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8 kHz to 30 MHz
-30 to +137 dBpv

@ Field-sirengih measurements
in conjunciion with test antennas

8 Radio-interference (EMI) measurements
to CISPR, VDE and FCC reguialions

& Interference (EMI) measuremonts
te MIL and VG reguiations

# Radiomonitoring,
remote frequency measurements

@ Selective voltage measurements
in laboratory and test department

The Test Receiver ESH 3 demodulates and measures AM
doubla-sideband, single-sideband, PM and FM signals, as
well as sinusoidal and impulsive inlerference, over the range
S kHz to 30 MHz. High overload capacity, wide dynamic
range, manifold measuring and evaluation capabilities, and
numerous avaitable accessories make the ESH 3 suHable
for selactive voltage and two-port measurements - also in
automatic test systems - and for all applications in the field
of radtomonitoring (page 5) and EMC (electromagnetic com-
patibility - EMI measurements - page 4},

Setective volimeier. its wide measurement range of -30 to
+ 137 dBuV permits the use of the Test Recaiver ESH 3as an
autematic high-precision selective voitmeter in the labo-

IEC625Bus

ratory, test departmen! and service workshop without any
accessory units. For high-impedance test ilems the Active
Probe ESH 2-Z2 can be supplied. The Clamp-on RF Current
Prabe ESH 2-Z1 is available for measuring RF current in
etectric conductors. Excellent recelver selectivity makes it
possible 1o measure signals of targe level differences 1o a
high degree of accuracy even when there are many signals
prasent. Possible applications: 5SB two-tone measure-
ments, measurement of harmonics, non-harmonic spurious
signals and sideband noise on generators, intermodutation
and crossmodulation measurements on RF modules. In all
these applications the ESH 3 can be set either to low-noise
or low-distortion measurement. Automatic linearity testing
permits an inhereni non-linearity to be distinguished from
that of the test item,

rasolution 100 Hz

recofding. of measured




Calibration generator. The calibration generater output pro-
viding 80 dBuV =05 dB into 500 at receiver centre fre-
guency is ideally suited for measuring the frequency
response of amplifiers and filters. The attenuation measure-
ment range extends 1o 110 dB and the gain measurement
range to 57 dB. The RF Current Probe ESH 2-21 permits easy
measuremant of the shietding effectiveness of cables. The
return loss of two-terminal networks (e. g, antennas) and of
four-terminal networks can be measured with the calibration
generator in conjunction with a VSWR bridge.

In the remote frequency mode it 1s possible to connect a fre-
guency counter to the generator output for exact {remote}
frequency measurement of the signal recelved by use of the
reconversion principie.

Signal evaluation

® Four switchable IF bandwidths: 0.2/0.5/2.4/10 kHz

g

= Average, peak and pulse weighted (CISPR Publ. 1 and 3)
indication with programmable measuring times

& Switch-selecied demodulation modas A0, A1, A3, A3J
(USB, LSB), F3 - buili-in loudspeaker and phones output

& Analog indication of level and frequency offset in addi-
tion to the digital data oulput

& Indication ¢f RF input overload or overloading of other
assential stages and automalic linearily test at the push
of a key

# Broadband 75-MHz IF cutput for connection of panoramic
adapter or spectrum apalyzer

&

Narrowband 30-kHz IF output for connection of oscil-
ioscope

% AM and FM demodulator ouipuls
& Recorder outputs for level and frequency offset
# Generator outpui for signai frequancy measurament

# Digital measurement of modulation depth, freguency
offset and deviation

Recording of results. Spectra of harmonics, non-harmonic
spuricus signais and sideband nolse as weil as gain and

Fig.1 insertion and ratorn 1oss of a crystal filter.
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attenuation curves can be readily output on an XY recorder
{Figs. 1 and 2), The siart and stop frequencies and maximum
and minimum levels set on the ESH 3 define the recorder
writing area. The frequency axis ¢an be either linear or loga-
rithmic. VOE/FTZ/MIL or the user’s own chart paper can be
used.

X

Fig. 2 Attenuation curve of a low-pass filter.

Remaote control, The IECHEEE)-bus inferface is provided
with all standard listener and talker capabitilies. The capa-
pilitles of commercially available controllers (Fig. 3) have,
however, also been taken into consideration, i e, it is also
possible, for example, to use controllers without seriaf ang
parallel poll capabilities.

Fig. 3 Automatic test system for @ kHz to 1000 MHz, measurement
range - 30 {-10) to + 137 dBpV, consisting of Test Receiver ESH 3 (at
bottom), Programmable VHF-UMF Test Equipment MSUP, and Pro-
cess Contralier PPC.



FTE LAY A
§ Frowd AT Reug
S T AP AL

Interface functions:
Device Clear resets all functions to a predefined stats.
Device Trigger siaris tes! run at exactly defined time.

Local Lockoul disables the front panel during automatic
test run.

Talk-Only Mode outputs measured data without using a
controller.

bigriorence measuremenis. In the fleld of interference mea-
surements the ESH 3 offers considerable advantages over
eariler test receivers, featuring programmable automatic
frequency scanning and data logging with direct controlof a
printer or XY recorder. The following accessories are avail-
able for measuring interference voltages, currenis and field
strengths to the applicable standards (CISPR, VDE, MiL VG,
FCCH:

RF Current Probe ESH 2-21
Active Probe ESH 2-22
Passive Probe ) ESH 2-Z3
Artificial Malns Network (LISN}

{9 kHz to 30 MHZz) 23 ESH 2-25
Rod Antenna HFH 2-Z%
Loop Antenna HFH 2-22
Inductive Probe HFH 2-Z4

{See alse Accessories for Programmable Test Receiver
ESH 3, Data sheet 303203

Fig. 4 Automatic rmeasurement of interference voitage with pro-
grammed phase switchover (Test Receiver ESH 3, Printer PUD, XYT
Recorder ZBKT, Artificial Maing Nelwork {LISN} ESH 2-25, Process
Controlier PPC, and Code Converter PCW). Boor to test item open for
demonstration purposes.

As Interference in the frequency range 9 kHz to 30 MHz is
mainly propagated along lines {conducted), interference
voitage and current measurements are of major importance
{Figs. 4 to €). In addition to data logging on a printer or XY
recorder the ESH 3 offers the following advantages for mea-
suring interference;

& Probe or iest antenna conversion factor automatically
taken inio consideration and indication of appropriate
physical unit

& Bandwidth correction tfactor automatically taken into
consideration when measuring pulse spectral density to
MIL and VG standards; readout of measured data in
dBuV/IMHz, dBpA/MHz and dBaV/m - MHz

YW Ta VDE 0876 regutalion.
= To VOE (876 regutation, CISPR Publ. 3 and FCC fequlrements.

Paak-value indicalion with programmable hold time for
broadband interference measurements to MIL and VG
standards

# Average-value indication with programmable integration
time for measuring narrowband interterence

& CiSPH indicating mode with determination of peak value
within programmed measuring time

% Programmable measuring thmes ensuring optimum adap-
tation of automatic measurements to lime-dependent
variations of the interference

@ Automatic selection of weighting to CISPR depending on
frequency {CISPR 3 for 8 to 148.9 kHz and CISPR1 for
0.15 to 30 MHz)

# §0-dB operating range: ideal for measuramenis to Mil

and VG standards

20-dB operaling range: for measurements lo CiSPR, auto-

matic selection of measurement rangs and consideration

of CISPR settling times ansuring errorfree measurements

i

&

& Selectable logarithmic frequency scale for data output
on XY recorder, permitting direct recording of measured

data on tolerance charts

Since the characteristic of broadband noise spectra is a
continuous curve, frequency scanning in constant linear or
logarithmic steps is possible and appropriate. Each single
value, especially with CISPR welghiing, is measured with
due consideration of the overall settling time (charging and
discharging time constant, time constant of low-pass filter
simulating meter response).

Fig. 5 interierence voliage of commercial desk-top calculator, mea-
sured in conjunction with Artificial Mains Network (LISN) ESH 2-25
findicating mode: CIBPR), Tolerance curve to FTZ regulation
52841970 fimit levels for general approval).

Besides these final measurements, the ESH 3 in conjunc-
tion with the Active and the Passive Probe, RF Curreni Probe
and inductive Probe is also suitable for investigaling noise
sources and testing suppression measures. The generator
output of the ESH 3 permits attenuation measurements on
two-port networks up to 110 dB so that the effectivenass of
RF cable sereens and other shieldings, and the attenuation
of interference suppression filters can be measured.




Fig. 6 Interference tield strength of a commercial desk-top caleuia-
tor, measured it copjunction with Loop Antenna HFH 2722 in a
soreensd room at 1 m from test item (indicating mods; average value,
iF bandwidth: 10 kHz, step size 10 kHah

Radiomoniionng. (18 oulstanding RF characteristics, such
as high setting accuracy, high overload capacity and overall
selectlvity, selectable |F bandwidths and demodulation
modes, the wide range of available test antennas and recor-
ders as well as programmabllity make the £E6H 3 suitable for
all radiomonitoring tasks including remote frequency mea-
surement, recording of frequency band occupancy and pro-
pagation and coverage measurements, |t otfers the follow-
ing possibitities:

& Graphic representation of field strength of selected fre-
quency bands either in form of a line spectrum or as a
continuous curve on an XY recorder plus output of mea-
sured field-strength level and; for example, of modulation
depth on a printer (Figs 7 to 11).

Fig.7 Recording of 49-m band on Recarder ZBKT; XYT representa-
tion {above) and XY representalion {beiow).

STRT @, 3480MHx
STOF 1. 4828MHz
STER @, 48¥%8MH=
M X 126, 8ok
MITH 48, Bk

I
SF
5§
SF 52 LINSTE
SF 48 X-LIN

§F 731 DISCRET

HAPBMH T NIV xS NAVIS
H768MHT 5e, RAVES
HOGOMHz 46,8 LS m
XYM 53, L
LHH6EBMHz =7, U BLE
JeeaMy ZEO OB BéE
TE&BMHE HE, BB/ m 18Y
8281 8MHx 188, 4o/ m 377
g17eMHx 44 AriBod S m 5y
a6 8Mk S8 0oaV/m 487
844 8MHz A4, beiBui/ m Tin
18788 181, 3aBuU/m &8Y
197 8MH:z o4, Yol m 4%
4228MHz OC I W L LV P B I 4
L S398MHz S2.8dEad/ m H54%

g
e
5
8
4
é
8
%
|
1
i
3
4
i
1

Fig. 8 Printout of automatic frequency scan over medium-wave
range {ESH3 in Talk-Only Mode, Universal Printer PUD with
{ECAEEE)-bus Interfzee in Listen-Only Mods),

Fig. 8 Line spectrum of sharb-wave range (sound broadcasling
bands clearly recognizable).

2 Megsurement of range of variation of field-strength level
within a preset measuring time (1 to 1000 s).

# Recording of field strength as a function of time on YT re-
corder (Fig. 14), for example, on hoard a helicopter to
determine the horizontal and verticat radlation patterns
of transmitting antennas.

Exampies of applications continued on page 8.
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Fig. 10 XYYV Recorder Z8KT, Test Heceiver ESH 3 and Universal
Brinter PUD.
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Fig.11  Broadband interference (peak vaiue) measured with the

ESH 3 and plotted on VG chart paper on XY rocorder.

@ Recording of frequency-band ocecupancy as a function of
time on the Radiomonitoring Recorder ZSG 3. When the
signal level exceeds the preset threshold level (= MIN.
LEVEL)} the regorder traces a dash (Fig.12). The ESH 3
can drive up to five Radiomonitoring Recorders Z8G 3 in
a sequentiai cycle {Fig. 13).

Fig. 12 Freguency-band oscypangy over medium-wave band plotted
on Radipmonitoring Recorder 258G 3,

Fig. 13 ESH 3 with five Radiomonitering Recorders ZSG 3 for scan-
ning five different frequency bands and platiing the band ccoupansy.

Fig. 14 Automatic plotting of field-strength fluciuations on ¥T recor
der at a constant frequency {8.075 MHz); the scale of the ¥ axis is de-
termined by entering the MAX. and MIN. lavels.

# Programmed frequency scanning by the ESH 3 reduces
the quantity of measwed data: oniy the signal ievels
above the threshold level and the corresponding fre-
quencies are transfarred {o the computer.

For all cases whete speed is at a premium and the work
of the IEC{EEE)-bus controiler is to be minimized the
IEC-bus interface of the ESH 3 offers the following pos-
sipilities:

The controller instructs each connacted ESH 3 to con-
stantly scan a certain frequency range and if the thres-
hold level is exceeded to either

issue a Service Request in reply 1o which the controler
identifies the ESH 3 that is calling by way of a Serial Poll
and accepts the measured data,

or to answer a Parallel Poll of the controller.

it therefore depends on the controlier capabilities whether
or ot the £ESH 3 can be used to full advantage.

e

=



The front panel of the £E5H 3 has been lald out with an eye to
logical organization and intelligibility of the controls, dis-
plays, and engravings. All settings are indicated by LEDs.

Operator errors cause the following responses: When an
inhibited key is pressed the LED of the funclion causing the
inhibit blinks; when the operating range of the demodulator
is exceeded or essential stages are overdriven {ocw or by
pulses) the data readout blinks; when ibegat data are input
or an essential module fails, a coded error message appears
and an aural signal comes on, The end of measurements
that have been carried out over an extended period of time is
also sighalled aurally.

A35.8017. 5+
EIA dpigin. & -

. et
TEE S

AtHE

TESY REGEIVER - 10 kifr ~ 30 MHz - £5H 3
98

Amselssapici PERRTING ANHAE

Fig.15 Front-panel frequency display and alphanumeric dispiay for
readout of measured data, input and output of setling data and out.
put of error messages.

The 13-digit alphanumeric display (Fig, 15) on the one hand
outpuls the measured data complete with units and on the
other hand permits checking the formatied input of satting
data. Since these data cannot all be read out at the same
time, they can be called up for indication at the push of a
key.
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Fig.16 Front-panel controts for fraquency entry and scanning.

The battery-buffered memory of the ESH 3 stores the last
and nine more compilete device ssttings. in addition, it
stores all correction values for frequency response, iF bang-
widths, and demodulator characteristics obtained in an
automatic calibration procedure. As a result, full accuracy
is ensured at all times and the measuring times in automatic
operation are considerably reduced.

Frequency setling ts possible in several ways, calibrated

offset indication being provided as a tuning aid (Fig. 16):

% quasi-continuous in 100-Hz or 10-kHz (switch-selected)
steps by means of a rotary knob;

% in steps of any preset size, e. g. In $-kHz steps, or in steps
of the fundamental frequancy for measuring harmenics:

@ direct keyhoard entry of a numerical value;

& automatic frequency scanning over maximum of five aub-
ranges with programmable start and stop frequencies
and step sizes.
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Fig. 17  Front-panei controis for indication, IF bandwidths, modes,
attenvalion, and demodulation,

Range setaction for level measurements can be made either
manually by separate setiing of the RF and IF attenuation
(Fig. 17} or by automatic RF attenuation seiting (autorang-
ing) with the low-noise or low-distortion IF attenuation set-
ting determined by the selected IF bandwidth and indicating
mode, In addition, a 1-dB RF attenuator is grovided for a
linearity test,

Conversion faciors for probes aond test antennas. The use of
probes and test antennas with the ESH 3 does not cause
additicnal work for the user when making measuremenis,
since the correct units are automatically switched in and
the conversion factors for probes and test antennas taken
imto consideration. Reading errors are thus rare.

Thrze demodulator operating ranges. Three demodulator
operating ranges covering 20, 40 or 60 dB are provided to
meet the measurement needs. Automatic attenuation sei-
ting {auforanging) is effected in 10-, 20- or 30-dB steps
depending on the operating range.

Lavel indicziion. The operating range also determines the
dynamic range of the analog level indication, which consists
of an array of 3t LEDs. The range limits of this analog
indication and the RF attenuation setfting are digitally dis-
piayed.

Calibration. By either momeniarily pressing the CAL key or
nolding it down, iwo different calibration processes can be
triggerad:

1. Adjustment of IF gain and frequency offset to the nominal
value a receiver frequency of 1MHz and subsequent
verification of the level measurement at the original fre-
quensy.

2. Measurement and storage in non-wvolatile memory of ali
calibration correction valuss that are consiant over a
long pertod of time: frequency response, gain differences
with different IF bandwidths and demodulator linearity.



Oprerating principle. The Test Recelver ESH 3 is a triple
heterodyne receiver with the following features:

RF attenuator, switchable in 10-dB steps from 0 to 140 ¢8; a
1-dB attenuator for lineanty lests.

Dicde mixer of high linearity following 16 switchable band-
pass ftters without ampiifier 1o achieve an extremely wide
dynamic range.

iF bandwidth, switch-selected: 0.2 kMz, 0.5 kMz, 2.4 kHz and
10 khiz.

Signal evaluation with average- and peak-value indication,
nuise weighting to CISPR Publ. 1 and 3.

Measuring times, programmable, 5 ms 10 100 s, for ready
adaptation to maasurement needs.

“MH.” indicating mode, peak-value indication, with tF band-
width correction values automatically taken into considera-
tion, for measuring broadband interference.

MAX-MIN indicaling mode, measurement of range of varia-
tion of input signal in a seguence of programmable fength,
consisting of individual measurements of 100 ms duration
each.

Display period, separately programmable; ensuring that
signals exceeding a programmed threshold are indicated
tong enough during automatic frequency scanning.

Mixer oscillators based on synthesizer principle.

Up-conversion 1st IF (75 MHz) with 10-kHz crystal filter ~
minimizing Intarmoduiation risk and easing the pulse
tinearity requiremants on the succeeding stages.

2nd IF at 9 MHz with crystal filters for 0.5 and 2.4 kHz pand-
width and adjusiable gain for calibration purposes.

3rd IF at 30 kHz with attenuator switchable in 10-dB steps
from 0 o 40 ¢B and a mechanical 200-Hz Ylter; linear IF gain
for 20-d8 operating range and logarithmizing IF amplifier for
40- and 50-dB operating ranges.

10

Active demodulator with swilchselected CISPR weighting
and peak-value measurement; clrouils for measuring modu-
tation depth.

Demadulator circuits for FM and A3, BFO for AQ, A1 and
ASJ (upper and lower sideband): automatic IF gain control
for all AM demodulators; builtdin loudspeaker; FM demodu-
lator also used as signal source for frequency offset and
devislion measuremenis.

Calibration generalor with high-stability sinewave source
{tracking generalor) and pulse generator tor CISPH calibra-
tions.

The test voltage is applied via a sample-and-hold circuit to a
16-hit A/D converter with a conversion time of abou! 25 us.
The combinalion of microprocessor + AVD converter per-
mils B84 measurements in 5 ms, perfect digital averaging
being provided even at the maximum |IF bandwidth of
10 kHz. Digital averaging does away with the setiling time
required with analog low-pass filiers. Thus auloranging is
possitle in a minimum of time,

The measured value is converted into a level value, then RF
and IF attenuation, alt calibration correction vaiues and any
canversion factors for probes or test antennas are added be-
fore it is read cut with the correct units on the alphanumeric
display and output to the {EC (IEEE) bus, if required.

Construction. Modular construction - almost all moduies
are exchangeable independent of each other, the RF
modules are of modern cassette design ~ and the signature
analysis capability and provision of firmware test routines
make the ESH 3 very easy 1o service, Low internal heating of
the receiver reduces the fajlure rate of component parts,



Frequencyrange ............... 9kbz to 29,969% MHz
Frecuency sefding .............. 1. in 100-Hz or 10-KHz steps {switch-
setected) by means of tuning Kneb
2, keyboard enlry of pumerical vatue
3. in sleps of any preset size
4. autematle scanning
Readout ... ... S-digit LED dispiay
Besoftion ., ... ... _...... 100Hz
Settlng accuracy !}

from 10-to 160 kHz., . to within 100 Hz

from 150 kHz 1030 MHz. . ... to within 500 Mz
AFinput ... ..l Zin = 50 &2, BNG lemale
VEWR ... ... e iaes < 1.2 with BF attenuation =10 dB
<2 with RF attenuation 048
Qsclilator reradiation ........... <0 dBpV
Input fiter
Range 1.........cocciiiiiint 9 to <150 kHz  band-pass filter
2 180 to < 200 kHz

. 260 to <280 kHz
. 280 to <380 KMz
. 390 to <540 kiz
.. 540 to < 750 kHz
Lo 095 o < 1,08 MMz
- 108 to < 145 MHz o Sub-ostave
oo 14510 <20 MKz ers
.20 o <27 MHz
L 27 o <37 MHz
.37 0<b2 Mhz
.. B2 <72 MHz
L PR to <10 MHEz
.10 to <20 MHz ) tracking
20 to <30 M!-lz} filtars

Mammum mput levet with

AF attenuation 8dB... ... 130gBpv

AF attenuation 216 4B .. ... 137 dBpV

Maximum puise energy with

AF attenuation 220d8 ..,..., 1 mws
interference immumily, non-linpariiies
Image frequency refection. ..., > 100 4B, typ. 120 dB
Erejection. . ....ooc i, =100 dB, typ. 10 dB

Non-linearities: a) frequency range 10 1o 150 khz
{2 40 kHz off carriar)
b) frequency range 150 kHz to 30 MHz

Type Signat Intermod. Intgroept point
level ratio guarantesd typlcal
dBuV ¢B d8m “Bm
" ak Ko 100 > 55 +30 +45
dy 100 >50 +28 +40
dn 80 > 65 + 15 +20
b} e 106 =80 +75 + 100
da 100 >80 +55 + 15
ds 108 >82 +20 +25
Crossmoduiation '

An interfgrence signal of m = 30 % and f = 1 kHz spaced > 100 kHz
away produces A% spurﬁous modulaticn of 206-dBuV signal
at alevel of . cieeea.. 100 dBpY

AF leakage
Diffsrence in reading with
Held strength 1O Vimif+ f) ... <148B

Radio interferenca [EMi} from

imernal microcomputer, etc. ... bsiow VDE 8876 toferance limis

Intermediate frequancles

=2 - 75 MHz

ang tF. . 9 MHZ

SrddF e .. 30 kHz

IF bandwidths {average and peak value)

Nominal bandwidth 3.d8 §-.dB 6:60 4B

bandwidih bandwidth ratio
{£10 %}

A0HEA . 160 Hed) 200 Hz approx. 1:3

B0 Hz .. .. BB0 Hz® G630tz approx, 1:5

24 Hz. . 2.4 kHz 2.6 kHz 4pprox, 1:1
2

8
10z ... . BkHzY 9.5 kHz approx, 1:2.4
iF berdwld { clE) for mes-
surements to CISPR (Publ. 1
ard Sjand VDEQBTS ............ 0.2 kHz/9 kHz

{autematically switched over)

') For greater setiing accuracies, the ESH 3 has an Input for an external
reference frequancy of 5 or 1{3 MHz,

%) Tha accuracy is reduced when measuting sinewave signals at 200 Hz
bandwidth (agditional measuring error 1.5 ) because tha receiver Is
tuned la 100-Hz steps,

¥ 220%.

SPECIFICATIONS

Intarnal nofse a il > 50 kHz)

Average value B

Paak value B=
CISPR 1 8=
CISPR 3 B

Puise spectral

= 200 Hz ... typ. - 30 dBpV
200 Hz ... typ. -22 dBRY
8 kMz .. typ. -6 dBpV
= 200 Hz . typ. -28 dBpV

density (MIL) B=10 kHz .. typ. 38 dB{uV/MHz}
Increase inlnternainoise . .., ... sae diagram
(fin <50 kHz, B = 200 Mz}

Measuremeni ranges

Lowar limit
{3 dB above nolselevely .. ..., saa nolse Indlcation
Uppertimit .............., .+ 187 dBpY

Inharent spurious rasponses ...

eguivalent {o < -§ dBpV

Indication
digitalindBuV, dBm. . ..., .. 4 digits, max.; resolutlon 0.1 dB
InpV,. mv, v ... 3diqits
anaiog . LED array {31 LEDs) over operating

Operating ranges of
IF rectifier

range of IF rectifier with digltal
indicatien of range fimitg

. 20, 40, 80 6B

Indicatien of measured data

Indicating modes

Maasuring emor

.. average value

[programmable averaging time)
peak valua

{programmabie hold time}

pulsa spectrai density to MIL
{pregrammable hold lime)

CISPR Publ.Tand 3

{programmable measuting time)
Progeammable measuring times:
dmstc100s

Measurement of maximum and mink
muarm levels: the maximum and mini-
mum laveds are determined from in-
dividual measuremants of 0.1 s dura-
tion gach; programmable measuring
time: 110 1000 s

Error of level indication for
unmodulated sinewave signals
%18 4B above the indicated

nolselevel{AV} ................. <1dB
Additional exror over cpera%mg
ranges d0and60dR ... L. typ. <0548
Level calibration
Average/peak vale . ... tracking generator (sirewave}
CISPR ... pulse generator
Error of anatog level indication
Operating range 204B........ typ, <288
Operating ranges 40,60 dB. ... typ. <4 ¢B
Fraquency nffset
indication
digital in kMz 3 digits, resolution 0.01 kHz

analog

. LED array {18 LEDs)

Measurement rangs (8 = 18 kHz) ~5to & & kiz

Measuring ersor

Centre frequency {catibrated) . < 0.1 kMz (without frequency

Offsat from centre
Fraquency deviation

setting arror)
frequency.. <%

{positive and nagative peak
deviation and average deviaiion}

Digital Indication i kHz

. 3 digits, resolution £.01 kHz

Measurement range -, 0.05 10 8¥Hz
{deviation + finod = Bir 34p/7)

Measuring error at 3N ratlo

>40dB .. <10%
Modulation depth

(positive and negative peak

value and average AM)

Digital Indlcationin®% .......... 2 gigits, resciution 1%
Measurementrange ............ aiout 2 to 99 %
Measuring esror {F attenuation

= 40 d8 and analog level indica-

ticn in epper half of 20-dB opérat.

ing range), fmed =1 kHz at

Br=10kHz..... PPN <35 digits

i)



Gshn
Digital indlcationind .. ... . ... 4 digts, max.; rasotution 0.1 dB

(-110} -100 to + 57 dB
<148, typ <05dB

AD, A1, A3, ASS, (LEB/USEY, Fa

Measurementrangs ............
Absolutesrror ... L

Demodulatlon modas

Remate control
Irtarface to IEC 626-1 {IEEE 488) for controiilng all device functions
and for data output
Interface functlons ......... ... AHT, L4, SH1, TS
SR1, PR, DO, DT, RLYL, C8

Typlcal dala rate in

Taiker Mode........, .. approx. 5 kbyiafs

lListenerdoda................ approx. 2 kbyta/s
Seotling times

Internai fraquency

instepsofDitoBIkhz. .. .. tyn. 10 ms 0 20 ms
when exceedlng
a100-kHz digit ........... _. typ 40 ms

AF level swileh, internal ...... 30 ms/step

Max, measuring thme with

A&S Process Controller PPC,

trequency step size $1 kB,

rmeasuring time set on ESH 3

=3 11T G4 ms/measurad vaiue
Connpestor for remots oontrol .. .. 24-way Amphenoi female

Front panel outputs
Genarator output

{can be switchad off} Zout = 50 &, BNG female

BMF . B6 dBuV +0.5d8
Cannector for antenna supply
andcoding AF output........... 12-way Tuchel femaie
AF output .o Lo 100, lelophona jack JK 34

EMF agjusiable uplc 35V

Rear-panei outpuls
IF output 76 MHz ...... . e Zout = 50 £, BNC famate
EMF. oL, ... about 12 88 above input level
with 0 4B BF attenuation
Bandwidth . ..., corresponds to RF bandwidth
IFoutput 30 kHz . .. Zow = 1K, BNG female
EMF ... 0 to 2 V over range
of analog level indication

Bandwidth cortesponds to IF bandwldih
AM demodulator. .o oy = 18 KO, BNC female
EMF.......... 1V withm = 100%

oo Zaw = 10 K0, BNC female
L 205 Y with deviation = 5 kHz
.. Zout = 10 k0, BNG female
. E5Y with offset = 5kHz
Zout = 10 kY, BNG female

Freguency oliset
EMF ...
Anaiog levelouiput 1 ...........
EMF {with AV, PEAK and MiL
indlcatingmeode) ............. 0.5 t0 5V over range
ot apalog level indicatlon

EMF {with CISPR indlcating
mode) .._,.. e 0.2 to 2 ¥ over range
of analog level Indication
Analog level output 2 ., Zout = 10 ki, BNC female
EMF (wlth CISPR indicaling
mode) .o 0.2 to 2 V over range
’ of analog level indication
{network for simulation of meter
response with time conslant to
CISPR Publ. 1 and 3 provided)

Recordsroulpyt. .. ... ...

Renz-panal Input
for axternal reference frequency .
Hequiredlovet ................

FROOQUENnsY ...ovoviinniiiaas

Qeneral Data

Cperating temperaturs range. ...
Storage temperature range ..
AC supply

Dimensions; welght.............

Ordering Information

Ordar designation ..............

Accegsories seppliad

Powercord.........oo0viaon

Manual

24.way Amphenol female including
coding (nputs for recorder type D/ A
converied X and Y analog outputs
X= 0V start freguency

= +10V: stop frequency
Y= 0V: MIN levet

= +10V: MAX lavel
pen lift contral,
iow tevet correspondlng o pen up
formatled paper feed for Z8KT
{high putse, duration 10 ms)
connaction of 5 Radiomonitoring
Recorders 285G 3

Lin = 50 02, BNC fomale

EMF =1V from 50 @2, slhewave
sOurce

5110 Mriz (switch-selscted)

+51lc +45°C

L2680 +TOCT)

116/125/226/235 V +10/-15 %,
47 to 440 Hz (70 VA
492 mn X 205 mm X 514 mm; 25 kg

» Tost Recelver ESH 3
A36.8017.82

025.2365.00

Recommended extras (see also data sheet 303 203

For interference measuremants:

Clamp-on RF Gurrent Probe ... ..

{100 XHz to 30 MHz)
Active Probe
{9 kHz to 3¢ MHz, high

padanc
PagsiveProbe ............o0o.l.

(8 kHz to 3t Mz, VDE 0676)

Artificial Malns Network (118N} .

ESH2-Z1 .. 938.3510.52
ESH2.Z2 ... 288.7270.52
ESH2-Z3 ... 288.7810.52
ESH 2-25 ... 338.5218.52

{3 kHz to 150 kHz/ 30 MHz, VDE 0B76)

Attenuator (2648, 10W) ........
For field-strength measurements:
.. HFH 2.1 ... 335321552

Rod Antenna
Loop Ardenna ..
Loop Ardenna ..
Tripod .........
Inducéive Probe, ..
Auxitlary equipment;
Headphones ...................
Service Kit ...
XYT Recerder ..
Connecting Sable

ESH 3-Z8KTHXY). .ovvrenarnns

Radiomonitoring Recorder
Universal Printer..........
1EC (IEEE) interface Oplion

ESH 2-Z211 , . 348.7618.52

HFH 2-22 ... 336.4711.52
HFH 223 .. 335.6214.52
HFU-Z ... 100.1114.02

. HFH 2.Z4 ... 338.3016.52

.............. 110.2950.00
ESH 2.2Z7 ... 338411202
CZSKT ... 301.9016.62

ESH 3-21 ... 349.8011.02
ZSG3....... 2428015.82
PUD ... 349.8914.02
FUD-B4..... 340.8404.02

Frequeancy counter for remote frequency measurements, sengitivity
better than 10 mV inte 50 £, such as PMB615/04 from Philips
Sinewave inverter for operating the ESH 3 from a 12.V battery, such as
SWR 209 from Audiotachinlk, Bad Salzuflen

} The racolver uses a NiGd siorage battery for buffer operation of the
CMOCS RAMSs. It should, thersfore, not be stored at ambient tempara-
tures above + 50 *C aver an exiended perlod of time.

% GmbH & Co. KG, - D-8000 MUnchen 80 - Mdhidorfstr. 15 - Tet, (089)4129-1 int. + 498941291 ' Telex523703
!%OHDE&SCHWARZ Printed in the Fed. Rep. of Germany * Subject to change - Data without toferances: order of magnitude only
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2. Preparation for Use and Operating Instructions

{See Figs. 2.13 and 2,14 in ithe appendix)

The values specified In this section are not guaranteed. Only the

specifications given 1n the daita sheet are binding.

2.1  Legend for the Front- and Rear-panel Views

Ref, Labelling FPunction
No.

NIt AT AF output socket with switching
contact for 3 .

fr—

Zout = 10 @ Pos max = 0.4 W.

Volume control for 1 and 3 .

iro
=

2 Built-in loudspeaker, which is
swlitched off when a phone Jack PL 55
is inserted into 1 .
4 DEMODULATLION LEDs for indication of the selected
form of AF demodulation.
B3 - for frequency-modulated signals
P . e | - for 388 signals (USB)
AR - for SSB signals (LSB)
A3 - for amplitude-modulated signals
Al - for telegraphy receptiocn
AC - for frequency tuning to zero beat
AUS . OFF - AP amplifiler switched off.
T Keys for selection of AF demodulation:
- selects next funciion up
1 - selects next function down
5 ZF -BANDER. Key for selection of IF bandwidth. The
: _ selected bandwidth is indicated by
iF BANEMIDTﬁ means of a ILED.
éogkigz 1T the indicating mode selector 35 1is
0‘5 K2 on CISPR, 0.2 kHz is always selected
0'2 Kilz for CISPR 3, and 10 kHz for CISPR 1.

is on A%J, a vandwidth of 2.4 xHz is

l If the demodulation mode selector 4
always selected.
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Ref.

No.

Labelling

Function

o

BU3Y

LED for indication of extended
measuring and calibration processes
and internally-controlled frequency
scamning.

JBERSTEUERT
OVERDRIVEN

1ED for indication of overload

a) when one of the overload detection
circuits in the Ist, 2nd or 3rd
mixer responds;

b} when non-linearity is detected hy
means of LIN. TEST 39 and AUTO
43

oo

HF -DAMPRUNG
3B
RE ATTENUATTON

3-digit T-segment display of RF
attenuation selected.

O

an(...)

Key for the selection of the physiecal
unit - 4B (), ete. - for the RF
input level readout.

For details see section 2.3.8,

dim

N

Key to select dBn as the physical unit
for the HF input level readout {only
if AV. and PEAK are selected at 25,
but not 1f an anterna, probe, ete.

is connected to 48 and the TWOPORT
mode is selected at 38

SPEC. FUNC.

Key for entering, and then calling up,
special functions, such as modulation-
depth measurement, frequency-offset and
frequency-deviation measurement, in
conJunction with keybhoard 22 .

IFor the codes for the various sesttings,
see sectlon 2.3.13.

Key for selection of the physical unit
(uWv, mv, vV, ete,) for the RF input
level readout. For details see section

2.3.8.

13-digit alphanumeric IED display for
readout of measured data, input and
output of setting data and output of
error messages.
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Ref.
No.

Labelling

Function

Display flashes 1f the operating
range 1s exceeded at either end or
in the case of coverload.

ARBEI TSEEREICH
OPERATING RANGE
creaees dB (V)

Analog level indication over selected
operating range.

LED array conslsting of 31 LEDs, with
one individual LED each for indication
if the operating range is exceeded at
either limit, and three 3-digit
T-segment displays marking the
beginning, centre and end of the
selected demodulator operating range.
The LED row displays the voltage level
at input 45 in dB (WV) over all the
opaerating ranges selected by means of
23 .

CAL.

Key which initiates calibration
processes:

- pressed momentarily {< 3 s):
testing and, if necessary,
correction of level and frequency
offset calibration;

- held down (> 3 s):
measuring and storing the RF
frequency responge, IF bandwidth
corrective values and demodulator
characteristies.

During the calibration processes the
LED BUSY 6 1is on,

For details see section 2.3.7.

i

STO RCL

Keys for storing (STO) and recalling
(RCL) complete device settings.

S5T0 1 to % and BCL 1 to 5 cover the
device setiings and data for automatic
frequency scanning,

STC 6 to § and RCL 6 to 9 cover only
device settings {(no frequency scanning).
STO @ is not possible; RCL ¢ selects

the basic setting of the receiver,

For detalls see section 2.3.14.

CLR

Key for clearing the last mumerical
entry via 22 .
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Labelling

Function

ENTR

Key for issuing a transfer command
after completion of the data entry
{key functions 26, 27, 29,
20, 31, 24, 37 engraved in
red).

TALK

Key to initiate data output on a
printer if the automatic frequency
scanning mode of the ESH 3 is not
switched on. The printer must be set
to LISTEN ONLY, It is comnected to
the IEC-bus ocutput 57 . The ESH 3
mist be set to TALK ONLY by means of
56 .

Mz

6-digit display of current receiver
frequency.

Analog display of freguency offset of
simiscidal input signal, which lies

in the IF passband, from the receiver
centre frequency. LED array consisting
of 16 LEDs plus a LED for indication
of centre freguency tuning (positive
offset: indication to left of centrel.
The centre of this analog display is
calibrated as part of the automatic
calibration process initiated by 15 .

ABSTIMMUNG
TUNING
ARGESCHALTET
DISABLED

Enob for quasi-continucus setting of
receiver frequency in 10- and O.1-klz
steps. This knob is disabled if the
LED DISAHLED lights (disabled by means
of the keys 28 and 25 and in remote
operation: LED 24 lights up).

NETZ
POWER

Power switch.

REMOTE
LOCAL

the LED REMOTE is lit all the while the
ESH 3 is remote-controlled via the
IBC-us connector 57 . The REN line

is in the REMOTE state.

Unless a Local Lockout command has been
issued the REMOTE state can be
interrupted during the program by
pressing the IOCAL key., The next
addressing operation by the IEC-bus
controller restores the REMOTE state.
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Ref,
No.

labelling

Function

ABLAUF
SCAN

On/off key for automalic scanning.
The LED lights up to indicate that
the engravings on the left-hand side
{dark background) apply to the entire
row of keys 26, 27, 28, 29,
20 and 31 . '

MAX. PEGEL
MAX. LEVEL

Key with two funciions:

a) LED 25 BSCAN is not on.
The receiver frequency is increased
at each push of the key by the
amount selected with key 29 . If
the key is held down the key
function is repeated automatically.

b) LED 25 SCAN is on. The upper
level limit for automatic scanning
which is essential for setting the
cutput to an XY recorder can be
called up and entered (see section
2.%,19). For data transfer, key
18 FENIR is pressed.

MIN. PEGEL
MIN. LEVEL

Key with two functlions:

a) LED 25 SCAN is not on.
The receiver frequency is decreased
at each push of the key by the
amount fixed with key 29 . If the
key is held down the key function
is repeated automatlically.

b) LED 25 SCAN is on.
The lower level limit essential for
the detection of signals and for
setiing the output to an XY recorder
when using automatic scanning can
be called up and entered (see
sections 2.3.16 and 19). For data
transfer, key 18 ENTR is pressed.

i0G
STEP kHz
g,1

Keys with two functions and two LEDs:

a) LED 2% SCAN is not on.
The keys are used for selection of
the step size of the pulse from the
pulse generator 22 . If the same
key is pressed again the pulse
generator 22 is switched off,

b) LED 25 SCAN is on,
By pressing the RUN key frequency
scanning, in accordance with the
current data setising, 1s initiated.
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Ref.
No.

Labelling

Function

A figure F (1 to 5) + RUN initiates
scanning according to the data
stored via 3TC F. Several figures +
RUN initlate scanning of several
subranges. At a single pash of the
STOP key frequency scannling 1s
stopped. Data settings can be
changed and scanning can be continued
by pressing the RUN key again., If the
STOP key is pressed agaln, freguency
scanning is discontinued. If the
RUN key is pressed again, scamning is
resumed at the start frequency.

k2

SCHRITIW. SCHRITIW.
STEP SIZE STEP SIZE

Key with two functions:

a) LED 25 SCAN is not on.
By pressing this key the step size
of the frequency variation {(hy
means of 26 and 27 ) is called
up and keyed in. For data transfer,
key 18 ENTR is pressed.

b)Y LED 25 BSCAN is 1it.
By pressing this key the step size
in automatic scanning can be called
up and entered. For data transfer,
key 18 ENIR is pressed.

FREL
STOp FREC.,

Key with two functions:

a) LED 25 SCAN is not on.
By pressing this key the recelver
frequency can be keyed in via the

numerical keyboard. For data transfer

press key 18 ENTR.

b) LED 25 SCAN is on.
By pressing this key the stop
freguency of the automatic scan can
be called up and entered. For data
transfer, key 18 ENTR is pressed.

fsmarm

LED 25 SCAN is not on - nc function,

)
b) LED 25 SCAN 1s on.
By pressing this key the start
frequency of the auitomatic scan can
be called up and entered. For data
transfer 18 ENTR 1is pressed.

@ ]
« W 0
1\ ON\D

Keyboard for entry of numerical values
for the funetions of: 11 , 16, 26,

27, 29, 0, 21, 2. 37.
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fanction

2
=

ARBUITOBEREICH
OPLE, RALGE

20 ap
4G 4B
‘ A0 4B

LEDSs plius selector switch for the
operating vange of the olos indi-
cation 14. The steps of nubomatic

attenuation setting by means of
are set together with the operating
range (see section 2.3.6).

ARERTGEABTY
DIOYLAY
TIE

Key for

ror the W\”“a“lﬂr tine
aosociated LED lights up, The dinnlice:
time ie alweys greater or eounl to Lho
o

reasuring tinme set uoing 37,

LEDs plus selector switeh for the
indicating modes: average value, peal:
velue, interference nensurement
gseccording to CILSPR, brosdband iuter
ference nessuremant occorvding to HIL
atandards,

In the 1L indicating wmode the veak
value ir @B {(uV/MHz) is read out.

.~
jo2

HAX, M

i

m/off uthch for special indicating
mode FAX, FIH, which permits the zrupe
of veriation of the BF invut level to
he determined. Marirmup: and mindow: ooe
deternined frowm in fiv1uua? LG b
within the meassuring .

of 27, and indicated uld@ bv sice. The
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Ref.

No,

Labelling

TManction

REM, FREQ.

GEN. AUS
GEN. OFF

f = receiver centre frequency) is
switched on.

b} Remote frequency measurement. The
ESH 3 operates as a tunable,
active filter. The generator output
44  delivers the FF input signal
which 1s filtered zccording to the
selected IF bandwidth and has an
BMF of 86 ¢4B (V) for comnection of
a freguency counter. The receiver
functions as in the GEN. CFF mode.

¢} The generator output 44 is
switched off.

LIN.
TEST

Cn off switeh for linearity test.

To check the linearity of the RF and
IF stages of the ESH 3 the IF
attenuation is increased by 1 4B

(with average- and peak -value indica-
tlon) or 10 &B (with CISPR and MIL
indication}. The actual RF atteruation
is always read out on display § .

LED 39 lights up if the RF
attenuation is increased. If automatic
attenuation setting is selected by
means of 4% the difference is
automatically Indicated after two
consecutive measurements. If manual RF
and IF setling is selected by means of
40 only the result is indicated. The
additicnal attenuation can be switched
off or on by pressing key 29 .

Key with two functlions for manual
setting of the RF and IF attenuation.

a) Switches over from automatic
attenuation setting mode 43 +to
manual BF attenuation,

bl Switehes over from manual BF %o
marmual IF attenuation sstting mode
and vice versa. The 1BDs indicate
whether the RF or IF attenuation can
be varied by means of 41 . The RF
attenuation 1s read out on display § .
The IF attenuation can be selected
in accordance with section 2.3.6.
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Labelling

Funection

Keys for manual increase {+} and
decrease (-) of RI' or IF attenuation
selected by means of 40 ., If the
key is held down the keying is
repeated automatically.

LOW
NOISE

oW
DIST.

Selector swltch for low-noise or
low-distortion measurement, For low-
distortion measurement the IF
attenmiator setting is always 10 dB
less,

For details see section 2.3.6,

AUTO

Key for switching over from manual
to automatic RF attenuator setting
with low-nolse or low-distortion IF
atteruation setting depending on 42 .

Generator output (BNC socket) for

twoport or remote-frequency measurement.

The function depends on the mode of
operation selected by means of 38 .

RF input socket (BNC). Do not exceed
maximum input voltage stated in
section 2.3.1.

Socket (4 mm diameter) for earth
conneciion.

ANTENNA CODE

12-pole supply and coding socket for
connection of active or passive test
antennas ‘probes,

Outputs: +10 V, -10 V {(max. 50 mA).
Coding input to set conversion factor
and quantity to be measured {see
section 2.3.15}).

Z8 /IR
30 KHz

BNC output socket for the 3rd IF of
30 kHz. EMF at maximum analog reading:
approx. 2 V; Zoyt = 1 k&L

75 MHz
7RIR

BNC output socket for the lst IF of
75 MHz, Gain relative to BF input with
0 dB RF attenuation: 9 +3 dB;
Zout = 50 Q.
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Ref.

Ne,

Labelling

Function

.@AM

BNC ocutput socket for the demodulated
AM signal. EMF at 100% modulation
depth: 1 V; Z,,¢ = 10 K&,

B

BNC output sccket for the demodulated
FM signal, BEMf at +5 kHz frequency
deviation: +0.5 V5 Zg,4 = 10 K&,

CISPR G.

BNC output socket for level recording
voltage welpghted 1in accordance with
CISPR; output cirouit includes a low-
pass filter for simulation of panel-
meter response., IME at maximum analog

reading: approx. 2 Vi 2. = 10 k&,

BNC output socket for level recording
voltage in the indicating mcdes AV.,
PEAK and MIL., EMF at maximum analog
reading: approx. 5 Vi Zout = 10 k.

BNC output socket for frequency offsset
recording voltage. EMF at +5 kHz fre-
quency offset: +5 V; Zout = 10 ki3,

BNC input socket for external reference
frequency of 5 or 10 MHz.

al switch for

Iinternal reference:
Left-hand switch up

External relerence:
5 MHEz: left-hand switch down
right-hand switch down

16 MHz: left-hand switch down
right-hand switch up

ADDRESS

TALK ONLY

Address selector switch for remote
control of the ESH 3 in accordance
with IEC 625 (IEEE 438)

a) TALK ONLY switch in position O:
the ESH 3 can be remctely operated
via a bus controller.

b) TAIX ONLY switch in position 1:
the ESH 3 can send data to a Listen
Only device,
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Ref, Labelling Function

No,

57 IEC 625 HUS 2U-way socket for remote control of
the ESH 3 in accordance with IEC 625
(IEEE 488). See section 2.3%.21.

58 XY RECOHDER 24-way socket for controlliing XY or
YT recorders or up to five
Radiomonitoring Hecorders 7ZSG 3.
See section 2.3.10.

59 P20 V~ TIB 235 U~ Voltage selector and fuse holder

115 Var T2D 1265 Y~ containing spare fuses.
60 47...420 Hz AC supply receptacle.
2.2 Preparation for Use

2.2,1 Setting up the Recelver

The following sections describe the envirommental conditions reguired or to

be avoided.

2.2,1,1 Operating Positicn and Ambient Light

The normal operating position of the ESH 3 is horizontal. When using the

receiver in the laboratory 1t is advisable to set it up on the legs provided

on its bottom cover, for easy operation on the work bench and reading convenience.
Operation in any ofher position, however, does not affect its performance. Pright
amblent light, in partlcular sunlight naturally makes reading the LED displays

on the front panel more difficult. The front panel should therefore be screened
off from bright ambient light.

2.2.1.2 Temperature and Condensed Molsture

The ESH 2 compiies with the provisions of the IEC 359 safety class I regulations,
The temperature range within which the performance specifications of the ESH 3
are valid is +5 to +45 °c. Tne receiver - desplte its complexity - is a low-
power design so that special cocling measures were not called for. Nevertheless.
adequate convection of the surrounding air should be ensured, above all when

mounting the recelver in a rack. Alsoc, the recelver should not be continually
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sxposed to bright sunlight. Higher temperatures increase the failure rate of the
component parts and the self-discharge of the Ni1Cd batiery which is essential
for the data storage in the CMOS RAMs. Since the ESH 3 contains high-

impedance ¢lrcuits condensation should be avoided during its operatlion. Since
this is not always possible, in particular when a cold receiver is moved

tc a warm vroom with a high relative humdity, some time should be allowed

for before switching it on after condensed molsture has collected.

2,2.1.% Vibration and Low-frequency Magnetic Flelds

The ESH 3 contains several varactor-iuned phase-locked oscillators. Strong
magnetic fields and heavy vibration may cause the sideband nolse of these
oscillators to worsen. If exposed to vibration over extensive periods of
time the failure rate of the receiver may go up considerably. Receivers used
permanently or frequently in vehicles or on planes should therefore be set

up with shock absorbers to minimize vibration.

2,2,1,4 FRF Fields

Thanks to the excellent screening of the receiver, RF fields up to 10 V.m
have no effeet. It should, however, be borne in mind that the wideband

active test antennas start to overload just above this field strength.

2.2.1.5 Earth Connection

For normal requirements, earth connection via the non-fused earthed conductor
of the AC supply receptacle 60 (Fig. 2-12} is sufficient. In scme instances,
an additional good conductor between the ground and the earth socket ﬁé may

make a noticeable improvement in the earthing,

2.2.1.6 Mounting the Recelver in a Rack

The ESE 3 can be mounted in a 19" rack. To do so, the cover panels of the

receiver must be unscrewed, which is best done in the following order:
- Unscrew the upper and the lower cover of the cabinet.

- Remove the side strips (with the recessed grips) from the front and the

rear panel.

- Unsecrew the aluminium sections on the left- and the right-hand side of

the rear panel.

The front-panel screws for fixing the side strips can then be used for
screwing the ESH 3 into the rack.
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212.2 Power Supply

P.2.2.1 AC Supply Operation

The ESH 3 complies with the safety regulatlons, in accordance with safety
class I of VDE 411. Safety class I defines that the AC supply circults must be
insulated during operation and all accessible conductive parts of the device
which may lmmediately carry voltage in case of a falliure must be reliably and
permanently connected to each other and to the non-fused earthed conductor.
The power plug should, therefore, cnly be connected to an sarthing-contact
type power outlet. If a separate earth terminal is provided, it must be perma-

nently connected to a non-fused earthed conductor.

The ESH 3 1s designed for operation from AC supply voltages of 115V, 125 V,
220 V and 235 V, It is adjusted at the factory for operation from 220 V. To
adapt it for operation from another AC supply voltage, unscrew the fuse holder
from the voltage selector 59 (Fig. 2.12), 1ift off the cover plate and re-
place such that the appropriate fuse can be Inserted for the desired voltage
{marked). The receiver is now ready for operation from the new voltage., The
fuses for all the AC supply voliages which can be selected are contained in
the voltage selector.

For 115 and 125 V, a fuse type T2D DIN 41571 and
fer 220 and 235 V, a fuse type TIB DIN 4157% is required.
The connection o the AC supply is made via the AC supply receptacie QQ.

AC supply voltage variations of between -15% and +10% of the nominal value do
not affect the performance. Wider varlations should, however, be prevented,
otherwise a transformer or regulator must be connected to the input of the

test assembly.

2.2.2.2 DBattery Operation

The ESH  has no battery input. Battery operation 1s, therefore, only possible
via a sinewave inverter which suppiies cne of the four voltages for which the
ESH 3 is designed. Sinewave inverters are available from various manufacturers.

A supplier is named in the Technical Information.

2.243 Switching on

After adJusting the recelver to the avallable AC supply voltage and connecting
it to the mains, switeh on power switch 23+ Upon switch-on, and if the NiCd
battery for the bullit-in CMOS RAM is still charged, the recelver wakes up with
the same sebttings 1t had before it was switched off, but a minimum RF attenua-
tion of 10 4B is always cut in.
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Upon switch-on, the following readouts are obtained on display 13 in the order
listed:
lst R&S ESH 3
2nd  VERSION 2.0 {Version of the firmware used)
Frd  BUS ADDR 17  {IEC-bus address set at switch 56;
in the Talk Only mode, BUS ADDR TON is read out)
4%h  CAL. CHECK {Quick calibration)

The ESH 3 is then ready for operatlon.

2.2.4 Muneticnal Check

The basic setting of the ESH 3 is obtained by pressing the key RCL (i6) and
g (32}

Demodulation 4 A3

Attenuation 42, 43 AUTO, LOW NOISE
IF bandwidth 5 10 kHz

Mode 38 GEN, OFF
Readout 9 dB {...)

Speeial functlon 11 {no speecial function is switched on;
see section 2.3.1%)

Indicating mode 35 AV,

Max. Min, 36 Switched off

Meas. time 37 0.1 s

Operating range 33 60 dB

Display time 34 C.1 s

Scan 25 Switched off

Frequency 1.0000 MHz (adjustable by means of 22 in

0.1-kHz steps)
The baslc setting can be used instead of IEC-bus instructions (see Table 2-11).

By pressing the key CAL 15 for a short time (£ 3 s}, level and frequency offset
measurements are calibrated., Instead of a measured valve CAL. CHECK is displayed.
The analog level indication (zbove 13) reaches the right-hand end of the IED

row 14 and the offset indication 21 is in the centre of the LED row. The cali-
bration process is terminated in less than a second if it proceeds without
finding a fault. If not, an error message is output. By switching the ESH 3

off and back again, it is reset to its uncalibrated state.

By pressing key 15 for a longer time (> 3 s), the level measurement over the
entire frequency range and all the IF bandwidths and operating ranges 33 are
calibrated. This calibration process takes about 30 s. Here too error messages

are output in the case of any malilfunctions.
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For checking the level callbration, the E3H 3 can be switched over toc the ope-
rating mode TWOPORT 3B . A short connecting cable between the generator osutput
GEN, 44 and the RF input 45 introduces an attenuation of < 0.2 dB over the
entire frequency range. The indication of small attenuation values may be slight-
ly different from the actual value but the error will generally be less than

0.5 dB.

A thorough performance check can be carried cut by reference to section 3,

2e Operating Instructions

2.3.1 Conneetion of the Voltage to be Measured

The RF voltage toc be measured 1s connected to the RF input 45  via a 50-0
coaxial cable. The input impedance of the receiver is 50 (I. The ESH % permits
sinewave and pulse voliages to be measured over the @ kHz to 30 Mz frequency
range. The maximum permissible sum voltage of all the signals applied to the
input socket of the recelver in the voltage that will not cause any permanent

damage, depends on the RF attenuation, the RF bandwldth and the frequency.

2.5.1.1 Sinewave Signals and DC Voltage

The sum voltage must not exceed 3 V into 50 0 within the RF bandwidth with an
R attenuation of O dB. If the RF attenuation is greater than 10 dB, the
broadband sum voltage must not exceed 7 V into 50 {2, Since no IC voltage
isolatlon is provided at the input to the RF level switch, no IX voltages
above 7 V must be applled either.

2.5.1.2 Pulse Jipnals

The sum voltage must noet exceed 3 V into 50 0 within the RP bandwidth with an
AF attenuation of O dB. This corresponds to a maximum pulse spectral density
of 0.6 V/MHz within the widest RF bandwidth provided (5 MHz). An attenuation
of 10 dB can be connected {see section 2.3.6) to prevent the RF attenuation
0of O dB from belng switched on by the operation of the autoranging cirecuit,

The maximum permissible pulse energy is 1 mWs (milliwatt-second) into 50 &
with an RP attenuation of 2 10 dB; i.e. a voltage surge of, say, 100 V must
not last any longer than 5 us,

If these values are exceeded, the input attenuvator, RF filter or the input
mixer may be destroyed. To prevent this, use of ESH 2.Z11 and ESH 3-72 is

recommnended.,
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2.5.2 Frequency Setiing

The frequency of the ESH 3 can be set in three different ways, not including
automatic scanning:

@ By means of the control knob 22 in 10- or O.l-kHz steps, The step
size is fixed Ly means of the pair of keys §§ . By pressing one of
the two keys twice, the tuning kneb is switched off; the LED
DISARLED 22 lights up.

® By pressing the keys + 26 and - 27 . At each push of these keys
the recelver frequency 1s increased or decreased, respectively, by

the amount fixed by the key STEP SIZE 232 . If 26 or 27 is held

down the keying 1s repeated auvtomatically.

] By numeric entry. By pressing the kKey FREQ. 20 the current
frequency 1s read out on the alphanumeric display 13 in MHz. Now

a new frequency can be entered via the keyboard 32 .

The recalling of front-panel settings stored by means of the S3T0 key can be

considered as a fourth way to set the freguency.

2.3.2.1 Automatic Frequency Scanning

A specilal feature of the ESH 3 is automatic frequency scanning:

By pressing the key SCAN 25 the engravings to the left of the keys 26 to
21 (darker background) are applicable. Now the start and stop frequencies,

as well as the step size, for automatic scanning can be selected. The key MIN.
LEVEL 27 determines the lower level limit from which signals are scanned.
Tne key MAX. LEVEL gﬁ permits calibration of the ¥ axis for output to an

T,

XY recorder. Butcomatic scamning is triggered by pressing the key RUN §§ . To
interrupt automatic scanning it is only necessary to press the key STCP §§ .
The front-panel settings can then be altered. Automatic scanning is continued
from where it has been interrupted by pressing the key RUN §§ again. An
automatic scanning cycle that has not been completed may cause the ESH 3 to
act in an unexpected way. A scanning cycle should, therefore, always be
terminated by pressing the key STOP §§ twice, if the results of a current

operation are no longer required.

By storing several sets of scanning setiings using STO 1 to 5 it is possible
to arrange for several automatic scanning processes to follow one another.
Start and stop frequencies can be set to overlap; between the individual

subranges, ranges can be skipped. When driving Radiomonitoring Recorders type
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7Z3G 3, the minimum levels {ihreshold levels) set for the individual subranges
may also differ., For starting multiple-range scanning, the figures 1 to § for
the range settings (storage locations) and the key RUN 28 must be pressed.

For detalls about ocutput to recorders see section 2.3.19.

Frequency steps in a constant ratio {logarithmic) are particularly lmportant
for automatic seanning in interference measurements, The special functions 52
LIN STEP and 53 LOG STEP permit individual selectlon of scanning rarges with
frequency steps in a constant number of Hz (linear) or ratio. The special func-
tiont 53 is used to automatically enter the menu for STEP SIZE in #. For reasons
of simplicity, the ESH 3 rounds the values off to steps of 100%, 50%, 25% to
0.01%. The switchover 53 <—> 52 automatically clears the step size memory.

Special function 91 counslderably speeds up automatic frequency secanning. The
minimum level controls the RF and IF attenuation sueh that the IF attenuation
corresponds to the LOW NOISE setting and the RF attenuation sets the minimum

level to the lower end of the 60-dB operating range which is automatically se-

lected 1in this case. At each selected frequency, the processor checks after a
single conversion whether the minimum level 1s exceeded, If so, the measuring
time set becomes effectlve and the measured value 1s output. Only the indicat-
ing modes AV., PEAK and MIL are permissible, in the CISPFR mode, the PEAK indi-
cating mode ls selected.

2 e Selection of the IF Randwidth

The IF bandwidth 5 is selected according to the modulation bandwidth of the
signal to be received:

- 10 kXHz for AM broadoast signals

-~ 2.4 kHz for SS8B slgnals

- 500 and 200 Hz for telegraphy reception, etc.

and the required adjacent-channel suppression. For measuring the carrier of

AM signals, the 500-Hz bandwidth, for example, will also do.

The IF bandwidth is predetermined by the following functions:

CI3PR with f <IB0 KHZ 4 ¢ ¢ 4 4 4 5 & o ¢ 4 &« s B, =200 Hz
recelver I

CISPR with ¢ >I50 KHZ 4 4 4 6 6 s ¢ o ¢ s 4 & o« B =10 kHz
recelver - IF

A}J - - - - - L - L - * - » [ ] . - L] a L ] L] - - L] » 1 L] L] - B}:F = 2 L j‘" kHz -

These functions automatically - as shown above - select the IF bandwidth. Upon
any attempt to change the bandwidth, the ILED next to the funetion that is caus-
ing the bandwidth to remain fixed, e.g. the LED "CISPR", flashes for about 3 s,

Use of the 200-Hz bandwidth for measuring sinewave signals may introduce an

additional measuring error of < 1.5 dB because of tuning in 100-Hz steps.
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The 200-Hz bandwidih is preferable for measuring attenuation > 90 dB on two-
ports. But it is also possible to select other bandwidths in order to also be

able to measure with shorter measuring times.

The bandwidths of 5 correspond approximately to the £-dB bandwidths. The exact
values and tolerances are specifiled in the Technleal Information. The effective
selectivity of the individual filters can be seen from Fig. 2-1 and resuits

rom the IF selectivity characteristics of the filters used and from the side-
band noise of the oscillators in the receiver., The effective selectivity of the
500~Hz and 200-~Hz bandwidths can be enhanced by replacing the 500.Hz filter
with a compatible 500-Hz filter of similar design but with a higher skirt se-
lectivity (IN 303.9001). The replacement is very simple.
?dBm 7 : '
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Fig., 2-1 Effective IF selectivity

2.3,4 Selection of Indicating Mode

Key 35 is used to select the type of rectifier for the level measurement,

The foliowing indicating modes can be selected:

AV, - the mean value of the input signal, more exactly, the llnearly averaged
value of the demodulated voltage at the output of the envelope demodulz~-
tor, calibrated in the rms values of an unmgdulated sinewave signal.
tlence, with an uwmcdulated sinewave signal, the exact rms value is indi-
cated, and with a symmetrically modulated AM signal, the rms value of
the carrier. For more details about the influence of the modulation
see section 2,4.1.2, The rms-value indication is used for measuring

sinewaves with non-suppressed carrier,
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PEAK -

CISFR -

the peak value of the input signal, more exactly, the maximum demodu-
lated voltage at the output of the envelope demodulator calibrated in
the rms values of an unmodulated sinewave signal from which the same
rectifled voitage is obtained. Basically, the average and peak values
of an umodulated sinewave signal should give the same indication. The
actual indications differ because the noise voltage at the output of
the demodulator is welghted higher in peak-voltage measurements than
in average-value measurements {see section 2.4.1,1). The peak-value
indication is used for measuring the power of keyed carriers and the
peak power of AM and 33B emissions.

the quasi-peak value of the input signal with pulse weighting in
accordance with CISPR Publ., 3 or 1. This indicating mode 1s identical
with the indicating modes lald down 1in VDE 0876 for radioc interference
measurements according to VDE 0875. Since welghting according to

CISPR 3 and CISPR 1 1s defined in non-overlapping frequency ranges,
welghting and IF bandwidth are automatically determined by the receiver

frequency:

freceiver = 10 to 145.9 kHz: weighting according to CISPR Publ. 3
operating range 20 4B
IF bhandwidth 200 Hz

freceiver = 150 kHz to 30 MHz: weighting according to CISPR Publ. }

operating range 20 dB
IF bandwidth 10 kilz

(The typical value of the 10-kHz IF bandwidth is 9.5 kHz which complies
exactly with the requirements laid down in the Appendix of CISPR
Publ., 1.)

The time constant of an analog meter enters into the design of the
pulse welghting in accordance with CISPR. The meter is simulated by
a network with the same time constant. As a result, the response of
the analog indication 14 approximately corresponds to that of a
mechanical meter,

{n accouni of this meter time constant and the charglng and discharging
time constant of the weighting cirecuit, settiing time must be allowed
for every new frequency and level sebting before a valid test result
can be obitained. It is, therefore, pointless to select a measuring

time of less than 1 s (by means of MEAS, TIME 37) for radio inter-
ference measurements according to CISPR, above all for automatic

measurements.
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MIL -

the peak value of the input signal as for PEAX, but as pulse spectral
density: that is, wlth a different unit. The designation MIL
originates from the American MIL (Military) Standards,

The pulse amplitude is for an IF bandwidth of 1 MHz because the

pulse amplitude at the output of the IF filter is directly
proportional to the pulise bandwidth of the filter, as long as the
pulse frequency is low enough that the individual pulses at the output
of the filter do not interfere with one another. The measured result
is therefore indicated in WV, MHz, mV/MHz and dB(UV/MHz) and the peak
value PEAK is increased by the bandwidih factor

1 MHz 1 MHz
— QP 20 log e
Bry Bry

This bandwidth factor is

for Byp = 10 kHz  {(more precisely, 9.5 kHz)} . . 105.3 or 40.% dB

2.4 ¥Hz  (exactly 2.6 kKHz) . ., . . . . 384.6 or 51.7 dB
0.5 kHz {(exactly 0.63 WHz)} . . . . .1587.3 or 64,0 4B
0.2 WHz {exactly 0.20 kHz) . . . . .5000 or 74.0 4B

Pulses of a very low repetition frequency (FRF < 50 Hz) would bring
about approximately the same result with all the IF bandwidths as long
as the HF input is not overloaded. Real pulse interference may contain
more or less high pulse frequencles. Moreover, the individual pulses
are often not correlated with each other but stochastically distributed
over itime. This may under certain circumstances considerably inecrease
the Indication in uV/MHz or dB (UV.MHz) when switching over to the next
lower bandwidth. In the most adverse case {where the interference has
the characteristics of white noise) the indication is increased by the
reciprocal of the square root of the IF bandwidth ratio.

Increase = "\ / %ﬁ&.ﬁgfkim_ or 20 1oz BIF wide = 10 log Brr wide
Brp narrow BIF¥ narrow Bre narrow

In each case, the result obtained with a bandwidih of 10 kHz is closest
to the actual value of the interference. The 10-kHz bandwidth is a test
bandwidth in compliance with the requirements of MIL standards.

If narrow-band interference (sinewave signals) is present in the noise
spectrum the best way to defect it is to switch over to average-valie
indication.
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The following diagram shows the difference in the welghting of pulses
with the indicating modes AV,, CISFR and PEAK or MIL as a function of
the pulse frequency: {IF bandwidth 10 kHz).

SRR FLL (e g { o PEAK(MILY o
07 T =y 3 IS NT TN EEE TS
N 3 o R B J ol e S Sl o B
T
20 Jf.:J 
B EREL
[T
i
60
80 A
1 0 100 1000

st T fHZ

Fig, 2-2 Difference in pulse weighting with the indicating modes
AV., CISPR and PEAK or MIL

This diagram shows that the average-value indication heavily
suppresses pulses up to relatively high pulse frequencies while the

full amplitude of sinewave signals is indicated.

MAX,MIN.- the range of variation of the input signal.
Single measurements at 100-ms intervals {i.e. the measuring time for
the single measurement is 100 ms irrespective whether AV., PEAK,
CISPR or MIL is switched on) are carried out in the selected MEAS,
TIME 37 {0.2 to 1000 s). The highest (MAX.) and the lowest (MIN.)
test result are at the end displayed together side by side. If the

indication of the unii would otherwise run off the end of the
1%-digit alphamumeric display 13 , it is abbreviated (e.g. dB where
stands for the unilt which would be indicated without MAX.-MIN.
measurement). To find out the actual unii you therefore Just switch
off MAX. MIN. 36 for a short time. The indicating mode MAX. MIN.
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2«5-5

can be combined with any of the indicating modes AV., PEAK, CISPR
and MIL.

Since 1t is not possible to take measurements while the setting of

the RF level switch is being changed, fixed RF and IF attemuation

{ 40 ) valves are selected in the MAX. MIN. indicating mode. Hence,
the user must make sure that the operating range of the analog
indication is not exceeded during the measurement. With the indicating
modes AV., PEAK and MIL it is, therefore, best to select the 60 4B
operating range. After each alteration of the front-panel settings

the measurement starts again from the beginning., If the coperating
range is exceeded the display flasghes.

Selection of the Operating lLevel Range

The selection of the operating level range has the following consequences:

a) The range of the analog indicatlion Eﬂ is determined.

b) The coverage of widely varying signals without the need for attermator

switehing is ensured over wide operating ranges (40 and 60 dR).

¢) In a wide operating range the signal-to-noise ratio of the test and AT

demodulators in the proximity of the maximum analog indication is higher

than in a narrow operating range.

d) With automatic RF attenuator setting, the level switch step size increases

with the operating range., The relationship is as follows:

Table 2-1

Cperating range Level switch step size
daB 4dB
20 10
40 20
60 30

Moreover. the switchover hysteresls and, as a result, the range of analog

voltage at the A D converter input 1s Increased with automatic attenuator
setting (key AUIC 4% depressed):
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Table 2«2

Uperating range Range of the analog‘voitage
below the max. analog indica-
tion

db aB

20 -12 to ©
40 -25 to O
60 B0 to O

For automatic frequency scamning with large level Jumps it is advisable to

use as wide as possible an indicating range to minimize setting time.

e) The maximum measuring accuracy slightly decreases with increasing operating
range. The uniformity of the logarithmic level conversion is corrected by
the overalil calibration of the ESH 3 according to section 2.3.7 but the
measuring accuracy is some tenths of a decibel higher in the 20-dB range

than in the 40~ and 60-dB ranges.

f) The error of the average-value measurement increases with rising modulation

depth in the operating ranges 40 and 60 dB (see section 2.4.1.2).

g) In the CISPR indicating mode the 20 dB range is automatically selected

{zee section 2.%.4).

2.3.6 Setting of Attenuvation and Measurement Ranges

The attenuator (RF level switeh) built into the ESH 3 permits attenuation to be
gset over the range O to 140 dB. A 1-4B attenuator pad can be cut in or out, as
desired for checking the linearity. In addition, the 3C-kHz TIF amplifier
cireuit is switchable in 10-dB steps and permits IF attenuation between O and
40 dB, With this and the 20, 40 and 60 dB operating level ranges, signals can
be measured over the entlre measurement range specified in the Technical
Information (-30 to 137 4B {uV}).

2.3.6.1 Mamual Setting

The RF and the IF attenuation can be set in steps using the key 40 and the
palr of keys ﬁi . It should, however, be borne in mind that the IF atteruation
must not be too low (high noise voltage) nor too high [if high-level signals
are simultanecusly applied giving rise to intermodulation products, ete.), The
RF attenuation 1s displayed on 8 . The IF attenuation I can be determined

from the lower limit Aj of the analog indication 14 and the RF attenuation R:

T/dB = Ay + 30 - R.
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Example: RF atteruation R = 50 dB; lower limit of the analog indication
Ay = 40 dB (UV). Accordingly, I = 20 dB.

A hint for rapid determination of I: 1f R = Ay,
I = 30dB,

If the key LIN., TEST 39 is pressed with manual attenuation setting the
1-dB attemuator pad is continuousiy in circuit, From the change in the level
indication the user can recognlze whether any non-linearity exists and must
then cut off again the 1-dB attenuator pad. If there iIs no change in the
level indication the signel level is in general not overloaded. The LED
OVERDRIVEN 7 does not light even in the case of an obvious non-linearity
unless one of the overload detection circults indicates that a certain stage

1s overloaded (see functional diagram 335,8017 FS in the Appendix Vol. II).

2.3.6.2 Automatic Setting {Autoranging)

The RF attenuation is automatically set 1f the key AUTC 43 is pressed, the

IF attenuation being fixed in steps determined by the OPERATING RANGE 33

(gee section 2.3.5). The attenuation is always set such that the analog voltage
at the input of the A'D converter lies in the upper half of the analog
indicatien.

This is the range in which the signal-to-noise ratio is highest and, as a

result. the measurement is more accurate.

The value of the IF attenuatlon is determined by the position of the key ﬂg
and by the IF bandwidths and the indicating modes.

The following table lists the IF attenuation values with the key 42 in the
LOW DIST. position, that means as high as possible an RF attenuation so that

the input mixer is supplied as low as possible a sipnal level.
In the 1LOW NOISE position, all the IF atienuation values are 10 dB higher.

Table 2-3 IF attenuation values in the IOW DIST position

) ) , Indicating mode

IF bandwidth ‘kHz AV. PRAK CISPR MIL,
0.2 20 10 10 1o
0.5 20 20 20
2.4 20 20 20
10 20 30 20 >0
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The 1LOW NOISE position is preferable for messurements in simple situations
because of the higher measuring accuracy. For measurements with very high
interference levels and low signal levels the LOW DIST. position should be
chosen, likewise for broadband interference measurements according to MIL
and with an perating range of €0 dB. In the LOW NCISE position, the TF
attenuation is reduced by 10 dB if the minimum RF attenuation is reached and
the analog value falls beleow the minimum specified in 2.3.5. This corresponds
to the LOW DIST. position. Wnen the signal level goes up this IF attenuation
will be cut in again lmmedlately.

With average indication the IF attenuation is independent of the IF bandwildths
in order to get the same precision of measurement for narrow and wide IF band-
widths with short measuring times., If the minimum RF attenuation is preached.

the IF attenuation is reduced in 10-dB steps to the following minimun values:

BIF/RHZ G.2 0.5 2.4 10

IF atten,/dB 0 He 10 20

With automatic attermuailon setting two measurements are always initiated for
each test result when the key LIN. TEST 39 is pressed, the MEAS. TIME 37
applying to each single measurement, The result MiI of the measurement without
the additional attenuator pad is indicated in the lefthand section of the
display 135 and the difference M2 - M1 (M2 = test result with additional
attenuator pad) in the righthand section of the display 13 (indlcation
always in dB!).

Example: 51.8 dp* +0.2

The cause of a positive difference could be a desensitization of the input
stages of the ESH 3 and the cause of a negaitlive difference could be that the
signal being indicated is a noise product that has developed in the ESH 3
{intermodulation, harmonics). Yhen neasuring field sirength the cause conld

also be inpus voltage fluctuations.

Yith the indicating modes AV. and PEAK the 1-dB attenuator of the REF level

gwitch is cut in for the LIH., THESE.

With the indicating modes CISPR and MIL a 10-dB attenuator is used ingiead
of the 1«-dB atienuator since differences beiween two measurements of the
order of 1 dB ere normal in the case of brosdband noise. Tor this reacoen o
1-dB ettenuator would be inanpropiiabte. The LED OVERLOADED lights up to
indicate non-lineazity. The limit for the detection of non~linearity is -
difference of »0.% dB with the 1-dB attenuator and a differcnce of >2 4B

with the 10~4B attenuator,

R 39599 - 2.25



At switch-on of the ESH 3 10-dB RF attenuation ie always cut in regardm
less whether manual or sutomatic attenuation setting has been selected.
Thie attenuvation is maintained as a minimum attenuation with automatio
attenuation setting wntil it ie et to C dB after pressing the RF.IF key
40. If now the key AUTO 43 is pressed again the last 10-dB attenuator

can be cut off., The 10-dB RF attenuation can be cut in agein as a protec-
tive measure with sutomatic attenuation setting by preseing the key "+" 41.

2.5.7 Calibration

The calibration processes for level and frequency offset measurements are

initiated by means of the key CAL., 1D :

a) If the key 15 is pressed for a short time (< 3 s) the calibration of
level and frequency cffset are recalibrated at 1 MHz. Subsequently, at
the frequency and bandwidth set the actual correction value is compared
with the correction value measured under b) and in the case of an un-
due difference an error message is output. If the level calibration
differs unduly from the correction value measured under b) recalibraw
tion takes place at 1 MHz (= reference frequency for the frequency
correction values). This brief calibration is intended to compensate

for gain drifts during operation.

b) If the key 15 is pressed for a longer time (> 3 ) an overall calibra-
tion process 18 initiated during which the required frequency response
correction values, the IF bandwidth correction values and the demodu-
lator characteristics (in 10-dB steps) are measured and stored. This
complete calibration replaces frequent recalibration upon each change
of fregquency and bandwidth and enhances the accuracy of the level
measurement while fully maintaining the high speed of the measurenment.
The correction values are constent over an extended period of time
and need not be reestablished every day. If a fault is found with the
hardware during calibration an error message is output.

If the caliibration values are lost for any reason, e. g. when the
ESH 3 is switched off during the oversll calibration process, all the
correction values are reset fto O and it is possible to continue with

ithe measurement, with a reduced accuracy.

2e3.8 Setting the Data Output

The unit of the data output on display 13 is set by means of the keys
dB (...) 9, dBm 10, SPEC. FUNC. 11 and V, A 12. The keys 3, 10 and 12
determine the unit for voltage, field-strength and RF current. The key

;E ......... 11 is dealt with in some detail in section 2.3.13.
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di(...)

dln

a}

b)

without test antenna/probe connected to ANTENNA CODE 47 ,
this key determines the unitis

-~ for the volitage level . . . . . . . . . . . . dBLvV
{in decibels above 1 u¥V)

- with indicating mode MIL 35
for the broadband interferenice level ., . . . 4BV Miz

- in the operating mode TWOPORT
for the amplification T e N
{attenuation is negative amplification)

with test antenna probe comnected to ANTENNA CODE &Z . this
key determines the units

- for electrical or free-space field

strength . . . . . ¢« « v o o oL 0w 0. . . dRVm
with MIL indicating mode . . . . . . . . . . dPLV mMHz
- for BF current . . . . . . 4 v v . .« v« . . dRIA
with MIL indicating mode . . . . . . . . ., . dRIAMIz
- for magnetic field strength . . ., . . . . . dBWAMm
with MIL indicating mode dRLA ‘mMHz

without test antenna connected to ANTENNA CODE 47 , this key
determines the unit

for the power level into 50 & . . . . . . . . . . . db
Since the undit dBm is to be used only for power

levels relative to 1 uwW, only attermiators or

amplifiers wilth defined power loss or gain may

be coded.

Fxample:r A resistive matching pad 75 /50 € is to be comnected and

the indication is to be in dBn, The conversion factor of
10 @B can be coded at the input 47 . Hence, the matching
pad must have a power attenuation of 10 dB. This would
corpespond to a voltage attenuation of 11,8 dB.
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a) without anterma connected to ANTENNA CODE 47 , this key

determines the units
- for the voltage at 45 . . . . . . . . . . . 0V, v,V

-~ with the indicating mode MIL 35
for the pulse spectral density . . . . . . . V/MHz
mV M=z
V ‘Miz
kV /MHz

- Switching from |V — > nV ~—> V o
—> aV =—> |V is without hysteresis effect.

b) with test antenna ‘probe connected to ANTENNA CODE 47 , this
key determines the following additional units

- for the electrical field strength . . . . . . uV/mto V'm
with the indicating wode MIL 35 . ., . . . uV'mMiz to
kV/mMEz

- for the RF current . . . . . . « + + + + . . uA to A
with the indicating mode MIL 25 . . . . . . uf Miz to
kA VHz

- for the magnetic field strength . . . . . . ui/m to A'm
with the indicating mode MIL 35 . . . . . . ul ‘mHz to
kA ‘mMz

The function of the keys 9, 10 and 12 is restricted as follows:
-+ In the operating mode TWOPORT 2§ the amplification and attermation can

only be output in dB. The LED TWOPCRT blinks when the key V, A 12 is

pressed.

4+ "dFm" 10 can only be selected when there is no test antenna/probe
connected to ANTENNA CODE 147 for field-strength or RF current
measurement {see section 2.3.15). A constant power gain or loss may,

_however, be coded in 10-d8 steps.
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- V, A 12 cannot be selected if the functions LIN. TEST 29 and MAX., MIN,

36 are switched on.

2.%.9 Setting the Measuring Time

Ths measuring time in seconds can be called up or altered by means of the key
MEAS. TIME 327 . This is true for voltage level measurement as well as for

the special functions (SPEC. FUNC. 11 ). It corresponds either to the averaging
time or to the peak-value measurement time for each single measured value
depending on the selected indlcating mode. With MAX, MIN, it is the tétal
measuring time (see section 2.3.4), There is no fixed time for automatic
frequency scanning but it is to e great extent determined by the measuring

time for each single measurement (MEAS. TIME 27 3.

A measuring time of 0.1 & has been chosen for the basic setting. Unmodulated
signals and signals of a relatively high medulation frequency can also be
measured with a shorter measuring time. Signals at a lower frequency, in
particular most broadband interference signals. require longer measuring

times.,

The measuring time is always counted from the moment when the RHF level switch
has been set to its final position and the input voltage at the A ‘D converter

haes reached a steady state.

The following measuring times can be set (in steps of 1, 2, 5, 10...):
With indicating modes AV., PEAK, CISPR and MIL . . . . . . 0.005 5 to 100 s
With indicating mode MAX. MIN. . . . . . . . . . . ... 18 tc 1000 g

2.3.10  Setting the Display Time

The display time (DISPLAY TIME gﬁ } is at least as long as the measuring time
(MEAS. TIME 37 ). It can be longer than the measuring time if this is
requlred for reading of'f the test result. The setting ranges are. however,

the same as for the measuring time.

The display time is counted from the moment when the measuring time has elapsed.
If the display time is longer than the measuring time the value last measured
is read out upon termination of the last display function. After each new
setting. the measuring time must have elapsed before the first value measured

is displayed.
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To explain the concepts of measuring time and display time by way of an example,
we asgume that a broadband interference with a pulse frequency of approx. 2 Hz
ig to be measured, To make sure that a pulse occursg in every test cycle we
gelect a measuring time of 1 s. The pulse height can be observed during the
measurement on the analog level indication 14 . The arrival of a pulse does
not trigger a nmeasurement, The peak-voltage rectifier is discharged at the end

of the meapuring time and a new measurement staris,

The maximam value obtained during the measuring time is converied and indicated

during the new measurement.

For measurements with linearity test (LIN, TEST jﬂ) the display time is automa~
tically at least twice the measuring time since each result invelves two single

measurements,

A long display time is of particular usefulness in automatic scanning cperation,
where short measuring times for each single measurement are desirable to ensure
a short total scanning time, but each value measured that is above the minimum

level set by means of MIN. LEVEL 27 should be displayed long enough to allow
the user to note it down.

2.25.11 3election of the Demodulation Modes

The demodulation modes L4 are selected as described in section 2.1. With the
indicating mode CISPR, AD demodulation is always selected unless OFF has beeh

selected. In the TWOPORT operating mode the demodulation modes are automatically
switched off.

Note the difference beween Al and AO:

With an unmodulated sinewave signal input at the receiver centre frequency,

a beat note of 1 kHz is obtained with Al, and zero beat with &0,

2.3.12 Operating Modes TWOPCORT and REM. FRER. 328

In the TWOPORT operating mode the gain of a twoport network whose input is
connected to GEN, 44 (Fig. 2-11) and output to RF 45 is measured in dB
(attenuation is negative gain). The measurement range extends from -110 to
+57 dB. The bandwidth is switched over to 0.2 kHz. The bandwidth selector is,

however, not interlocked as it is alsc possible to connect modulaters.

In the operating mode REM., PREQ. the ESH 3 operates as a tunable active filter
with a bandwidth selected by means of IF BANDWIDTH 5 . After reconversion the
Input signal applied to RF 45 is brought out at GEM, 44 at the same
frequency as the original input and with an IMF of 86 dB (uV), This permits

the input sigral frequency to be measured exactly by means of a frequency
counter connected to &ﬁ (ef. Frequency measured remotely with VIF-UHF
receivers ESU 2 and ESM 2 by X. Danzeisen, News from B&S, No. 77, pp. 28 to %0).
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2.75.1% Special Functiong

The special functions 11 further extend the possible applications of the
ESH 3, They are grouped as follows:

1. Test functlon suieicessssssossscasssneves SFIE to SFUS

2. Automatlc frequency scanning ...v....... SFS0 to SFS%, SFQO, SPG1
3. Recorder control vla 58 .iiisssvecsaes SFE0O to SFTL

b, Antenna factor sisvescscescessesssenens.. SFBO, SF81

The special funetions 21 to 45 can be switched on either alone or together
with others. In the latter case, first the result, say, of the level measure-
ment and then successively the results of all other speclal funetions are

read or printed out or sent to the IEC-bus controller,
Storage:

The special functions 10 to 45 and 52, 55 can be assigned individually to
any device setting in the registers 1 to {5) to 9 and thus be stored.

The special functions 50, 51 and 60 to 91 are each valid for ail storage
registers, Hence, 1t is not possible to assign, say, the special function TG
(polygonal curve) to register 1 and the special function 71 (line spectrum)
to reglster 2.
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For switehing on the special functions, the following code is used (entr-y
after pressing the key 11 , then press ENTR 18 ).

Tabie 2-4
Codes Bata Cutput
Function Basgic
Setting Symbol Unit
= RCLY
Basig setting 2P None
Level measurement 11} 9= {see 2,3.8}
Modulation dapth 21 29 m L3
pos, modulation peak 23{ 22% mt 3
INeg. modulation peak 25{\01\] 24 lope - %
Freguenucy offset 31: 39, OfEset kHz
Fregquency deviation 411 49 af KHz
pos. peak deviation 43 42 af+ kiz
[Neq. peak deviation 45 44 4 E- kHz

Automatic repekition
of Erequency scan 51 L None
5@:; single scani

Lin., step size lin./log. 53 52
{52: 1in.)

Log. freguency axis for
XY recorders 61 & None
(60: lin., freguency axis)

Recovder coding

Coding via 58 enabled 62 None
Coding via 58 disabled 63 None
= no recorder

Disabled: XT recorder &4 None
pisabled: XY reccrder 65 None
Disabled: 225G 3 66 None

Freguency line spectrum
for XY recorder 1 rsl None
{7d: polygonal curve)

Indication of electrical uV/m
field strength 8p dB{uV/m)
Indication of magnetic uh/m
field strength 81 dB(uA/m)

{with correction -51.5 dB)

Fast frequency scan g1 90 None
{92: normal, see 2,3,2,%,)

* with RCLY always the level measurement (SP11) is switched on.
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Upon entry of code 00 the ESH 3 is switched over to level measurement., This

basic setting corresponds to the codes 11, 28, 22, 24, 3@, 4§, 42, 44, 52, &8, 62,
?ﬁ, 8¢. The basic setting switches off all special functions. This baszic

setting is also obtained with the overall basic setting "RCP" or "Device clear"

via IEC bus connector {see section 2.2.4).

When calling the special functions entered, the key 11 is pressed repeatedly
until no new code is output. ALl special functions switched off are not read

out, i.e. only codes that are listed in the columm ON (Table 2-4) are read out.

If the level measurement is not switched off after the test result has been
output the measured result of the next special funciion 21 to 45 gwitched on

is output in the format listed under "Data cutput'.

For measuring accuracy and resolution of the data output see the relevant

specificationeg in the Technical Information.
In general, the following should be observed:

z) A& high signal-to-noise ratio also enhances the accuracy of modulation-depth
and frequency-deviation measurements. In modulation-depth messurement as
well as in freguency-deviation measurement, peak values are measured, where
the noise content of the test signal is particularly critical as explained

in section 2.4.1.1%.

b) For modulation-depth measurements a linear demodulator is reguired. This is
only provided in the 20-dB operating range. For this reascn, the BSH 3 is
always switched over tc the 20-dB operating range when measuring modulation
depth., This is also true for sutomatic frequency scanning, for example, when
meaguring level and modulation depth for radio monitoring purposes. Since
automatic frequency scarmming obviocusly requires autoranging as described
in 2.%.6 there is only the choice between IOW DIST. and LOW NOISH.

Frequency steps in a constant ratio (logarithmic) are particularly important
for automatic scanning in interference measurements. The special funciions 52
LIV STEP and 53 LOG STEP permit individual selection of scanning ranges with
frequency steps in a constant number of Hz {linear) or ratio. The special

function 53 is used to automatically enter the meny for STEP SIZE in %.
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For reascns of simplicity the ESH 3 rounds the values off to steps of 100¥%,
5006, 25% to 0.01%. The switchover 53 <> 52 automatically clears the step
size memory.

For logarithmic display on the frequency axis (SF 61: %~IL0G) a ratio

f
fSTART = 1,4
STCOP

is required; otherwise an ervor is indicated at the start of automatic

scanning.

If an antenma is connected to socket 47 which causes a field-strength indication
in iV/m (e.g. BSH 2-72, ESH 274}, the special function 81 changes the indication
to pA/m (magnetic field strength) and automatically,takes into account the
correction value -51.5 dB (corresponding to 20 log -59). The magnetic field
gtength measurement mode can, however, stili be selected via socket 47 if the

conversion factor is coded properly according to 2.3.15.

Any entry of special functions is tc be terminated by ENTR 18.
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2,3, 14 Storage and Recalling of Settings by Means of ST0 and RCL

Up to nine different sets of control settings can be stored. By pressing the
key STO 16 and entering a figure (1 to 9) on the keyboard 32 , a complete
set of control setitings is stored in the asscciated CMOS RAM storage area, In
the storage locatlons 1 to 5, the data for automatic frequency scanning ( 26 ,
27 , 29 , 30 , 31 ) are stored with each of the five settings. In the storage
locations 6 to 9, on the contrary, the setting data stored does not include the
data for automatic frequency scanning. In addition, a storage area is provided
for the last setting before switching off the ESH 3. When switching the ESH 3
back on this setting is restored {exception: 10-dB RF atienuation, see section
2.3.6).

Since the complete CMOS-RAM memory is buffered by a NiCd battery, the stored
settings are preserved even after the ESH 3 has been switched off. The soft-

ware provides for preventlon of mixups due to storage of incomplete data sets.

The key RCL 16 and entry of the same figure (1 to 9) permits the setting
stored by means of ST0 16 to be recalled., Since it is possible to include
more than one automatic frequency scan in a single operation (see seetion
2.3.2), it is sufficient, if the LED 25 1is on, to enter the figure referring
to the desired frequency ranges previously stored on the keyboard 32 and
press the key RUN 28 .

For calling up the basic setting, RCL ¢ is entered aceording to sectlon 2.2.3.

2,3.15 Connection of Test Antennas and Probes

Probes for high-impedance voltage measurements {Active Probe ESH 2-22 and
Passive Probe ESH 2-73), For RF current measurements (Clamp-on. RF Current
Probe ESH 2-Z1}, and antennas for fleld-strength measurements {Rod Antenna
HFH 2-Z1; Loop Antenna 10 kHz to 30 MHz H¥H 2-Z2; loop Antenna 10 kHz to
150 kHz (1 MHz) HFH 2.3, and Inductive Probe HFH 2-Z4) are comnected to the
RF input 45 and the supply and coding socket 47,

For measuring the fileld strength in shielded booths, the ESH 3 is normally
operated outside the booth, The shielding of the supply and coding cable must
be passed through the wall of the booth so that no EMI is introduced in the

booth.

A1l the actlve antennas/probes (ESH 2-72, HFH 2-71, -Z2, Z3) obtain their
supply voltages via socket 47 . The conversion factors (coded in 10-dB
steps) and the quantity to be measured {fleld strength, voltage, current)
are communicated %o the ESH 3 via the codling inputs so that the test result
1s read out on the display 1% with the correct unit.
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If an antenna is connected to socket 47 which causes a field-strength indi-
catlon in pV/m (e.g. ESH 2.22, ESH 2.Z4), the special function 81 changes the
indication to pA/m {magnetiec fleld strength) and automatically takes into
account the correction value -51.5 dB (corresponding to 20 log ?5 Yo The
magnetic fleld strength measurement mode can, however, still be selected via
socket 47 .

All R&S antennas/probes are fitted with appropriately coded connectors. Since
the ESH 3 has a coding input for magnetic field strength {uA/m), the coding
comnector of the Inductive Probe can be rewired, if required. The conversion
factor is then changed from 80 to 30 dB and the unit from uV/m to uh/m.

Since the coding inputs may slso be used for connectlon of antennas/probes
from other manufacturers, the pin allocatlon of the socket 47 1is given
below {viewing the front panel):

Ground

+10 V (max, 50 mA)

uV/m {el. field strength)
i {current)

10 dB

20 dB

40 dB

80 4B

pA/m (magn. field strength)
~10 ¥V (max. 50 mA)

Not wired

Reverses sign of the factor

BHRLWIDoRBOOE P

Fig. 2-3 Pin allocation of the 12-way female connector 47 (Tuchel type).

In remote operation of the ESH 3 via the IEC bus, the antenna coding can be
suppressed by the instruction "zg".

For coding, a l2-way male Tuchel is used (RAS order number 018.5%62.00),
The coding inputs must be connected o ground.

Example: An antenna has an antenna factor of 30 dB, 1.e. a field strength of
30 4B {uV/M) produces a voltage of O dB {uV) at the RF input. The
pins C, B and F must be connected to ground.

The "reverses sign of the factor" coding input permits an amplifier to be
inciuded in the coding.

Example: An amplifier with & constant galn of 10 dB 1s connected to the
input of the ESH 3. The input voltage to the amplifier is to be
displayed. Therefore, pins E and M are to be comnected to ground.
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2.3,16  Data Output on a Listen Only Recording Device (Printer, Magnetic

Tape Memory, etc.)

To facllitate data logging a printer with an IEC-625 (IEEE-L88) interface can
be comnected to the IEC bus connector 57 of the ESH 3. The printer must be
switched over to Listen Only operation. Thus data can be sent from the ESH 3
to the printer.

In the place of the printer another Listen Only device such as a cartridge
tape drive or disk drive may be comnected to temporarily store the test

results for evaluation by a computer.

All measured values, together with the particular test frequency and the
complete units, are output in a fixed format, separated by comma and space
(SP), in one record delimited by carriage return (CR) and line feed (IF).

Example:

Frequency Miz * Level dBLV Mod. depth ¥ Offset ¥Hz  Dev. iz CRLF

12,3456  MHz *117.4 aRIV 13 % 0.12 xHz C.15 kHz CRLF

Normally a space is output instead of the * before the level output. If the
level falls below the operating range a U 1s output; if it exceeds the

operating range an H and in the case of an overload, an X.

The format is designed to obtain easily readable tables of long test series.
If the readout or a special function is switched cver, the format is changed.
The ESH 2 offers three possibilities for Talk Only output:

a} Manual operation:
To prevent every measured value read out on the display 13 belng also
printed, the user can decide which test result he wants to be printed by
means of the key TALK 19 . Vhen the TALK-Button is depressed, a new
meaguring procedure is triggered, the result of vhich will be

printed.

b) Contlnuous observation at a fixed frequency:
In order to automatically obtain an output after each individual

measurement the ESH 3 is switeched to automatlec pseudo-frequency-scanning

with fompr = fsmop-

¢) Values measured over one or several frequency bards:
The test results are output if the level is above minimum level (MIN.
LEVEL 27 ) at the particular frequency.
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To facilitate output on a printer, the contents of the menu output on the

display 13 can be output in the TAIK ONLY mode by pressing the key TAIK 19 .

2.3.17 IF, AF and Recorder Outputs

A mumber of ocutputs are provided for signal evaluation by means of

oscilloscopes, analyzers and YT recorders:

- 75-MHz IF output 40 for comnection of a 75-MHz panoramic receiver
(e.g., M3ULP)) or of an analyzer.

= 30-MHz IF output ﬁ@ for connection of an oscilloscope, an IF analyzer,
a precision modulation-depth or deviation meter or a teletype demodulator
{e.p. NZ 47,107,

-+ AM demodulator output 50 for investigation of the demodulated AF with
amplitude modulation signals (DC coupled).

- FM demodulator output 51 for investigation of the demodulated AP with

frequency modulation signals (DC coupled).

-+ CISPR level recording ocutput 52 , with built-in low-pass filter
simulaving meter response, for driving a YT recorder in the CISPER

indicating mocde,

- AV, /PEAK level recording cutput 53 for driving a ¥T recorder in the
AV, /PEAX indicating mode.

-» Prequency offset recording output §§ for recording the frequency offset

of sinewave signhals.

2.%.18 Operation of the ESH % Using an External Reference Frequency

To enhance the frequency accuracy of the ESH 3 it is possible to connect an
external frequency standard ‘o the input 55 . The EMF (sinewave) required
from the reference source is 1 V with an output impedance of 5O §; the FSH 3

can be switched to a reference freguency of 5 or 10 Miz.

2.3.19  Comnection of Recorders to the Output 58

The 2k-way socket XY RECORDER 58 contains analog outputs which are driven
from the microprocessor in the ESE 3 via D/A converters. YT, XY and radio
monitoring recorders (ZSG 3) for graphic representation of the automatic
scamning operations of the ESH 3 can be comnected to these analog outputs,
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Coding inputs { i1
11 .
X output — T ] e
¥ output : S L erouna
Ground E : :
Form feed O
Pen lift TRE ;
L
X 'output 1 ] 3‘} Z control 1
X output 2 17 Z control 2
for zsG 3 X output 3 Z control 3 for 258G 3
X output 4 i g Z control 4
X output 5 LR _ Z contrel 5

Fig. 2-4 Pin allocation of the recorder output 58,

Two coding inputs are provided on the ESH 3 for identification of the
recorder type connected (YT, XY or 7ZSG 3). Coding is possible for one type,

but five units of Hype Z3G 3 can be cornnected,

Table 2-5 Coding of recorder type (with special function 62)

Pin 1 Pin 2
No recorder N/C N/C
YT recorder To ground N/C
XY recorder 7 N/C To ground
Z3G 3 {(Radio Monitoring Recorder) To ground To ground

If a recorder is connected to ithe ESH 3 the main processor gets an interrupt
command, l.e. the recorder code is immediately identifiled and taken into
account in automatic scanning operations. The setiling times of XY recorders play

an important role as waiting periods In the scanning process. If the fastest
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possible automatic frequenicy scanning is desired, these walting pericds are
inconvenient. In this case, either the plug must be disconnected from recorder
output 58 or special function 6% selected. In order to simplify parallel
operation of several types of recorders {e.g. ZSG3 and ZSKT) in radiomonitoring

systems, the recorder type can also be selected using a speclal function code:

SF 64 YT recorder
SF 65 XY recorder
SF 66 786 3

Coding for output 58 is disabled when one of the speclal functions 63 to 68
is selected.
When the ESH 3 is remote-controlled via IEC bus, command Y@ is used with

basic setting (SF 62) for suppressing the coding for the recorder socket 58.

Except for one cable, ESH 3 to ZSKT (as XY recorder), ESH3-Z1

Ident No. 349.6011,02, ready-made cables cannot be supplied with the
receiver since any commercial YT and XY recorder may be used besides
the Radio Monitoring Recorder Z3G 3.

The following connectors are required for the connecting cables:

24 -way male connector for ESH 3 recorder output; Ident No. CB0.2711.C0
Amphenol ordering number: 5730240,

%6-way elbow connector for the Radic Monitoring Recorder 286G 3 and the
XY Recorder Z3K 2; Ident No. 247.7055.00
Amphenol ordering number: C57-1594 5036P

6-way round connector for the XYT Recorder ZSKT; Ident No. 018.6646.00
Amphenol-Tuchel ordering number: T 23400/1

Banana plug for the XY Recorder ZSK 2 and the XY¥T Recorder ZSKT;

avallable from any electronics dealer.
See section 2.%.19.1 for the wiring scheme.

No wiring of code connections is needed i1f the recorder code is input via
special funections, When a ZSKT and a Z3G 3 are comnected in parallel, the
"format advance" connector on the ZSKT must remain free, The ESH 3 is to be
switched off while %8G 3%'s are driven.

Logic level at pins "pen 1ift" and "form feed":

Pen 1ift (T level) L = pen up H = pen down
Form feed (TTL level) —™j10 ms|e—
— Lo
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2.3.19.1 Wiring Scheme for Connecting Cables
a) ESH3 - ZSKT as a YT recorder
ESH 3 AT GN
Ground 13—
l [0 PPN —
Code
2
Y output K ‘ }Y input
Ground 15 (Banana plug 4 mm)
Pen 1if% 7 % Pen 111t ‘ b-way
Ground 16 : 2 CGround ' connector
Form feed 6 " 1 Form feed
b) BSH 3 ZSKT as a XY recorder (BSH?-Z1 IN 349.6011.00)
ESH 3 ZS8KT
Ground i3
1 ——— ..
Code
2 .
Ground 14 X input
X output 3 Banana plug
¥ cutput L Y input
Ground 15
Pen 1ift 7 4 Pen 1ift 6-way connector
Ground 16 2 Cround
Form feed & 1 Porm feed
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¢} ESH3 - 285G 3

ESH 3
Ground 13
1
Code
2
Form feed 6

Z control 1 20

X output 1 8
Ground 14

Z control 2 21
X output 2 g

Ground 15

Z control 5 24
X output 8 12

Ground 18

(1 to 5 units)

Z8G 3 in 18t position

3 Line pulse L
5 Dig. 2 control

13+ } X deflection
15

19 Ground
258G 3 in Znd position

3 Line pulse .J L.
5 Dig. Z control

153+

X deflection
15~
19 Ground

Z28G 3 in 5th position

3 Line pulse 1 Lo
5 Dig. 7 control

15+ .
X deflection
15.

19 Ground
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2,3,19.2 Setting the ESH % for Output to a Recorder

2.9,19,2,1 YT Recorder (VY = level: T = automatlc time base)

Long-term measurenent of level fluctuations at a particular freguency:

Note, when setting the ESH 3: start frequency = stop frequency. After pressing
the key RUN 28 , the pen is applied and the level is recorded (a "polygonal
curve is produced, in which the points representing each level measurement are
Joined by straight lines) until the key STOP is pressed., Simultaneously data
can be oubtput in the Talk Only mode,

Calibration of the Y axis: As long as RUN and MAX. LEVEL are not pressed, the
¥ woltage 1s O V., If MAX. LEVEL is pressed, the Y voltage goes to its maximum
{= +10 V).

2.5,19.2.2 XY Recorder (V¥ = level, X = frequency)

Special functions are avallable for recording frequency spectra and frequency

responsea:

Special function 70 {polygonal curve, CONTIN)

For displaying the envelopes of spectra and curves, as wlth two-port frequency-

regsponse mMeasurements,

Special function 71 (frequency line spectrum, DISCRET)

Graphic display of amplitude of sinewave signals whose spaéing exceeds the
IF bandwidth (e.g. narrowband line interferences, spectra of harmonies and

of a radic broadcasting band).

Special funeticn 60 {linear frequency axls, X-LIN)

Linear division of X-axis; used for all narrowband recordings such as radic

broadeasting bands.

Special function 61 {log. freguency axis, X-LOG)

Logarithmic division of X-axis; used for wideband recordings, {e.g. attenua-
tion curve of a lowpass filter{ display of nolse peaks).

Special function 52 (lin. step size, LIN-STEP)

Equal-sized steps of frequency scan, used for narrowband frequency scans:

measurement of harmonics or step size of a chartmel pattern.

Speeial function 53 (log. step size, LOG-3TEP)
Steps of frequency scan proportional to the last set frequency. Used for

recording wideband spectra and lowpass filters.
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Special funectlons 50 and 5l

Standard setting is normally sufficient (SF50, single scan). For frequency

recording with a modified ZSKT, special function 51 {repeated frequency scan)
is useful: The ZSKT 1s set in XYT operation to slow paper advance. With each
scan, a slightly shifted XY recording of the freguency band is obtained. Thus

time~responsive level variations can be easily identified.

Special function 52/5% are individually stored with command 370 in ohe of

registers 1 to 5; they can be combined as required. A1l other special
functions concerning the recorder control apply in general to the selected

3can.

The settling times of a normal'XY recorder (ZSKT) are taken into consideration.
After pressing the key RUN 28 , the pen is applied and a single recording
operation Is carried out. Simultaneously data can be output in the Talk Only
mode. In multiple frequency scamning (e.g. 1, 2, 3 RUN), the limit values of

f MIN, IEVEL and MAX., LEVEL determine the scaling of the recording.

fomnr Tanop’
1 X¥-MAX.
Y
XY-MIN, ) G
Fig., 2-5 Example of possible allocation of start and stop frequencies

in three subranges for ocutput to an XY recorder
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For frequently performed recordings it is recommended to prepare forms with
the axes, limit values, and a field for the test item and the date, already
printed on the sheet,

Calibration of X and Y axes: As long as nelther RUN nor MAX., LEVEL 1s pressed
the X and Y voltages are O V. If MAX, IEVEL is pressed the X and Y voltages go
to their maximum (= +10 V).

2.%3.19.2.3 Radio Monitoring Recorder Z85G 3

The Radio Monitering Recorder Z3G 3 is used for recording the band occupancy
over a longer period of time. The minimum levels entered for sach frequency
range determine the threshold above whleh a mark is produced on the recording
paper. After all the freguency ranges called up at the start (1, 2, 3 RUN)

have been scanned, all the 2Z5CG Js connected are sent a line feed, and recording

automatically begins again at the first start frequency.

If no range number 1s called at the start, the current frequency band (newly
entered values or called up by means of RCL) is recorded by means of the

recorder at X output 1 (see wiring diagram).

Por fastest possible recording of the freguency bands, there is no precise
level measurement made, but only a check whether the level falls below the
minimum value. FFor this reason, simultaneous Talk Only output is not possikle.
in error message {see section 2.5.20) is obitained if the following
gettings have been made on the BSH 3: TWOPORT, MAX./MIN,, AUPO, SPEC.
WIHC. 91. These settings must, therefore, be switched off prior to
storing the frequency range. If the 40-4B or 60-dB operating range has
been selected switchover to the correct BF attenustion and o the 20-4B
operating range takes place when the scanning operation is sitarted. It
iz, however, advisable o adjust the RF and IF attenuation to the desired
measurement range for the 20-dB operating range, Any of the indicating
ncdes can be used. Average-value indication with a messuring time of 5 me

i8 recommended.

Setting of frequency markers: Set start and stop frequencies of required fre-
quency range, After pressing "RUN" press "ST0P" once. Now the frequency of the
ESH 3 can be get to the required frequency marker, whereby the X deflection of

the ZSG 3 concerned is accourately set,

2.3.20 Error Megsases

Error messages from the ESH 3 signal faulty operation, illegal or missing data
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entries and recognizable internal failures. They are output on the display 13,

which reads out ERROR and a itwo-digit code number.

Table 2~6 Error code list
@1 Frequency entered above limit
g2 Frequency entered below limit
g3 CAL: CHECK.Comparison frequency response correction/
current value > 0,5 4B
g4 No ligtener on IEC bus
(Fault in IEC-bus controller)
#5 Level or offset calibration is not accomplished within
fixed time (hardware errox)
#7 Correction value at CAL. TOTAL > 6 dB;
complete calibration discontinued,
g8 Memory register not occupied if RCL
19 +10 ¥
11 -10 ¥
12 2 v Failure of a supply voltage (the failure of
the +5-V supply voltage cannot be output)
13 +25 ¥
14 +30 ¥
24 Current register
21 Register 1 O
22 Register 2
5 Regtowes 3 ) A% gt of automatic szemency soun one
24 Regipter 4
25 Register 5
3¢ START frequency > STOP frequency
31 START frequency = STOP frequency and XY recorder or Z8G 3 comnected.
32 MAX, level S MIN, level c
33 SPEC. FUNC. 61 Logic X axis and Step < 1.4
: gtart
4¢ Z5G 3 error:
Error message if SPEC. FUNC. 61 is selected at SCAN RUN with 28¢ 3.
51 | |
52
5% ? One (or several) synthesizer loop(s) - 1 to 5 - is (are) not locked.
54
55

/7
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2,3,21 Control of the BSH 3 via IEC Bus')

The Test Receiver ESH 3 ig provided with a remote-control interface to

IEC Publication 625-1 for transfer of setting and measured daia using a byte-
serial bus system. IEC-bus comnector 57 is located on the rear panel of the
test receiver. The pin allocation can be seen in Fig. 2-6,

Do oo 6LD GHD 65D LOLIC
& & £ & 10 [

OI/0 | Do FRCN § GHND {OKD | GND
5 7 7 § 1

13 74 15 16 7 %6 18 20 7 22 23 2

PI/0 | DIID | EOY INRFD | IFC | ATH
¥

D0 DLO DAV NDAC SRG SHIELD
2 4 -

Fig, 26 Pin allocation of the TRC—bus cormector

For data transfer exclugively ASCII chavacters (see Table 2.18) are used.
For the interface specifications (control lines, handshake lines, data lines)

and data transfer sequence see IBC sgtandard.

*) A Technical Information "Driver Software ESH3" can be obtained from Rohde
& Schwarz free of charge for elther the R&S Process Controllers PPC/PUC

and the Tektronix Desk-top Computing Systems 4051/4052 with the instruction
sequences applleable to these processors. For infermation on available
applicatlon software, contact your nearest R&S distributor.
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2.%.21.1 Setting the Device Address/Talk {niy Mode

The listener and the talker address are set together by means of the coding
switches 56 in accordance with Table 2-17. The receiver is set at the factory
to the listener address "1" and to the talker address "Q". This corresponds to

device address 17 {e.g., for use with R&S Process Controller PPC).

The Talk Only mode can be selected by means of the coding switch S€ of 56
which permits the ESH 3 to serd data tc a Listen Only device, such as a
printer, via the IEC bus.

NOTE: The Test Recelver ESH 3 need not be switched off when changing the
device address or switching the Telk Only mode on or off.

2.%3.21.2  Imterface Tunctions

The ESH 3 implements the following interface funcilons:

SH1 Source handshake function,
complete capability

AL fAcceptor handshake function,
complete capability

! Talker function, capability ic¢ answer serial poll,
unaddressing 1 MLA, Talk Only mode

L4 Listener function, unaddressing if MTA

SR Service request,
complete capability

RL1 Hemote ‘local switchover funetlon,
complete capability

PP1 Parallel poll function,,
remote-controllable configuration

DCi Device elear function,
complete capablility

DTl Device trigger function,
complete capability

O Control function,
no capabliity.
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2.3.21.73 Setting Instructions

The following describes the settlng instructions for remote control, the

program data and their format as well as the functions that cannot be set
manually. The Test Recelver ESH 3 responds 1o the IFC-bus setting instructions
and data in remole operation exactly as it does to direct, mamually keyed in

instructions in local operation. Therefore the same sequence of settings that

is used for manual operation can be used as a basis for preparing the controller

to set the receiver functions and measuring procedures.

Tre programming instructions cohsist of an alphanumeric header, the rnumerilc
actual data content and a delimiter which separates several instructions from
each other or delimits a sequence of instructions. The header consists of one
or two alphanumeric characters (ASCII upper-case letters); the actual data
content consists of one or several rmumeric characters (O, ! to 9, decimal

point, peolarity sign) and the delimiter character.

Table 2-7 Delimiter characters

Symbol Name ASCII decimal equivalent Application
Separates
’ Coma H individual
; Semicolon 59 instructions
CR Carriage Return 13 })
IF Line Feed 10 Terminates
input
BTX End of Text 3

Any of the fterminating delimiters can be used.
Txample: IECOUT 17, "command 1, command 23
command 3" /CR/

(The PPC automatically sends the delimiter "CR".)
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Table 2-8

Key functions

Instruction code Functicn Key
Al Low noise Autoranging Eé , b2
AZ Low dist.

Bl 10 Kiz

2 2.4 iHz ,

7 0.5 xHz iF bandwldth 5
24 0.2 kHz

e Check Calibration 15
c2 Total

Do AP off

D1 AO

D2 A1

D3 A% Demodulation 4
Dh AZT

D5 ABJ

D6 B3

Go a Iin. test 39
Gl oN

Ko OFF MAX. MIN. 36
Kl ON

Ll 20 dB .

Lo 50 4B Operating 33
15 60 aB range

MO Gen., off Operati

M1 Remote freq. meas. pgr e 38
M2 Twoport meas., TOGE

N1 AV.

N2 PEAK Indicating 55
N3 CISPR mode e
N4 MIL

o1 dB {...)

o2 dBm Data output 9, 10, ie
0% VoA
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2.5.21,3,1 Data Entry

All the data entry commands start with a header which consists of two
alphanumeric characters. The actual data contents consist of a string of
ASCII decimal figures with an optional decimal point, which may be preceded
by a - sign. The number of significant digits that are accepted and

processed by the test receiver depends on the current menu input:

Frequency . . . . . . . . . Odigits, unit MHz

Time . . + .+ v ¢ v v+ « « o« Hdigits, unit s

Level v ¢ v v v« v v . . B ogipits, unit aB¥)
%J(depending on setting, antenna or prebe connected, ete,)

The following examples of recelver frequency programming illustrate the
possible input formats:

iy

wR 12" "FR 12.0" 2 "FR 12,0000
"ER 123" o "FR 0.123" YER 00, 12307
"FR 12.34566789" 2 "FR 12,3456"

iy
i

A special rule applies to the control commands for automatic scanning as they
simulate exactly the manual entry. There ls no data required for the commands
"Stop" and "Stop and Reset" ut the actual start command RUN requires z data
format of variable length (0 to 5 characters) depending on the desired scan

ranges.

Table 2-9  Scamning instructions

Instruction code Data Function
SR -, &, 41 22 to Z5 Run
sp : - Btop (interrupt)
5C - Stop and reset
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Table 2-10

Data entry instructions

Instruction Numerig¢ range Function/Unit
code
FR @.089 to 29.9999 (3 Frequency {MHz)
IA @ to 49 IF attenuation {(dB)
{Autoranging switched off}
RA B to 140 RF attenuation (4B)
{Autoranging switched off)
TS D.005 to 1009 Meas. time {s)
8a @.089 to 25.999%9 Start frequency (MHz2)
50 D.009 to 29,9999 Stop frequency (MHz)
SE @ to 29.9999 Step size {MHz)
2.1 to 189 Step gize (%)
sy ~-1490.90 to 200.8 Max. level {(dB)
SL ~-143.90 to 200.9 Min. level {dB)
ST 1 to 9 Store
RC ¢ to 9 Recall
SF *) il Cancel all spec. func.
10, 11 Level
20, 21 m
22, 23 m+
24, 25 Hi R
3@, 31 Offset Spec.
4%, 41 Af func.
42, 43 Af+
44, 45 Af-
58, 51 Automatic scan repetition (51)
52, 53 Step size linear, logarithmic
(53)
6D, 61 Lin. X axis, log. ¥ axis (61)
Recorder coding:
62 Coding via 58 enabled
63 Coding via 58 disabled
= no racorder
64 Disabled: YT recorder
65 Digabled: XY recorder
66 Disabled: 285G 3
T8, 71 Polygonal curve,
freguency line spectrum
89, 81 Indication of the
electrical field strength,
magnetic field strength
{with correction ~51.5 d4dB)
99, 91 Freguency scan,
normal, fast (91)
*) Re: Spec. Func.:

The code numbers on the left apply at basic setting

(= RCL@[

3DC,

DCL) with one exception:

at RCL® etc.

always automatically level measurement SF11 is switched

on.
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Table 2=11 Direct instructions

fInstruction code Function

ve off send EOI with last

o1 on data byte {delimiter)

X1 Trigger command (= GET)

Y@ Off disabled
Recorder code

Y1 an enabled

4 Of £ disabled
Aantenna/probe code

21 on enabled

29 Without
"Data ready” for SR

P1 With

Ja QfE SRQ upon pressing ENTR Key 18

J1 Oon in the local state of the ESH 3

V1 Format advance at vecorder output 5§

W2 @@ to 1 Delimiter in talker operation

{Decimal equivalent of ASCII character)
W al to all Text output on 13~digit display
{uppey~case letters and figures)

H® Pen 1ift
at recorder output 58

H? Pen down

BP Trigger beep

XP 2 to 1023 D/A converter: load X register

YR @ to 255 D/A converter: load Y register

Basic setting at RCL@, SDL, DCL: UY, ¥1, 2%, Pt, J2, W2t3, 5O,
XPO, YPO

Generally, the following applies to all setting instructions:

A1l the commands received are checked for correct syntax and compatibility
with the currenit device setting, and all the data received are checked 1o
see that they are within the limit values. If errors are found these settings
will not be executed and instead Service Reguest, with the approprlate code
of the status byte, is generated (see section 2.3.21.6).

After the commands "J1" and GTL (Go to local) have been issued, z Service
Request (SRQ) is generated with the status byte B4 at the push of the ENTR
key 18, so as to send an acknowledgement to the IEC-bus controller even from
remote test sites. After the commend "JP" has been issued an SRQ is not issued
at the push of the ENTR key.
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2.5.21.4 Data Output

Data output of the ESH 3 in the Talk Only mode to 2 printer or another Listen
Only device has been described 1n section 2.3.16. The following describes
the data output when the memory is addressed via the IEC-bus controller.

Depending on the setting of the special function key 11 different data are
cutput. These data are identified by two letters. Order of sequence. data
ocutput format and the units (not sent at the same time) are always fixed. The
output iz terminated with the progremmed delimiter and - if set to do so -
the END message.

Between the ldentification letters and the actual data there is a space (SP)
which is replaced by an appropriate letter code, when the input is below the
measurement range or exceeds it and in the case of overloading, in order +to

define the device status.

Table 2-12 Device status

Code Definition

Space | Valid data

H Datza exceeds measurement range
U Data falls below measurement range
X COverload

The current receiver frequency setting is only output in automatic scanning
operation. The first identification lebiter output with the level defines the
antenna or probe connected, if any, and the second identification letter

serves for coding the unit of measurement which has been set.
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Table 2-13 Data format

Quantity to be measured Code data Unit
1 Freguency FR 12.3456 Mz
2 Level VL 123%.4 4B uv, 4B
Voltage VN 1.23E + 03 LV
Power VM 1234 dFm
ClL. 123.4 4B A
RE ecurrent
CN 1.23E + 03 (LA
Electr. field strength ELo12z.h dB uV/m
EN 1,235 + 03 UV, m
f g
Magn. field strength ML 1234 dB uA/m
MN 1.23E + 03 A m
% AM Modulation depth AM 34 %
L Pos. modulation peak AP 56 %
5 Neg. modulation peak AN 12 %
6 Freq. offset 08 1.23 kHz
7 | Freq. deviation DR C.3h Kiz
8 Pos. peak deviation DP 0.56 kHz
9 Neg. peak deviation DN 0.12 kHz

In the LIN.TEST and MAX, MIN, modes two quantities separated by a comma
are output in one string (= single addressing of the ESH 3 as a talker ).
Both quantities have a fixed character length:

LINJTEST:  6+4 characters Examples VL =15.6, +0.1

MAX, MIN:  6+4 characters Example: VM -102,3,-108.6

To read out several SPEC.FUNC, results the ESH 3 must be addressed as a
talkexr for each quantity to be measured. This is alsoc true for the output
of frequency and level in automatic scanning operation., A new SPEC. FUNC.
result is output only after the required measuring time has elapsed.
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2:.%5.21.5 Group of Addreased and Universal Commands

2.%,21,5,1 Remote/Local

If the Test Receiver ESH 3 receives its listener address from a controller it will
gwitch over to REMOTE operation and remain in this state even after completion

of the data transfer. 411 the operating controls on the front panel are dig-

abled in the remote state -~ LED 24 1lights up to indicate this stzte. If

the BSH 3 receives the command GTL (Go to Local) or if the key TOCAL 24 is
pressed it switches over again to the local state, i.e. the ESH 3 can again

be set manually.

The LOCAL key can be disabled by issuing the controller command ILO {Local
Lockout ),

ZeBe 21542 Device Clear

If the IEC-bus controller sends the universal command DCL (Device Clear) or
the addressed command SDC (Selected Device Clear), the BSH 3 assumes its bagic
setting (see 2,2.3). The basic setting can also be selected through the
IEC-bug instruction "RCO" or by pressing the keys RCL ¢ ( 16 and 32).

Basic setting for the functions according to table 2-11:

U1, Y1, zt, P1, J¢, wzi3, HY, XP@, YPP.

2.35.,21,5.3% Device Trigger

On receiving the addressed command GET (Group Execute Trigger) the ESH 3
starts immediately with the set or programmed test routine, This trigger

command corresponds to the IBC-bus instruction "XI".

Table 2-14 liste examples of IEC-bug instruction output, the ITEC-bus address
being assumned to be 17.
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Table 2-14 General IEC-bus instructions
Instruction PrC hp by Tektronix
98%5/45 9825 4051
Go to local | IHCLAD 17 LOCAL 717 or lel 71 WwBYTE(R 49,1,63:
IECGTL LOCAL 7 lel TH
IBCUNL
Local Lockout | ITECLLIO LOCAL LOCECUT 7 llo 7 WBYTE(Q 17
Device Clear |IECDCL RESET 7 clr 7 WBYTE (& 203
Selected TEGLAD17 RESET 717 elr 717 WBYTE D) 49,4,631
| Device TRECSDC '
| Clear TRCUNL
e
| Group TECLAD 17 TRIGGER 717 Ltrg 717 wBYTE® 49,8,63:
¢ Execute IECGXT
| Prigger TECUNL
| !
3 1
| Paraliel TECLAD!T PPOLL CONFIGURE 1 pole 717, |--
" Poll TECPPC T1Ts mask j mask
i Configure TECFPE 8,5,
TECUNL
| Parallel Poll | IECPFU PPOLL UNCONFIGURE | plu 7 —
! Unconfigure 7
i (universal)
i
| Parallel Poll |IECLAD 17 PPOLL UNCONFIG plu 717 -
! Unconfigure TECPTD i ‘
5 (addressed) IECUNL
| Parallel Poll |IECPPL v% PPOLL (7) pol (7)= A |-
Serial Poll  |IECSPL 17, STATOS 7175 s rds (717) {POLL 4,8;17
‘ o - A

+)
LOCAL 7

swltches off the REMOTE line.

Prior to issuing new IEC-bus instructioms, the REMOTE line must be
reactivated with REMOTE 7.
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2.3,.21.6 "Service Request" and "Parallel Poll"

The Test Recelver ESH 3 is an autonomous IEC-bus device, {.e. 1t receives
instructions from the controller, processes them without any further support
and after execution of the instructions sends an asynchronous Service
Request to the controller; which in the meantime can be used for other tasks.
The device status byite which the controller receives through the Seriasl Poll
serves not only to acknowledge the measurement process bul alsc for coding a

specific device status.

o
m
AN
R
AN
o

o

bs| by | by by] by

N

3 S 4

T

Coding

Ready/Busy

Abnormal/Normal

Regquest-Service Bit

Extension

Fig. 2-7 Status byte

Service Request upon termination of a measuring process or a calibration

process can be suppressed by means of IEC-bus instructions (PO, P1).

Table 2-15 Coding of Ready. Busy (Bit 5)

Device status Status byte Decimal

Meas, process terminated 1010000180

Calibration terminated 01010001181
Zean teruingted 0101001 04§32
ENTR key presses g1¢61¢61¢¢ |84
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Table 2-16 Coding of Abnormal/Normal (Bit 6)

Status Error code

Device status byte Table 2-6
{dec.)
Syntax ervor in IEC-bus instruction 96 -

IEC setting instruction incompatible

with current device setting 97 -
Data above limit 98 21
Data below limit 99 P2
Memory register not occupied if RCL 10 @8
Level or offset calibration defective 191 25
CAL: Checking error 192 D3
Correction value at CAL total > 6 dB 103 | @7
At start of an automatic frequency 104 20 to 25

scanning operation one or more para-
meters are not defined,

Start frequency > stop frequency 195 33
Start frequency = stop frequency 196 31
and XY recorder or Z8G 3 connected

Max. level < min. level 197 33

. £sTOP
5F61 (log. X axis) and ——— <1.4 180 33
fsTART *

gF61 {log. X axis and 235G 3 109 49
Faulty synthesizer synchronization _ 112 51 to 55
Faulty supply voltages 111 19 to 14
Talker mode: no listener at IEC bus 224 -
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Parallel Poll

The ESH 3 can be configured so as to answer a Parallel Poll request sent
from the IEC-bus controller via the primary command "PPC" and the subsequent
secondary command "PPE", the latter consisting of X 1 1 0 8 Px Pp Pll' The
three least significant bits Py to P5 define the data line, on which the
answer 1is 10 be sent. The sense bit S together with the current device status
"i1st" (individual status bit) determines whether the answer sent is a "1"
(ist = S) or a "g" {ist £ S).

NOTE: With the IEC-bus, "1" [i.e. true) corresponds to a low level on the
data line.

[

Exemple: PIE = 01101010 assigns the bus date line DIO3,
Ist = "1" yields the PP answer "1".

The ist bit of the BSH 3 1s Identical with the Ready.Pusy bit 5 of the status
byte in a Serial Poll, i.e.
ist = 1 1f data is ready

ist = O if measurement 1s not yelt terminated.

This permits the IEC-bus controller to recognize the termination of the
measuring process without the need for the relatively time-consuming Serial
Poli.
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Setting the device address

Table 2-17
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ASCII Code

Table 2-18
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2.4 Fxamples of Measurements

2.4.1 Measurement of Sinewave Signals
See also sections 2.3.4 and 2.3,11

2.4.1.1 Measurement Accuracy (Noise Effects)

The measurement accuracy of a test recelver is mainly determined by the
accuracy of the calibration level (error < 0.5 dB), the accuracy of the

BF and the IF level switch (error < 0.3 dB), and the linearity of the

meter rectifier (error < 0.1 4B} and the logarithmic conversion (in the

40-dB and the G0-4B cperating range). These parameters are extremely stable
with the ESH 3 based on very exacting tests, so that the measuring error is
less than 1 dB in the 20-4B operating range. The maximum measuring error is
slightly higher {(by about 0.3 dB)} in the 40-dB and the 60-dB operating ranges.
In practice, however, the measuring error is much less. The smallest freguency
step slze of 100 He introduces an additional maximum level error of 1.5 4B
with the 200-Hz IF bandwidth selected.

In addition, the measurement accuracy is influenced by the inherent recelver
noise. The error introduced is relatively small with average-value indication
but considerably more pronounced with peak-value indication. The influence of

the inherent receiver noise is expressed by the following formulae:

With average-value indication

\/ (S - 1) /dB
Error/dB = 20 log 1+ 10 dB

(with sufficiently long averaging times = 0.1 s)

With peak-value indicaiion

b - NE)édB
Error/dB = 20 log (1 + 10 dB

S

where

level of an urmodulated sinewave signal in 4B(uV)

i

N1 = noise with average-value Indication in dB{uV)
N2 = noige with peak-value indication, N2 = Nl + 11 dB.

H]

Pig. 2.8 and the following table give the reading error due to noise
with average-value and peak-value indication as a function of the
signal-to-noige ratio.
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Table 2-19

S/N ratio | Average value Peak value
S-N1/dB dB 4B

0 3,01 13,15
1 2,53 13,38
2 2,12 13,63
3 4,76 3,9
4 5,45 14,20
5 6,19 14,52
6 6,97 14,87
7 7,79 15,24
8 8,63 15,614
G 9,51 16,07
10 10,41 16,53
1 11,33 17,02
12 12,26 17,53
13 13,21 18,07
14 14,61 18,64
15 15,13 19,24
16 16,10 19,87
17 17,08 20,52
18 18,06 21,20
19 19,05 21,91
20 20,04 22,63
22 22,02 24,15
24 24,01 25,75
26 26,01 27,42
30 30,92
40 40,30
50 50,09

==

W B/ 40 iS

g%s-&)us

Pig, 2-8 Readinge error of an unmodulated sinewave gsignal due to noise

with average-value and peak~value indication as a function of
the signal-to-noise ratio,
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Table 2«20

Error when measuring sn unmodulated sinewave signal with peak-value
indication as a function of the gignal-to-noise ratio S~N2.

(8-N2)/aB
n-lz Brror = 20 1g (1+10" ~ 20 a5 )dB
0 as 6.02 B
1 5.53
2 5.08
3 4.65
4 4.25
g 3.88
6 3.53
7 3.21
8 2.91
3 - 3.64
10 2.39
11 2.16
12 1.95
13 1.75
14 1.58
15 1.42
16 1.28
17 1.15
18 1.03
19 0.93
20 0.83
22 0.66
24 0.53
26 0.42
28 0.34
30 0.27
32 0.22
34 Q.17
36 0.14
38 c.11
40 0.09
45 0.05
50 0.03
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Table 2-21

(8- )/4aB
S-N 1 Error = 20 lg 14107 0 4B
0 as 3.01 dB
1 2.54
2 2.12
3 1.76
4 1.46
5 1.19
& 0,97
i .79
2 .64
g 0.51
10 C.41
11 0.33
12 ) 0.27
13 0.21
14 ] 0.17
15 0.13
16 D.11
17 0.09
18 0.07
19 0.05
20 0.04
21 0.03 .
22 ’ 0.03
23 - 0.02
24 0.02
25 0.01

B S a0k soflills0n s n(aB)
Figp., 2-9 Reading error due to noigse with average-value and

peak-value indication.
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1wo rules can be derived from these relationships:

- For a high measurement accuracy the highest possible signal-to-nolge
ratlo must be ensured, i.e. the highest possible IF attenuation must

be cut in. However, when measuring signals with extremely different
levels secticn 2.4.7 should be observed.

Average-value indicatlon is always preferable when measuring the level
of CW signals. Average-value indication also offers high suppression of
interference pulses {(see section 2.3.4).

2.4.1.2 Influence of Amplitude Modulation

According to the definition of the indicating modes in section 2.3.4 the

peak-value indication increases with the modulation depth as against the
average~value indication.

With a sufficiently high signal-to-noise ratio the function shown in
Fig. 2-8 holds for the increase in the peak-value indication as against

average-value indication with amplitude modulation.

1
[y

6

Difference

{dB]) s

X arpurgid

T
¥
i1

+3 ‘:

1

eapnsned

it e
+
1

T
aug g

0.1 ‘ 05 10

Fig. 2-10 Increase in peak-value indication as against average-value
indication with amplitude modulation,

This function is only irue in the 20-dB operating range. but not in the
4o- and the 60-dB operating range, where an instantaneous logarithmic
conversion of the IF signal takes place. As a result, a distorted envelope

is obtained at the output of the logarithmic converter with amplitude
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modulation, which causes & decrease in the indication of the average value,

In the following table and Fig. 2-11 this decrease in the indication of the

average value is shown as a function of the modulation depth.
Table 2-22
Modulation depth Decrease in indication
0} 0 aB
0,1 -0,022
0,2 -0,088
0,3 -0,202
0,4 -0,370
0,5 -0,602
0,6 -0,915
0,7 -1,340
0,8 -1,938
0,9 -2,878
1 -6,021
Py L Ty T A o T T . :
I ey ELoEErens F P R E Modulation depth
fht: HE A ! HH o R g
L 8 g 10,2 f v b M rat 1,08
il FHPHEET ! T 2 i
Decrease in indication 3T ] % sREa1Es 3 .
dB iREssEE: i £
HE 0 R E E R 5
; | {E + t [ t ;
= Jog 3t SEHIEEED Z3Es : 4
7 »;%y -9 ‘IH = T Ir- ot 1 -
i L et L A N ESbase [T L: T t Siena :
T 8 e T = jasey 1 H T } H
ey H - - y
s > 4 : oo bl L e : : .,
i L ibe ers Lt Tt i 1 b
ey - Lt Tt Hr it T s + -
1 t I FEA T i 1 2 3
2 et > 1 + : i
fntEE 3 H ; i HE
i ' 4 T H
R HH i H HHH T } T R AR TR

Fig. 2-11 Decrease in indication of average value when measuring amplitude-
modulated signals.

As shown in I'ig. 2-11 the error is practically negligible below a modulation
depth of 50% but is considerable with a modulation depth of 100%.
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2.4,1.% Meagurement of Freguency Offset and Deviation

By ites nature the frequency-offset measurement (= offset of test signal
from receiver frequency) is an average-value measurement. It is there~
fore, as pointed out in section 2.4.1.1, not as susceptible to the
signal-to-noise ratio as the deviation measurement whioch involves

two peak-value measurements. For the measurement of the frequency
deviation it is always the peak deviation within the given measuring
time which is determined. Prequency offset and deviation are measured
as special functions (see section 2.3.13%),

Further analyses can be made via the outputs FM 51 and FREQ. DEV. 54 on
the rear panel. The output FREQ. DEV. 54 , the output voltage of which is
covered by the offset calibration. can, for example, be used *to record the
drift of a transmitter. It is. however, also possible to connect to it an
rms-responsive AF voltmeter. with or without weighting filter, for measuring

frequency deviation or spuriocus deviation.

For remote requency measurement section 2.3.12 should be observed using
a precise frequency counter, such as the Philips FPM 6615, connected to
the output GEN. 44.

2.4,.1.4  Measurement of Modulation Depth

The modulaztion depth can be measured by means of the special function
"modulation depth" (see section 2.3.13). Here too it should be borne in mind
that the medulation depth measurement is a peak-value measurement which calls

for a high signal-to-noise ratio.

The AM output 50 and the IF output §§ can be used for further investigsa-
tions. It is also possible to measure the rms modulation depth by connecting
an rms-responsive AF voltmeter to the AM output 50 .

2.4,2 Measurement of Pulse Signals and DProadband Noise

The pulse signals here referred to are signals whose spectrum is considerably
wider than the IF bandwidth and whose individual spectral lines can not be
resolved by the IP filter. In contrast, keyed carriers have a narrow-band
characteristic; even 1f thelr level camnot be measured with average-value

indication it can be measured with peak-value indication.
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YA interference Heosurenent fecording to VO nnd CIOOR

TR LY

With the CISFR indicating mode {see section 2.7 1) the correct pulse

e f

weighting is automatically selected for +the fregquency set:

In the renge 9 1o 149.9 kHz the weighting is in accordance with CISPR 3
and in the range 150 kHs to 20 liHgz the welghting ilsg in accordance with
CISER 1,

The measuring tire ic selectable between 0.005 and 100 5. The standard
megsuring time is 1 s. The reason for the relativelr long measuring time
of 1 5 28 & lower 1imit is the time constants reguired by CISPR, viz. the
discharge time constant and the time constant of the filter provided for
the simulation of the meter response, The ESH 3, however, relieves the
user of the chore of observing the maximum pointer deflection., It deter-
mines the maximum znalog veliage over the measuring time and reads out

this value as the test result.

If sicwly varying components are dominant in the interference signal the
variation of the weighted analog wvoltage can be watehed on the analog
indication lﬂ . Autoranging takes a little longer in the CISPR indicating
mode. Nevertheless, autoranging is the only reliable method for measuring
interference spectra over a wide dynamlc range with automatic frequency
scanning. Low-noise mode measurements can be carried out over the entire
freguency range of the ESH 3. In particularly critical cases, for example,
when measuring forms of interference whose spectrum falls very sharply with
increasing frequency, the reliability of the test can be enhanced by
carrying out the linearity test.

The Artificial Mains Nebwork ESH 2-25 (IN 338.8219.%2) permits interfeprence
voltage measurements on AC-supply-dependent, interference-creating loads,

For automatlc phase'switching the Artificial Mains Network can also be
remecte-controlled via an IEC-bus-compatible controller, such as the PPC, with
the ald of the Code Converter PCW.

For further interference voltage measurements the high-impedance Aciive Probe
ESH 2-72 and Passive Probe ESH 2-73 are available,

The Clamp-on RF Current Probe ESH 2-Z1 is used for measuring interference
currents on lines. With the Inductive Probe HFH 2-74 the source of interference

can be located.

The Loop Antennas IFH 2-Z2 and HFH 2-73% and the Rod Antenna HFH 2-71 permit
the field strength of the radio interfersnce to be measured. The ESH 3 can
drive elther a printer (in the Tzlk Only mode) or an XY recorder for data
togging In automatic scanning operation., The recorder ocutput with a logarithmic

frequency axis {special function: 61) is here particularly useful since most of
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the limit wvalues for radio interference are represented with a
logarithmic frequency axis. Use of paper preprinted with the limit
values 1s recommended,

o422 Measurement of Broadband Interference in Accordance with MIL

otandards and VG Regulations

For these measurements the indicating mode MIl must be used in which all
interference levels are cutput as a pulse spectral density relative to a
bandwidth of 1 MHz. With reference to section 2.3.4, it is always best to
use the maximum permissible test (IF) bandwidth laid down in the standards
sincé here the bandwidth is not rigidly interiinked with welghting as is

the case with CISFR radio interference measurements. The antermnas and probes

required to meet the standards are available from R&S.

For measuring narrow-band interference average-value indication is pre-

ferable for its many advantages it offers (see seetion 2.3.4).

In antomatic scanning operation, the ESH 3 can drive elther a printer {in

the Talk Only mode) or an XY recorder for data logging. The recorder output
with a logarithmic frequency axis (special function: 61) is very useful for

this purpose toc since the limit values can almost always be represented as
stralight lines using a logarithmic frequency axis. The continuous characteristic
of broadband interfefence spectra makes 1t readily possible to enter step

sizes  Brp. It 1s preferable fo use a longer measuring time for each individual
measurement than to obtain many varying individual test resulis. If necessary .

a special detailed measurement can be carried out in the proximity of the

spectrum peak.

Use of paper preprinted with the limit values is recommended.

2.4.3 Measurement of Varying Signals With the Indicating Mode MAX. MIN.

This indicating mode serves mainly for measuring field-strength variations
due to fading. In most cases average-value indication is used for the
measurement (CW signals) but peak-value indicetion is used too {858 signals

and keyed carriers).

Even though there are no regulations specifying this, the indicating mode
MAX. MIN, can also be used to advantage for evaluating the disturbing effect
of broadband interference. In these cases, the Individual measurements must
be carried out with either of the CISPR or MIL indicating modes.
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Since autoranging is not possible with MAX, MIN. as pointed out in section 2.3.4,
automatic frequency scanning is also not possible. For these same reasons output

to a recorder 1ls no% possible with MAX, MIN,

2.4.4 Twoport and Beflecition-coefficient Measurement

In the operating mode TWOPORT 38 the output of the tracking generator GEN, 44
supplies a voltage of 80 dB (uV) into 50 @ at the receiver centre fraquency. This
voliage permits the magnitude of the gain or attenuation of twoport networks
between the output GEN. 44 and the input RF 45 1o be measured.

With the ald of a VSWR bridge, such as Model 68 BF 50 from WILTRON, the return
¢

loss of two-terminal networks can also be readily measured,

Since the grapic display of the frequency response is of great interest in both

cages the output to an XY recorder ig very useful,
Example:  Measurement on a band-pass filter

To this end the entire frequency range over which the filter is to be measured can
be divided into five subranges with different step size. The step size is narrow
at the steep edges and wider in the pass band and stop band, thus cptimm re-

cording times are achieved.

10.65 MHz 10,75 MHz

Fige 2-12 Division of pass-band characteristic into five subranges.
The vertical lines mark the step sizes.
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For measurement of the return loss, the insertion loss between the output
GEN. 44 and the input RF 45 , with the cutput of the device under test
short-circuit or open-circuit is described as "0-dB return loss" and entered
as maximum level. For the minimum level a value 40 @B less (depending on the
acceuracy of the bridge used) is entered. From the return loss 2, in dB the
reflection coefflicient is obtained:

-&
r

r/% = 10 20 x 100,
Example:
The insertion loss between the output GEN. 44 and the input RF 45
without Zoad is 0.5 dB. The maximum return loss of a test item is 40 4B.

Hence,

the maximum level to be entered -6.5 dB and
the minimum level to be entered -U46.5 4B,

The recording paper should be provided with a reflection-coefficient scale on
the ¥ axis.

2.4.5 Remcte Frequency Measurement

For remote freguency measurement a frequency counter 1s connected to the
ESH 5 in the operating mode REM, FREQ. 38 . This 1s one of the few
measurements where automatic frequency scanning is not possible since -
even though there are frequency counters with Talk Only capability - the
print control cammnot be synchronized between the ESH 3 and the frequency
counter. For this reason, an IEC-bus controller. such as the PPC, must be
used for automatic measurements, which starts the measuring process of the

frequency counter at defined instants.

For manual remote frequency measurements of sighals with considerably
varying amplitude, or keyed signals, the analog voltage at the output AV/PEAK

22 can be converted into a TTL level to trigger the frequency counter.
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2.4.6 Measurement of Harmoniecs, Non-harmonic Spurious Signals
and Sideband Nolse

2.h.0.1 Measurement of Harmonics

Thanks to its linearity {(e¢f. 2nd order harmonie distortion rating in the
Technical Information) the ESH 3 is ideally suited for measuring oscillator
and transmitier harmonic distortion. A frequency step size equal to the
frequency of the fundamental 1s chosen for automatic frequency scanning. Thus
it is possible to represent the level lines of the fundamental arnd the
harmonics together on an XY recorder. To be on the safe side, low-distorticn
measurement (LOW DIST, 42 ) (possibly with LIN. TEST 39 ) should be
selected. Indicating mode: AV.: operating range 20 dB; IF bandwidth to suit
the stability of the fundamental.

2.4.6,2  Measurement of Non-harmonic Spurious Signals

Automatic freguency scanning and recorder cutput make the ESH 3 alsc
particularly suitable for measuring non-harmonic spurious sighnals., In
contrast to manual frequency scamning, automatic scanning permits an
accurate record to be made of the suppression of non-harmonic spuricus

signals.

2,4.6,3 Measurement of Sideband Noise

Thanks to the low sideband nolse of the oscillators and the high selectivity
of the IF filters in the ESE 3, measurements In the vicinity of the carrier
a1t high levels are readily possible {(e¢f. section 2.3%.3, Fig. 2-1). The
effective selectivity of the 500-Hz filter can be further enhanced as
described in sectlion 2.3.3. For measurement of the sideband nolse with
conversion into dB/Hz the 3-dB IF bandwidths of the HSH 3 should be borne

in mind in the caleculation. Spurious deviation can also be measured with

the aid of the special function "Freq. deviation" if no weighting filters are

requlred for the measurements.
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2.4.7 Linearity Measurements on Amplifiers and Tuners (Compression,

Intermedulation, Cross Mcdulation)

The excellent linearity of the ESH 3 makes it also particularly suitable for
linearity measurements on active components. The measurements must, however,
be carrled out with the aid of signal generators that

- supply sufficlently high levels;
- allow adequate fine variation of the output level, and

- feature a remote-control comnector in accordance with IEC-€25.1

(IEEE 488) for automatic measurements.

The btuilt-in linearity-test facilities (LIN. TEST 39 ) of the ESH 3 prevent
virtually any measuring errors due to non-linearity. The automatic

linearity test can also be triggered and evaluated by the computer,

Since several devices are always involved in a linearity measurement autematic

measurements are only possible with the aid of a computer.

- Measurement of compression: The test item input level is increased until

1-dB compression is obtained.

- Measurement of intermodulation (e.gz. 3vd order IM products): The level
of the signals from two signal generators at the test item input is
increased until an intermodulation product can be measured with the
ESH 3.

- Measurement of cross modulation: The level of a 30% amplitude-modulated
signal generator 1s increased until an AM of 3% can be measured on a
second mignal generator with an unmodulated carrier. For spurious
modulation measurement tune the ESH 3 to one of the two modulation
sidebands at 200 Hz IPF bandwidth.

For all linearity measurements the minimam IF attenuation and the maximum
RF attenuation should be set on the ESHE 3. In some cases, direct computer
setting of the RF and the IF attenuation may prove still more effective
for automatic measurements than avtoranging with low-distorition measure-
ment, ag it is then possible to adjust the indicated voltage closer to
the noise indication limit, thus minimizing the level at the 18t mixer.

2.4.8 Recording of Signals

A1l the following considerations are based on recording without an external
computer, Information on data recording is also contained in sections 2.3.16,
2.3.17 and 2.3.19.
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2.4.8.1 Recording of 3ignal Level and Freguency Offset as a Punction of Time

The slgnal level as a funciion of time can be recorded in three different

ways:

a) Use of the outputs CISPR 52 for CISFR recording and AV PEAK 55 for
average-value and peak-value recording on a YT recorder. Measurements
with the MIL indicating mode can alsc be made 2% output AV/PEAK 5 . In
contrast to the XY RECORDER output 58 , these outputs offer the
advantage that the output voltage follows the input voltage without any

delay (to be exact, only with average-value Indication since the peak-

value nold time is always equal to the measuwring time). On the other

hand, these outputs have the drawback that fluctuations that reguire
autoranging are not adequately recorded. Automatic scanning is not

necessary in this case,

b) Use of the output 58 for all level recordings on YT recorders. The
Y output voltage changes with each new data output on the display 13 .
However, to trigger such a recording process, automatic frequency-
scanning with fSTﬂRT = fgpop 18 required. To stop this pseudo-automatic

frequency scanning process the 3TOP key must be pressed twice.

e} Data output to a printer in the Talk Only mode. Simultaneously with each
cutput on the display 132 the data is output to the printer. This
method produces less easy-to-grasp resulis than graphic methods but it
offers the advantage of statlistical data evaluation if no desktop
caloulator control is provided. 'The output to the printer is also

triggered by automatic frequency scanning with fSTART = famgp.

The start of this pseudo frequency scanning process initiates continuous
printer output. Recording methods 2) and 3) are also possible
simultaneously.

For recording the frequency offset as a function of time only the
following methods are possible:

- Use of output Qﬁ for output to an XY recorder without automatic
scanning.

- Talk Only output of the measured data ln automatic scanning operation

with fompp = fopop ( 31 ).

R 39599 - 2.74




2.4.8.2 Recording of Signal Level as a Function of Frequency

The signal level as a function of frequency can be recorded in two different

Ways.

2.4.8.2.1 Output to an XY Recorder Via 58 With Automatic Frequency Scanning

This method was described in detall in section 2.3.10.
The fellowlng settings are recommended:

a) Line spectra (SPEC, FUNC. 71) if the indicating mode AV. or PELX hes
been selected and if the step size of scanning is wider than one-half
of the IF bandwidth,

b) Polygonal curves (SPEC. FUNC. 70) if

- the indicating mode AV, or PEAK has been selected and the step size
of scamming is parrower than or equal +to one-half of the IF bandwicth.

- the indicating mode CISPR or MIL has been selected, the step size

having ne influence.

- the indicating mode TWOPORT has been selected.

2.4.8.2.2 Output to a Printer Via 57

Frequency values and the corresponding level values are printed out together.
Further parameters can be printed out vila special functions, Values below

the minimum level are not printed out.

Output to a recorder and a printer is possible in parallel.

2.4.8.%5  Recording of Freguency Band Occupancy as a Function of Time

Recording of frequency band occupancy as a function of time is only
possible by output to one to five Radio Monitoring Recorders‘ZSG 3 as
deseribed in section 2.3,19 or by computer control. The recording threshold
is Cetermined by the minimum level entered.
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