clock at clock port.

3.13 1&Q sel

1&Q port selection will have three choice:

1: None: it will turn off any 1&Q modulation, only CW signal will be output.

2: Internal: internal 1&Q waveform will connect to modulation IC. TSG can setup to generate a lot of modulation.
3: External/Fast: External setup will need 1&Q signal input from 1&Q port, it can generate very fast modulation,
the signal bandwidth can be setup to 500MHz. Fast setup will be reserved for high speed 1&Q data generator
option, it is option board for VSG6G1C, it can generate up to 100MHz data rate modulation signal.

3.14 Hardcopy Operation

Click the hardcopy, the image of setup can be store within jpg file. File can be found at document folder.

) Trisccn y VSG6G1 USB Vector Signal Generator 1MHz - 6.2GHz

1GHz

0dBm

sssss req
tod 100.00KHz T Gz

sing

9
o . -
g FEZipea Sreaming =

Demo GMSK [ Step

sssssssss

3.15 Off Line Operation

Off line function is that USB device only working at 5V not at PC TSG program, the output signal format can be stored at USB
dongle. Total 10 kind of signal can be stored, and signals will be generated with repeating and interval, The Save key is

Page 21 of 27



H H 9248 163 Street
Triarchy Technologies core Surrey, BC VAN 39
604-637-2167

Vincit Omnia Veritas info@triarchytech.com

used the setup the signal format into file, and Load key is used to load file and stored signal format into USB dongle.
Application note will be detail to show how it working.

3.16 Flash OFF/ON Operation

Flash ON is still off line working function, but it is only working with one signal format which last setting. When Off Lline is
off, Flash On can be working. It is just plug USB dongle with 5V power, the signal of last setting will be generated.

4 1&Q Engine

4.1 1&Q Engine principle

What is 1&Q engine ?

1&Q engine is to generated 1&Q raw data based on input data stream and modulation format. I&Q raw data will
send to DAC to generate 1&Q waveform which will be needed for I&Q modulator.

The block diagram of I1&Q engine will be follow:

First, data stream will be go into S/P block, which is series to parallel section, most of modulation need this S/P
section to setup 1&Q mapping.

After S/P section, the parallel data may be need to do some kind of process, such as Gray code conversion, this
section will be Data converter.

The parallel data will be mapping with 1&Q data pattern to generate I1&Q raw data. The mapping pattern is
depend on the modulation, a lot of text book will discuss with I&Q data pattern. Study the data pattern can be
generated a lot of different kind of modulation.

For example, 4FSK generator:
1: convert series data into 2 bits parallel data,

2: generate 4 1&Q pattern with 36 samples, which related to F1, F2, F3, F4.
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pattern 00 Pattern 01 Pattern 10 Pattern 11

ooy wo Y - 7w ’

7 9 1113 15 17 19 21 23 25 27 29 31 9 1113 15 17 19 21 23 25 27 29

—a—seiest o2 —oSeries] —=Series2 —o—Seriest Series? —o—Series] —8Series)

3: mapping the 1&Q pattern based on the input data stream, then generate the raw I&Q data.

1Q AFESK_1 1 Step

4.2 1&Q file configuration

There are two kind of 1&Q file which can be used by TSG program:

1:1&Q raw data file, which is only two row of I&Q raw data, 1&Q raw data will send to DAC to generate I1&Q
waveform.

2: Data stream file, which will input to 1&Q engine to generate 1&Q raw data file.

4.21 1&Q raw data file

1&Q raw data file format is very simple, only two row of data with comma in txt file, first data is Q data, second
data is | data.

1&Q data will be DAC input, the DAC will be 12 bit with 3.3V range, and DAC setup range will be 0.1~0.9V,
reference level will be 0.5V.

So that DAC input range will be 125~1125 (4095/3), the reference level of DAC will be 625.

Following data shown the PM file and data waveform:

684,233
494,275
343,388
255,543
233,702
260,838
312,938
365,1002
404,1036
417,1046
404,1036
366,1002
313,939
261,839
233,703
255,544
342,390
492,276
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682,233
872,275
1023,388
1111,543
1133,702
1105,838
1053,938
1000,1002
961,1037
947,1047
961,1037
999,1004
1052,941

PM raw data

5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

Seriesl Series2

The modulation frequency will be 72MHz/(step count*1&Q sample amount)
If step count=200, and I&Q sample amount=36, modulation frequency will be 10KHz.

Any analog modulation and low frequency signal can be generated by I&Q raw data file, just define the I&Q raw
data by math formula, you can generate any kind of waveform, the working method of 1&Q raw data file is same
as Arbitrary Signal Generator, but it have two channels to generate signal.

4.22 Data stream file

Data stream file will be include input data, 1&Q pattern and some setting.
When you open the data stream file, you will find four section:

1: Data input

2: S/P setting

3: converter setting

4:1&Q pattern data

the file format will be shown at following:

Binary IN, 1, 10110000101100001010001011011000000001001000111001110110000
/P _mode, 1,2

Code_converter, 1

PatternI_00, 1036
Patternf_00, 1035
PatternI 01, 1036
Fatternf_ 01, 330
PatternI_10, 330
Fatternf_ 10,330
FatternI_11, 330
Pattern 11, 1036
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M is special parameter of MSK and GMSK, M=1, 1 bit will be related to 90 degree, M=2, 1 bit will be 180 degree.

M=n, the FSK and GFSK phase changing for 1 bit will be 90*n degree.
Total 1&Q buffer date will be 100Kb, so that binary data pattern shall be less than 100Kb

S/P setting:
Two parameter (X,Y) will be setup in following format:
S/P_mode,X,Y
Y will be length of parallel data in bit.
X will be setup S/P mode.
X=1, Bypass mode, for all kind of binary modulation such as FSK, PSK and ASK.
X=2, Group mode, series to parallel conversion with group mode.
If input datais: 1100101011101000,
Y=4, date in parallel will be 1100 1010 1110 1000
1,Q data in parallel will be: 1100
1010
1110
1000

X=3, interleave mode, series to parallel conversion with interleave mode.
If input datais:1100101011101000,

Y=4, date in parallel will be 1(11) 1(21) 0(31) 0(41) 1(12) 0(22) 1(32) 0(42)  1(13) 1(23) 1(33) 0(43)
1(14) 0(24)0(34) 0(44)
1,Q data in parallel will be: 1111
1010
0110
0000

X=4, MSK mode. It is special setup for MSK, GMSK OQPSK, SFSK..
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Converter setting:

One parameter (Z) will be setup in following format:
Code convertor, Z
Z will be setup converter mode.

Z=1, Bypass mode, it means converter will do nothing, just pass through.
Z=2, Gray code mode, do gray code calculation: G(N) = (B(n)/2) XOR B(n)
Z=3, GMSK filter, if you want to generate GMSK modulation, select it.
1&Q pattern data:

The 1&Q pattern data format will be:

Patternl_number,datall, datal2, datal3, datal4, datal5, datal6, datal7, datal8, datal9, datal10

PatternQ_number,dataQl, dataQ2, dataQ3, dataQ4, dataQ5, dataQ6, dataQ7, dataQ8, dataQ9, dataQ10

Number length will be parameter Y, parallel data length. If Y=3, total I&Q pattern will be 8 set.
Dataln and DataQn, will be pattern data, n will be pattern amount in length.

1&Q pattern will be defined by modulation, analyze the modulation, then you can get I&Q pattern.
The following will be example of 8 set of MSK 1&Q pattern:

Patternl_000,683,762,838,910,977,1037,1088,1129,1159,1177
PatternQ_000,1183,1177,1158,1128,1087,1036,977,910,837,761
Patternl_001,183,189,208,238,279,330,390,456,529,605
PatternQ_001,684,762,838,911,977,1037,1088,1129,1159,1177
Patternl_010,682,604,527,455,388,329,278,237,207,189
PatternQ_010,183,189,208,238,279,330,390,457,529,606
Patternl_011,1183,1177,1158,1128,1087,1036,976,909,836,760
PatternQ_011,681,603,527,455,388,328,278,237,207,189
Patternl_100,682,760,836,909,976,1036,1087,1128,1158,1177
PatternQ_100,183,189,207,237,278,328,388,455,527,603
Patternl_101,1183,1177,1159,1129,1088,1037,977,910,838,762

PatternQ_101,683,761,837,910,977,1036,1087,1128,1158,1177
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Patternl_110,683,605,529,456,390,330,279,238,208,189
PatternQ_110,1183,1177,1159,1129,1088,1037,977,911,838,762
Patternl_111,183,189,207,237,278,329,388,455,527,604

PatternQ_111,684,606,529,457,390,330,279,238,208,189
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