Digital Videc
Broadcastin

TV Test Receiver EFA, Models 40/43 (DVB-T)

Comprehensive analysis/demodulation/monitoring of digital terrestrial TV signals

< All DVB-T modes supported < Avreas of application: production, < Simple, user-friendly operation
according to ETS300744 single frequency network installation ¢ Modular design — easy retrofitting of

¢ High-end demodulator and adjustment, monitoring, coverage, options

< High-end test receiver research and development, service < |EC/IEEE bus and RS-232-C interface

< Standard test receiver < Comprehensive measurement and ¢ MPEG?Z decoder option

monitoring functions
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EFA - the test reference for terrestrial digital TV

After the successful launch of the first
European DVB-T network (Digital Video
Broadcasting — Terrestrial) in Great Brit-
ain involving over 1 000 000 subscribers
(as of December 2000), DVB-T is gaining
ground in Europe at an ever faster pace.
In this context, the new DVB-T models of
the EFA family of test receivers meet the
demand for high-precision reception
measurements. Compact in design and
featuring comprehensive automatic test
functionality, the instrument is ideal for
R&D, modulator production testing and
in-service monitoring of TV signals.

TV TEST RECEIVER © EFA
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2 TV Test Receiver EFA, Models 40/43 (DVB-T)
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Standard test receiver (model 40)

® Selective receiver

@ Typical use in the field where adjacent channels need to be filtered
@ High-end synthesizer with low phase noise

@ Excellent price/performance ratio

High-end demodulator (model 43)

@ \Wideband input (non-selective receiver), tunable

@ Typically used for transmitter testing

4 Outstanding SNR, excellent intermodulation characteristics
@ High-end synthesizer with extremely low phase noise

High-end test receiver (model 43 + option EFA-B3)

@ Outstanding SNR and improved intermodulation characteristics
@ Rejection of image frequency and IF

@ Two additional selective RF inputs (50 € and 75 Q)

@ Extended frequency range from 4.5 MHz to 1000 MHz
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Standard test receivers High-end demodulators High-end test receivers

Models & |40 12 78 43 33 89 43 33 89 Slofs
Option | Designation OrderNo. |DVBT |B/G  |D/Korl |DVBT |B/G  |D/Korl |DVBT |B/G  |D/Kor| |"eeded
EFA-B2 | NICAM Demod./Decod. Std B/G or D/K | 2067.3610.02 |~ o) @) - o? |o? - - 1
EFA-B2 | NICAM Demod./Decod. Std | 2067.3610.04 |— = 6) - - o2 - 1
EFA-B3 | RF Preselection 2067.3627.02 |— = @) 0?2 |02 |e * . 1
EFA-B4 | MPEG2 Decoder 2067.3633.02 |O o" |o" |o o™ o™ |o - 1
EFA-B6 |Video Distributor 2067.3656.02 |~ - o¥ |o @) o¥ |o O 0
EFA-B7 | Switchable Video Bandwidth 2067.3710.02 |- o) = @) = 0) = 1
EFA-B8 |RPC Measurement 2067.3727.02 |- O O O O ©] o] 0
EFA-B10 | OFDM Demodulator 2067.3740.02 |v/ o) o) v @) @) v 0) 0) 1
EFA-B11 |6 MHz SAW Filter 2067.3691.00 |O o" |o" |o o" o' |o o |o" o
EFA-B12 |7 MHz SAW Filter 2067.3591.00 |O o" |o" |o o" o' |o o o' o
EFA-B13 |8 MHz SAW Filter 2067.3579.02 |O o" |o" |o o" o' |o o o' o
Z71-314 | Transportation Bag for 3 HU high units |1001.0523.00 |O O O O O O O ©] ©] 0
Each basic unit has three free slots to take up options.
v/ Included in basic unit 9 Mustbe ordered with basic unit O Available —  Notapplicable

)
j
K

Can be retrofitted if option EFA-B10 is built in.
EFA-B2 or EFA-B3 or EFA-B4: only ane choice possible.
Can be retrofitted if option EFA-B4 is built in.

Common to all models
In-depth measurement capabilities
Simple, user-friendly operation
Modular design — easy retrofitting of
options
General measurement functions for
RF input level
carrier frequency offset
bit rate offset
BER (before Viterbi, before and
after Reed-Solomon)
MPEG? transport stream output
(serial or parallel)
Alarm messages for measurement
functions, internal storage
[EC/IEEE bus and RS-232-C interface

MPEG2 decoder (option EFA-B4)
Realtime analysis to ETR290
Error report
Video and audio output

Video distributor (option EFA-B6)"
Provides four video outputs (two on
front and two on rear panel)

6 MHz SAW filter (option EFA-B11)
Adjacent-channel rejection
Meets US requirements

7 MHz SAW filter (option EFA-B12)
Designed to DVB-T standards
Adjacent-channel rejection
Meets European and Australian
standards

8 MHz SAW filter (option EFA-B13)
Designed to DVB-T standards
Adjacent-channel rejection
Meets European standards

Analog and digital functions in one
instrument

EFA models 40/43 belong to the EFA fam-
ily. Using the OFDM demodulator option
(EFA-B10), even analog EFA TV test
receivers (models 12 and 78) and demod-
ulators (models 33 and 89) can be
upgraded to dual-mode versions: analog
and digital in one unit.

1) only possible with model EFA 43 and if option EFA-B4

(MPEG2 decoder) is fitted

TV Test Receiver EFA, Models 40/43 (DVB-T) 3



Fully compatible to ETS300744

DVB-T Test Receiver EFA, fully compatible
with the ETS300 744 standard, receives,
demodulates, decodes and analyzes
OFDM (orthogonal frequency division
multiplex) signals. All key parameters for
demodulating the receive signal can be
selected automatically or manually:

6 MHz, 7 MHz or 8 MHz operating
bandwidth

2K or 8K OFDM modulation

QPSK, 16QAM or 64QAM constella-
tion diagram

1/2, 2/3, 3/4, 5/6 or 7/8 code rate
1/4,1/8, 1/16 or 1/32 guard interval
a=1, 2 or 4 hierarchical demodulation
Reed-Solomon error correction
204/188

6 MHz, 7 MHz or 8 MHz SAW filter
bandwidth (selectable)

The operating principle of the receiver is
basically the same as that of the other

receivers from the EFA family, except for
certain functions specified in standards.

EFA's powerful digital signal processing
provides fast and thorough analysis of the
received DVB-T signal. Analysis is per-
formed simultaneously with, but inde-
pendently of, demodulation and decod-
ing. The MPEG2 transport stream is per-
manently available for decoding as well
as for vision and sound reproduction.

Thanks to its realtime analysis capability,

the high number of measured values nec-

essary for the complex calculation and
display processes are made available for
subsequent mathematical/statistical
processing in an extremely short, as yet
unequalled, time. Because of its high-

4 TV Test Receiver EFA, Models 40/43 (DVB-T)

speed data acquisition, Test Receiver EFA
is the ideal choice not only in R&D but
also in production environments where
short measurement cycles are essential.

(see figures page 6 to 9)

EFA-T, even the basic version, features a
wide range of innovative measurement
functions, allowing comprehensive, in-

depth signal analysis. As well as measur-

ing general parameters (Fig. 1) such as bit
error ratio (BER), more thorough analysis
includes:

I/Q constellation diagrams (Fig. 2):
the number of symbols to be dis-
played is user-selectable,

range: 1to 999 999 symbals

Calculation of I/Q parameters: ampli-
tude imbalance, quadrature offset
and carrier suppression, phase jitter,
SNR and MER (modulation error ratio)
(Fig. 3)

Frequency domain displays,

e.g. MER(f), 1|Q(f) or interferer

(Figs 4, 5 and 6)

Amplitude, phase and group-delay/
frequency response displays (Fig. 7)
Amplitude spectrum, including auto-
matic shoulder attenuation measure-
ment to ETR290 (Fig. 8)

Long-term monitoring of dedicated
parameters through the history
function (Fig. 9), monitoring time is
selectable from 60 seconds to

1000 days

Linearity analysis from amplitude
distribution histogram or CCDF

(Figs 10and 11)

Received impulse response within the
guard interval —including zoom func-
tion (Fig. 12)



The DVB-T standard employs OFDM
(orthogonal frequency division multiplex)
modulation. This modulation is applied to
the downconverter module (selective or
non-selective, depending on the model)
which converts the signal to a 36 MHz IF.
It can then be filtered by different SAW
filters (depending on the occupied band-
width), and Gaussian noise can be inter-
nally added for margin measurements.

The IF signal is converted to the baseband
using a numeric control oscillator. A Fast
Fourier Transform (2k or 8k) translates the

signal from the time domain to the fre-
quency domain. Then, channel estima-
tion is used to correct the signal's ampli-
tude, phase and delay (continuous and
discrete pilots are used for this task) to
eliminate most of the degradation intro-
duced during RF transmission.

Data packets are then applied to the
Viterbi convolutional decoder, data de-
interleaver (outer de-interleaver), Reed-
Solomon decoder and data de-randomizer
(energy dispersal). Finally, the MPEG2
interface feeds the demodulated MPEG2
transport stream to the hardware output
interface (TS SPI or TS ASI).

(see Fig. below).

Block diagram of TV Test Receiver EFA, models 40/43 (DVB-T)

Demodulator and decoder modules, options

[ Front-end high-end demodulator

[ Front-end high-end test receiver
[ Available option
[_1 Non-available option with this unit

6 MHz SAW filter
EFA-B11

EFA-B4 9

|

MPEG? transport !
stream input

MPEG? transport

7 MHz SAW filter

stream output

v EFA 12/20/40/50/72/18 e |
SEI?C“VE IF (picture only) | Audio|
RF input Attenuator Selective T Analog TV 2

0dBto55dB transposer | D' demodul .
50Q0r75Q " ‘ [ Video,
| Switchable video |
IFinput 1 1 bandwidth |
EFA 23/33/43/53/83/89 + with optional RF preselection (EFA-B3) | EFA-B7 |
Selective
. | : |
RF input Attenuator | .| Selective | IERIEIS t |  Video distributor "%
0dBto55dB transposer | carrier measuremen — EFA-B6 o
50Qand 75 Q | |
| Pilot deviation V‘dfﬂ’g
N lecti | measurement [
RF input Attenuator- Non-selective | EFA-BY —‘ |
switch | |
50Q low/high HANSpOsEr | NICAM Intercarrier |
I~ demod./decoder 3
EFA 23/33/43/53/83/89 i EFA-B? Audio 1
| |
1 v 'y
| OFDM MPEG2 decoder Al
[ Front-end standard test receiver | demodulator

|

b

|

|

|

|

Control bus
t !
Level Noise AGC 2
detector generator
' DSP
Constellation
IF; Input / \ \ A 0FDM analyzer
= s?'sue I saw \[7] @ or M demodulator Parameter
’ AGC 1 e 1=36 MHz fr2 i analyzer | MPEG2
IFout 8(7/6)MHz ¢ ’ 1 /() 1:?:;)?
Ose fouk MER(f)
e | oy | # | cromnel | Jimerce | ) viers | _Jouerce| geed || eneray || weecz | | oispiay
nisation 2/8K i decoder interleaver decoder dispersal interface | | controller

EFA-B12

8 MHz SAW filter
EFA-B13

2 MHz SAW filter
EFA-B14

)
IF output
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Fig. 1: Main measurement menu
All parameters for the demodulated DVB-T channel are displayed
on a single screen and can be checked at a glance:

— the three BERs (bit error ratio) — before Viterbi decoder,
before and after Reed-Solomon decoder — give a fast quality
overview of the demodulated signal

— the frequency offset of the central carrier

— whether the transmitted TPS pilots are correct (compared
with the internal demodulator settings)

Hint: The internal noise generator can be activated to perform
END (equivalent noise degradation) measurements or noise mar-
gin measurements which are based on the BER measurement.

Fig. 2: Constellation diagram

The constellation diagram is always the best way to represent
digital modulation. It is also the best visual tool for interpreting
measurement results, for example from carrier suppression or
I/Q amplitude imbalance measurements. For in-depth analysis,
adjustment of the displayed number of symbols is possible

(100 symbols are shown in this example). If required, the EFA can
set the number automatically to obtain an optimal refresh rate.

Fig. 3: OFDM parameters

All OFDM parameters are calculated from the constellation dia-
gram for the selected carriers. It is then very easy to measure for
example the suppression of the RF central carrier of a modulator
in 2K'mode (carrier 852 — discrete pilot) even in 8K mode (carrier
3408 — continuous pilot).



Fig. 4: MER as a function of frequency DYE—T MEASURE : FREBUENCY DOMAIN

MER as a function of the frequency is one of the most powerful B Lol
measurements that the EFA can perform. It displays the MER for m
gvery QAM modulated carrier of the OFDM signal. At a glance, I“TMEERRFE.EE“':E

you can measure the overall quality of the transmitter under test.

With ‘START CARR" and 'STOP CARR’, you can quickly locate any e ot o O O L (et
impaired QAM carrier in the OFDM signal. Co-channel interfer- EOLARGEEDT
ence can also be measured and displayed when an interference
measurement is performed (interference-to-carrier measure- s
ment). P04
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u]

- | ADD. HOISE
1200 1800 OFF

Fig. 5: 1/Q versus frequency DYE—T HEASURE: FRERQUENCY DOHAIN:I ! 0
This diagram shows symbols versus frequency. In other words, 20 SYMEOLS PROCESSED EgER?"EgﬁL:

the quadrature (Q) and the in-phase (I + 90°) information of the
constellation diagram are displayed for a complete symbol.

HOLD

A glance at the constellation diagram immediately shows any
errors or degradations.
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Fig. 6: 1/Q versus frequency (zoom) DYE—T HMEASURE: FREGUENCY DOMAIN:I:Q
Effects of interest can be located more precisely by varying the 1000 SYMEOLS PROCESSED EgﬁR?ngﬁb
number of symbols and carriers that are displayed. Any impair-
ment (carrier 1076 is clearly marked on display) can then be local- ot 1iflinfrsasnenss
ized quickly and easily. T [
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Fig. 7: Channel estimation

In the OFDM demodulation chain, channel estimation compen-
sates for frequency, phase and delay degradations that have
been introduced during DVB-T transmission. It is then easy for
the EFA to output the amplitude response, the phase response
and the group delay, displaying the channel estimation coeffi-
cients versus frequency.

The polar plot may also help to interpret very fast echoes (difficult
to visualize with impulse response measurements).

Fig. 8: Spectrum analysis

Thanks to this integrated feature, you will not need a separate

spectrum analyzer anymore. All basic spectrum analyzer func-

tions are provided, for example start/stop frequency (or center/
span) as are several detection and averaging modes.

The automatic shoulder attenuation measurement (strictly meets
ETR290), makes checking the performance of any DVB-T trans-
mitter child's play.

Fig. 9: History function

This measurement is just what is required for long-term DVB-T
transmitter monitoring. Most key parameters (level, MER/dB,
MER/%, BER and synchronization information) are, therefore,
displayed in graphical form. This mode can also display all values
numerically (average, max, min, current). BER and level measure-
ments run continuously and are independent of other measure-
ments.

Hint: Results are easy to read from a remote location.



Fig 10: Amplitude distribution function

The measurement function for displaying the amplitude distribu-
tion or the CCDF (complementary cumulative distribution func-
tion) is used to detect nonlinear distortions. The frequency distri-
bution of the DVB-T signal is divided into several 1 dB windows
to determine the amplitude distribution. Information on the crest
factor is obtained from the frequency distribution and displayed
in the upper right-hand corner of the graph.

The reference values are marked by short harizontal lines.

Fig 11: Complementary cumulative distribution function
(CCDF)

In contrast to the amplitude distribution, each trace point indi-
cates how often a certain voltage level is attained or exceeded.

The ideal frequencies are displayed as short, horizontal lines at
1 dB intervals (reference values) so that the amplitude distribu-
tion of the applied signal can be compared with that of an ideal
DVB-T signal. Any deviation from the ideal distribution is then
identified by the deviations of the column heights and the value
of the crest factor, for example due to clipping in the transmitter
output stage.

Fig 12: Impulse response

The impulse response measurement (within the guard interval) is
very useful. Especially so for single frequency network (SFN)
adjustment. The measurement lets you visualize and measure
(numeric values) the main DVB-T signal (0 dB, reference), echoes
and pre-echoes. The zoom function lets you visualize fast echoes
that may occur in urban areas (reflections from buildings).

To suit the application, the X axis unit and scale can be changed,
for example from ps to km or even miles.
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Typical applications

=
3
=

Production testing on modulators and transmitters
(calibration and test)

EFA’s analysis capabilities make it possible to pinpoint problems
such as interferers and inadequate carrier suppression: the con-
stellation diagram shows the symbols, but only if a single carrier
is affected — the difficulty is localization. This is exactly what the
I/Q measurement function does: symbols are displayed as a func-
tion of carriers (frequency domain) to locate the problem in the
spectrum display. Once the interferer is localized, the constellation
display can be used for further evaluation. This approach can also
be used with the MER-vs-frequency measurement function.

Transmitter installation and adjustment of single frequency

networks (SFN)

The time domain analysis extends EFA's range of applications to SFN installation and adjustment — an area where spectrum and
impulse-respanse analysis are very useful. The impulse response function makes it possible to visualize the delay between two trans-
mitters at a reception point. This measurement function can be used to optimize the delay between the transmitters. The zoom function
makes it possible to see fast echoes, for example direct reflections from a building, mountain etc.

Coverage measurements on terrestrial signals (see photo above)

To allow measurements to be performed under even the worst reception conditions, a single keystroke will optimize the OFDM demod-
ulator for mobile reception (where a lot of impairments affect transmission quality) or stationary reception. The algorithms for speed
and channel equalization are optimized, as is internal level contral.

Monitoring TV transmitters and transposers

EFA is the perfect solution for DVB-T signal monitoring. An alarm is triggered if one of the selected parameters exceeds the threshold
that has been set. The incident level, OFDM synchronization, MER (modulation error ratio), BER (before Viterbi and before Reed-Solo-
mon decoders) and the MPEGZ transport stream output can be checked in realtime independent of other measurements and decoding.
If an error occurs, a 1000-row register is available to record the date, time and designation of the event. The MPEGZ decoder option
EFA-B4 extends manitoring capabilities. Realtime measurements to test specifications for DVB systems (ETR290 — priorities 1, 2 and 3)
can be performed and make the EFA a complete DVB-T monitoring system.

I most important measurement v required measurement The table below summarizes the measurements required for the various DVB-T applications
5 |2 el w
2 £ 8| 2
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Realtime measurement functions to test specifications for DVB systems (ETR290)

DVB-T standard test receiver (model 40)

DVB-T high-end test receiver (model 43)
with option EFA-B3

DVB-T high-end demodulator (model 43)

RF input selective selective non-selective
Connector 50 Q or 75 ©, BNC or N female, front or 50 Q, N female, rear panel and 75 ©, BNC 50 Q, N female, rear panel
rear panel (see configuration sheet) female, rear panel
Return loss >14 dB in channel with 50 Q connector >17dB (>20 dB typ.) in channel with50 Q  >30 dB
and input attenuation 210 dB connector
>12 dB in channel with 75 Q connector >14dB (>17 dB typ.) in channel with 75 Q
and input attenuation >10 dB connector
Frequency range 48 MHz to 862 MHz 4.5 MHz to 1000 MHz ') 45 MHz to 1000 MHz
Level range —72 dBm to +20 dBm (with LOW NOISE, —85 dBm to +14 dBm (low noise) —50 dBm to +20 dBm
(lower values: preamplifier = OFF) —80 dBm to +20 dBm (normal)
QPSK only")?)) —82 dBm to —47 dBm (with LOW NOISE, —80 dBm to +20 dBm (low distortion)
preamplifier = ON) —90 dBm to —10 dBm (low noise and
—88 dBm to —47 dBm (with LOW NOISE, HIGH ADJ CHAN POWER = ON)
preamplifier = ON and HIGH ADJ CHAN
POWER = ON)
Noise figure (50 Q input, 12 dB typ. (low noise) 7 dB typ. (low noise)
RF >47.15 MHz) 7 dB typ. (preamplifier and low noise) 9 dB typ. (normal)
11 dB typ. (low distortion)
Image frequency rejection =70 dB (VHF) and 100 dB
>50 dB (UHF)
IF rejection 100 dB
Local oscillator
Resolution 1 Hz 1Hz 1 Hz
Frequency error <2x10°° <2x 107 <2x10°°
OFDM demodulator
characteristics
Inherent MER?) >38 dB >40 dB >40 dB
Inherent SNR?) >39 dB >41dB >41dB

') At low input frequencies such as 4.57 MHz: additional tilt (0.7 dB pp typ.), minimum input level: =30 dBm, SAW filter ON.
%) Valid for instruments delivered as of January 2001.

Noise figure (low noise mode)

100 200 300 400 500 600 700 800 MHz 900 1000

50 €, BNC female, rear panel, 36 MHz
>30dB

IF input

Return loss in channel

Level range —30 dBm to —5 dBm

IF output 50 ©, BNC female, rear panel, 36 MHz
Return loss in channel >20dB

Level, regulated —17 dBm

12 TV Test Receiver EFA, Models 40/43 (DVB-T)



OFDM characteristics
Bandwidth operation
SAW filters

Bit rate clock inaccuracy
FFT mode

Constellation

Guard interval

Code rate

Hierarchical modulation
Equivalent noise degradation (END) at 64QAM:; R 2/3
Channel correction

1/Q inversion

BER processing

Measurements

6 MHz, 7 MHz and 8 MHz switchable
6 MHz, 7 MHz, 8 MHz or OFF
<10 ppm (< 3 ppm typ.)

2K or 8K carriers

QPSK, 16QAM, 640AM
1/4,1/8,1/16, 1/32

1/2,2/3, 3/4, 5/6, 7/8

OFF, o=1, 0=2, o=4
<1.5dB

self-adapting

automatic, with indication

before Viterbi decoder, before and after Reed-Solomon decoder

level, frequency offset, bit rate offset / BER (bit error ratio) before Viterbi decoder, before and after Reed-Solomon decoder /
MER (modulation error ratio) in dB and % / SNR (signal-to-noise ratio), carrier suppression (2K and 8K) / quadrature error, amplitude imbalance

phase jitter / shoulder attenuation (upper/lower) to ETR290 /crest factor
Graphic displays

constellation diagram, start/stop frequencies and number of symbols selectable / MER(f) in dB: RMS and max. values, start/stop frequencies selectable /
MER(f) in %: RMS and min. values, start/stop frequencies selectable / Interference(f) in dB: RMS and max. values, start/stop frequencies selectable /

1/Q(f), start/stop frequencies and number of symbols selectable / frequency spectrum, start/stop frequencies selectable /

amplitude(f), start/stop frequencies selectable / phase(f), start/stop frequencies selectable / group delay(f), start/stop frequencies selectable /

polar plot, start/stop frequencies selectable / amplitude distribution(RF) / CCDF(RF) / impulse response(t) with zoom (max. zoom = 20) /

history for level (all level units available), MER (dB and %), BER before Viterbi, BER before Reed-Solomon decoder, all measurements: MAX and MIN and AVERAGE

and MAXMIN detectors running in parallel

Protection ratio for DVB-T interfered with by analog TV in the lower adjacent chan-
nel (n-1), 64QAM, R 2/3, 8 MHz, QEF, LOW DISTORTION and HIGH ADJ CHAN
POWER = ON (valid for instruments delivered as of January 2001)

Protection ratio for DVB-T interfered with by analog TV in the upper adjacent
channel (n+1), 64QAM, R 2/3, 8 MHz, QEF, LOW DISTORTION and HIGH ADJ
CHAN POWER = ON (valid for instruments delivered as of January 2001)

MPEG2 TS parallel output
MPEG2 TS ASI output
SER DATA output

SER CLOCK output

Alarm messages

Storage

Memory for instrument setup storage

44 dB typ.

42 dB typ.

synchronous LVDS (188 byte, 204 byte, TS-SPI), 100 Q
asynchronous serial MPEG2 transport stream (TS-ASI); 75 Q
serial data stream ahead of Viterbi decoder; 75 Q

clock output for SER DATA; 75 Q

level, synchronization, BER before Viterbi, BER before and after Reed-Soloman,
data transmission error

with date and time, up to 1000 lines

Test parameters

Level

MER (modulation error ratio) in dB
MER (modulation error ratio) in %
SNR (signal-to-noise ratio)
Carrier suppression (2K and 8K)
|/Q amplitude imbalance

1/Q quadrature error

Frequency offset

Bit rate offset

BER before Viterbi

BER before Reed-Solomon

BER after Reed-Solomon

Crest factor

Echo values (max. = 5 echoes)

Otod
Range Resolution
depending on model, see above 0.1dB
depending on mode of QAM 0.1dB
depending on mode of QAM 0.1%
depending on mode of QAM 0.1dB
—5dB to +30 dB 0.1dB
+5% 0.01%
+5° 0.01°
+300 kHz 1Hz
+40 ppm 0.1 ppm

1.0x102100.1x 107"
10x10°t00.1x 107
1.0x10*t00.1x 107"
0.0dBto 15.0 dB

0.0 dB to —40.0 dB, —62.2 s to +236.4 s (8K FFT,
8 MHz channel bandwidth)

[]1 X 10—exp0nem
0.1 x 1Q~®xponent
01 X 1079Xp0nem
0.1dB

0.1dB, 10 ns

TV Test Receiver EFA, Models 40/43 (DVB-T)



Realtime measurement functions: simultaneous monitoring of all signals in transport stream
Realtime measurement functions according to test specifications for DVB systems (ETR290): priorities 1, 2 and 3

Signal format

Transport stream to ISO/IEC 1-13818

Data rate of transport stream up to 54 Mbit/s

Length of data packets 188/204 bytes, automatic switchover
Signal input

Internal: from DVB demodulator
External: asynchronous serial MPEG2 transport stream, 270 Mbit/s (TS ASI) BNC connector on rear panel, 200 mV pp to 1V pp, 75 Q

Video signal output

CCVS (PAL, SECAM, NTSC) BNC connector on rear panel, 1V pp 1%, 75 Q
Video serial digital (ITU-R 601), 270 Mbit/s BNC connector on rear panel, 800 mV pp, 75 Q
Audio
Connectors Lemo Triax female, paired; on front panel: unbalanced,
on rear panel: balanced, floating
Impedance <25Q
Signals mono, left/right, sound 1/ sound 2
Level (full scale) +6 dBm £0.2 dB into 600 Q
Frequency response (40 Hz to 15 kHz) +0.5 dB relative to 1 kHz
S/N ratio >70 dB, unweighted
THD >70 dB
Video output 2 x BNC female on front panel; 2 x BNC female on rear panel
Impedance 75Q
Return loss (0 Hz to 6 MHz) >76 dB
Level inaccuracy <2%
DC offset of video signal, MPEG2 decoder mode, black level (Y
Decoupling of outputs (level variation at terminated output when switching the
other outputs between short circuit and open circuit) <1%
Ripple in band 0.4 dB pp
Rejection of adjacent channels >50 dB (>£3.8 MHz)

>85 dB (>£5.3 MHz) with high adj. channel power ON

Ripple in band 0.7 dB pp

Rejection of adjacent channels >55 dB (>%4.0 MHz)
>90 dB (>£5.3 MHz) with high adj. channel power ON

Ripple in band 0.8 dB pp

Rejection of adjacent channels >55 dB (>%4.4 MHz)
>90 dB (>£5.3 MHz) with high adj. channel power ON
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Display

Interfaces

Temperature range

Rated temperature range
Operating temperature range

Power supply

Power consumption

Dimensions (W x H x D)
Weight

DVB-T Test Receiver *)
Selective, constellation diagram,
output MPEG2 data stream

DVB-T Test Demodulator *)
Broadband, constellation diagram,
output MPEG2 data stream

RF Preselection for demodulator
MPEG2 Decoder

Video Distributor

OFDM Demodulator (for analog units)
6 MHz SAW Filter

7 MHz SAW Filter

8 MHz SAW Filter

EFA Calibration Values
19" Adapter

Lemo Triax connector (mono) with cannecting cable (open)

Service manual

Transportation Bag for 3 HU high units

monochrome LCD (320 x 240), backlit
|EC625-2/IEEEA88 bus, RS-232-C, printer (Centronics)
to IEC68-2-1/-2

+5°C to +45°C

0°C to +50°C

100V to 120 V/220 V to 240 V
+10%/-15% (autoranging), 50 Hz to 60 Hz

EFA 40: 70 W
EFA43: 75 W
EFA 43 + EFA-B3: 90 W

435 mm x 147 mm x 460 mm
approx. 12 kg, depending on options

EFA 40 2067.3004.40
EFA 43 2067.3004.43
EFA-B3 2067.3627.02
EFA-B4 2067.3633.02
EFA-B6 2067.3656.02
EFA-B10 2067.3740.02
EFA-B11 2067.3691.00
EFA-B12 2067.3591.00
EFA-B13 2067.3579.02
EFA-DCV 2082.0490.09
Z7A-93 0396.4892.00

2067.7451.00

2068.0950.24
[7T-314 1001.0523.00

*) Note: please fillin configuration sheet (available from your local representative or from Rohde & Schwarz WEB site, EFA section) so that your test receiver/demodulator can be tailored to your requirements.

... see EFA main data sheet (PD 0757.2421), including:

EFA models 20/23 (DVB-C), EFA models 12/33 (analog standard B/G), EFA models 78/89 (analog standard D/K or 1), EFA models 72/83 (analog standard M/N)

TV Test Receiver EFA, Models 40/43 (DVB-T)
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When the EFA 40/43 is set to MOBILE mode (SPEC FUNC: SYSTEM OPTIMISATION), mobile reception is optimized. The firmware version 4.60 offers improved reception
of faded signals. Although further software updates can improve the synchronization to faded signals, the 2K mode of the EFA 40/43 is better for receiving faded sig-
nals than the 8K mode. The following measurements provide current information about the performance of the EFA 40/43. These measurement results are valid for

firmware 4.60.

In the 2K mode, a faded signal simulating a typical urban (TUG) reception envi-

In the 8K mode, a 0 dB echo profile according to ETR290, Annex K.3, was fed to

ronment is fed to the EFA. The signal comprises 6 paths with wide delay disper- the EFA:

sion and relatively strong power (see ETR 290, Annex K.3).

Tap number Delay (us) Power (dB) Doppler spectrum Tap number | Delay (us) |Power (dB) |Doppler spectrum | Frequency ratio
1 0.0 -3 Rayleigh 1 0.0 0 pure Doppler -1

2 0.2 0 Rayleigh 2 VaTg 0 pure Doppler +1

3 0.5 -2 Rayleigh

4 1.6 -6 Rayleigh The EFA was set up as follows:

S 23 -8 Rayleigh — Channel bandwidth = 8 MHz

6 5.0 -10 Rayleigh — System optimization = mobile

The EFA was set up as follows:
— Channel bandwidth = 8 MHz

— System optimization = mobile
— SAW filter bandwidth = 8 MHz

The Doppler frequency (which is a function of speed and radio frequency) was
increased until the BER before the Reed-Solomon decoder was 2.0E-4 or until
one MPEG data error occurred in 1 minute. The following table indicates the

Doppler frequency in Hz.

— SAW filter bandwidth = 8 MHz

The Doppler frequency (which is a function of speed and radio frequency) was
increased until the BER before the Reed-Soloman decoder was 2.0E-4 or until
one MPEG data error occurred in 1 minute. The following table indicates the
Doppler frequency in Hz.

Order of QAM Code rate Guard = 1/4 Guard = 1/8 Order of QAM Code rate Guard = 1/4 Guard = 1/8
172 58 61 12 23.1 21.0
2/3 40 42 2/3 12 15.5
QPSK 3/4 33 35 QPSK 3/4 05 10.9
5/6 28 26 5/6 0 5.0
7/8 24 22 7/8 0 0
1/2 30 26 1/2 10.2 5.1
2/3 21 25 2/3 0.2 34
160AM 3/4 14 9 160AM 3/4 0 2.3
5/6 0.2 05 5/6 0 0.1
7/8 0.4 0.2 7/8 0 0
1/2 5 4 172 0 18
2/3 0.2 0.2 2/3 0 0
640AM 3/4 0.2 0 640AM 3/4 0 0
5/6 0 0 5/6 0 0
7/8 0 0 7/8 0 0
Order of QAM Code rate Guard = 1/16 Guard = 1/32 Order of QAM Code rate Guard = 1/16 Guard = 1/32
172 60 67 172 23.3 24.5
2/3 44 47 2/3 17.0 17.0
QPSK 3/4 36 39 QPSK 3/4 12.2 11.8
5/6 27 31 5/6 72 16
7/8 23 25 7/8 4.0 4.1
1/2 32 35 172 8.8 8.8
2/3 24 24 2/3 5.7 5.9
160AM 3/4 18 16 160AM 3/4 48 5.1
5/6 7 5 5/6 3.0 34
7/8 0.3 0.3 7/8 1.0 2.3
172 1 1 172 36 3.7
2/3 0 0 2/3 18 2.0
640AM 3/4 0 0 640AM 3/4 13 16
5/6 0 0 5/6 0 0.8
7/8 0 0 7/8 0 0

ROHDE&SCHWARZ GmbH & Co. KG - MiihldorfstraRe 15 - 81671 Miinchen - Germany - P.0.B. 8014 69 - 81614 Miinchen - Germany - Telephone +49 89 4129-0
www.rohde-schwarz.com - Customer Support: Tel. +49 1805124242, Fax +49 89 4129-13777, E-mail: CustomerSupport@rohde-schwarz.com
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Test Receiver R&S EFA
ATSC/8VSB - ITU-T J.83/B - M/N Analog TV

Comprehensive analysis/demodulation/monitoring of digital and analog TV signals

< Standard test receiver < Application areas: production, ¢ Modular design — easy retrofitting of

¢ High-end test receiver monitoring, coverage, service, options

< High-end demodulator research and development ¢ SDTV MPEG2 analyzer/decoder option

¢ Multistandard digital and analog ¢ Comprehensive measurement « |EC/IEEE-bus and RS-232-C interface
platform for terrestrial and CATV and monitoring functions < Simple, user-friendly operation
applications

ROHDE & SCHWARZ



The EFA Family

The TV Test Receiver and Demodulator Family EFA offers outstanding performance features and excellent transmission characteris-
tics. The instruments provide high-precision reception and demodulation of vestigial sideband AM signals (analog TV signals) as well
as of digitally modulated TV signals. They measure a comprehensive range of transmission parameters and are therefore ideal for
measurement and monitoring applications in cable networks, TV transmitter stations and development labs.

Standard test receivers

@ Model 50: digital TV, ATSC/8VSB

& Model 70: digital TV, ITU-T J.83/B

4 Model 90: analog TV, standard M/N

High-end test receivers

@ Model 53 incl. option EFA-B3:
digital TV, ATSC/8VSB

@ Model 73 incl. option EFA-B3:
digital TV, ITU-T J.83/B

4 Model 93 incl. option EFA-B3:
analog TV, standard M/N

High-end demodulators

& Model 53: digital TV, ATSC/8VSB

& Model 73: digital TV, [TU-T J.83/B

@ Model 93: analog TV, standard M/N

Standard test receiver
& Model 40: digital TV, DVB-T

Standard test receivers
# Model 60: digital TV, DVB-C
# Model 12: analog TV, standard B/G
# Model 78: analog TV, standard D/K or |
High-end test receivers
@ Model 63 incl. option EFA-B3:
digital TV, DVB-C
@ Model 33 incl. option EFA-B3:
analog TV, standard B/G
4 Model 89 incl. option EFA-B3:
analog TV, standard D/K or |
High-end demodulators
# Model 63: digital TV, DVB-C
4 Model 33: analog TV, standard B/G
& Model 89: analog TV, standard D/K or |

v @mlmmnz TV TEST RECEVER - 1FA
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The TV Test Receiver Family EFA from
Rohde & Schwarz is a versatile and high-

performance TV test receiver and demod-

ulator platform, which can be optimally
configured for any application, whether
digital or analog.

Three frontends are available:

standard selective,
high-end selective and
high-end non-selective.

The high-end models have an even better
signal-to-noise ratio than the standard
models and offer excellent intermodula-
tion characteristics. This, coupled with
minimum inherent frequency response,
guarantees extremely accurate measure-
ments.

The approach described in the following

will help you find the right EFA model for

your application:
If the application mainly concerns
measurements in cable networks or
on terrestrial signals, a receiver model
that selects the channel to be mea-
sured is the appropriate choice. Adja-
cent-channel signals, which impair
measurement results, are filtered out
by high suppression. Then, a choice
has to be made between the standard
selective and the high-end selective
version. As with the other criteria, this
choice depends on the application.
Measurements on modulators or TV
transmitters, where only one TV sig-
nal is involved, are performed with
one of the demodulator models with
the high-end non-selective frontend,
which guarantees extremely low
measurement uncertainty without
preselection.

The last selection criterion is the TV
demodulator used, and whether it is
analog and/or digital

The EFA test receivers can be configured
for digital signals and for the analog TV
standard M/N (option EFA-B30).

Operation involving a mix of analog and

digital channels is becoming more wide-

spread. In addition to the analog models,

the digital demodulator option offers com-

plete digital measurement functionality:

— Forterrestrial applications, this task is
performed by the digital

ATSC/8VSB demodulator
(options EFA-B20 + EFA-K22)

— In cable networks, this is handled by
the QAM demodulator option for the

ITU-T J.83/B standard

(options EFA-B20 + EFA-K23) or
DVB-C standard

(options EFA-B20 + EFA-K21)

— For baseband analysis, the SDTV
MPEG2 analyzer/decoder (option
EFA-B4) rounds off the EFA product
line.

RF selection

Standard High-end (selective, high quality)
test receiver demodulator e EFA-B3
(Standard selective (High-end non-selective (High-end selective
frontend) frontend) frontend)
\ /
~
e N
- N
Multistandard Digital Platform Analog M/N NTSC/BTSC
EFA-B20 Demodulator EFA-B30

DVB-C ATSC/8VSB || ITU-T J.83/B
EFA-K21 EFA-K22 EFA-K23

|_FIR Coefficient Readout Firmware EFA-K25 |

MPEG2 Decoder EFA-B4

- NTSC/BTSC or PAL
- Switchable sound trap
- Switchable correction

TV Test Receiver R&S EFA — Models 50/53 (ATSC/8VSB) — Models 70/73 (ITU-T J.83/B) — Models 90/93 (M/N Analog TV)
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The EFA Family

EFA — realtime signal analysis
Standard test receiver (EFA models 50/70/90)
EFA's powerful digital signal processing @ Selective receiver
provides fastand thorough analysis of the # Typical use in the field where adjacent channels need to be filtered
received digitally modulated TV signal.
Analysis is performed simultaneously
with, butindependently of, demodulation
and decoding. The MPEG2 transport
stream is permanently available for de-
coding as well as for video and audio
reproduction.

@ High-end synthesizer with low phase noise
# Excellent price/performance ratio

High-end demodulator (EFA models 53/73/93)

@ \Wideband input (non-selective receiver), tunable
@ Typically used for transmitter testing

Due to its realtime analysis capability, the # Outstanding SNR, excellent intermadulation characteristics
high number of measured values neces- @ High-end synthesizer with extremely low phase noise

sary for the complex calculation and dis-
play processes are made available for

subsequent mathematical/statistical High-end test receiver (EFA models 53/73/93 + option EFA-B3)
processing in an extremely short and as 4 (utstanding SNR and improved intermodulation characteristics
yet unequalled time. Because of its high- # Rejection of image frequency and IF

speed data acquisition, the TV Test Re- # Two additional selective RF inputs (50 Q and 75 Q)

ceiver EFA is the ideal choice not only for # Extended frequency range from 4.5 MHz to 1000 MHz

R&D butalso for production environments
where short measurement cycles are

essential.
Block diagram of TV Test Receiver EFA
Demodulator module, options
EFA 12/40/50/60/70/78/90 o m e m — e — — e — — — — — — — = = = — o
Selective N | )
RF input Atenuator Selttie IF (picture only) ‘ /N NTSC/BTSC Aud\o'
0

0B 1055 dB t [ & .
50Q0r75Q ° ransposer : | ’—t EFA-B30 Videol
| |
IFinput | |
[ Frontend standard test receiver EFA 33/43/53/63/73/89/93 + with optional RF preselection (EFA-B3) | |
Selective | |
(3 Frontend high-end demodulator REinput Attenuator | .| Selective ! | \Video Distributor [
[ Frontend high-end test receiver 0dBto55dB transposer ! — EFA-B6 | .é
50Qand 75Q | Videol
[ Available option ! .
[ Non-available option with this unit Non-selective | *
i | |
RF input Allimj:m Non-selective IF | |
_ Iowihigh transposer | |
| *
EFA 33/43/53/63/73/89/93 | *
| |
1 o Vi

-k Muhdwstandara digital MPEG2 Decoder
B e |
Control bus | { ) |
i ! I : 6 MHz SAW Filter MPEG? transport !
Level Noise AGC 2 DSP. | EFA-B11 stream input X
detector generator C | 4 MPEG? transport |

Wl analyzer I 7MHEZF2AQ/¥2F‘“9V stream output
1= Parameter | - |
dard analyzer
Fin | Input &0 [\ D_»é_)‘ \ A stan ] y | |
= I = i digital Ghost pattern | |
stage e A eV Y f D demodulator Frequency response | MPEG2 | BMHEZFEQIX;‘MEI |
IF EL A s T |oawsvss FT wanspor ‘ !
e fose iz Amplitude distrib. | stream X ‘
History ) 2 MHz SAW Filter |
\ EFA-B14 |
| |
» Synchro- || Nyquist | Equalizer |-+ Trellis | | Deinter- | | SR‘QEd' | .| Deran- | | MPEG2 Display \Fl GTApEI 7777777777777777777 -
nization decoder leaver doeggég: domizer interface | | controller
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Table of available EFA models & options

Standard test receivers High-end demodulators High-end test receivers
Models 5 (60 (70 |90 |53 |63 |73 |93 |53 |63 |73 |93  |got

Option | Designation Order No. 8VSB |DVB-C [J.83/B |M/N |8VSB |DVB-C|J.83/B [M/N |8VSB |DVB-C |J.83/B |M/N |needed
EFA-B3 | RF Preselection 2067.3627.02 |- - - - O O O O * 2 L 2 * 1
EFA-B4 | MPEG2 Decoder 2067.3633.02)- |O |O |O" |- o [0 (o' |- o |0 (0" N
EFA-B6 | Video Distributor 2067.3656.02)- |- |- |- [©¥ 0¥ |[0¥ |0 |0o¥ 0¥ 0¥ O |0
EFA-B11 |6 MHz SAW Filter 2067.3691.00| O O @) O O @) O O @) O O @) 0
EFA-B13 |8 MHz SAW Filter 2067.3579.03| O O @) O O @) O O @) O O @) 0
EFA-B14 |2 MHz SAW Filter 2067.2562.00| O O @) @) @) @) @) O @) @) O @) 0
EFA-B20 | Digital Demodulator Platform 2067.3585.02lv v |v |O? v |v v |07 v |v |v |02 |1
EFA-B30 [M/N NTSC/BTSC Demodulator 2067.3556.02| O O O v O O @) v @) @) O v 1
EFA-K21 | DVB-C / J.83/A/C (QAM) Firmware 2067.4000.02| O v O O O v O @) O v @) O 0
EFA-K22 | ATSC/8VSB Firmware 2067.4017.02|v O @) O (4 @) O O 4 O O @) 0
EFA-K23 | J.83/B Firmware 2067.4023.02|O O (4 O O O v O O O v O 0
EFA-K25 |FIR Coefficient Readout Firmware 2067.4046.02/ 0% |0 |04 0% |04 |04 |[0Y |04 |0 0% |0o% |0 |0
ZZT-314 | Carrying Bag for 19" units, 3 HU 1001.0523.00| O O @) O O @) O O @) O O @) 0
Each basic unit has three free slots to take up options.
v included in basic unit @ must be ordered with basic unit O available — notapplicable
1" Can be retrofitted i option EFA-B20is builtin. % Requires EFA-B4 or EFA-B30
2 Must be ordered with min. one firmware option (EFA-K21 or EFA-K22 or EFA-K23). “" Requires models EFA.50/53 or option EFA-B20 + EFA-K22
Common to all models MPEG2 Decoder EFA-B4 Included in basic EFA 50/53 models

In-depth measurement capabilities MPEG2 syntax analysis according to Additional SMPTE310M MPEG2 TS output

Simple, user-friendly operation DVB standard

Modular design — easy retrofitting of SDTV decoding, 6250 or 5251 support-  ITU-T J.83/B Firmware EFA-K23

options

Alarm messages for measurement

functions, internal storage ]
|EC/IEEE-bus and RS-232-C interface 6 MHz SAW Filter EFA-BT1

ed, SDI output, PAL / SECAM / NTSC
video out

Adjacent-channel rejection
Meets US requirements

Digital Demodulator Platform EFA-B20 8 MHz SAW Filter EFA-B13
Retrofit of analog instruments

Multistandard demodulator platform
supporting DVB-C demodulation (with

Adjacent-channel rejection
Meets European and US standards,
recommended for spectrum measure-

EFA-K21), ATSC/8VSB demodulation ments

(with EFA-K22), ITU-T J.83/B demodu-

lation (with EFA-K23)

Included in basic EFA 50/53/60/63/

70/73 models
MPEG?Z transport stream output
(serial or parallel)

General measurement functions for

— RFinput level

— carrier frequency offset

— bit rate offset

— BER (before and after Reed-
Solomon)

2 MHz SAW Filter EFA-B14
Adjacent-channel rejection
Meets channel return requirements
(in cable applications)

DVB-C Firmware EFA-K21
Analysis, demodulation and monitor-
ing of DVB-C signals according to
ETS 300 429 standard
Included in basic EFA 60/63 models

ATSC/8VSB Firmware EFA-K22
Analysis, demodulation and monitor-
ing of ATSC/8VSB signals according
to ATSC Doc. A/53

Analysis, demodulation and monitor-
ing of American digital cable signals
according to ITU-T J.83/B standard
Included in basic EFA 70/73 models

FIR Coefficient Readout Firmware
EFA-K25

Calculation of FIR filter coefficients for
linear precorrection of digital signals
Only available for the ATSC/8VSB
models

M/N NTSC/BTSC Demodulator EFA-B30

Meets FCC requirements (group delay
correction)

Switchable sound trap

Switchable group delay correction
Switchable synchronous or envelope
detector

Integrated BTSC/MTS decoder
Retrofit of digital instruments

TV Test Receiver R&S EFA — Models 50/53 (ATSC/8VSB) — Models 70/73 (ITU-T J.83/B) — Models 90/93 (M/N Analog TV) 5
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ATSC/8VSB

EFA 50/53 characteristics

The ATSC/8VSB Test Receiver EFA, fully
compatible with the ATSC Doc. A/53
standard, receives, demodulates,
decodes and analyzes 8VSB (eight-level
vestigial sideband) signals. All key param-
eters for demodulating the received sig-
nal can be automatically or manually
selected:

Features

The new test receiver, even the basic ver-
sion, features a wide range of innovative

measurement functions, allowing com-
prehensive, in-depth signal analysis. In
addition to measuring general parame-

ters (Fig. 1) such as bit error ratio (BER),

more thorough analysis includes:
I/Q constellation diagrams (Fig. 2)

History function: long-term monitor-
ing of transmission parameters

(Fig. 10)

Alarm monitoring window (Fig. 11)
and alarm statistics (Fig. 12)
Permanent MPEG2 transport stream
demodulation (independent from the
selected measurement task)

8VSB modulation

Trellis decoder (code rate 2/3)

Fixed symbol rate for normal use
(10.762238 Msymbols/s)

Variable symbol rate for special modu-
lator tests and lab analysis

(2 Msymbols/s to 11 Msymbols/s)
Reed-Solomon error correction
207/187/10

Optional SAW filter bandwidths:

6 MHz, 8 MHz and 2 MHz

Input of any IF frequency with the aid
of the EFA-B3 option: frequency range
continuously tunable from 5 MHz to
1000 MHz

Special function: invert spectrum
feature

with user-selectable number of sym-
bols to be displayed, range:

110999 999 999 symbols

Frequency spectrum, including auto-
matic shoulder attenuation measure-
ment to FCC recommendation (Fig. 3),
Complex channel transmission func-
tion (Fig. 4)

Received echo signals (ghost pattern,
Fig. 5)

Histogram | (Fig. 6) with user-select-
able number of symbols to be dis-
played, range: 1to 999 999 999 sym-
bols

Modulation error ratio (MER), error
vector magnitude (EVM), phase jitter
and signal-to-noise ratio (Fig. 7)
Linearity analysis from amplitude dis-
tribution histogram and CCDF referred
to the RF signal (Figs 8 and 9)

Integrated noise generator

Any failures and degradations are imme-
diately visible in the constellation dia-
gram. Effects of interest can be located
more precisely by varying the number of
symbols represented. The integrated
spectral analysis function enables simple
examination of the signal type and its
spectrum. One can see immediately, for
example, whether there is a marked fre-
quency offset, or if the pilot carrier level
matches the specification. An optional fil-
ter with 8 MHz channel bandwidth covers
spectral components outside the 6 MHz
user channel while effectively suppress-
ing more distant companents. The shoul-
der attenuation according to the FCC rec-
ommendation can be measured with this
optional 8 MHz SAW filter.

—wminno— o®a M
) o} =}

T NH -

TV Test Receiver R&S EFA — Models 50/53 (ATSC/8VSB) —

Madels 70/73 (ITU-T J.83/B) — Maodels 90/93 (M/N Analog TV)



ATSC/Y5E HMEASURE
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Fig. 1: Measurement menu

All parameters for the demodulated ATSC/8VSB channel are dis-

played on a single screen and can be checked at a glance:

— Level of the input signal

— Two BERs (bit error ratio) — before and after Reed-Solomon
decoder — provide a fast quality overview of the demodulat-
ed signa

— Pilot frequency offset

— Symbol rate offset

Hint: When required, the internal noise generator can be activat-

ed to perform END (equivalent noise degradation) or noise mar-

gin measurements which are based on the BER measurement.

Fig. 2: Constellation diagram

The constellation diagram is always the best way to represent
digital modulation. It is also the best visual tool for interpreting
measurement results such as pilot amplitude error. For in-depth
analysis, adjustment of the displayed number of symbols is pos-
sible (10 000 symbols are shown in this example).

Fig. 3: Spectrum analysis

Thanks to this integrated feature, a separate spectrum analyzer
is not required anymore.

All basic spectrum analyzer functions are provided: start/stop fre-
quency (or center/span) and several detection and averaging
modes.

The automatic shoulder attenuation measurement (strictly com-
pliant to FCC recommendations) makes checking the perform-
ance of any ATSC/8VSB transmitter a child's play.
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ATSC/8VSB

Fig. 4: Amplitude and phase frequency response

The coefficients of the equalizer are used to display the ampli-
tude and phase frequency response (shown here), the group
delay (not shown here) and the polar plot representation.

In the 8YSB demodulation chain, the equalizer compensates for
frequency, phase and delay degradation that may have been
introduced during the 8VSB transmission. It is then easy for the
EFA to output the amplitude response, phase response and
group delay, displaying the equalizer coefficients over the fre-
quency by means of FFT.

The polar plot representation — which is the complex represen-
tation of amplitude and phase — may also help to interpret very
short echoes (that are difficult to visualize on the ghost pattern).

Fig. 5: Ghost pattern

The ghost pattern measurement allows the main ATSC/8VSB sig-
nal (0 dB relative), echoes and pre-echoes to be visualized and
measured (numeric values).

The range function allows the visualization of the short echoes
that may occur in urban areas (reflections from buildings).

The units of the X axis and of the numeric values can be changed
from s to km or even miles, depending on the application.

Fig. 6: Histogram |

Histogram | represents the distribution of the eight-level vestigial
sideband modulation (8VSB) on the X axis, and can be expressed
in a linear or logarithmic scale.

It allows an estimate of the interferer's origin (interferer,
Gaussian noise, etc).

Hint: Check the position of the sync pulse (£5), and check the im-
pact on the distribution.
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Fig. 7. 8VSB modulation parameters

All 8VSB parameters are calculated from the constellation dia-
gram:

— Phase jitter

Signal-to-noise ratio

MER (modulation error ratio), RMS and Min

— EVM (error vector magnitude), RMS and Max...
... and the pilot parameters (not shown here)
Pilot value

Data signal to pilot ratio

Pilot amplitude error

Fig. 8: Amplitude distribution function

The measurement function for displaying the amplitude distribu-
tion or the CCDF (complementary cumulative distribution func-

tion) is used to detect nonlinear distortion.

The frequency distribution of the 8VSB signal is divided into sev-
eral 1dB windows to determine the amplitude distribution. Infor-
mation on the crest factor is obtained from the frequency distri-
bution and displayed in the upper right-hand corner of the graph
The reference values are marked by short horizontal lines.

Fig. 9: Complementary cumulative distribution function
(CCDF)

In contrast to the amplitude distribution, each trace point indi-
cates how often a certain voltage level is attained or exceeded.
The ideal frequencies are displayed as short, horizontal lines at
1 dB intervals (reference values) so that the amplitude distribu-
tion of the applied signal can be compared with that of an ideal
8VSB signal. Any deviation from the ideal distribution is then
identified by the deviations of the column heights and the value
of the crest factor, for example due to clipping in the transmitter
output stage.
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ATSC/8VSB

Fig. 10: History function

This measurement is just what is required for long-term ATSC/
8VSB transmitter monitoring and does not require any additional
tools.

The key parameters (level, synchronization information, MER/dB,
MER/%, EVM/%, BER before and after Reed-Solomon decoder,
synchronization and MPEG2 TS data error) are, therefore, dis-
played in graphical form. This mode can also display all values
numerically (average, max, min, current). BER and level measure-
ments run continuously and are independent of other measure-
ments. The user can configure a manitoring interval from 60 sec-
onds (shown here) to 1000 days.

Fig. 11: Monitoring/Alarm register

The EFA checks the input level (LV), 8VSB synchronization (SY),
modulation error ratio (ME), error vector magnitude (EM), bit er-
ror ratio before Reed-Solomon decoder (BR) and MPEG2 data er-
rors (DE) of the 8VSB signal at a rate of once per second.

All alarm messages are stored in the alarm register together with
the date and time.

Up to 1000 entries can be stored.

Fig. 12: Statistics function

The alarm messages can be called up at a keystroke (in the alarm
menu), providing the user with an overview of downtimes.
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EFA-ATSC/8VSB for production of
modulators and transmitters

The EFA's analysis capabilities permit in-
depth testing of the transmitter's per-
formance thanks to the outstanding
MER/EVM dynamic range, amplitude dis-
tribution measurement and spectrum
analysis - integrating the automatic
shoulder attenuation measurement ac-
cording to FCC recommendations.

Monitoring of ATSC/8VSB transmitters
and transposers

The EFA is the perfect solution for moni-
toring ATSC/8VSB signals. An alarm is
triggered if one of the selected parame-
ters exceeds the set threshold (all thresh-
olds can be individually configured): inci-
dent level, ATSC/8VSB synchronization,
MER (modulation error ratio), EVM (error
vector magnitude), BER before Reed-
Solomon decoder and MPEG2 TS data
error can be checked in realtime inde-

pendently of other measurements and
decoding. If an error occurs, a 1000-line
register is available for recording the
date, time and description of the event.

EFA ATSC/8VSB as relay receiver

For this special application, the EFA is
simply optimized for reception at a key-
stroke — adding a special filter in order
to remove any analog M/N co-channel
interferers. This allows reception even
under adverse operating conditions. The
user is also able to configure the band-
widths of the main amplitude- and phase-
controlled loops.

Summary of measurements required for the various ATSC/8VSB applications

EFA as a multistandard digital and
analog platform

Since the analog terrestrial standard M/N
is still in use, and broadcasters need a
future-proof solution for their short- and
long-term investment based on an EFA
ATSC/8VSB receiver, an analog M/N NT-
SC/BTSC demodulator can optionally be
implemented. It covers all application
areas from R&D to field measurements.
Furthermore, to protect your investment,
the unit can be updated by means of
options to demodulate and analyze the
ITU-T J.83/B and DVB-C digital cable
standards. These unique features make
the new EFA family members THE mea-
surement devices for the present and the
future.

e |5 |8
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@ g 88|85 |=&
@ = o = = ﬁ =
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Transmitter installation 4 4 (4 v v | v v
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terrestrial signals
Monitoring of TV transmit- v v v v v v v | v v
ters and transposers .
Research and development v 4 | v v v 4 v 4 v v v
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most important measurement

v/ required measurement
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ITU-T J.83/B

Besides the deployment of the worldwide
digital terrestrial TV network and the
already established digital video broad-
casting over satellite, digital cable TV still
represents an alternative for many con-
sumers worldwide. Additionally, cable
technology provides a return channel
within the same physical layer (coax
cable), allowing the consumer to send
back information to the cable headend for
versatile applications (full Internet
access, video-on-demand and more).

The boundary between data communica-

tions and TV networks has never been so
narrow!

EFA 70/73 characteristics
Fully compatible with the ITU-T J.83/B
standard, the EFA 70/73 models receive,
demodulate, decode and analyze 64 QAM
or 256 QAM (quadrature amplitude mod-
ulated) signals. All key parameters for
demodulating the received signal can be
automatically or manually selected:
64 QAM or 256 QAM modulation
Trellis decoder (code rate 14/15 for
64 QAM and 19/20 for 256 QAM)
Fixed symbol rate for normal use
(5.056941 Msymbols/s for 64 QAM
and 5.360537 Msymbols/s for 256
QAM)

Variable symbol rate for special modu-
lator tests and lab analysis

(1 Msymbols/s to 6999 Msymbols/s)
Reed-Solomon error correction
128/122/3

Optional SAW filter bandwidth:

6 MHz, 8 MHz and 2 MHz

Input of any IF frequency with the aid
of the EFA-B3 option: frequency range
continuously tunable from 5 MHz to
1000 MHz

Special function: invert spectrum
feature

Features
The new test receiver, even the basic ver-
sion, features a wide range of innovative
measurement functions, allowing com-
prehensive, in-depth signal analysis. In
addition to measuring general parame-
ters (Fig. 13) such as bit error ratio (BER),
more thorough analysis includes:
I/Q constellation diagrams (Fig. 14)
with user-selectable number of sym-
bols to be displayed, range:
110999 999 999 symbols
I/Q parameters, modulation error ratio
(MER), error vector magnitude (EVM),
phase jitter and signal-to-noise ratio
(Fig. 15)

Frequency spectrum (Fig. 16)
Complex channel transmission func-
tion (Fig. 17)

Received echo signals: echo pattern
(Fig. 18)

Histogram | (Fig. 19) and Q (Fig. 20)
with user-selectable number of sym-
bols to be displayed, range:

1t0 999 999 999 symbols

Linearity analysis from amplitude dis-
tribution histogram and CCDF referred
to the RF signal (Figs 21 and 22)
History function: long-term monitor-
ing of transmission parameters

(Fig. 23)

Alarm monitoring window (Fig. 24)

Any failures and degradations are imme-
diately visible from the constellation dia-
gram. Effects of interest can be located
more precisely by varying the number of
symbols represented. The integrated
spectral analysis function enables simple
examination of the signal type and its
spectrum.
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J.83-B MEASURE
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Fig. 13: Measurement menu

All parameters for the demodulated ITU-T J.83/B channel are dis-

played on a single screen and can be checked at a glance:

— Level of the input signal

— Two BERs (bit error ratio) — before and after Reed-Solomon
decoder — provide a fast quality overview of the demodulat-
ed signa

— Demodulated symbol rate

— Symbol rate offset

Hint: When required, the internal noise generator can be activat-

ed to perform END (equivalent noise degradation) or noise mar-

gin measurements which are based on the BER measurement.

Fig. 14: Constellation diagram

The constellation diagram is always the best way to represent
digital modulation. It is also the best visual tool for interpreting
measurement results like I/Q amplitude imbalance or carrier sup-
pression. For in-depth analysis, adjustment of the displayed
number of symbols is possible (10 000 symbols are shown in this
example).

Fig. 15: QAM modulation parameters

All QAM parameters are calculated from the constellation dia-
gram:

— 1/Q amplitude imbalance

— 1/Q phase error

— Carrier suppression

— Phase jitter

— Signal-to-noise ratio

— MER (modulation error ratio), RMS and Min

— EVM (error vector magnitude), RMS and Max
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ITU-T J.83/B

Fig. 16: Spectrum analysis

Thanks to this integrated feature, a separate spectrum analyzer
is not required anymore.

All basic spectrum analyzer functions are provided: start/stop fre-
quency (or center/span) and several detection and averaging
modes.

Fig. 17: Amplitude and phase frequency response

The coefficients of the equalizer are used to display the ampli-
tude and phase frequency response (shown here), the group
delay (not shown here) and the polar plot representation.

In the ITU-T J.83/B demodulation chain, the equalizer compen-
sates for frequency, phase and delay degradation that may have
been introduced during the QAM transmission. It is then easy for
the EFA to output the amplitude response, phase response and
group delay, displaying the equalizer coefficients over the fre-
quency by means of FFT.

The polar plot representation — which is the complex represen-
tation of amplitude and phase — may also help to interpret very
short echoes (that are difficult to visualize on the echo pattern).

Fig. 18: Echo pattern

The echo pattern measurement allows the main QAM signa

(0 dB relative), echoes and pre-echoes to be visualized and mea-
sured (numeric values).

The range function allows the visualization of the reflections.
The units of the X axis and of the numeric values can be changed
from s to km or even miles, depending on the application
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J.83-8B MEASURE: CONSTELL DIAGRAM
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J.83-8B MEASURE: CONSTELL DIAGRAM
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Fig. 19: Histogram |

Histogram | represents the distribution of the quadrature ampli-
tude modulated (QAM) signal on the X axis (I for inphase), and
can be expressed in a linear or logarithmic scale

It allows an estimate of the interferer's origin (interferer,
Gaussian noise, etc). Linear scaling is used in this plot.

Fig. 20: Histogram Q

Same representation as Fig. 15 — but referring to the distribu-
tion of the Q component projected on the X axis (Q for quadra-
ture). Logarithmic scaling is used in this plot.

Fig. 21: Amplitude distribution

The measurement function for displaying the amplitude distribu-
tion or the CCDF (complementary cumulative distribution func-

tion) is used to detect nonlinear distortion.

The frequency distribution of the QAM signal is divided into sev-
eral 1 dB windows to determine the amplitude distribution. Infor-
mation on the crest factor is obtained from the frequency distri-
bution and displayed in the upper right-hand corner of the graph

The reference values are marked by short horizontal lines.
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ITU-T J.83/B

Fig. 22: Complementary cumulative distribution function
(CCDF)

In contrast to the amplitude distribution, each trace point indi-
cates how often a certain voltage level is attained or exceeded.
The ideal frequencies are displayed as short, horizontal lines at
1 dB intervals (reference values) so that the amplitude distribu-
tion of the applied signal can be compared with that of an ideal
QAM signal. Any deviation from the ideal distribution is then
identified by the deviations of the column heights and the value
of the crest factor, for example due to clipping in the modulator
output stage.

Fig. 23: History function

This measurement is just what is required for long-term ITU-T
J.83/B modulator monitoring in cable headends, and does not re-
quire any additional tools

The key parameters (level, synchronization information, MER/dB,
MER/%, EVM/%, BER before and after Reed-Solomon decoder
and MPEG2 TS data error) are, therefore, displayed in graphical
form. This mode can also display all values numerically (average,
max, min, current). BER and level measurements run continuous-
ly and are independent of other measurements.

Fig. 24: Monitoring/Alarm register

The EFA checks the input level (LV), QAM synchronization (SY),
modulation error ratio (ME), error vector magnitude (EV), bit error
ratio before Reed-Solomon decoder (BR) and MPEG?2 data errors
(DE) of the ITU-T J.83/B signal at a rate of once per second

All alarm messages are stored in the alarm register together with
the date and time.

Up to 1000 entries can be stored.
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EFA for production of modulators

The EFA's analysis capabilities permit in-
depth testing of the cable modulator's
performance thanks to the outstanding
MER/EVM dynamic range, amplitude dis-
tribution measurement and spectrum
analysis. Another feature is the Equalizer
ON/FREEZE/QFF function, which is man-
datory during the alignment phase of the
modulators. Finally, the high accuracy
and repeatability of the measurements
makes the EFA ideally suited for the pro-
duction of QAM modulators.

Cable headend monitoring

The capability of the EFA to handle multi-
channel reception with the spectrum
measurement and the history functions
(graphical measurement representation
versus time) permit the unit to monitor
cable headends. In addition, an alarm is
triggered if one of the selected parame-
ters exceeds the set threshold (all thresh-
olds can be individually configured). Inci-
dent level, QAM synchronization, MER
(modulation error ratio), EVM (error vector
magnitude), BER before Reed-Solomon
decoder and MPEG2 TS data error can be
checked in realtime independently of
other measurements and decoding. If an
error occurs, a 1000-line register is availa-
ble for recording the
date, time and descrip-

aih

F. 1E£:T" (Bah

;

than 41 dB) allows the unit to be used as
a reference demodulator in research and
development laboratories.

EFA as a multistandard digital and
analog platform

Since the analog standard M/N is still
heavily in use, and broadcasters need a
future-proof solution for their short- and
long-term investment, an analog M/N

Summary of measurements required for the various ITU-T J.83/B applications

NTSC/BTSC demodulator can optionally
be implemented. It covers all application
areas from R&D to cable headend mea-
surements. Furthermore, to protect your
investment, the unit can be updated by
means of options to demodulate and
analyze the ATSC/8VSB digital terrestrial
and DVB-C digital cable standards. These
unique features make the new EFA family
members THE measurement devices for
the present and the future.

tion of the event. £ c % g
g | E |58 |2
© = L= | B
EFA in research and TUT J.83/B Z 5 | = |Se % =zl £
-1 J. E g © = =) Re] ‘?3 <) b= ]
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dynamic range better

most important measurement

v/ required measurement
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Analog TV

Rohde & Schwarz provides a high-end
measurement device that can cover all
application areas from R&D to field mea-
surements. This EFA model was created
to offer the best performance and the
most useful features to test standard
M/N transmitters under optimal condi-
tions. To accomplish this, a sound trap fil-
ter has been integrated in the unit as well
as synchronous and envelope detectors,
a BTSC audio decoder and additional fea-
tures!

To further protect your investment, the
unit can be updated by means of options
to demodulate and analyze the upcoming
digital TV standards ATSC/8VSB and ITU-
TJ.83/B. These unique features make the
new EFA family members THE measure-
ment devices for the present and the
future!

EFA 90/93 characteristics

Fully compatible with the FCC standard,
the EFA 90/93 models receive and
demodulate any analog TV signals to

Fig. 25: Measurement window

All parameters for the demodulated standard M/N TV channel
are displayed on a single screen and can be checked at a glance:

— Vision carrier level
— Video modulation depth

— Bar/sync/video amplitudes (expressed in IRE)

— Vision/sound level ratio
— Main and BTSC channel FM deviation
— FM deviation of MTS pilot

— Sound mode indication (Mono, Stereo, SAP)

standard M/N (NTSC/BTSC and PAL). All
key parameters for demodulating the
received signal can be automatically or
manually selected:
Switchable video bandwidth (sound
trap)
Switchable group delay correction
Switchable envelope or synchronous
(5 different modes) detector
Demodulation using intercarrier
method
Balanced audio outputs
Measurement functions for
— vision/sound carrier power ratio
— FM sound carrier and pilot devia-
tion
Measurement of video modulation
depth and residual picture carrier
Input of any IF frequency with the aid
of the EFA-B3 option: frequency range
continuously tunable from 5 MHz to
1000 MHz
Special function: invert spectrum
feature (with option EFA-B3)

HTSC-BTSC MEASURE

Features

The EFA models 90/93 provide high-preci-
sion demodulated baseband signals
(vision and sound) for measurements in
various applications (TV transmitters,
cable headends, coverage measure-
ments, R&D). At the same time, all rele-
vant RF parameters are measured at high
speed and represented in a logically
arranged way (Fig. 25). User-configurable
alarm messages permit unattended mon-
itoring of the received signals as well as
switchover to alternative links in the
event of a failure.

The high-end demodulator version is used
for on-site measurements on TV transmit-
ters. This version offers particularly low-
distortion demodulation of the broadcast
signal. It is perfectly suited for these
types of measurements; its low measure-
ment uncertainty permits optimal align-
ment as well as permanent quality con-
trol of the transmitter.

SET RF CHAMMEL | ATTEM : 20 oB STANDARD
61.25 HMH=z 3 a0.7 dBu¥ HMsH
YISION CARRIER:

LEVEL 90.7 dBuY
MODULATION DEFTH E3.9 X
EAR AMPLITUDE ¥3.2 IRE
SYHMC AMPLITUDE 21.0 IRE
VIDED AMPLITUDE 110.2 IRE
SO0UHD CARRIER:

VISIOHM ~ S0UMD CARRIER RATIO 12.9 dBE
FM DEVMIATION MAIM CHAMMEL 31.1 kHz
FM DEVIATIOM BTSC CHAMMEL 44.8 kHz
FM DEMIATION MTS PILOT 5.38 kHz
MULTICHAMHEL T% SOUMD STEREO + SAF
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Specification of intermodulation
In-channel distortion

In-channel distortion is determined by
means of a modulated TV signal with a vi-
sion carrier (fyc), a colour subcarrier (fgg)
and a sound carrier (fsc). Modulation is
chosen such that the vision carrier is low-
ered by 6 dB, the colour subcarrier by

14 dB and the sound carrier by 10 dB rel-
ative to the sync pulse level. The level of
the intermodulation product is measured
at the video output relative to the black-
to-white transition of the video signal.
Fig. 26 shows the signals involved and
the reference level at the RF.

Qut-of-channel distortion

The effect of signals outside the received
channel is described by the 3rd-order in-
tercept point (TOI). For the EFA family, this
parameter is specified on the basis of a
three-tone measurement with the follow-
ing signals: a wanted carrier at the re-
ceive frequency fy; and two unwanted
carriers 14 MHz and 15 MHz above the re-
ceive frequency.

The unwanted frequencies are chosen to
be within the bandwidth of the RF prese-
lection but outside the bandwidth of the
first IF filter. The effect of out-of-channel
interference on the receiver can thus reli-
ably be determined. It is assumed that
each of the three signals has a level

P =-33 dBm. The level of the intermodu-
lation product AIM 1 MHz relative to the
wanted carrier is measured (see Fig. 27,
measurement at the RF). The 3rd-order
intercept point is:

101/dBm =FldBm +

A/AZ/O’B 3

Fig. 26

Fig. 27
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Specifications

RF input
Connector

Return loss

Frequency range 2
Level range *!

Noise figure

Image frequency rejection
IF rejection

Local oscillator
Resolution

Frequency error

Phase noise 7!

SSB phase noise
(RF = 860 MHz)

System performance
MER
EVM
SNR

" The selective RF inputs of the high-end TV test receiver (with option EFA-B3) are additional to the non-selective RF input of the high-end demodulator. For specifications involving the non-selective RF input

Standard test receiver

selective

50Qor75Q,
BNC or N female, front or rear panel

>14 dB in channel with 50 Q connector
and input attenuation 210 dB
>12 dB in channel with 75 Q connector
and input attenuation >10 dB

48 MHz to 862 MHz

—71 dBm to +20 dBm

(low distortion, preamplifier = OFF)
—75 dBm to +20 dBm

(low noise, preamplifier = OFF)
—80 dBm to +13 dBm

(low noise, preamplifier = ON)

12 dB typ. (low noise)
7 dB typ. (low noise, preamplifier = ON)

>70 dB (VHF) and =50 dB (UHF)

1 Hz
<2x10°8
>50 dB

typ. =82 dBc /Hz at 1 kHz
typ. =90 dBc /Hz at 10 kHz

>40 ¢B ¥
<0.66% %
>424B *

see the high-end demodulator column.

% Center frequency.

High-end test receiver
with option EFA-B3

selective !

50 Q, N female, rear panel and
75 Q, BNC female, rear panel

>17dB (>20 dB typ.) in channel with 50 Q
connector
>14dB (>17 dB typ.) in channel with 75 Q
connector

4.5 MHz ¥ t0 1000 MHz

—78 dBm to +20 dBm (normal)
—77 dBm to +20 dBm (low distortion) ¥
—80 dBm to +16 dBm (low noise) ¥

9 dB typ. (normal) ®
7 dB typ. (low noise) @
11 dB typ. (low distortion) ©

100 dB
100 dB

1Hz
<2x10°8
>58 dB

typ. —91 dBc /Hz at 1 kHz
typ. —100 dBc /Hz at 10 kHz

>41dB "0
<0.59% "0
>43dB 10

High-end demodulator

non-selective
50 ©, N female, rear panel

230 dB

45 MHz to 1000 MHz
—50 dBm to +20 dBm

1Hz
<2x10°8
>62dB 8

typ. —93 dBc /Hz at 1 kHz
typ. =106 dBc /Hz at 10 kHz

>42dB "
<052% "
>44 dB 1

% For frequencies < 10 MHz: group delay tilt increases up to 200 ns, amplitude tilt increases up to 0.7 dB pp typ., minimum input level: 30 dBm, SAW filter ON.
4 For quasi error-free MPEG2 transport stream.
5 At low input frequencies such as 4.57 MHz: additional tilt (0.7 dB pp typ.), minimum input level: —30 dBm, SAW filter ON.

81 RF >47.15 MHz

1 EM S/N ratio measured at IF output, referred to +:30 kHz frequency deviation and 500 Hz modulation frequency, deemphasis 50 s, measured to DIN45405, weighted to CCIR468-3.
8 In frequency range 45 MHz to 900 MHz.
%" Signal power >—40 dBm, equalizer on.
101 Signal power >—43 dBm, equalizer on.
" Signal power >—30 dBm, equalizer on.

20 TV Test Receiver R&S EFA — Models 50/53 (ATSC/8VSB) — Models 70/73 (ITU-T J.83/B) — Models 90/93 (M/N Analog TV)



U

1

IF input

Return loss

Center frequency

Level range

IF output

Return loss

Center frequency

Level, regulated
MPEG2 TS parallel output
MPEG2 TS ASI output
SMPTE 310M output
Symbol rate

Bandwidth (SAW filter)
Channel correction
Measurements

Graphic displays

Alarm messages

Storage
Memory for instrument setup storage

Available from April 2002.

Test parameters
Signal power
MER (modulation error ratio)

MER (modulation error ratio)
EVM (error vector magnitude)
SNR (signal/noise ratio)

Data signal/pilot power ratio
Pilot amplitude error

Pilot value

Pilot carrier frequency offset
Symbol rate offset

BER before Reed-Solomon
BER after Reed-Solomon
SER (segment error ratio) "
Segment errors/s !

Available from April 2002.

Range
depending on model, see above

18 dB to 30 dB
30 dB to 35dB

1.9% 10 3.2%
3.2%10 12.5%

1.17% t0 2.07%
2.07%108.3%

18 dB to 30 dB
30 dB to 35 dB

7dBto 19 dB
—8dBto+4dB
05t02

+100 kHz

150 ppm
1.0x10°%t00.1x 107"
1.0x10°t00.1x 107"
1.3x107%t0 0.1x 1072
1.0x107"%t0 10 x 107

50 ©, BNC female, rear panel

>720 dB in channel

36 MHz

—30 dBm to -5 dBm

50 ©, BNC female, rear panel

>20dB

36 MHz

—17 dBm

LVDS (188 bytes)

serial MPEG2 transport stream (ASI); 75 Q

800 mV pp, 75  (only with nominal symbol rate of 10.762238 Msymbols/s)
2 Msymbols/s to 11 Msymbols/s (default 10.762238 Msymbols/s)

2 MHz, 6 MHz, 8 MHz or SAW filter OFF

self-adapting equalizer, equalizer freeze, equalizer off

signal power

pilot carrier frequency offset

pilot value

pilot amplitude error

data signal power to pilot carrier power ratio
symbol rate offset

MPEG2 TS bit rate

BER (bit error ratio) before and
after Reed-Solomon decoder

constellation diagram
histogram 1/Q

frequency spectrum

amplitude frequency response
phase frequency response
group delay frequency response

SER (segment error ratio)
segment errors per second "
EVM (error vector magnitude)
MER (modulation error ratio)
SNR (signal/noise ratio)

phase jitter

crest factor

shoulder attenuation (referred to
FCC recommendation)

polar plot

amplitude distribution (RF)
CCDF (RF)

eye monitoring

history

signal power, synchronization, EVM, MER, BER before Reed-Solomon decoder,

MPEG? data error

alarm message with date and time, up to 1000 messages

0to4
Resolution Error
0.1dB <3dB, typ. <1dB
0.1dB <0.8 dB
0.1dB <1.0dB
0.01% <12% of actual value
0.01% <10% of actual value
0.01% <12% of actual value
0.01% <10% of actual value
0.1dB <0.5dB
0.1dB <0.8dB
0.1dB <0.2 dB (SAW filter OFF)
0.1dB <0.2 dB (SAW filter OFF)
0.01 <0.03 (SAW filter OFF)
1Hz <280 Hz + 2 ppm x RF
0.1 ppm <10 ppm, typ. <3 ppm

0.1 x 1geronent -
0.1 x 1g-exwonent -
0.1 x 1g-eronent -
0.1 x 1gerenent -

Specifications
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Specifications

RF input
Connector

Return loss

Frequency range 2
Level range !

Noise figure

Image frequency rejection
IF rejection

Local oscillator
Resolution

Frequency error

Phase noise !

SSB phase noise
(RF = 860 MHz)

System performance
MER
EVM
SNR

" The selective RF inputs of the high-end TV test receiver (with option EFA-B3) are additional to the non-selective RF input of the high-end demodulator. For specifications involving the non-selective RF input

Standard test receiver

selective

50Qor75Q,
BNC or N female, front or rear panel

>14 dB in channel with 50 Q connector
and input attenuation 210 dB
>12 dB in channel with 75 Q connector
and input attenuation >10 dB

48 MHz to 862 MHz

—58 dBm to +20 dBm

(low distortion, preamplifier = OFF)
—62 dBm to +20 dBm

(low noise, preamplifier = OFF)
—67 dBm to +13 dBm

(low noise, preamplifier = ON)

12 dB typ. (low noise)
7 dB typ. (low naise, preamplifier = ON)

>70 dB (VHF) and =50 dB (UHF)

1 Hz
<2x10°8
>50 dB

typ. —82 dBc /Hz at 1 kHz
typ. —90 dBc /Hz at 10 kHz

>40 ¢B ¥
<0.66% %
>424B *

see the high-end demodulator column.

% Center frequency.

High-end test receiver

with option EFA-B3

selective !

50 Q, N female, rear panel and
75 Q,BNC female, rear panel

>17dB (>20 dB typ.) in channel with 50 Q
connector
>14dB (>17 dB typ.) in channel with 75 Q
connector

4.5 MHz ¥ t0 1000 MHz

—66 dBm to +20 dBm (normal)
—65 dBm to +20 dBm (low distortion) ¥
—68 dBm to +16 dBm (low noise) ¥

9 dB typ. (normal) ®
7 dB typ. (low noise) @
11 dB typ. (low distortion) ©

100 dB
100 dB

1Hz
<2x10°8
>58 dB

typ. —91 dBc /Hz at 1 kHz
typ. —100 dBc /Hz at 10 kHz

>41dB "0
<0.59% "0
>43dB 10

High-end demodulator

non-selective
50 ©, N female, rear panel

230 dB

45 MHz to 1000 MHz
—50 dBm to +20 dBm

1Hz
<2x 107
>62dB 8

typ. —93 dBc /Hz at 1 kHz
typ. =106 dBc /Hz at 10 kHz

>42dB "
<052% "
>44 dB 1

% For frequencies < 10 MHz: group delay tilt increases up to 200 ns, amplitude tilt increases up to 0.7 dB pp typ., minimum input level: 30 dBm, SAW filter ON.
4 For quasi error-free MPEG2 transport stream, 256QAM.
5 At low input frequencies such as 4.57 MHz: additional tilt (0.7 dB pp typ.), minimum input level: —30 dBm, SAW filter ON.

5) RF>47.15 MHz

1 EM S/N ratio measured at IF output, referred to +:30 kHz frequency deviation and 500 Hz modulation frequency, deemphasis 50 s, measured to DIN45405, weighted to CCIR468-3.
8 In frequency range 45 MHz to 900 MHz.
%" Signal power >—40 dBm, equalizer on.
101 Signal power >—43 dBm, equalizer on.
" Signal power >—30 dBm, equalizer on.

Certified Quality System

1SO 9001

DOS REG. NO 1954
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IF input

Return loss

Center frequency

Level range

IF output

Return loss

Center frequency

Level, regulated
MPEG2 TS parallel output
MPEG2 TS ASI output
Symbol rate

Bandwidth (SAW filter)
Channel correction
Measurements

Graphic displays

Alarm messages

Storage
Memory for instrument setup storage

Test parameters
Signal power
MER dB (modulation error ratio in dB)

MER % (modulation error ratio in %)
EVM (error vector magnitude)
SNR (signal/noise ratio)

1/Q amplitude imbalance
1/Q quadrature error
Carrier suppression

Carrier frequency offset
Symbol rate offset

MPEG TS bit rate

BER before Reed-Solomon
BER after Reed-Solomon

Range
corresponding to level range

18 dB to 30 dB
30 dB to 35 dB

1.9%t0 3.2%
3.2% 10 12.5%

1.17% t0 2.07%
2.07%108.3%

18 dB to 30 dB
30 dB to 35dB

0.00% to 5.00%
0.00° to 5.00°

25dB to 45 dB
45 dB to 60 dB

+100 kHz

+150 ppm

5.333 Mbit/s to 43.433 Mbit/s
1.0x10100.1x 107"
1.0x10°100.1x 107"

50 Q, BNC female, rear panel

>720 dB in channel

36 MHz

—30 dBm to -5 dBm

50 ©, BNC female, rear panel

>70 dB

36 MHz

—17 dBm

LVDS (188 bytes)

serial MPEG2 transport stream (ASI); 75 Q
1 Msymbols/s to 6.999 Msymbols/s

2 MHz, 6 MHz, 8 MHz or SAW filter OFF
self-adapting equalizer, equalizer freeze, equalizer off
signal power

carrier frequency offset

symbol rate offset

MPEG2 TS bit rate

BER (bit error ratio) before and after Reed-Solomon decoder
EVM (error vector magnitude)

MER (modulation error ratio)

SNR (signal/noise ratio)

phase jitter

1/Q amplitude imbalance

1/Q quadrature error

carrier suppression

crest factor

shoulder attenuation

constellation diagram polar plot

histogram 1/Q amplitude distribution (RF)
frequency spectrum CCDF (RF)

amplitude frequency response eye monitoring

phase frequency response history

group delay frequency response

signal power, synchronization, EVM, MER, BER before Reed-Solomon decoder,
MPEG? data error

alarm message with date and time, up to 1000 messages

0to4
Resolution Error
0.1dB <3dB, typ. <1dB
0.1dB <0.8dB
0.1dB <1.0dB
0.01% <12% of actual value
0.01% <10% of actual value
0.01% <12% of actual value
0.01% <10% of actual value
0.1dB <0.5dB
0.1dB <0.8dB
0.01% <0.03%
0.01° <0.03°
0.1dB <1.0dB
0.1dB <3.0dB
1Hz <280 Hz + 2 ppm x RF
0.1 ppm <10 ppm, typ. <3 ppm
1 khit/s <1 kbit/s

0.1 x 10exponent _
0.1x 10—expunem _

TV Test Receiver R&S EFA — Models 50/53 (ATSC/8VSB) — Models 70/73 (ITU-T J.83/B) — Models 90/93 (M/N Analog TV)

23



Specifications

RF input
Connector

Return loss

Frequency range ?
Level range *!

Noise figure

Image frequency rejection
IF rejection
Local oscillator
Resolution
Frequency error
Phase noise !
SSB phase noise

(RF =860 MHz)
Video demodulation
Signal/noise ratio
(referred to b/w transition)

S/N s

weighted to CCIR Rec. 567
Nonlinear distortion

(with synchronaus detector)

Luminance nonlinearity
Differential gain
Differential phase

Intermodulation in channel,
referred to b/w transition

3rd-order intercept point
(0 dB attenuation)

Linear distortion °'

Amplitude frequency response
Sound trap OFF
Sound trap ON

Group delay frequency response
Flat group delay (<4.2 MHz)
FCC group delay (<3.6 MHz)

Transient response
(with synchronous detection)

2T pulse k factor

2T pulse amplitude error

12.5T pulse amplitude error
Chrominance/luminance gain
Chrominance/luminance delay

Flat group delay
FCC group delay

Tilt, 15 kHz, T, 200 ns

Standard test receiver

selective

50Qor75Q,
BNC or N female, front or rear panel

>14 dB in channel with 50 Q connector
and input attenuation 210 dB

>12 dB in channel with 75 Q connector
and input attenuation >10 dB

45 MHz to 860 MHz

—67 dBm to +13 dBm (preamplifier = OFF)
—77 dBm to +3 dBm (preamplifier = ON)

12 dB typ. (low noise)
7 dB typ. (low noise, preamplifier = ON)

>70 dB (VHF) ® and >50 dB (UHF) ©!

1Hz

<2x10°°

>50 dB

typ. —82 dBc /Hz at 1 kHz
typ. =90 dBc /Hz at 10 kHz

Pge 2-30 dBm

low noise: >60dB typ. 64 dB
low distortion: =57 dB  typ. 59 dB
<2%

<2%

<1°

low noise: >h2 dB

low distortion:  >62 dB

low noise: >0 dB

low distortion: >+5 dB

reference: 0.5 MHz
<0.5dB (DC to 4.2 MHz)
<0.5dB (DC to 3.6 MHz)

reference 0.1 MHz
<25ns
<25ns

12.5/75% modulation
<1%

<20 ns
<20 ns

<1%

') The selective RF inputs of the high-end TV test receiver (with option EFA-B3) are
additional to the non-selective RF input of the high-end demodulator. For specifications
involving the non-selective RF input see the high-end demadulator column.

2 Vision carrier frequency.

% For frequencies < 10 MHz: group delay tilt increases up to 200 ns, amplitude tilt
increases up to 0.7 dB pp typ., minimum input level: =30 dBm, SAW filter ON.
“I" Levels are rms values referred to sync. pulse.

High-end test receiver

with option EFA-B3

selective !

50 ©, N female, rear panel and
75 Q BNC female, rear panel

>17 dB (>20 dB typ.) in channel with 50 Q
connector
>14dB (>17 dB typ.) in channel with 75 Q
connector

5 MHz ¥ to 1000 MHz

—67 dBm to +21 dBm (normal) ®
—67 dBm to +21 dBm (low distortion) ®
—77 dBm to +21 dBm (low noise) ¥

9 dB typ. (normal)

7.dB typ. (low naise)

11 dB typ. (low distortion)
100 dB

100 dB

1Hz
<2x10°®
>58 dB

typ. —91 dBc /Hz at 1 kHz
typ. —100 dBc /Hz at 10 kHz

Pre=—33 dBm

low noise: >64 dB typ. 66 dB
low distortion: >62dB typ. 64 dB
<2%

<2%

<1°

low noise: >52 dB

low distortion: >62 dB

normal: >+10 dBm

low distortion: >+14 dBm

reference: 0.5 MHz
<0.35dB (DC to 4.2 MHz)
<0.35dB (DC to 3.6 MHz)

reference 0.1 MHz
<20 ns
<20 ns

12.5/75% modulation
<1% typ. 0.6%

<15ns
<20 ns

<1%

High-end demodulator

non-selective
50 Q, N female, rear panel

>30 dB

45 MHz to 1000 MHz
—41 dBm to +21 dBm

1 Hz

<2x 107

>62 dB ¥

typ. —93 dBc /Hz at 1 kHz
typ. =106 dBc /Hz at 10 kHz

Per>—1 dBm

>67 dB typ. 70 dB

<2%
<2%
<fe
>55dB

reference: 0.5 MHz
<0.25 dB (DC to 4.2 MHz)
<0.25 dB (DC to 3.6 MHz)

reference 0.1 MHz
<20 ns
<20 ns

12.5/75% modulation
<1% typ. 0.5%
<2% typ. 1%
<5%

<3%

<12ns
<20 ns
<1%

5 In receive range 5 MHz to 20 MHz: .~41 dBm to +20 dBm.

% Image frequency of vision carrier.

I FM S/N ratio measured at IF output, referred to 230 kHz frequency deviation and 500 Hz modulation

frequency, deemphasis 50 s, measured to DIN45405, weighted to CCIR468-3.

8" In frequency range 45 MHz to 900 MHz.
%" Additional ripple caused by SAW filter.

TV Test Receiver R&S EFA — Models 50/53 (ATSC/8VSB) — Models 70/73 (ITU-T J.83/B) — Models 90/93 (M/N Analog TV)



Common NTSC/BTSC demodulator characteristics (EFA models 90/93 or option EFA-B30)

IF output 50 Q, BNC female, rear panel

IF vision carrier frequency 38.9 MHz

Return loss (34 MHz to 40 MHz) >20dB

Input level, regulated —7 dBm (rms value referred to sync pulse)
Amplitude frequency response (34 MHz to 40 MHz) <0.25dB

Zero reference selectable: internal/external/off
Position of internal zero reference pulse 8 us to 55 ps in line, line 10 to 22 selectable, field 1/2 selectable
External zero reference input 75 Q, BNC female, rear panel

Control voltage >1V

Delay of carrier blanking relative to control pulse <3us

Video outputs 75 Q, BNC female, front panel ;75 Q, BNC female, rear panel
Return loss (0 to 5 MHz) >726 dB

Output level (CCVS, modulation depth 87.5%) 1.0 Vpp £2% into 75 Q

DC offset of video signal, zero vision carrier 0V£20 mV

Decoupling of outputs (level variation at terminated output when switching the

other outpus between short circuit and open circuit) <1%

Audio demodulation modes split carrier, quasi split carrier, intercarrier

Amplitude frequency response

30 Hz to 47 kHz <+0.05dB

47 kHz to 120 kHz <+0.5dB
Phase frequency response

30 Hz to 47 kHz <£0.5°

Audio stereo outputs (BTSC/MTS) Lemo Triax connectors, in pairs, front panel, unbalanced, Z<10 Q
Signals left/right, SAP. mono, L + R/L - R

Signal/noise ratio

Deemphasis 75 ws, referred to £25 kHz FM deviation) measured to DIN 45405, weighted to CCIR 468-3
Split-carrier mode >60 dB
Quasi-split carrier mode/intercarrier mode

With all-black picture modulation >60 dB

With sinewave modulation (0 to 4 MHz) >50 dB
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pecifications (options)

Common NTSC/BTSC demodulator characteristics cont. (EFA models 90/93 or option EFA-B30)

Options

RF Preselection EFA-B3

RF preselection for High-End Demodulator Models EFA 53/73/93. Two selective RF inputs with 50 Q and 75 € impedance in addition to the non-selective RF input of the high-
end demodulator. Demodulation of variable IFs (analog TV) up to 50 MHz via the selective RF inputs.

System performance

Noise figure 7 dB typ. (low noise)
9 dB typ. (normal)
11 dB typ. (low distortion)

Image frequency rejection 100 dB
IF rejection 100 dB

1 Forfrequencies < 10 MHz: group delay tilt increases up to 200 ns, amplitude tilt increases up to 0.7 dB pp typ., minimum input level: ~30 dBm, SAW filter ON.

10

100 200 300 400 500 600 700 800 MHz 900 1000 Noise figure (low noise mode)
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Realtime measurement functions: simultaneous monitoring of all signals in transport stream.
Realtime measurement functions according to test specifications for DVB systems (ETR290): priorities 1, 2 and 3.

Signal format

Transport stream

Data rate of transport stream
Length of data packets

Signal input
Internal: from DVB demodulator
External: asynchronous serial MPEG2 transport stream, 270 Mbit/s (TS ASI)

Video signal output
CCVS (PAL, SECAM, NTSC)
Video serial digital (ITU-R 601), 270 Mbit/s

Audio signal outputs
Connectors front panel
Connectors rear panel
Signals
Level of balanced output at rear panel (full scale)
Frequency response (40 Hz to 15 kHz)
S/N ratio
THD

Video output
Return loss (0 to 6 MHz)
Level accuracy

DC offset of video signal (MPEG2 decoder mode, black level
DC offset of video signal (analog TV mode, zero vision carrier)

Decoupling of outputs (level variation at terminated output when switching the
other outputs between short circuit and open circuit)

Quadrature signal output
Return loss (0 to 6 MHz)

Decoupling of outputs (level variation at terminated output when switching the
other outputs between short circuit and open circuit)

Ripple in band
Rejection of adjacent channels

Ripple in band
Rejection of adjacent channels

Ripple in band
Rejection of adjacent channels

Display

Interfaces

Temperature range

Rated temperature range/Operating temperature range
Power supply

Power consumption

Dimensions (W x H x D)

Weight

to ISO/IEC 1-13818
up to 54 Mbit/s
188/204 bytes, automatic switchover

BNC connector on rear panel, 200 mV pp to 1V pp, 75 Q

BNC connector on rear panel, 1V pp £1%, 75 Q
BNC connector on rear panel, 800 mV pp, 75 Q

Lemo Triax female, in pairs, unbalanced, <25 Q

Lemo Triax female, in pairs, balanced, floating, <25 Q
mono, left/right, sound 1/ sound 2

+6 dBm £0.2 dB into 600 Q

0.5 dB relative to 1 kHz

>70 dB, unweighted

>70 dB

2 x BNC female on front panel; 2 x BNC female on rear panel; 75 Q
>76 dB
<2%

ov
0V£20 mV

<1%
1 x BNC female on front panel; 1 x BNC female on rear panel; 75 Q
>70 dB

<1%

0.4 dB pp
>50 dB (>£3.8 MHz); >85 dB (>£5.3 MHz) with High Adj. Chan Power ON

0.8 dB pp
>55 dB (>£4.4 MHz); >90 dB (>+ 5.3 MHz) with High Adj. Chan Power ON

0.7dB pp
>45 dB (>£1.3 MHz)

monochrome LCD (320 x 240), backlit

|EC625-2/IEEEA88 bus, RS-232-C, printer (Centronics)

to IEC68-2-1/-2

+5°C to +45°C/0°C to +50°C

100 V to 120 /220 V to 240 V, +10%/—15% (autoranging), 50 Hz to 60 Hz
EFA 12/60/78: 70 VA, EFA 33/63/89: 75 VA, EFA 33/63/89 + EFA-B3: 90 VA
435 mm x 147 mm x 460 mm

approx. 12 kg, depending on options

TV Test Receiver R&S EFA — Models 50/53 (ATSC/8VSB) — Models 70/73 (ITU-T J.83/B) — Models 90/93 (M/N Analog TV)
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ATSC/8VSB Test Receiver "

Selective, constellation diagram, MPEG2 data stream output
ATSC/8VSB Test Demodulator "

Broadband, constellation diagram, MPEG2 data stream output
ITU-T J.83/B Test Receiver "

Selective, constellation diagram, MPEG2 data stream output
ITU-T J.83/B Test Demodulator "

Broadband, constellation diagram, MPEG?2 data stream output
TV Test Receiver, Std. M/N/NTSC/BTSC

RF 45 MHz to 860 MHz

TV Demodulator, Std. M/N/NTSC/BTSC

RF 45 MHz to 1000 MHz

' Note: please fill in configuration sheet (available from your local representative or from Rohde & Schwarz website, EFA section) so that your test receiver / demodulator can be tailored to your requirements.

RF Preselection for demodulators (models 53, 73, 93)
MPEG2 Decoder

Video Distributor (4 video outputs, only models 53, 73, 93)
Residual Picture Carrier Measurement

6 MHz SAW Filter

8 MHz SAW Filter

2 MHz SAW Filter

Digital Demodulator Platform

M/N NTSC/BTSC Demodulator

DVB-C / J83/A/C (QAM) Firmware (for models 50, 53, 70, 73 or option EFA-B20)
ATSC/8VSB Firmware (for models 60, 63, 70, 73 or option EFA-B20)

J.83/B Firmware (for models 50, 53, 70, 73 or option EFA-B20)

FIR Coefficient Readout Firmware (only for EFA5x or EFA-B20 + EFA-K22)

EFA Calibration Values

EFA-B4 Calibration Values

19" Adapter

Lemo Triax connector (mono) with connecting cable (open)
Service manual

Carrying Bag for 19" units, 3 HU, depth 460 mm

ROHDE& SCHWARZ GmbH & Co. KG - Miihldorfstrafle 15 - 81671 Miinchen - Germany - P.0.B. 8014 69 - 81614 Miinchen - Germany - Telephone +49894129-0
www.rohde-schwarz.com - Customer Support: Tel. +491805124242, Fax +4989 4129-13777, E-mail: CustomerSupport@rohde-schwarz.com

EFA'50

EFA 53

EFA 70

EFA 73

EFA 90

EFA 93

EFA-B3
EFA-B4
EFA-B6
EFA-B8
EFA-B11
EFA-B13
EFA-B14
EFA-B20
EFA-B30

EFA-K21
EFA-K22
EFA-K23
EFA-K25

EFA-DCV
EFA-DCV
Z7A-93

[71-314

2067.3004.50

2067.3004.53

2067.3004.70

2067.3004.73

2067.3004.90

2067.3004.93

2067.3627.02
2067.3633.02
2067.3656.02
2067.3727.02
2067.3691.00
2067.3579.03
2067.3562.00
2067.3585.02
2067.4046.02

2067.4000.02
2067.4017.02
2067.4023.02
2067.4046.02

2082.0490.09
2082.0490.15
0396.4892.00
2067.7451.00
2068.0950.24
1001.0523.00

0102 (U bb, kr)
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Test Receiver R&S EFA
DVB-C - B/G Analog TV - D/K or 1 Analog TV

Comprehensive analysis/demodulation/monitoring of digital and analog TV signals

< Standard test receiver < Application areas: production, & MPEG?Z analyzer/decoder option
< High-end test receiver manitoring, coverage, service, < |EC/IEEE-bus and RS-232-C interface
< High-end demodulator research and development < Simple, user-friendly operation
¢ Multistandard digital and analog & Comprehensive measurement and
platform for terrestrial and CATV monitoring functions
applications ¢ Modular design — easy retrofitting of
options

ROHDE & SCHWARZ



The EFA Family

The TV Test Receiver and Demodulator Family EFA offers outstanding performance features and excellent transmission characteris-
tics. The instruments provide high-precision reception and demodulation of vestigial sideband AM signals (analog TV signals) as well
as quadrature amplitude modulated DVB signals. They measure a comprehensive range of transmission parameters and are there-
fore ideal for measurement and monitoring applications in cable networks, TV transmitter stations and development labs.

Standard test receivers
@ Model 60: digital TV, DVB-C
& Model 12: analog TV, standard B/G
@ Model 78: analog TV, standard D/K or |
High-end test receivers
¢ Model 63 incl. option EFA-B3:
digital TV, DVB-C
& Model 33 incl. option EFA-B3:
analog TV, standard B/G
& Model 89 incl. option EFA-B3:
analog TV, standard D/K or |
High-end demodulators
& Model 63: digital TV, DVB-C
@ Model 33: analog TV, standard B/G
@ Model 89: analog TV, standard D/K or |

Standard test receiver
& Model 40: digital TV, DVB-T
High-end test receiver

4 Model 43 incl. option EFA-B3:

digital TV, DVB-T
High-end demodulator
& Model 43: digital TV, DVB-T

Standard test receivers

@ Model 50: digital TV, ATSC/8VSB

# Model 70: digital TV, ITU-T J.83/B

¢ Model 90: analog TV, standard M/N

High-end test receivers

@ Model 53 incl. option EFA-B3:
digital TV, ATSC/8VSB

@ Model 73 incl. option EFA-B3:
digital TV, ITU-T J.83/B

@ Model 93 incl. option EFA-B3:
analog TV, standard M/N

High-end demodulators

@ Model 53: digital TV, ATSC/8VSB

& Model 73: digital TV, ITU-T J.83/B

@ Model 93: analog TV, standard M/N

2 Test Receiver R&S EFA
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The TV Test Receiver Family EFA from

Rohde & Schwarz is a versatile and high-
performance TV test receiver and demod-

ulator platform, which can be optimally
configured for any application, whether
digital or analog.

Three frontends are available:

standard selective,
high-end selective and

high-end non-selective.

The high-end models have a better sig-

nal-to-noise ratio than the standard mod-

els and offer excellent intermodulation
characteristics. This, coupled with mini-

mum inherent frequency response, guar-

antees extremely accurate measure-
ments.

EFA — realtime signal analysis
of DVB-C signals

EFA's powerful digital signal processing
provides fast and thorough analysis of
the received DVB-C signal. Analysis is
performed simultaneously with, but in-
dependently of, demodulation and de-
coding. The MPEGZ transport stream is
permanently available for decoding as

well as for video and audio reproduction.

Due to its realtime analysis capability,
the high number of measured values
necessary for the complex calculation
and display processes are made availa-
ble for subsequent mathematical/statis-
tical processing in an extremely short
and as yet unequalled time. Because of
its high-speed data acquisition, the TV
Test Receiver EFA is the ideal choice, not

only for R&D but also for production en-

vironments where short measurement
cycles are essential.

The family concept described in the fol-
lowing will help you to find the right EFA
model for your application:

— If the application mainly concerns
measurements in cable networks or
on terrestrial signals, a receiver model
that selects the channel to be mea-
sured is the appropriate choice. Adja-
cent-channel signals, which impair
measurement results, are filtered out
by high suppression.

Then, a choice has to be made be-
tween the standard selective and the
high-end selective version. As with
the other criteria, this choice depends
on the application.

— Measurements on modulators or TV
transmitters, where only one TV sig-
nal is involved, are performed with
one of the demodulator models with
the high-end non-selective frontend,
which guarantees extremely low
measurement uncertainty without
preselection.

The last selection criterion is the TV
standard used, and whether it is analog
or digital:

— The EFA test receivers can be
configured for digital signals to the
DVB-C, ATSC/8VSB, ITU-T J.83/B
standard or for virtually all analog TV

standards. A wide range of options in-

cluding a NICAM demodulator (option
EFA-B2) and an MPEG2 decoder
(option EFA-B4) round off the EFA
product line.

— Operation involving a mix of analog
and digital channels is becoming
more widespread especially in cable
networks. This kind of operation is
handled by the QAM demodulator
option for

DVB-C (EFA-B20 + EFA-K21) or
ITU-T J.83/B (EFA-B20 + EFA-K23)

which adds complete digital mea-
surement functionality to the analog
models.

— Itis even possible to update to digital
terrestrial applications according to
the ATSC/8VSB standard using the

ATSC/8VSB demodulator option
(EFA-B20 + EFA-K22)

. RF selection
Standard High-end (selective, high quality)
test receiver demodulator EFA-B3
(Standard selective (High-end non-selective (High-end selective
frontend) frontend) frontend)
_ /
v
e NG
/ N
Multistandard Digital Platform Analog TV demodulators:
EFA-B20
DVB-C || ATSC/8vsB || imu-TJ.83/8 Standard B/G (models 12/33)
EFA-K21 EFAK22 || EFA-K23 Standard D/K or | (models 78/89)

FIR Coefficient Readout Firmware EFA-K25

MPEG2 Analyzer/Decoder
EFA-B4

NICAM Demodulator/Decoder
EFA-B2

Test Receiver R&S EFA
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The EFA Family

Standard test receiver (EFA models 12/60/78)
& Selective receiver
@ Typical use in the field where adjacent channels need to be filtered

In-depth measurement capabilities
Simple, user-friendly operation

Modular design — easy retrofitting of @ High-end synthesizer with low phase noise
options @ Excellent price/performance ratio

Alarm messages for measurement

functions, internal storage High-end demodulator (EFA models 33/63/89)
|EC/IEEE-bus and RS-232-C interface & Wideband input (non-selective receiver), tunable

@ Typically used for transmitter testing
& (utstanding SNR, excellent intermodulation characteristics

@ High-end synthesizer with extremely low phase noise
MPEG2 analyzer/decoder

(option EFA-B4)
MPEG?Z syntax analysis according to
DVB standard
SDTV decoding, 625L or 5251 support-
ed, SDI output, PAL / SECAM / NTSC
video out
Error report

High-end test receiver (EFA models 33/63/89 + option EFA-B3)
4 (utstanding SNR and improved intermodulation characteristics
# Rejection of image frequency and IF

@ Two additional selective RF inputs (50 Q and 75 Q)

@ Extended frequency range from 4.5 MHz to 1000 MHz

6 MHz SAW filter (option EFA-B11) 7 MHz SAW filter (option EFA-B12) 8 MHz SAW filter (option EFA-B13)
Adjacent-channel rejection Adjacent-channel rejection Adjacent-channel rejection
Meets US requirements Meets Cable Australian requirements Meets European and US standards, rec-

ommended for spectrum measurements

Block diagram of TV Test Receiver EFA

Demodulator module, options
EFA 12/60/78 o N

Selective IF( |
g picture only) | Audio
RF input Attenuator Selective t b JAna\?g‘TV E

0dBto55dB transposer !
50Q0r75Q ’ " " Std. B/G, D/Kor | Video!
H ! Switchable !
. . IFinput I 20 SoundTrap !
[ Frontend standard test receiver - EFA 33/63/89 + optional RF selection (EFA-B3) | EFA-B7 |
elective | |

Frontend high-end demodulats

(71 Frontend high-end demodulator .MJL» Attenuator | | Selective ! Residual Picture ™| Video Distributor  [—"*
[ Frontend high-end test receiver P 0dBto55dB transposer ! Carrier Measurement — EFA-B6 Y
50Qand 75Q | Videol
[ Available option | |
Non-selective ! f‘lm Devtation T

|
RF input Attenuator Non-selective  JwtF | |

switch transposer
50Q low/high ! NICAM Intercarrier !
I~ TIDemodulator/Decoder b
EFA 33/63/89 ! EFAB? Audio ?
| |
[ Multistandard digital _J.‘
20 demodulator MPEEFZADEEMEI :
| - -

Control bus ‘ (QAM/8VSB) !
1 ! I [ 6 MHz SAW Fiter MPEG? transport ‘

|
Level Noise AGC2 DSP: A EFA-B11 stream input ‘
detector generator C | i MPEG2 transport |

analyzer | 7 MHzSAW Filter stream output
Multi- Parameter | EFA-B12 |
IFin | input [ \ \ A standard |} analyzer | |
stage SAW X LPF digtal  f Ghostpatem o ! 8 MHz SAW Filter !
D demodulator Frequency response| MPEG2 | |
AGC 1 fiF,1=36 MHz fir2 EFA-B13
[ QAM/8VSB FFT transport | ‘
IFout 8(/2/6/7) MHz
= foe fox Amplitude distib. | Stream A ‘
History | 2 MHz SAW Filter |
\ EFA-B14 |
| |
()] St L} s ] equaer o Tells ] peinter- L oeed | | oeran- | | meecz | | oispiay Fawpu T T T TTTTTToIoS .
nization d decoder leaver dicnodoerr' domizer interface | | controller
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2 MHz SAW filter (option EFA-B14)
Adjacent-channel rejection
Meets channel return requirements
(in cable applications)

Digital demodulator platform

(option EFA-B20)
Retrofit of analog instruments
Multistandard demodulator platform
supporting DVB-C demodulation (with
EFA-K21), ATSC/8VSB demodulation
(with EFA-K22), ITU-T J.83/B demodu-
lation (with EFA-K23)
Included in basic EFA 50/53/60/63/
70/73 models
MPEG2 transport stream output
(serial or parallel)
General measurement functions for
— RFinput level
— carrier frequency offset
— bit rate offset
— BER (before and after Reed-Solomaon)

DVB-C firmware (option EFA-K21)
Analysis, demodulation and monitor-
ing of DVB-C signals according to
ETS 300 429 standard
Included in basic EFA 60/63 models

ATSC/8VSB firmware (option EFA-K22)
Analysis, demodulation and monitor-
ing of ATSC/8VSB signals according
to ATSC Doc. A/53
Included in basic EFA 50/53 models
Additional SMPTE310M MPEG2 trans-
port stream output

ITU-T J.83/B firmware (option EFA-K23)
Analysis, demodulation and monitor-
ing of American digital cable signals
according to ITU-T J.83/B standard
Included in basic EFA 70/73 models

FIR coefficient readout firmware

(option EFA-K25)
Calculation of FIR filter coefficients for
linear precorrection of digital signals
Only available for the ATSC/8VSB models

NICAM demodulator/decoder

(option EFA-B2)
Demodulation and decoding of sig-
nals to NICAM-728 standard
I and Q signal output
Switchable deemphasis
Balanced audio outputs
Measurement parameters: bit error
ratio, eye height, clock and data jitter

The EFA Family

Video distributor (option EFA-B6)
2 video outputs on front panel
2 video outputs on rear panel
1 additional Q output on front panel

Switchable sound trap (option EFA-B7)
Only available for standard B/G
(EFA models 12/33)
Allows video bandwidth switchover to
6 MHz

Table of available EFA models & options

Standard test receivers High-end demodulators High-end test receivers
Models 12 60 78 33 63 89 33 63 89 Slot
Option | Designation Order No. B/G DVB-C | D/Korl | B/G DVB-C [D/Korl |B/G DVB-C |D/Kor| | needed
EFA-B2 ('\é'/CGAC’:fgfg“d“'amrmewder 2067.3610.02 | O - o} o} - o} o} - o} 1
EFA-B2 | NICAM Demodulator/Decoder (1) 2067.3610.04 | - - O - - O - - O 1
EFA-B3 | RF Selection 2067.3627.02 | — - - o} o} O * * * 1
EFA-B4 | MPEG2 Decoder 2067.3633.02 | O" | O o ol |o ol |- O - 1
EFA-B6 | Video Distributor 2067.3656.02 | — = = O o2 |o O o7 |o 0
EFA-B7 | Switchable Sound Trap 2067.3710.02 | O = = O = = O = = 1
EFA-B11 | 6 MHz SAW Filter 2067.3691.00 | O "% QM Q"I Q1) QNI QM oM O 0" |0
EFA-B12 | 7 MHz SAW Filter 2067.3591.00 | O "% QM Q"I Q1) QNI QM O oM oM (o
EFA-B13 | 8 MHz SAW Filter 2067.3579.03 | O "% QM QNI Q1) Q¥ QM [Oo") oM oM (o
EFA-B14 | 2 MHz SAW Filter 2067.2562.00 | O "% | QM Q"I Q1) QNI QU [O") oM |0 o
EFA-B20 | Digital Demodulator Platform 2067.3585.02 | O2 | v o2 0% |v o2 |02 |v o2 |1
EFA-K21 | DVB-C / J.83/A/C (QAM) Firmware | 2067.400002 | O " | v ol ol |v ol o |v o |1
EFA-K22 | ATSC/8VSB Firmware 2067.4017.02| 0" |O" |o" o' |o" |o" |[o" |o" |o" |o
EFA-K23 | J.83/B Firmware 2067.4023.02 |07 |o" |o" o' |o" |o" |[o" |o" |o" |o
EFA-K25 | FIR Coefficient Readout Firmware 2067.4046.02 | O% [OY |09 |0 |0 (0% |09 |0o¥% |0oY |0
Z7T-314 | Carrying Bag for 19" units, 3 HU 1001.0523.00 | O @) O O O @) @) @) @) 0

Each basic unit has three free slots to take up options.

v included in basicunit 4 must be ordered with basic unit
"1 Can be retrofitted if option EFA-B20 is builtin.

2" Requires EFA-B4.

31 Max. 3 SAW filters.

O available — notapplicable

) Must be ordered with min. one firmware option (EFA-K21 or EFA-K22 or EFA-K23).
51" Can be retrofitted if options EFA-B20 and EFA-K22 are builtin.
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Besides the deployment of the worldwide
digital terrestrial TV network and the al-

ready established digital video broadcast-
ing over satellite, digital cable TV still rep-

resents an alternative for many consum-
ers worldwide. Additionally, cable tech-
nology provides a return channel within
the same physical layer (coax cable), al-
lowing the consumer to send back infor-
mation to the cable headend for versatile
applications (full Internet access, video-

on-demand and more). The boundary be-

tween data communications and TV net-
works has never been so narrow!

EFA 60/63 characteristics
Fully compatible with the DVB-C standard
(EN 300 429), the EFA 60/63 models re-
ceive, demodulate, decode and analyze
all orders of QAM (quadrature amplitude
modulated) signals. All key parameters
for demodulating the received signal can
be automatically or manually selected:
4,16, 32, 64, 128 or 256 QAM
modulation
Variable symbol rate for special
modulator tests and lab analysis
(1 Msymbol/s to 6.999 Msymbol/s)

Reed-Solomon error correction
Optional SAW filter bandwidths:

6 MHz, 7 MHz, 8 MHz and 2 MHz
Input of any IF frequency with the aid
of the EFA-B3 option: frequency range
continuously tunable from 5 MHz to
1000 MHz

Special function: invert spectrum

Bit error ratio measurement (before
and after Reed-Solomon decoder)
Integrated noise generator for mea-
surement of noise margin

Features
The new test receiver, even the basic ver-
sion, features a wide range of innovative
measurement functions, allowing com-
prehensive, in-depth signal analysis. In
addition to measuring general parame-
ters (Fig. 1) such as bit error ratio (BER),
more thorough analysis includes:
I/Q constellation diagrams (Fig. 2)
with user-selectable number of sym-
bols to be displayed, range:
110999 999 999 symbols
Histogram | (Fig. 3) and Q (Fig. 4) with
user-selectable number of symbols to
be displayed, range:
110999 999 999 symbols

I/Q parameters, modulation error ratio
(MER), error vector magnitude (EVM),
phase jitter and signal-to-noise ratio
(Fig. )

Frequency spectrum (Fig. 6)

Complex channel transmission func-
tion (Fig. 7)

Received echo signals (Fig. 8)
Linearity analysis from amplitude dis-
tribution histogram and CCDF referred
to the RF signal (Figs 9 and 10)
History function: long-term monitor-
ing of transmission parameters

(Fig. 11)

Monitoring window (Fig. 12)
Permanent MPEG2 transport stream
demodulation (independent from the
selected measurement task)
Integrated noise generator

Any failures and degradations are imme-
diately visible in the constellation dia-
gram. Effects of interest can be located
more precisely by varying the number of
symbols represented. The integrated
spectral analysis function enables easy
examination of the signal type and its
spectrum.
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Fig. 1: Measurement menu

All parameters for the demodulated DVB-C channel are displayed

on a single screen and can be checked at a glance:

— Level of the input signal

— Two BERs (bit error ratio) — before and after Reed-Solomon
decoder — provide a fast quality overview of the demodulat-
ed signa

— Demodulated symbol rate

— Symbol rate offset

Hint: When required, the internal noise generator can be activat-

ed to perform END (equivalent noise degradation) or noise mar-

gin measurements which are based on the BER measurement.

Fig. 2. Constellation diagram

The constellation diagram is always the best way to represent
digital modulation. It is also the best visual tool for interpreting
measurement results such as I/Q amplitude imbalance or carrier
suppression. For in-depth analysis, adjustment of the displayed
number of symbols is possible (10 000 symbols are shown in this
example).

Fig. 3: Histogram |

Histogram | represents the distribution of the quadrature ampli-
tude modulated (QAM) signal on the X axis (I for inphase), and
can be expressed in a linear or logarithmic scale

It allows an estimate of the interferer's origin (interferer,
Gaussian noise, etc).

Linear scaling is used in this plot.

Test Receiver R&S EFA 7
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Fig. 4: Histogram Q

Same representation as Fig. 15 — but referring to the distribu-
tion of the Q component projected on the X axis (Q for quadra-
ture).

Logarithmic scaling is used in this plot.

Fig. 5: QAM modulation parameters

All QAM parameters are calculated from the constellation dia-
gram:

— 1/Q amplitude imbalance

— 1/Q phase error

— Carrier suppression

— Phase jitter

— Signal-to-noise ratio

— MER (modulation error ratio), RMS and Min

— EVM (error vector magnitude), RMS and Max

Fig. 6: Spectrum analysis

Thanks to this measurement, a separate spectrum analyzer is not
required anymore.

Basic spectrum analyzer functions are provided. For example, the
start/stop frequency (or center/span) and several detection and
averaging modes can be selected.
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Fig. 7. Amplitude and phase frequency response

The coefficients of the equalizer are used to display the ampli-
tude and phase frequency response (shown here), the group de-
lay (not shown here) and the polar plot representation.

The polar plot representation — which is the complex represen-
tation of amplitude and phase — may help to interpret very short
echoes that are difficult to visualize on the echo pattern display.

Fig. 8: Echo pattern

The echo pattern measurement allows the main QAM signal

(0 dB relative), echoes and pre-echoes to be visualized and mea-
sured (numeric values).

The units of the X axis and of the numeric values can be changed
from s to km or even miles, depending on the application.

Fig. 9: Amplitude distribution

The measurement function for displaying the amplitude distribu-
tion or the CCDF (complementary cumulative distribution func-
tion) is used to detect nonlinear distortion.

The frequency distribution of the QAM signal is divided into sev-
eral 1 dB windows to determine the amplitude distribution. Infor-
mation on the crest factor is obtained from the frequency distri-
bution and displayed in the upper right-hand corner of the graph.
The reference values are marked by short horizontal lines.
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Fig. 10: Complementary cumulative distribution function (CCDF)
In contrast to the amplitude distribution, each trace point indi-
cates how often a certain voltage level is attained or exceeded.
The ideal frequencies are displayed as short, horizontal lines at
1 dB intervals (reference values) so that the amplitude distribu-
tion of the applied signal can be compared with that of an ideal
QAM signal. Any deviation from the ideal distribution is then
identified by the deviations of the column heights and the value
of the crest factor, for example due to clipping in the modulator
output stage.

Fig. 11: History function

This measurement is just what is required for long-term monitor-
ing of modulators in cable headends.

The key parameters (level, synchronization information, MER/dB,
MER/%, EVM/%, BER before and after Reed-Solomon decoder,
synchronization and MPEG2 transport stream data error) are,
therefore, displayed in graphical form. This mode can also display
all values numerically (average, max, min, current). BER and level
measurements run continuously and are independent of other
measurements. The user can configure a monitoring interval
from 60 seconds (shown here) to 1000 days.

Fig. 12: Monitoring/Alarm register

The EFA checks the input level (LV), QAM synchronization (SY),
modulation error ratio (ME), error vector magnitude (EV), bit error
ratio before Reed-Solomon decoder (BR) and MPEG?2 data errors
(DE) of the DVB-C signal at a rate of once per second

All alarm messages are stored in the alarm register together with
the date and time.

Up to 1000 entries can be stored.
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EFA for production of modulators

The EFA's analysis capabilities permit in-
depth testing of the cable modulator's
performance thanks to the outstanding
MER/EVM dynamic range, amplitude dis-
tribution measurement and spectrum
analysis. Another feature is the Equalizer
ON/FREEZE/QFF function, which is man-
datory during the alignment phase of
modulators. Finally, the high accuracy
and repeatability of the measurements
makes the EFA ideally suited for the pro-
duction of QAM modulators.

Cable headend monitoring

The capability of the EFA to handle multi-
channel reception with the spectrum
measurement and the history functions
(graphical measurement representation
versus time) permits the unit to monitor
cable headends. In addition, an alarm is
triggered if one of the selected parame-
ters exceeds the set threshold (all thresh-
olds can be individually configured). Inci-
dent level, QAM synchronization, MER
(modulation error ratio), EVM (error vector
magnitude), BER before Reed-Solomon
decoder and MPEG2 TS data error can be
checked in realtime independently of oth-
er measurements and decoding. If an
erroroccurs, a 1000-line
register is available for

surement (MER dynamic range better
than 41 dB) allows the unit to be used as
a reference demodulator in research and
development laboratories.

EFA as a multistandard digital and
analog platform

Since the analog standards B/G, D/Kand |
are still used in cable networks, and cable
operators need a future-proof solution for
their short-and long-term investment, the

digital DVB-C demodulator option can be
implemented in the analog units. It covers
all application areas from R&D to cable
headend measurements. Furthermare, to
protect your investment, the unit can be
updated by means of options to demodu-
late and analyze the ITU-T J.83/B cable
and ATSC/8VSB digital terrestrial stand-
ards. These unique features make the
new EFA family members THE measure-
ment devices for the present and the fu-
ture.

Summary of measurements required for the various DVB-C applications

recording the date, E % <
time and description of S | 5 |8 |3
the event. 8 _ s | g8 |=%|8 c
DVB-C g 2|2 |E5| 2 |83|8 | 2 g
) application _ £ g | € |23 3 |22|E.]| & z c 'z
EFA in research and 2 |z | S| |8 |E |25 g |e2|e5/ 2 |8 | § | =
e‘{e opment labora Production of v v v v v | v v v v
tories modulators
Cable head-
. v | v v | v | v v | | | v | v
Thanks to the high- end monitoring
qualhty frontend ' (F}ZSZﬁ)rcrk:]grr]\td viviviv!iv!v | vivivliv! v
design, the dynamic P
range of the modula- Service v v v v I v v v v
tion error ratio mea-

. mostimportant measurement

v required measurement
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Analog TV

Since the analog terrestrial standards
B/G, D/K and | are still commonly in use,
and broadcasters need a future-proof
solution for their short- and long-term
investment, Rohde & Schwarz provides

a high-end measurement device that can
cover all application areas from R&D to
field measurements. This EFA model was
created to offer the best performance and
the most useful features to test standard
B/G, D/K and | transmitters under optimal
conditions.

To further protect your investment, the
unit can be updated by means of options
to demodulate and analyze the digital
CATV standards DVB-C (option EFA-K21)
and ITU-T J.83/B (option EFA K-23) as well
as the ATSC/8VSB digital terrestrial
standard (option EFA K-22). These unique
features make the new EFA family mem-
bers THE measurement devices for the
present and the future!

Fig. 13: Measurement window

All parameters for the demodulated standard B/G TV channel are
displayed on a single screen and can be checked at a glance:

— Vision carrier level

— Video modulation depth

— Sound intercarrier measurements
— Vision/sound level ratio

— Sound 1& 2 FM deviation

— Pilot decoding

12 Test Receiver R&S EFA

Characteristics of analog EFA models
12/33/78/89
Fully compatible with analog standards,
the analog EFA models receive and
demodulate most analog TV standards
(B/G, D/K and I). All key parameters for
demodulating the received signal can be
automatically or manually selected:
Switchable group delay correction
Switchable synchronous detector
(5 different modes)
Demodulation using intercarrier
method
Balanced audio outputs
Measurement functions for
— vision/sound carrier spacing
(level and frequency)
— FM sound carrier and pilot devia-
tion
— Residual Picture Carrier (RPC) or
video modulation depth
Input of any IF frequency with the aid
of the EFA-B3 option: frequency range
continuously tunable from 5 MHz to
1000 MHz

HY2U FHM HEASURE

Features

The analog EFA models provide high-pre-
cision demodulated baseband signals
(vision and sound) for measurements in
various applications (TV transmitters,
cable headends, coverage measure-
ments, R&D). At the same time, all rele-
vant RF parameters are monitored at high
speed and represented in a logical man-
ner (Fig. 13). User-configurable alarm
messages permit unattended monitoring
of the received signals as well as switch-
over to alternative links in the event of a
failure.

The high-end demodulator version is used
for on-site measurements on TV transmit-
ters. This version offers particularly low-
distortion demodulation of the broadcast
signal. It is perfectly suited for these
types of measurements; its low measure-
ment uncertainty permits optimal align-
ment as well as permanent quality con-
trol of transmitters.
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Specification of intermodulation
In-channel distortion

In-channel distortion is determined by
means of a modulated TV signal with a
vision carrier (fy¢), a colour subcarrier (fgg)
and a sound carrier (fgc). Modulation is
chosen such that the vision carrier is low-
ered by 6 dB, the colour subcarrier by

14 dB and the sound carrier by 10 dB rel-
ative to the sync pulse level. The level of
the intermodulation product is measured
at the video output relative to the black-
to-white transition of the video signal.
Fig. 14 shows the signals involved and
the reference level at the RF.

Qut-of-channel distortion

The effect of signals outside the received
channel is described by the 3rd-order in-
tercept point (TOI). For the EFA family, this
parameter is specified on the basis of a
three-tone measurement with the follow-
ing signals: a wanted carrier at the
receive frequency fy; and two unwanted
carriers 14 MHz and 15 MHz above the
receive frequency.

The unwanted frequencies are chosen to
be within the bandwidth of the RF selec-
tion but outside the bandwidth of the first
IF filter. The effect of out-of-channel inter-
ference on the receiver can thus reliably
be determined. It is assumed that each of
the three signals has a level
P =-33 dBm. The level of the intermodu-
lation product AIM 1 MHz relative to the
wanted carrier is measured (see Fig. 15,
measurement at the RF). The 3rd-order
intercept point is::
AIM[dB
2

101/dBm =FldBm + +3

Fig. 14

Fig. 15
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Specifications

RF input
Connector

Return loss

Frequency range 2
Level range !

Noise figure

Image frequency rejection
IF rejection

Local oscillator
Resolution

Frequency error

Phase noise !

SSB phase noise
(RF=860 MHz)

System performance
MER
EVM
SNR

') The selective RF inputs of the high-end TV test receiver (with option EFA-B3) are additional to the non-selective RF input of the high-end demodulator. For specifications involving the non-selective RF input,

see the high-end demodulator column.
2 Center frequency.

Standard test receiver

selective

50 Q or 75 Q, BNC or N female, front or
rear panel

>14 dB in channel with 50 Q connector
and input attenuation >10 dB
>12 dB in channel with 75 € connector
and input attenuation 210 dB

48 MHz to 862 MHz

—b5 dBm to +20 dBm

(low distorsion, preamplifier off)
—59 dBm to +20 dBm

(low noise, preamplifier off)
—64 dBm to +13 dBm

(low noise, preamplifier on)

12 dB typ. (low noise)
7 dB typ. (low noise, preamplifier on)

>70 dB (VHF) and =50 dB (UHF)

1 Hz
<2x10°®
>50 dB

—82 dBc/Hz typ. at 1 kHz
—90 dBc/Hz typ. at 10 kHz

>40 dB ¥
<0.66% %
>42 ¢

High-end test receiver

with option EFA-B3

selective”

50 Q, N female, rear panel and 75 Q,
BNC female, rear panel

>17 dB (>20 dB typ.) in channel

with 50 © connector

>14 dB (>17 dB typ.) in channel
with 75 € connector

4.5 MHz ¥ t0 1000 MHz

—63 dBm to +20 dBm ?
(normal)

—62 dBm to +20 dBm ?
(low distorsion)

—65 dBm to +16 dBm ?
(low noise)

7 dB typ. (low noise) @

9. dB typ. (normal) &

11 dB typ. (low distortion)
100 dB

100 dB

6)

1Hz
<2x10°8
>58 dB

—91 dBc/Hz typ. at 1 kHz
—100 dBc/Hz typ. at 10 kHz

>414B 10
<0.59% "0
>43dB 10

High-end demodulator

non-selective
50 ©, N female, rear panel

>30 dB

45 MHz to 1000 MHz
—50 dBm to +20 dBm

1Hz
<2x 107
>62 dB ¥

—93 dBc/Hz typ. at 1 kHz
—106 dBc/Hz typ. at 10 kHz

>42dB "
<052% "
>44 dB 1

%) For frequencies < 10 MHz: group delay tilt increases up to 200 ns, amplitude tilt increases up to 0.7 dB pp typ., minimum input level: —30 dBm, SAW filter ON.
“ For quasi error-free MPEG2 transport stream, 256 QAM.
5 Atlow input frequencies such as 4.57 MHz: additional tilt { typ. 0.7 dB pp), minimum input level: —30 dBm, SAW filter ON.

8 RF >47.15 MHz.

7} FM S/N ratio measured at IF output, referred to +30 kHz frequency deviation and 500 Hz modulation frequency, deemphasis 50 s, measured to DIN45405, weighted to CCIR468-3.

8 In frequency range 45 MHz to 900 MHz.
9 Signal power > —40 dBm.
WSignal power >—43 dBm.
"Signal power >—30 dBm.
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IF input

Return loss

Center frequency

Level range

IF output

Return loss

Center frequency

Level, regulated
MPEG2 TS parallel output
MPEG2 TS ASI output
Symbol rate

Bandwidth (SAW filter)
Channel correction
Measurements

Graphic displays

Alarm messages

Storage
Memory for instrument setup storage

Test parameters
Signal power
MER dB (modulation error ratio in dB)

MER % (modulation error ratio in %)
EVM (error vector magnitude)
SNR (signal/noise ratio)

1/Q amplitude imbalance
1/Q quadrature error
Carrier suppression

Carrier frequency offset
Symbol rate offset

MPEG TS bit rate

BER before Reed-Solomon
BER after Reed-Solomon

Range
corresponding to level range

18 dB to 30 dB
30 dB to 35 dB

1.9% 10 3.2%
3.2%10 12.5%

1.17% t0 2.07%
2.07%1t08.3%

18 dB to 30 dB
30 dB to 35 dB

0.00% to 5.00%
0.00° to 5.00°

25 dB to 45 dB
45 dB to 60 dB

+100 kHz

+150 ppm

up to 51.600 Mbit/s
10x10°t00.1x 107"
1.0x 100 0.1x 107

50 ©, BNC female, rear panel

>20 dB in channel

36 MHz

—30 dBm to -5 dBm

50 ©, BNC female, rear panel

>20 dB in channel

36 MHz

—17 dBm

LVDS (188 bytes/204 bytes)

serial MPEG2 transport stream (ASI); 75 Q

1 Msymbol/s to 6.999 Msymbol/s

2 MHz, 7 MHz, 6 MHz, 8 MHz or SAW filter OFF
self-adapting equalizer, equalizer freeze, equalizer off

signal power

carrier frequency offset

symbol rate offset

MPEG2 TS bit rate

BER (bit error ratio) before and after Reed-Solomon decoder
EVM (error vector magnitude)

MER (modulation error ratio)

SNR (signal/noise ratio)

phase jitter

|/Q amplitude imbalance

1/Q quadrature error

carrier suppression

crest factor

shoulder attenuation according to ETR290

constellation diagram
histogram 1/Q

frequency spectrum
amplitude frequency response
phase frequency response
group delay frequency response
polar plot

amplitude distribution (RF)
CCDF (RF)

eye monitoring

history

signal power, MPEG2 synchronization, EVM, MER, BER before Reed-Solomon
decoder, MPEG2 data error

alarm message with date and time, up to 1000 messages

0to4

Resolution Error

0.1dB <3dB, <1dB typ.

0.1dB <0.8dB

0.1dB <1.0dB

0.01% <12% of actual value

0.01% <10% of actual value

0.01% <12% of actual value

0.01% <10% of actual value

0.1dB <0.5dB

0.1dB <0.8dB

0.01% <0.03dB

0.01° <0.03°

0.1dB <1dB =z

0.1dB <3dB =
1=

1 Hz <280 Hz + 2 ppm x RF o

0.1 ppm <10 ppm, <3 ppm typ. d,:s

1 kbit/s <1 kbit/s 2
o

01 X 1078Xp0nem _
0.1 x 10~exeonent _
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Analog TV, model-specific characteristics

_ Standard test receivers
Models 12/78
RF input selective
Connector 50Q or 75 Q, BNC or N female, front or
rear panel
Return loss >14 dB in channel with 50 Q connector

and input attenuation >10 dB

>12 dB in channel with 75 Q connector

and input attenuation >10 dB

Level range % —67 dBm to +13 dBm (normal)

—77 dBm to—47 dBm (with preamplifier)

IF rejection

1Hz
<2x 107
>50 dB

High-end test receivers

Models 33/89

selective

50 Q, N female, rear panel and 75 Q,
BNC female, rear panel

>17 dB (>20 dB typ.) in channel
with 50 Q connector
>14 dB (>17 dB typ.) in channel
with 75 Q connector

5 MHz " t0 1000 MHz

—67 dBm to +21 dBm ¥ (normal)
—67 dBm to +21 dBm ¥ (low distortion)
—77 dBm to +21 dBm ¥ (low noise)

100 dB ¥
100 dB ¥

non-selective
50 Q, N female, rear panel

230 dB

—41dBm to +21 dBm

1Hz
<2x 107
>58 dB

! For frequencies < 10 MHz: group delay tilt increases up to 200 ns, amplitude tilt increases up to 0.7 dB pp typ., minimum input level: ~30 dBm, SAW filter ON; upper sideband.

7 Levels are rms values referred to sync pulse.

% In receive frequency range 5MHz to 15 MHz: —41 dBm to 21 dBm.
“ Image frequency of vision carrier.

% Applies to both frequency conversions.

61 FM S/N ratio measured at IF output, referred to +:30 kHz frequency deviation and 500 Hz modulation frequency, deemphasis 50 pis, measured to DIN45405, weighted to CCIR468-3.

7 In receive frequency range 45 MHz to 900 MHz.

Standard

B/G, 1 (CAT
threshold (CATV)
0 dB (reference)
model-specific,
see page 16
4.8 MHz >-3dB

5.0 MHz >—26 dB

5.4 MHz to 5.85 MHz <50 dB

>5.4 MHz <—48 dB

frequency
0.5 MHz
0to 4.5 MHz

Standard D/K

threshold

0 dB (reference)
model-specific,
see page 16
<—48dB

>-46 dB

frequency
0.5 MHz
0to 5.5 MHz

6.1 MHz t0 6.9 MHz
>6.9 MHz

frequency
0.5 MHz
0t0 5.0 MHz

5.9 MHz to 6.9 MHz
6,9 MHz to 7.9 MHz
7.9 MHz to 8.1 MHz
>8.1 MHz

threshold

0 dB (reference)
model-specific,
see page 16

>-50 dB
>—45dB
<-50dB
<—45dB

Standard 1
(terrestrial)

Test Receiver R&S EFA
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Video demodulation characteristics
Noise voltage, ref. to b/w transition
S/N, s unweighted

S/N,,s weighted to CCIR Rec. 567

Signal/humyeay
Linear distortion

Amplitude frequency response

Standard test receivers
Models 12/78

Pgr=—33 dBm, 0 dB input attenuation

>60 dB typ. 64 dB (low noise)
>57 dB typ. 59 dB (low distortion)
>52 dB

reference: 0.5 MHz

High-end test receivers

Models 33/89

Pgr=—33 dBm, 0 dB input attenuation
>64 dB typ. 66 dB (low noise)
>63 dB typ. 65 dB (normal)

>62 dB typ. 64 dB (low distortion)
>52 dB

reference: 0.5 MHz

High-end demodulators
Models 33/89

Per=—1dBm
>60 dB
>67 dB

typ. 63 dB
typ. 70 dB

>52 dB

reference: 0.5 MHz

DC to colour subcarrier <0.5dB <0.35dB <0.25dB

Additional ripple through SAW filter  <0.1 dB <0.1dB <0.1dB
Group delay response reference: 0.1 MHz reference: 0.1 MHz reference: 0.1 MHz

With constant group delay <20 ns <15ns <12ns

With group delay dep. on TV std. see group-delay table see group-delay table see group-delay table

Additional ripple through SAW filter <10 ns <10ns <10 ns

s |z |8

0.10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.25 —-5+A | 0%A 0£A —-5%A —25%A -5%A —-5%A 0£A 0£A
0.50 0+A 0+A -10+A | -8%A 0+A 0+A
100 |-53+A | 0+A 0+A |-53+A |-30+A [-265+A —53+A |-40+A |40+A |-40+A |-40+A | 0A 0+A
1.50 0+A 0+A —70£A 0+A 0+A
200 |-90+A | 0A 0+A |-75+A |-60FA |-45+A —87+A |-75+A |-80+A |-85+A |-85+A | 0A 0+A
2.25 0+A 0+A —60 +A 0+A 0+A
300 |-75+A | 0zA 0+A |-75+A |-40+A |[-375+A|-60+A |[-85+A |-90+A |-80+A |-92+A |-90+A | 0xA 0+A
350 0+A 0+A 0+A 0+A
3.58 0+A 0+A 0+A
3.60 0£A 20+A 0£A 0£A
3.75 0+A 0+A 0+A 0+A 0+A
3.80 0+A 0+A 0+A
4.00 50 +£20 —50420 |-70+20 (40420 |-60+20 |-60+20 | 0+A 0+A
443 170420 (175420 (170420 (170420 [170+20 (85420 |170+20 0420 0+20 |-25+20 |-25+20 |404+20 |15+20
4.70 0420 0420
480 |400440 |400+40 [350440 (400440 |260+40 (200440 |400+40 100 +40
5.00 90420 [0£20 80 +20 70 +£20 90 £20
5.50 90 +20 260 +£40
High-end demodulator:  A=12ns i
High-end test receiver: A = 15ns Group delay depending on TV standard
Standard test receiver:  A=20ns

Certified Quality System

IS0 9001

DOS REG. NO 1954

Test Receiver R&S EFA 17
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Analog TV, model-specific characteristics (continued)

_ Standard test receivers
Models 12/78

Transient response

2T pulse k factor <1%

2T pulse amplitude error
20T pulse amplitude error
12.5T pulse amplitude error

<20 ns (with constant group delay)
<20 ns (with group delay dep. on TV std.)
<1% (15 kHz squarew. signal, T;;, 200 ns)

Nonlinear distortion

Luminance nonlinearity <2% typ. 0.3%
Differential gain <2% typ. 0.3%
Differential phase <1° typ. 0.4°

=52 dB
>62 dB

typ. 56 dB (low noise)
typ. 66 dB (low distortion)

>0 dBm
=5 dBm

(low noise)
(low distortion)

Characteristics common to all analog models

High-end test receivers
Models 33/89

<1% typ. 0.6% <1%

<2%

typ. 0.6%
typ. 1%

<3% (TV standards B/G, D/K, |)
<5% (TV standard M/N)

<15 ns (with constant group delay)
<20 ns (with group delay dep. on TV std.)
<1% (15 kHz squarew. signal, T;,;, 200 ns)

<2% typ. 0.3% <2% typ. 0.4%
<2% typ. 0.3% <2% typ. 0.4%
<1° typ. 0.4° <1° typ. 0.5°
>57dB typ. 61 dB (normal)

>52 dB typ. 56 dB (low noise)

>62 dB typ. 66 dB (low distortion)

>10dBm  (normal)

>14dBm  (low distortion)

Return loss in channel
Level range"!
Crosstalk attenuation, RF/IF input

>30 dB
—13 dBm to 4 dBm
>75 dB

Control voltage
Delay of carrier blanking relative to control pulse

>1V
<3 s

Adjacent-channel vision carrier suppression

TV standard B/G, | (CATV)

| (terrestrial)
D/K

") Levels are rms values referred to sync pulse

18 Test Receiver R&S EFA
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Characteristics common to all analog models (continued)

Video level, adjustable 1Vpp£3dB
Level inaccuracy <2%
Resolution of level control 10 mV

Quadrature signal output of sync demodulator 75 Q, BNC female, on rear panel

Gain difference, referred to nominal video output level <0.5dB

Phase error of switching carrier <1°
Time constant of PLL for keyed phase control normal, slow (switchable)
Time constant of PLL for continuous phase control fast, normal, slow (switchable)

Audio outputs Lemo Triax female, in pairs
rear panel: balanced, Z <35 Q
front panel: unbalanced, Z <10 Q

Output signal M1/L and M2/R

Audio level, adjustable

Reference frequency deviation 130 kHz or £50 kHz, selectable
Setting range for 30 kHz reference frequency deviation -3 dBm to +10 dBm

Setting range for 50 kHz reference frequency deviation +2 dBm to +10 dBm
Resolution of level control 0.1dB

Level accuracy, f,,q 500 Hz <0.2dB

S/N ratio (intercarrier method)

referred to £30 kHz frequency deviation and 500 Hz modulation frequency, measured to DIN45405, weighted to CCIR468-3; the channel not being measured is
without signal

Stereo crosstalk, 40 Hz to 15 kHz
referred to £30 kHz frequency deviation and 500 Hz modulation
frequency, deemphasis on >40 dB

Alarm message
Vision carrier level, RF offset, TV synchronization, vision/FM sound carrier level ratios, vision/FM sound carrier frequency spacings, FM pilot deviation,
max. FM deviations, min. FM deviations

Test parameters, analog TV

Vision carrier power or voltage in LV/mV,
dBuV, dBmV, dBm, dBuW, dBpW

Video level 50% to 150% 1% <2%

©
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Specifications

Measurement range

Vision carrier frequency frequency range depending on EFA

model
Vision/FM sound carrier 1 level ratio —23 dB to—7 dB
Vision/FM sound carrier 2 level ratio —30 dB to—14 dB

Vision/FM sound carrier 1 frequency nominal IC frequency £50 kHz

spacing

Vision/FM sound carrier 2 frequency nominal IC frequency £50 kHz
spacing

FM sound carrier deviation 0 kHz to 80 kHz

FM pilot carrier deviation (average) 1 kHz to 5 kHz

FM pilot carrier deviation (peak value) 1 kHz to 10 kHz

Pilot frequency pilot frequency £300 Hz
Residual AM 0% to 30%

! With unmodulated sound carrier
2 Without vision modulation

Standard
NICAM IF carrier frequency Standard B/G
Standard |
Vision/NICAM carrier level ratio
FM sound carrier suppression
Frequency response deviation from standard curve up to 182 kHz
Group delay up to 120 kHz
Group delay up to 182 kHz
NICAM intercarrier input

NICAM carrier frequency Standard B/G
Standard |

Return loss

Level range

NICAM-728 data input
NICAM-728 clock input
QPSK | output

Output impedance
Permissible load

Level

QPSK Q output

Output impedance
Permissible load

Level

Clock/2 output
NICAM-728 data output
NICAM-728 clock output
Audio output, balanced
Output impedance
Permissible load

Level at 600 €, f 400 Hz

mod =

20 Test Receiver R&S EFA

Resolution Error

20 Hz <2x10°8
0.1dB <2dB
0.1dB <2dB
100 Hz <200 Hz "
100 Hz <200 Hzs "
100 Hz <3% +200 Hz ?
10 Hz <5%

10 Hz <5%

2 Hz <2 Hz
0.1% 05%
NICAM-728

33.05 MHz

32.348 MHz

15dBto 31 dB

>40 dB

<1dB

<150 ns

<200 ns

50 ©, BNC female, rear panel

5.85 MHz

6.552 MHz

>20 dB

—22 dBm to =5 dBm

75 Q, TTL, BNC female, rear panel
75 Q, TTL, BNC female, rear panel
BNC female, rear panel

100 Q

>1kQ //<1nF

0.8Vpp

BNC female, rear panel

100 Q

>1kQ //<1nF

0.8Vpp

75 Q, TTL, BNC female, rear panel
75 Q, TTL, BNC female, rear panel
75 Q, TTL, BNC female, rear panel
Lemo Triax female, pair of connectors, rear panel
<35 Q

>300Q // <5 nF

0dBm +0.2 dB



Audio output, unbalanced

Output impedance

Permissible load

Level at 600 €, f,,,4 = 400 Hz

NICAM additional information
Permissible load

— Control bits

— Additional data

— Frame sync

— Additional data sync

— Biterrors

Audio demodulation characteristics
Frequency response: 30 Hz to 14.7 kHz
14.7 kHz to 15 kHz
Phase difference between channels (stereo)

Distortion
Crosstalk
S/N ratio (empty channel, referred to full-scale level)
unweighted
weighted (CCIR 468-3)
Aliasing products: 30 Hz to 14.7 kHz
14.7 kHz to 15 kHz

Other spurious lines (referred to full-scale level)
Additional alarm messages

Vision/NICAM sound carrier power ratio, NICAM intercarrier level, eye height, BER,

Additional test parameters

Measurement range
13 dB to 34 dB

—24 dBm to —3 dBm

Vision/NICAM carrier level ratio
Level (intercarrier input)

Eye height 10% to 100%
Measurement range
BER 0x109t0<1x 107
1x10°to 1x 1077
Clock or data jitter 0 Hz to 50 Hz

') Reference: 100%; vision modulation: all-black picture
2 Valid for jitter frequency 50 Hz to 60 Hz; 3 dB bandwidth: 10 Hz to 120 Hz

Lemo Triax female, pair of connectors, front panel
<3 Q

>300Q // <5 nF

0dBm

25-contact SUB-D, TTL, rear panel

>1kQ // <100 pF

C0to C4

A0 to A10

parity bit evaluation

<0.2dB
<0.3dB
<3°
<0.15%
<-80dB

>80 dB
>80 dB
<-55dB
<-35dB
<-50dB

data jitter; loss of: NICAM data/NICAM clock, frame sync, headroom

Resolution Error

0.1dB <15dB

0.1dB <15dB

1% <2 x(100/ displayed value)% "
Resolution Error

02 X 10—exponem _
01 X 10—exponent _
1Hz <20%+2 Hz?

RF selection for High-End Demodulator Models EFA 63/33/89. Two selective RF inputs are available on the rear with 50 Q and 75 Q impedance in addition to the non-selective
RF input of the high-end demodulator. Demodulation of variable IFs up to 50 MHz via the selective RF inputs.

IF inputs
Connectors

Return loss

Frequency range
Level range

System performance
Noise figure

Image frequency rejection
IF rejection

selective

50 Q, N female, rear panel and
75 Q, BNC female, rear panel

17 dB (>20 dB typ.) in channel with 50 € connector
14 dB (>17 dB typ.) in channel with 75  connector

4.5 MHz " to 1000 MHz
see high-end test receiver column of relevant demodulator mode

7 dB typ. (low noise)
9 dB typ. (normal)
11 dB typ. (low distortion)

100 dB
100 dB

' For frequencies < 10 MHz: group delay tilt increases up to 200 ns, amplitude tilt increases up to 0.7 dB pp typ., minimum input level: =30 dBm, SAW filter ON.

Test Receiver R&S EFA
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700 800 MHz 900 1000

Noise figure (low noise mode)

Simultaneous monitoring of all signals in transport stream. Realtime measurement functions according to test specifications for DVB systems (ETR290):

priorities 1, 2 and 3.

System performance

Transport stream

Data rate of transport stream

Length of data packets

External TS ASI input

Asynchronous serial MPEG2 transport stream
Level

Video signal output (CCVS)

Level

DC offset (black level)

Video serial digital output (ITU-R601)
Audio signal output

Signals

Level of balanced output at rear panel (full scale)
Frequency response (40 Hz to 15 kHz)

S/N ratio

THD

according to ISO/IEC 1-13818

up to 54 Mbit/s

188/204 bytes, automatic switchover
BNC female, rear panel, 75 Q

270 Mbit/s

200mVppto1Vpp

BNC female, rear panel, 75 Q
1Vppt1%

oV

BNC female, rear panel, 75 Q

Lemo Triax connectors, in pairs;
front panel: unbalanced, Z <10 Q
rear panel: balanced, floating, Z <25 Q

left/right, sound 1/sound 2, mono
+6 dBm 0.2 dB into 600 Q

<0.5 dB, referred to 1 kHz

>70 dB, unweighted

>70dB

The video distributor option provides four decoupled video outputs (CCVS) for analog and digital TV. Option EFA-B4 is required for digital TV.

Video output

Impedance

Return loss (0 MHz to 6 MHz)

Level accuracy

DC offset of video signal (MPEG2 decoder mode, black level)
DC offset of video signal (analog TV mode, zera vision carrier)

Decoupling of outputs (level variation at terminated output when switching
the other outputs between short circuit and open circuit)

Quadrature signal outputs
(quadrature signal of sync demodulator in Nyquist demodulator mode)

Impedance
Return loss (0 MHz to 6 MHz)

Decoupling of outputs (level variation at terminated output when switching
the other outputs between short circuit and open circuit)

22 Test Receiver R&S EFA

2 x BNC female front panel; 2 x BNC female rear panel

5Q
>76 dB
<2%
oV
oV

<1%

BNC female, front and rear panel

75Q
>20 dB

<1%



Amplitude frequency response
0 Hzto 5 MHz
5 MHz to 5.5 MHz

Additional ripple
through SAW filter

Group delay response
With constant group delay
0 Hz to 5.5 MHz

With group delay depending on

TV standard

Additional ripple
through SAW filter

Standard test receivers
reference: 0.5 MHz
<0.5dB

<0.7dB

<0.1dB
reference: 0.1 MHz

<20 ns
see table on page 17

<15ns

High-end test receivers
reference: 0.5 MHz
<0.35dB

<05dB

<0.1dB
reference: 0.1 MHz

<15ns
see table on page 17

<15ns

This filter is recommended for rejection of adjacent channels in systems with 6 MHz channel spacing.

Ripple in band

Rejection of adjacent channels

0.4 dB pp
50 dB (>£3.8 MHz)

High-end demodulators
reference: 0.5 MHz
<0.25 dB

<0.45dB

<0.1dB
reference: 0.1 MHz

<12ns
see table on page 17

<15ns

85 dB (>26 MHz) with High Adj. Chan Power ON

This filter is recommended for rejection of adjacent channels in systems with 7 MHz channel spacing.

Ripple in band

Rejection of adjacent channels

This filter is recommended for shoulder attenuation measurement according to FCC recommendation and for rejection of adjacent channels in systems with 8 MHz

channel spacing.

Ripple in band

Rejection of adjacent channels

0.7 dB pp
>55 dB (>24.0 MHz)

>90 dB (>£5.3 MHz) with High Adj. Chan Power ON

0.8 dB pp
50 dB (>%4.8 MHz)

90 dB (>15.3 MHz) with High Adj. Chan Power ON

This filter is recommended for rejection of adjacent channels in systems with 2 MHz channel spacing.

Ripple in band

Rejection of adjacent channels

0.7dBpp
45 dB (>%1.3 MHz)

Supports ATSC/8VSB demodulation (for specifications see ATSC/8VSB characteristics of EFA models 50/53), ITU-T J.83/B demodulation (for specifications see
ITU-T J.83/B characteristics of EFA models 70/73) and DVB-C (ITU-T J.83/A/C) demodulation.

Display

Interfaces

Temperature range

Rated temperature range
Operating temperature range
Power supply

Power consumption

Dimensions (W x H x D)
Weight

monochrome LCD (320 x 240), backlit

|EC625-2/IEEEA88 bus, RS-232-C, printer (Centronics)

to IEC68-2-1/-2
+5°C to +45°C
0°C to +50°C

100V to 120 V/220 V to 240 V; +10%/—15% (autoranging), 50 Hz to 60 Hz

EFA 12/60/78: 70 VA
EFA 33/63/89: 75 VA
EFA 33/63/89 + EFA-B3: 90 VA

435 mm x 147 mm x 460 mm

approx. 12 kg, depending on options

Test Receiver R&S EFA
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Ordering information

Options

NICAM Demodulator for TV standard | EFA-B2 2067.3610.04

MPEG2 Decoder EFA-B4 2067.3633.02

Switchable Sound Trap (for models 12/33) EFA-B7 2067.3710.02

7 MHz SAW Filter (for digital EFA models or EFA-B10, EFA-B20) EFA-B12 2067.3556.02

2 MHz SAW Filter (for EFA bx,/6x/7x or EFA-B20) EFA-B14 2067.3562.00

PD 0757.2421.24 - Test Receiver R&S EFA - Trade names are trademarks of the owners - Subject to change - Data without tolerances: typical values

Firmware options

J.83/B (QAM) Firmware (for models 50/53/60/63 or option EFA-B20) EFA-K23 2067.4023.02

Recommended extras

EFA-B4 Calibration Values EFA-DCV 2082.0490.15

2067.7451.00

Lemo Triax connector (mono) with connecting cable (open)

Carrying Bag for 19" units, 3 HU, depth 460 mm 771-314 1001.0523.00
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