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1. Introduction

1.1. General Description of the DTA-2115B

The DTA-2115B is DekTec’s highest-end modulator on a PCle gen3 x1 card. It is a general-purpose
modulator for generating virtually any cable, terrestrial and satellite modulation standard currently in
use around the world, including multi-PLP DVB-T2 and DVB-S2X. Advanced features include ultra-low
phase noise, GPS synchronization, phase noise emulation and special firmware for eight-channel
modulation. The output frequency of the DTA-2115B is agile in the range from 32 to 2186MHz.

Dependent on the firmware, the DTA-2115B operates as a single 72-MHz modulator in VHF, UHF or
L-band, or as eight independent 8-MHz modulators in the VHF/UHF band.

For more information about the DTA-2115B and its specifications, please refer to the datasheet of the
DTA-2115B, 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
DTA-2115B, and verifying that the modulated signal conforms to the specifications stated in the data
sheet.

The DTA-2115B 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;

[ ]
[ ]
[ ]
e Phase noise.
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2. Measurements

2.1. Hardware Setup

The measurements for verifying the performance of the DTA-2115B with respect to its specifications
can all be performed with a DTA-2115B connected to a spectrum analyzer.

The following hardware setup is required:

50Q RF
-

Figure 1. Hardware setup for measuring the performance of the DTA-2115B.

Recommended hardware setup:

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

e DTA-2115B, inserted in PCle gen3 slot.
e Optional for analyzer with N-type connector: 50-ohm SMA to 50-ohm N-type RF adapter.
e The RF adapter and DTA-2115B 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 SMA-type | For N-type, use RF connector adapter
Frequency range = 32 to 2186MHz
Frequency accuracy < 0.3ppm
Absolute level uncertainty < 0.5dB From 32 to 2186MHz
Return Loss > 20dB From 32 to 2186MHz;

Internal attenuation may be required
Channel power measurement | = 8MHz bandwidth
Detector type RMS

Warm-up time recommended

Allow both the DTA-2115B 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 DTA-2115B 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 32 to TOOOMHz, 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 -10dBm
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
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The screenshots below show the configuration described above.

File

2 DekTec Streamipress - Test-signal generator

File Edit Tools Settings Help

Adapter

@ open  |1:M0D (OTA211SE port 1) | @

Test-Signal Generator

RF Output Control X

Main Output

Level: dm

Options

|PRES23/0151 | PD: [0x0100 [spectral nversion
cw
[1rF enabled on stop
[JshR: Z| ds
Static
Use DTA-Plus
Rate Channel Wodulation Parameters -
sym | 6,575,000 | bd 474.000 -5 MHz DVBC Input level; Unused,
default 256-0AM
Play-Out
" ” _
#Errors Time Wrap #Wraps Total Time
ne ‘ H 0:00 ‘ 23] | 1107H 307|
Figure 2. StreamXpress settings.
] Spectrum 1 [3
Ref Level 0.00 dBm © RBW 100 kHz
o Att 10 dB ® SWT 500 ms ® VBW 300 kHz _Mode Auto Sweep
1 ACLR IRmM Clrw
10d
-20d
a0
40 df
sod
€0
70 df
-s0d
" " ) g b bl i At Lt
CF 474.0 MHZ 1001 pts 1.63 MHz, Span 16.3 MHz
2 Result Summary None
Channel | Bandwidth | Offset Power J
Tx1 (Ref) 8.000 MHz -10.30 dBm
Tx Total -10.30 dBm

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

3.5. Expected Results

Measurement

Value

Units

Remarks

Channel power (typical)

-9.7 = power

>-10.3 dBm

32 to 1000MHz

-9.5 = power

= -10.5 dBm

1000 to 2186MHz

Channel power (maximum)

-8 = power =

-12 dBm

32 to TO0OOMHz

-7 = power =

13

dBm

1000 to 2186MHz
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4, Channel Simulator - SNR

4.1. Relevance

The DTA-2115B 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 32 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 -10dBm
Spectral inversion Disabled
CW Disabled
RF enabled on stop Disabled
SNR Disabled
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4.2.2. Spectrum-Analyzer Settings

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
applied.

File Edit Tools Settings Help — Profile  Settings
fle . ey Level: [ <10:0 ] dm Channel Smulator
Open 1:MOD (DTA-2115B port 1)
= ov & et ) | @ MEnable  Profe: | ]
Test-Signal Generator Options
AweN
Spectral Inversion Y
PRES23/0151 v PD: Dlsn [JEnsble  swR:[ 15,0 ] cB (relative to ariginal ignal, without attenuation)
[JRF enabled on stop Multple Transmission Paths Smulation
Osw: 150 2 |d CEnzble 13 Total path power: 0 Normalise:
Atten | Delay | Phase | Speed |Doppler
2 i
Static E= ‘ () | (u9) | (dea) | (kmh) | (H2)
Use DTAPlus 1 CONSTANTDELAY O 6 O
Rate. Channel Modulation Parameters
sym: [ 6,875,000 | ba 474.000 (£ iz DVEC Tading... T
default 266-QAM ~
Play-Qut
0:00 0:00
#Errors Time. Wrap #Wraps Total Time:
ne [ ow Jlea | ! EZIRN - o oo i un
Status

Figure 4. StreamXpress settings.
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MultiView | Spectrum

Ref Level 0.00 dBm ® RBW 100 kHz
& Att 10dE ® SWT 55 @ VBW 300 kHz Mode Auto Sweep
1 Frequency Sweep W
D3[1] -15.03 dB
-4,2500 MHz|

M1[1]  -28.76 dBm
474.0000 MHz

-40 dBmr

CF 474.0 MHz 1001 pts 1.6 MHz/ Span 16.0 MHz
2 Marker Table
Type | Ref | Trc | ¥-Value | Y-Value | Function Function Result |
M1 1 474.0 MHz -28.76 dBm
D2 M1 1 4.25 MHz -15.05 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 32 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 -10dBm
Spectral inversion Disabled
CW 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
Attenuation 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

1

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
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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 Main Output Profile  Settings
e . A5 vovel: [ 0.0 =) derm Channel Simustor
(& open  [1:m0p TAZNSB PO 1) | € Db profie:
‘Test-Signal Generator Options
AWGN

5 Spectral I -
PRBS23/0151 |  PD. s T MEnable  swR:[ 15,0 3] d8 (relative to original signal, without attenuation)

[JRr ensbled onstop Multple Transmission Paths Smulstion

[JEnsble 13| ot path pover: 0 Normaiise

Speed
(km/h)

Doppler

#
(Hz)

Atten | Delay | Phase
(dB) | (us) | (dea)

1 | CONSTANT_DELAY 0 0 0

Type

Rate Channel Hodulation Parameters.

sym [ 6875000 | ba 474.000 5| MHz VBL

default 256-0AM v

Play-Out
0:00

#Errors Time. Wrap  #Wraps Total Time

ne [l @[ w[ )

Status

Figure 6. StreamXpress seftings.

MultiView | Spectrum ]VSA

Ref Level 0.00 dBm Mod 2560AM
& Att i0dB Freq 474.0MHz Res Len 200

SR 6.875 MHz

T Const I/Q(Meas&Ref) MC 2 Result Summary
[ Current | Peak | Unit
E¥M RMS 5.18 5.57 %
Peak 12.65 16.58 %
MER. RMS 25.71 25.09 dB
Peak 17.96 15.61 dB
Phase Error RMS 3.80 477 deg
Peak 41.33 -47.49 deg
Magnitude Error  RMS 3.71 3.99 %
Peak 12.50 13.61 %Y
Carrier Frequency Error -80.27 -103.77 Hz
Symbol Rate Error -0.66 -30.25 pprm
Rho 0.997 323 0.996 910
I/Q Offset -61.81 -49.75 dB
I/Q Imbalance -56.60 -49.74 dB
Gain Imbalance 0.03 0.05 de
Quadrature Error 0.04 0.37 deg
Amplitude Droop 0.000 095 0.000 119 dB/sym
Power -10.28 -9.88 dBm
-1.826 1.826
3 Mag(CaptureBuffer) O1 Clrw ||4 Symbols (Hexadecimal)

+ 11|+ |3 |+ |5 |+ |7 |+[9|+([11]+[13]+ |15

0 14| 87| S5B| 86/ D7 BO| DA E6| 87| 9C| 09| 18| 52| 9C| 85 7F
16| ED| 7E| 7C| 64) 68| 52| E6| 2D| 3B| 57| E6| 4F| 5A| 2B SE| 78
32| 25| C7| FA 2E| EG| C7| D6| 43| 94| 1B| C8| 24| SF| 49 64 CC
48| Ea AC| B2 FA| A2/ OD| F2| 20| 38| 80| 8A| EQ| C2| 2F C9| 88
64| 8F| DF| 31 B7| 47 E3| 5C| BE| 4F| 40| 15/ 9C| C5| 77| 23 54
80| E3| 99| FO C9| EB| FF| CE[AC| 1A[ 3D| 7E| B2/ 03| 74 05| 21
96| DB| 68| AF|DC| AF| E8| 3A| BC| 16| 38| 87| EF| 64 9E| 31| C9
112| 44 78| 29 47| 56, 10| 55| 60| A4| 83| 35| BF| A4| 71| FA/ D5
128| Eg AD| 6E| 21| B6| C1| B4 FF| 30| SA| 2B| OE| D4| 19| 16| BB
144 oB| 7E| 91 1A| EE| A6| 80| E9| B6| 17| CD| 4F| FE| 39| 10| OF
160( 69 8D| 4E| AL| C9 E3| 7E| BD| 44| 84| E7| 82| 34| A2| DF| 81
176|951 31| 54/ 85| CF| 9F| B1| D8| E2| 98| 15| BE| 7F| 07| 87

I [

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 DTA-2115B uses several analog components for generating an RF signal at a specified carrier
frequency. Aging of these analog components may influence the frequency accuracy of the generated
RF carrier over time.

5.2. StreamXpress Settings

Setting Value
Frequency 32 to TOOOMHz, e.g. 474MHz
Modulation standard DVB-C
Constellation 256-QAM
Symbol rate 6.875MBaud
Channel simulator Disabled
RF output level -10dBm
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

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

2,
=

File Edit Tools Settings Help

PRBS23 /0151 ~

Main Qutput
File Adapter
Level: -10.0 [ dBm
G Open  1:MOD (DTA-2115Bport1) | P
Test-Signal Generator Options

[ spectral Inversion

cw
RF enabled on stop
SMR: 15.0 |5 |dB

Static
Use DTA-Plus

Rate Channel

Sym: 6,875,000 | bd

Modulation Parameters.

474.000 -5 MHz DVB-C  ~ fading... Unused.

default 256-0AM

Play-Out
0:00 0:00

#Errors Time Wrap #Wraps
[ | [ ono

Total Time

|l | o | 000

Figure 8. StreamXpress settings.

MultivView | Spectrum

Ref Level 0.00 dBrm & RBW 100 Hz
& Att 10dB ® SWT 55 ® VBW 300 Hz Mode Auto Sweep
1 Frequency Sweep

TR Clrw
M1[1] -10.54 dBm|
M1 473.99993010 MHZ|

R o i

L) g \H T T u““ w U

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 DTA-2115B 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 < 145dBc Up to 500MHz
@ 10kHz offset < 135dBc Up to 1GHz

< 126dBc 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 32 to TOOOMHz, e.g. 474MHz
Modulation standard DVB-C
Constellation 256-QAM
Symbol rate 6.875MBaud
Channel simulator Disabled
RF output level -10dBm
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 -10dBm
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.

)
=

File Edit Tools Settings Help

Main Qutput
File Adapter
Level: -10.0 -+ dBm
= Open  |1:MOD (DTA-2115Bport1) ~ | @ [ 0]
Test-Signal Generator Options

[ spectral Inversion
ow

RF enabled on stop

PRBS23/0151 ~

SMR: 15.0 +(dB
Static
Use DTA-Plus
Rate Channel Modulation Parameters.
Sym: 6,875,000 | bd 474.000 = MHz DVB-C  ~ fading... Unused.
default 255-0AN
Play-Out
0:00 0:00
#Errors Time Wrap #Wraps Total Time
|[ow |lea | ol owm]

Figure 10. StreamXpress settings for phase-noise measurements.
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MultiView H-KI Spectrum @] Phase Noise @1

Nominal Frequency 473.999926002 MHz | Measured Level -10.06 dBm | Measured Freq 473.999925549 MHz
Ref Level & Att -9.50 dBm, Att 10 dB Initial Delta -0.10 dB Initial Delta -74Hz /-0.16 ppm  SGL
Measurement 100 Hz to 1 MHz Drift 0.01 dB Drift -121.94 mHz /O ppm

1 Phase Noise T Clrw Tin Smth 19 =2 Clrw

1kHz 10 kHz 100 kHz
-90 d
m

-100 dBe/)

-105 d

-110 4l

-115 df

-120 d|

-125 dl

-130 dl

EE] EE] AVG 10 AVG 10 NG 10 AvG 10 /G 10
100.0Hz 1.0 MHz
Frequency Offset

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

6.6. Expected Results

Measurement Value Units Remarks
Phase Noise Level = -128 dBc/Hz 32MHz; 10kHz offset
Level = -125 dBc/Hz 500MHz; 10kHz offset
Level = -120 dBc/Hz 1.5GHz; 10kHz offset
Level = -115 dBc/Hz 2GHz; 10kHz offset



