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1. Introduction

1.1. General Description of the DTU-315

The DTU-315 is a general-purpose modulator for USB-3 that can be used as a test modulator for
generating virtually any DTV modulation standard currently in use around the world. The hardware
and firmware are flexible enough to support new standards like ATSC-3.0.

The output frequency of the DTU-315 is agile from 36MHz up to 2150MHz, covering the VHF and
UHF bands for terrestrial and cable standards, and the L Band for satellite standards'. The maximum
modulation bandwidth is 70MHz.

For more information about the DTU-315 and its specifications, please refer to the datasheet of the
DTU-315, available on the DekTec website.

1.2. Purpose of this Application Note

This application note provides instructions on measuring the characteristics of the output signal of the
DTU-315, and verifying that the modulated signal conforms to the specifications stated in the data
sheet.

The DTU-315 covers a wide range of settings including frequency, modulation standard, RF power-
level. The settings used in this application note serve as an example and can be modified to accom-
modate specific application scenarios.

This application note provides measurement- and verification instructions for the following specifica-
tion items:

RF power-level accuracy;

SNR accuracy when using the channel simulator;
Carrier frequency accuracy;

Phase noise.

1 This is not a technical limitation: The DTU-315 can modulate any standard in any band, e.g. OFDM in the L band.
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2. Measurements

2.1. Hardware Setup

The measurements for verifying the performance of the DTU-315 with respect to its specifications can
all be performed with a DTU-315 connected to a spectrum analyzer. To avoid measurement errors,
proper impedance matching with high-quality components is of the utmost importance.

The following hardware setup is required:

USB-3 75Q RF 75Q RF

Figure 1. Hardware setup for measuring the performance of the DTU-315.
Recommended hardware setup:

e PC/laptop running the latest version of StreamXpress, DekTec's play-out and modulation
software.

e DTU-315, connected to the PC/laptop with a USB-3 cable.

e 75-ohm micro-BNC to 75-ohm N-type RF adapter, e.g. Amphenol APH-NP-HDBNCP.

e Minimum-loss impedance-matching pad.

e The RF adapter and impedance-matching pad should be connected directly without cables.
For power measurements an RF power sensor may also be used instead of a spectrum analyzer. An

example of such an RF power sensor is Rohde & Schwarz NRP-Z11.

2.2. Generic Spectrum Analyzer Requirements

Specification Remarks
RF Input 50-ohm, preferably N-type | For spectrum analyzers with a native
due to matching pad 75-ohm input no matching pad is re-
quired
Frequency range = 36 to 2150MHz
Frequency accuracy < 0.3ppm
Absolute level uncertainty =< 0.5dB From 36 to 2150MHz
Return Loss > 20dB From 36 to 2150MHz;

Internal attenuation may be required

Channel power measurement | = 8MHz bandwidth
Detector type RMS

Compensation Minimum-loss pad Nice to have; otherwise add 5.72dB
manually

Warm-up time recommended

Allow both the DTU-315 and the spectrum analyzer to warm-up for a period of 30 minutes in full
operation, before doing measurements.
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3. RF Power-Level

3.1. Relevance

The DTU-315 uses several analog components for generating an RF signal at a specified level. Aging
of these analog components may influence the accuracy of the generated RF power-level over time.

3.2. StreamXpress Settings

Setting Value
Frequency 36 to 1000MHz, e.g. 474MHz
Modulation standard DVB-C
Constellation 256-QAM
Symbol rate 6.875MBaud
Channel simulator Disabled
File None
Test-signal generator Enable; Mode PSBS23 / O151 on PID 0x0100
RF output level -25dBm
Spectral inversion Disabled
CW Disabled
RF Enabled on Stop Disabled
SNR Disabled

3.3. Spectrum-Analyzer Settings

Setting Value Remarks

Frequency Same as modulator e.g. 474MHz

Span 16MHz

Reference level 0dBm

Attenuation 10dB Commonly required to achieve return loss = 20dB

Level range 100dB

Trace mode Clear write

Detector RMS

Resolution bandwidth 100kHz

Video bandwidth 300kHz At least 3 times resolution bandwidth

Sweep time 500ms Long sweep time usually gives more stable meas-
urements, as the RMS detector averages over this
time

Sweep mode Auto sweep Auto FFT is not recommended

Measurement mode Channel power

Channel bandwidth 8MHz
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3.4. Example

The screenshots below show the configuration described above.

2 DekTec Streamipress - Test-signal generator — x RF Qutput Control x
File Edit Tools Settings Help Main Output
File Adapter kz‘
Level: dBm
‘ (= Open  1:MOD (OTU-315) ol ]
Test-Signal Generator Options
[PRES23/ 0151 v| D 00700 [ spectral mversion
CW
[C1rF enabled on stop
Osw: [ 200t
Static
Use DTA-Plus
Rate Channel Modulation Parameters -
Sym: | 6.875.000 | b 474,000 3 WHz DVEC v Input level; Unused.
S
Play-Out
0:00
#Errors Time: ‘Wrap #Wraps Total Time:
nme [ oo e | zlf  ow]

Figure 2. StreamXpress settings.

&

Multiview [ Spectrum

Ref Level 0.00 dBm ® RBW 100 kHz
= Att 10dB ® SWT 500 ms ® VBW 300 kHz Mode Auto Sweep
750 MLP

TRm Clrw

A o e S
a0 d
CF 474.0 MHz 1.63 MHz, Span 16.3 MHz
2 Result Summary None
Channel | Bandwidth | Offset Power |
Tx1 (Ref) 5.000 MHz -25.09 dBm
TX Total -25.09 dBm

Figure 3. Rohde & Schwarz FSW signal and spectrum analyzer.

3.5. Expected Results

Measurement Value Units Remarks

v

Channel power (typical) -24.4 = power = -25.6 dBm 36 to 1000MHz

-24.3 = power = -25.7 dBm 1000 to 2000MHz

Channel power (maximum) -23 = power = -27 dBm 36 to 1000MHz

-22 = power = -28 dBm 1000 to 2000MHz
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4, Channel Simulator - SNR

4.1. Relevance

The DTU-315 uses digital signal-processing circuitry to create additive white noise with an accurate
SNR level. These digital circuits are not affected by ageing.

4.2. Measurement with Frequency Sweep
This method can be used for values of SNR = 3dB.

4.2.1. StreamXpress Settings

Setting Value
Frequency 36 to TOOOMHz, e.g. 474MHz
Modulation standard DVB-C
Constellation 256-QAM
Symbol rate 6.875MBaud
Channel simulator Enabled
AWGN generation Enabled
SNR 15dB
File None
Test-signal generator Enable; Mode PSBS23 / O151 on PID 0x0100
RF output level -25dBm
Spectral inversion Disabled
CW Disabled
RF enabled on stop Disabled
SNR Disabled
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4.2.2. Spectrum-Analyzer Settings
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Setting Value Remarks

Frequency Same as modulator e.g. 474MHz

Span 16MHz

Reference level 0dBm

Aftenuation 10dB Commonly required to achieve return loss = 20dB

Level range 100dB

Trace mode Clear write

Detector RMS

Resolution bandwidth 100kHz

Video bandwidth 300kHz At least 3 times resolution bandwidth

Sweep time 5s Long sweep time usually gives more stable meas-
urements, as the RMS detector averages over this
time

Sweep mode Auto sweep Auto FFT is not recommended

Measurement mode

Frequency sweep

Marker #1 frequency 47 4MHz
Marker #2 frequency +4.25MHz Delta marker
Marker #3 frequency -4.25MHz Delta marker

4.2.3. Example

The screenshots below are the instrument’s main dialog with the configuration as mentioned above

Fle Edit Tools Setings Help
Fie Adapter
L& Open | 1:MOD (DTU-315) -9
Test-Signal Generator
PRES23/0151 v|  PD: [0x0100

Rate Channel Modulation Parameters
sym [ 6.875.000 ] ba 474,000 5 Hz vEL ~ fading.

default 256041 ~
Play-Out
0:00 000

#Errors Time irap  #iraps Total Tim

I i - | =

Main Output

Level: | -25.0 1 dBm

Options

[spectral nversion
[IRF enabled on stop
s 0.0 3]

Static

Use DTAPlus

Profile  Settings

Channel Simulator

[Ensble  profie: |

AWGN
[AEnable

SWR:| 150 [+ dB

Multile Transmission Paths Simulation

[JEnable 1 2| Total path power: (] Normalise

Speed | Dopple]
(em/hy | (Hz)

#

Aﬁen| De\ay‘ Phase
(dB) | (us) | (deq)
1 CONSTANT.DELAY O 0 0

]

Figure 4. StreamXpress settings.
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MultiView | Spectrum
Ref Level 0.00 dBm = RBW 100 kHz 8GL
= ALt 10dB ® SWT Ss ® VBW 300 kHz Mode Auto Sweep
75 0 MLP

1RmC
D3[1] -15.02 dB

4.2500 MHz|
-10d M1[1] -43.17 dBm

474.0000 MHz|

-20 dBr

-50dB

S IS

CF 474.0 MHz 1001 pts 1.6 MHz/ Span 16.0 MHz
2 Marker Table
Type | Ref | Trc | X-Value | Y-Value | Function Function Result J
M1 1 474.0 MHz -43.17 dBm
D2 M1 1 -4.25 MHz -15.29 dB
D3 M1 1 4.25 MHz -15.02 dB

Figure 5. Rohde & Schwarz FSW signal and spectrum analyzer.

4.2 .4. Expected Results

Measurement Value Units Remarks
Signal Level Delta +4.25MHz  |-14 = Level = -16 dB
Signal Level Delta -4.25MHz  |-14 = Level = -16 dB
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4.3. Measurement with Vector Signal Analyzer

This method can be used for values of SNR = theoretical minimum MER for given constellation?.

4.3.1. StreamXpress Settings

Setting Value
Frequency 36 to 1000MHz, e.g. 474MHz
Modulation standard DVB-C
Constellation 256-QAM
Symbol rate 6.875MBaud
Channel simulator Enabled
AWGN generation Enabled
SNR 25dB
File None

Test-signal generator

Enable; Mode PSBS23 / O151 on PID 0x0100

RF output level -25dBm
Spectral inversion Disabled
CwW Disabled
RF enabled on Stop Disabled
SNR Disabled

4.3.2. Spectrum-Analyzer Settings

Setting

Value

Remarks

Frequency

Same as modulator

e.g. 474MHz

Reference level

0dBm

Aftenuation

10dB

Commonly required to achieve return loss = 20dB

Measurement mode

Vector signal analyzer

Modulation type

QAM

Modulation order 256-QAM
Mapping DVB-C
Symbol rate 6.875MBaud
Transmit filter type RRC
Transmit filter alpha 0.15
Equalizer Disabled

Impedance-matching

type

75-ohm minimum-loss
pad

Nice to have

2

For 256-QAM this value is approximately 17dB. For more information on how a receiver computes MER, please refer to
chapter 3 of DT-AN-2137-2 RF measurements with the DTA-2137(C).
Link: https://www.dektec.com/products/PCle/DTA-2137C/downloads/DT-AN-2137-2.pdf



https://www.dektec.com/products/PCIe/DTA-2137C/downloads/DT-AN-2137-2.pdf
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4.3.3. Example

The screenshots below are the instrument’s main dialog with the configuration as mentioned above
applied.

File Edit Tools Settings Help — Profile  Settings
Fie adapter

3 tevet: [ 250 2] cbm Channel Smuator

G Open  [1:MOD (DTU-315) - @ Dt profi: |

Test-Signal Generator Options
AWEN

PRBS23/0151 v|  PD: [spectral Inversion

[dEnable  swr:[ 25,0 [ dB
ow

[JRr enabled onstop Multiple Transmission Paths Simulation
mEY 200 @ [JEnable 1 %] Total pathponer: 0 Normalise
|l [l e
Use DTAPlus 1 | CONSTANTDELAY | 0 0 | 0
Rate Channel Modulation Parameters
Sym [ 6:875.000 | b 474,000 ] Mz DVB-L fading Unused.
defaul 256.08M
Play-Out
0:00
. 0 MB; 4 NE
#Emors Time. Wirap _ #Wraps Total Time
nm [ e | 17 | | 943
Status
Figure 6. StreamXpress settings.
MultiView !—H[ Spectrum @] VSA @1
Ref Level 0.00 dBm Mod 256QAM SR 6.875 MHz SG6L
& Att i0de Fi 4740 MHz __Res Len 500 Stat Count 10
2 Result Summary
Current | Peak | unit |
EVM RMS 5.45 5.45 o
Peak 12.94 14.66 Yo
MER RMS 25.27 25.27 de
Peak 17.76 16.68 dB
Phase Error. RMS 4.29 5.05 deg
Peak 43.43 -43.73 deg
‘Magnitude Error RMS 3.87 3.87 %
Peak 12.16 13.55 %
Carrier Frequency Error -324.36 -344.92 Hz
Symbol Rate Error -26.15 -26.15 ppm
Rho 0.997 050 0,997 050
/Q Offset -57.16 -52.63 dB
/Q Imbalance -53.11 -46.27 dB
Gain Imbalance 0.04 0.08 dB
Quadrature Error 0.00 051 deg
Amplitude Droop 0.000 035 0.000087 dB/sym
Power -25.54 -25.32 dBm
-1.859 1.859
3 Mag(CaptureBuffer) @1 Clrw |4 Symbols (Hexadecimal)
+ |+ ]3|+ +]|7][+]o |+ ][21]+[13]+]|15 -
0| 2B| 50| 7E| DO| 41| 02| E3| F7| 74| 40| D4| 94| F&| 33| 20| 69 i
16| 44 BB E3| EO CO| DF| BF| 06| B6| E4| 6E| D6| CE| 24| A3| 7D “
32| 61| 48| 38| F8| AQ| DS| 4F 61 FO| CC| FB| D4| 09| F5| 21| C6
48| 40| 48| C2| 50| 03| 93| 17| 97| 67| 73| OF| 00| 99| 64| AD| 80
4| FO| 65| 23| 00| C4| 20| 86| 7B| B4| AE| 25| OFE| 30| OD| 00| 8B
0| B1| A7 SE| 4E 04 AF B9| FE| OE| DE| D6| 51| 2F| 05| EC| 58
-60 derr 6| A6 43| 96| 15 FO| 7A] BF| F2| 6B| 32| 68| 89| 21| 34| Fo| 28
2| 3E| OC| B8| Ag| 03| DA| 96| BD| 47| FO| FD| DF| D7| 64| EF| 62
80 dBm 28| Ac| oB| 51 08 BO| 71| BD| 35| 4B 8D| 24| 55| AD| 3F Ei| 33
44| E3| 31| 15| BA| 24| 1F CD| 58 8F| 1E| 89| F4| AF| 4B| 9C| 98
60| 04| EE| 54| 1E| 1D| 55| B&| D6 13| AC| 25| DE| 54| 55| 16| 18

0 sym 8000 sym

Figure 7. Rohde & Schwarz FSW signal and spectrum analyzer.

4.3.4. Expected Results

Measurement Value Units Remarks
MER 24 = Level = 26 dB
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5. Carrier Frequency

5.1. Relevance

The DTU-315 uses several analog components for generating an RF signal at a specified carrier fre-
guency. Aging of these analog components may influence the frequency accuracy of the generated
RF carrier over time.

5.2. StreamXpress Settings

Setting Value
Frequency 36 to TOOOMHz, e.g. 474MHz
Modulation standard DVB-C
Constellation 256-QAM
Symbol rate 6.875MBaud
Channel simulator Disabled
RF output level -25dBm
Spectral inversion Disabled
CW Enabled
RF enabled on stop Disabled
SNR Disabled

5.3. Spectrum-analyzer settings

Setting Value Remarks

Frequency Same as modulator e.g. 474MHz

Span 5kHz

Reference level 0dBm

Aftenuation 10dB Commonly required to achieve return loss = 20dB

Level range 140dB

Trace mode Clear write

Resolution bandwidth 100Hz

Video bandwidth 300Hz At least 3 times Resolution bandwidth

Sweep time 5s Long sweep time usually gives more stable meas-
urements, as the RMS detector averages over this
time

Sweep mode Auto sweep Auto FFT is not recommended

Marker #1 frequency Peak search
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5.4. Example
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The screenshots below are the instrument’s main dialog with the configuration as mentioned above

applied.

=,

=

File Edit Tools
File

Settings  Help

Adapter

D’“ Open

Test-Signal Generator

PRBS23 /0151 ~

1. MOD (DTU-315)

Main Output

Level: -25.0 |+ dBm

Options
[[]spectral Inversion
ow

RF enabled on stop

30.0 5 |dB

SNR:

Static

Use DTA-Plus

fading...

Unused.

Rate Channel Modulation Parameters
Sym: [ 6.875.000 | bd 474,000 -3 MHz DVB-C
default 256-QAN
Play-Out
0:00 0:00
#Errors. Time Wrap #raps Total Time:
oo e [ o[ om
Figure 8. StreamXpress seftings.
MultiView | Spectrum
Ref Level 0.00 dBm @ RBW 100 Hz
& Att 10 dB ® SWT 55 ® VBW 300Hz Mode Auto Sweep
75 G MLP

1 Frequency Sweep

-14.39 dBm|
473.99959040 MHz|

M1[1]

=

===l
=
=

-120 d|

o g gy
W&WM@WMMMM UMW&MJ&W

i

-130 4l

CF 474.0 MHz

1001 pts 500.0 Hz Span 5.0 kHz
Figure 9. Rohde & Schwarz FSW signal and spectrum analyzer.
5.5. Expected Results
Measurement Value Units Remarks
Marker frequency | 473.999526 = Frequency = 474.000474 MHz Initial accuracy incl. stability
over temperature range
473.999289 = Frequency = 474.000711 MHz Including aging in first year
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6. Phase Noise

6.1. Relevance

The DTU-315 uses several analog components for generating an RF signal at an accurate carrier
frequency with excellent phase noise performance. Aging of these analog components may influence
the phase-noise performance of the generated RF carrier over time.

6.2. Specific Spectrum-Analyzer Requirements

Specification Remarks

Frequency accuracy < 0.3ppm
Phase noise =< 135dBc Up to 500MHz
@ 10kHz offset < 120dBc Up to 1GHz

< 115dBc Up to 2GHz
Return loss = 20dB For above frequency range;

Internal attenuation might be required

Measurement mode Phase noise

6.3. StreamXpress Settings

Setting Value
Frequency 36 to 1000MHz, e.g. 474MHz
Modulation standard DVB-C
Constellation 256-QAM
Symbol rate 6.875MBaud
Channel simulator Disabled
RF output level -25dBm
Spectral inversion Disabled
CW Enabled
RF enabled on stop Disabled
SNR Disabled
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6.4. Spectrum-Analyzer Settings
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Setting Value Remarks
Frequency Same as modulator e.g. 474MHz
Attenuation 10dB Commonly required to achieve return loss = 20dB
Measurement mode Phase noise
Nominal level -25dBm
Verify frequency Enabled
Verify level Enabled
Track frequency Disabled Only necessary for unstable DUTs
Track level Disabled Only necessary for unstable DUTs
Range 100Hz to 1MHz
Trace mode Clear write
Trace smoothing Enabled; 1%
Spur removal Disabled

6.5. Example

The screenshots below are the instrument’s main dialog with the configuration as mentioned above

applied.

B

=

File Edit Tools
File

Settings

Help

Test-Signal Generator

PRBS23 /0151 ~

Rate

Sym: 6.875.000 | bd

Channel

474,000 -5 MHz

default

Play-Out
0:00

#Errors

Time Wrap #Wraps

Main Output
Adapter
Level: -25.0 [ dbm
[ Open  |1:MOD (DTU-315) Y ; ]
Options
[ spectral Inversion
Few
RF enabled on stop
SNR: 30.0 = |dB
Static
Use DTA-Plus
Modulation Parameters
DVB-C fading... Unused.
255-0AM

0:00

Total Time

0:00

|l | o] |

0:00 |

Figure 10. StreamXpress settings for phase-noise measurements.
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Multiview I-HI Spectrum :>@] Phase Noise @1

Nominal Frequency 473.999602109 MHz | Measured Level -20.07 dBm | Measured Freq 473.999596929 MHz

Ref Level & Att -19.60 dBm, Att 10 dB Initial Delta -0.00dB Initial Delta -1000 kHz / -2105.26 ppm  SGL
Measurement 100 Hz to 1 MHz Drift 0.01 dB Drift -4.73Hz/-0.01 pp

m
1 Phase Noise T Clrw Tin Smth 19

Hz 0 kHz 100 kHz

——

Frequency Offset

Figure 11. Rohde & Schwarz FSW signal and spectrum analyzer.

6.6. Expected Results

Measurement Value Units Remarks
Phase Noise Level < -125 dBc/Hz 36MHz; 10kHz offset
Level = -117 dBc/Hz 500MHz; 10kHz offset
Level = -108 dBc/Hz 1.5GHz; 10kHz offset
Level = -105 dBc/Hz 2GHz; 10kHz offset




