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General information concerning the CE marking

HAMEG instruments fulfill the regulations of the EMC directive. The
conformity test made by HAMEG is based on the actual generic- and
product standards. In cases where different limit values are applicable,
HAMEG applies the severer standard. For emission the limits for
residential, commercial and light industry are applied. Regarding the
immunity (susceptibility) the limits for industrial environment have
been used.

The measuring- and data lines of the instrument have much influence
on emmission and immunity and therefore on meeting the acceptance
limits. For different applications the lines and/or cables used may
be different. For measurement operation the following hints and
conditions regarding emission and immunity should be observed:

1. Data cables

For the connection between instruments resp. their interfaces and
external devices, (computer, printer etc.) sufficiently screened cables
must be used. Without a special instruction in the manual for a reduced
cable length, the maximum cable length of a dataline must be less than
3 meters and not be used outside buildings. If an interface has several
connectors only one connector must have a connection to a cable.

Basically interconnections must have a double screening. For IEEE-bus
purposes the double screened cables HZ73 and HZ72L from HAMEG
are suitable.

2. Signal cables

Basically test leads for signal interconnection between test point and
instrument should be as short as possible. Without instruction in the
manual for a shorter length, signal lines must be less than 3 meters
and not be used outside buildings.

Signal lines must screened (coaxial cable - RG58/U). A proper ground

connection is required. In combination with signal generators double
screened cables (RG223/U, RG214/U) must be used.

Subject to change without notice

3. Influence on measuring instruments.

Under the presence of strong high frequency electric or magnetic fields,
even with careful setup of the measuring equipment an influence of
such signals is unavoidable.

This will not cause damage or put the instrument out of operation. Small
deviations of the measuring value (reading) exceeding the instruments
specifications may result from such conditions in individual cases.

4. RF immunity of oscilloscopes.

4.1 Electromagnetic RF field

The influence of electric and magnetic RF fields may become visible
(e.g. RF superimposed), if the field intensity is high. In most cases
the coupling into the oscilloscope takes place via the device under
test, mains/line supply, test leads, control cables and/or radiation.
The device under test as well as the oscilloscope may be effected by
such fields.

Although the interior of the oscilloscope is screened by the cabinet,
direct radiation can occur via the CRT gap. As the bandwidth of
each amplifier stage is higher than the total -3dB bandwidth of the
oscilloscope, the influence RF fields of even higher frequencies may
be noticeable.

4.2 Electrical fast transients / electrostatic discharge

Electrical fast transient signals (burst] may be coupled into the
oscilloscope directly via the mains/line supply, or indirectly via test
leads and/or control cables. Due to the high trigger and input sensitivity
of the oscilloscopes, such normally high signals may effect the trigger
unit and/or may become visible on the CRT, which is unavoidable.
These effects can also be caused by direct or indirect electrostatic
discharge.

HAMEG Instruments GmbH
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0 HM5014-2

Amplitude-modulated
RF Signal

Amplifier frequency res-
ponse measured using a
tracking generator

Measurement of line-con-
ducted interference

Subject to change without notice

1 GHz Spectrum Analyzer
HM5014-2

Frequency range: 150 kHz to 1 GHz

Amplitude measurement range: -100dBm to + 10dBm
Phase Synchronous, Direct Digital frequency Synthesis (DDS)
Resolution bandwidths (RBW): 9 kHz, 120 kHz and 1 MHz
Pre-compliance EMI measurement

Serial interface for documentation and control

Software for documentation included

Additional measurement functions for EMI measurements
with optional software

Tracking Generator with output amplitude from -50dBm
to+1dBm

@ 00 000,
©000
RS-232



1 GHz Spectrum Analyzer HM5014-2

Valid at 23 °C after a 30 minute warm-up period

Frequency Characteristics

Frequency Range:
Stability:

Ageing:

Frequency Resolution:
Center Frequency Range:
LO Frequency Generation:
Span Setting Range:

Marker:
Frequency Resolution:
Amplitude Resolution:
Resolution Bandwidths
(RBW) @ 6dB:
Video Bandwidth (VBW):
Sweep Time
(automatic selection):

0.15MHz to 1.050 GHz

+5ppm

+1ppm/year

1kHz (6% digit in readout)

0 to 1.050GHz

TCXO with DDS (Digital Frequency Synthesis)
Zero Span and 1 MHz - 1000 MHz

(1-2-5 Sequence)

1kHz, 6% digit,
0.4dB, 3% digit

1MHz, 120kHz and 9 kHz
4 kHz

40ms, 320ms,1s%)

Amplitude Characteristics [Marker Related) 150 kHz - 1 GHz

Measurement Range:
Scaling:
Display Range:

-100dBm to +10dBm
10dB/div., 5dB/div.
80dB (10 dB/div.),
40dB (5dB/div.)

Amplitude Frequency Response (at 10 dB Attn., Zero Span and RBW

1 MHz, Signal - 20 dBm):
Display (CRT:

Amplitude Scale:

Display units:

Input Attenuator Range:
Input Attenuator Accuracy
rel. to 10dB:

Max. Input Level (continuous)

40dB attenuation:

0dB attenuation:
Max. DC Voltage:
Max. Reference Level:

+3dB

8 x10 division

logarithmic

dBm

0 - 40dB (10dB increments)

+2dB

+20dBm (0.1W)
+10dBm

+25V

+10dBm

Reference Level Accuracy rel. to 500 MHz, 10 dB Attn., Zero Span and

RBW 1 MHz:

Min. Average Noise Level:
Intermodulation Ratio
(37d Order):

Harmonic Distortion Ratio
(2nd harm.):

+1dB
approx. -100dBm (RBW 9 kHz)

typical > 75dBc (2 Signals: 200 MHz,
203 MHz, - 3dB below Reference Level)

typical > 75dBc
(200 MHz, Reference Level)

Bandwidth Dependent Amplitude Error rel. to RBW 1 MHz and Zero

Span:
Digitization Error:

+1dB
+1 digit (0.4 dB) at 10dB/div. scaling
(Average, Zero Span)

Specifications

Inputs / Outputs

Measuring Input:
Input Impedance:
VSWR: (Attn. > 10dB)

Tracking Generator Output (HM5014-2):

Output Impedance:
Test Signal Output:
Frequency, Level:

Supply Voltage for Probes (HZ 530):

Audio Output (phone:
RS-232 Interface:

Keyboard Input:
Rotary Encoder Input:

Max. Hold Detection:
Quasi-Peak Detection: *
Average:

Ref. Spectrum Memory:
SAVE / RECALL:

AM demodulation

N socket

500

typ. 1.5:1

N-socket

500

BNC socket

48 MHz, -30dBm (+2dB)
6V DC

3.5mm @ jack

9-pin / Sub-D

Center Frequency, Reference Level,
Tracking Generator Level

Center Frequency, Reference Level, Marker,
Tracking Generator Level

Peak Value Acquisition

Quasi-Peak Valuation

Mean Value Acquisition

2k x 8bit

Save and Recall of 10 Instrument Settings
for audio

RS-232 Remote Control OFF

Display of various Measurement
Parameters

Tracking Generator

Frequency Range:
Output Level:

0.15MHz to 1.050 GHz
-50dBm to +1dBm

Frequency Response (0.15MHz - 1 GHz)

+1dBm to -10dBm:

-10.2dBm to -50dBm:
Digitization Error:
Spurious Outputs:

+3dB

+4dB

+1 digit (0.4dB)
better than 20dBc

General information

CRT:

Acceleration Voltage:
Trace Rotation:
Ambient Temperature:
Power Supply:

Power Consumption:
Safety Class:
Dimensions (W x H x D):
Weight:

D14-363GY, 8 x 10 cm with internal graticule
approx. 2kV

adjustable on front panel

10°C to 40°C

105-253V, 50/60Hz + 10 %, CAT Il

approx. 35W at 230V/50 Hz

Safety Class | (EN61010-1)

285 x 125 x 380 mm

approx. 6.5kg

*) in combination with software AST00E only

Optional accessories:

HZ520 Antenna

Accessories supplied: Line Cord, Operators Manual, HZ21 Adapter Plug
[N-plug with BNC socket) and Software for Windows on CD-ROM

HZ70 Opto-Interface (with optical fiber cable)

HZ530 Near Field Probe Set for EMI Diagnosis

Test Equipment Depot - 800.517.8431 - 99 Washington Street Melrose, MA 02176
FAX 781.665.0780 - TestEquipmentDepot.com
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Important hints

Important hints

Immediately after unpacking, the instrument should be checked
for mechanical damage and loose parts in the interior. If there
is a damage of transport, first the instrument must not to be
putinto operation and second the supplier have to be informed
immediately.

Used symbols

A ATTENTION - refer to manual

A Danger - High voltage

/47 Protective ground (earth] terminal

=

Important notel

Positioning the instrument

As can be seen from the figures, the handle can be set into dif-
ferent positions:

A=carrying

B = handle removal and horizontal carrying
C =horizontal operating

D and E = operating at different angles

F = handle removal

T = shipping (handle unlocked)

I~=" Attention!

When changing the handle position, the instrument
must be placed so that it can not fall (e.g. placed

on a table). Then the handle locking knobs must be
simultaneously pulled outwards and rotated to the
required position. Without pulling the locking knobs
they will latch in into the next locking position.

Handle mounting/dismounting

The handle can be removed by pulling it out further, depending
on the instrument model in position B or F.

Safety

This instrument has been designed and tested in accordance
with IEC Publication 1010-1 (overvoltage category I, pollution
degree 2), Safety requirements for electrical equipment for
measurement, control, and laboratory use.

The CENELEC regulations EN 61010-1 correspond to this stan-
dard. It has left the factory in a safe condition. This instruction
manual contains importantinformation and warnings that have
to be followed by the user to ensure safe operation and to retain
the instrument in a safe condition.

The case, chassis and all measuring terminals are connected
to the protective earth contact of the appliance inlet. The in-
strument operates according to Safety Class | (three conductor
power cord with protective earthing conductor and a plug with
earthing contact].

The mains/line plug must be inserted in a socket outlet provi-
ded with a protective earth contact. The protective action must

Subject to change without notice
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not be negated by the use of an extension cord without a pro-
tective conductor.

The mains/line plug must be inserted before connections are
made to measuring circuits.

The grounded accessible metal parts (case, sockets, jacks]
and the mains/line supply contacts (line/live, neutral) of the in-
strument have been tested against insulation breakdown with
2200 Vpe.

Under certain conditions, 50 Hz or 60 Hz hum voltages can oc-
cur in the measuring circuit due to the interconnection with
other mains/line powered equipment or instruments. This can
be avoided by using an isolation transformer (Safety Class II)
between the mains/line outlet and the power plug of the device
being investigated.

Most cathode ray tubes develop X-rays. However, the dose
equivalent rate falls far below the maximum permissible va-
lue of 36pA/kg (0.5mR/h).

Whenever it is likely that protection has been impaired, the in-
strument mustbe made inoperative and be secured against any



unintended operation. The protection s likely to be impa-ired if,
forexample, the instrument shows visible damage, fails to per-
form the intended measurements, has been subjected to pro-
longed storage under unfavourable conditions (e.g. in the open
orinmoist environments), has been subject to severe transport
stress [e.g. in poor packaging).

Operating conditions

Thisinstrument must be used only by qualified expertswho are
aware of the risks of electrical measurement. The instrument
is specified for operationinindustry, lightindustry, commercial
and residential environments.

Due to safetyreasonstheinstrument mustonly be connected to
a properly installed power outlet, containing a protective earth
conductor. The protective earth connection must not be broken.
The power plug must be inserted in the power outlet while any
connection is made to the test device.

The instrument has been designed for indoor use. The per-
missible ambient temperature range during operation is
+10°C (+50°F) ... +40°C (+104°F). It may occasionally be sub-
jected to temperatures between +10°C (+50°F) and -10°C
(+14°F) without degrading its safety. The permissible ambi-
ent temperature range for storage or transportation is 40°C
(-40°F) ... +70°C (+158°F). The maximum operating altitude is
up to 2200 m (non operating 15000 m). The maximum relative
humidity is up to 80%.

If condensed water exists in the instrument it should be accli-
matized before switching on. In some cases [e.g. extremely cold
instrument] two hours should be allowed before the instrument
is put into operation. The instrument should be kept in a clean
and dryroom and must not be operated in explosive, corrosive,
dusty, or moist environments. The instrument can be operated
inany position, but the convection cooling must not be impaired.
The ventilation holes may not be covered. For continuous ope-
ration the instrument should be used in the horizontal position,
preferably tilted upwards, resting on the tilt handle.

The specifications stating tolerances are only valid if the instru-
ment haswarmed up for 20 minutes atanambient temperature
between +15°C (+59 °F) and +30°C (+86 °F). Values without tole-
rances are typical for an average instrument.

Warranty and repair

HAMEG instruments are subjected to a rigorous quality control.
Prior to shipment each instrument will be burntin for 10 hours.
Intermittent operation will produce nearly all early failures.
After burnin, a final functional and quality test is performed to
check all operating modes and fulfilment of specifications. The
latter is performed with test equipment traceable to national
measurement standards.

Statutory warranty regulations apply in the country where the
HAMEG product was purchased. In case of complaints please
contact the dealer who supplied your HAMEG product.

Maintenance

The exterior of the instrument should be cleaned regularly with
adusting brush. Dirt thatis difficult to remove on the casingand
handle, the plasticand aluminium parts, can be removed with a
moistened cloth (99% water +1% mild detergent). Spirit or was-
hing benzine (petroleum ether] can be used to remove greasy
dirt. The screen may be cleaned with water or washing benzine

Important hints

(but not with spirit (alcohol) or solvents), it must then be wiped
withadrycleanlint free cloth. Underno circumstances mustthe
cleaning fluid getinto the instrument. The use of other cleaning
agents can attack the plastic and paint surfaces.

Protective Switch Off

Thisinstrumentis equipped with a switch mode power supply. It
has both overvoltage and overload protection, which will cause
the switch mode supply to limit power consumption to a mini-
mum. In this case a ticking noise may be heard.

Power supply

Theinstrumentoperates on mains/line voltages between 105Vac
and 250Vac. No means of switching to different input voltages
has therefore been provided.

The power input fuse is externally accessible. The fuse holder
and the 3 pole power connector is an integrated unit. The po-
wer input fuse can be exchanged after the rubber connector is
removed. The fuse holder can be released by lever action with
the aid of a screwdriver. The starting point is a slot located on
contact pin side. The fuse can then be pushed out of the moun-
ting and replaced.

The fuse holder must be pushed in against the spring pressure
and locked. Use of patched fuses or short circuiting of the fuse
holderis not permissible; HAMEG assumes no liability whatso-
ever foranydamage caused as aresult, and allwarranty claims
become null and void.

Fuse type:

Size 5x20mm; 0.8A, 250V AC fuse;
must meet IEC specification 127,
Sheet Il (or DIN 41 662

or DIN 41571, sheet 3).

Time characteristic: time lag.

Subject to change without notice



Test Signal Display

Test Signal Display
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Functional principle

The spectrum analyzer permits the detection of spectrum com-
ponents of electrical signals in the frequency range of 0.15 to
1050MHz. The detected signaland its content have to be repeti-
tive. In contrast to an oscilloscope operated in Yt mode, where
the amplitude is displayed on the time domain, the spectrum
analyzer displays amplitude on the frequency domain (Yf). The
individual spectrum components of a “signal” become visible on
a spectrum analyzer. The oscilloscope would display the same
signal as one resulting waveform.

The spectrum analyser works according to the double super-
het receiver principle. The signalto be measured (fin=0.15 MHz
to 1050 MHz] is applied to the 1st mixer where it is mixed with
the signal of a variable voltage controlled oscillator (fLO 1350,7
MHz - 2400,7 MHz]. This oscillator is called the Tst LO (local
oscillator). The difference between the oscillator and the input
frequency (fLO - fin = 1st IF) is the first intermediate frequen-
cy, which passes through a waveband filter tuned to a center
frequency of 1350,7 MHz. It then enters an amplifier, a second
mixing stage, oscillator and the second IF amplifier (10.7 MHz].
Inthe latter, the signal can be selectively transferred through a
filter with 1000kHz, 120kHz or 9kHz bandwidth before arriving
at an AM demodulator. The logarithmic output (video signal) is
transferred directly, orvia a low pass filter to an A/D converter
and the signal data are stored in a RAM. The lowest frequency
of a span is stored at the lowest address and the highest fre-
quency at the highest address. Then the next span starts the
same procedure once again. This means that the signal data
are continuously updated.

In addition the signal data are read and converted by a D/A con-
verterintoananalogue signal. The latter controls the Yamplifier
and the Y deflection plates of the CRT. With increasing signal
level [amplitude] the beam is deflected from the bottom (noise)
to the top of the screen.

During the continuous read process the RAM becomes
addressed from the lowest to the highest address. The addres-
ses become D/A converted and consequently generate a saw
tooth signal which controls the X deflection. The sweep starts
with the lowest frequency (address) at the trace start (left) and
endswiththe highest frequency (address) at the trace end (right).
The stored spectrum data can be transferred toa PC via the built
in serial interface.

Note: While Zero-Span-Mode the measuring fre-
quency does not change and the X-deflectionis a
time depending function.

The HM5014-2 alsoincludes a tracking generator. It provides si-
ne wave voltageswithin the frequencyrange of 0.15to 1050 MHz.
The tracking generator frequency is determined by the first
oscillator (1st LO) of the spectrum analyzer section.

Spectrum analyzer and tracking generator are frequency syn-
chronized.

Operating Instructions

Itisveryimportanttoreadtheinstructionsincluding the chapter
.Safety” priorto operate the HM5012-2/HM5014-2. The straight-
forward front panel layout and the limitation to basic functions,
guarantee efficient operation immediately. To ensure optimum

First measurements

operation of the instrument, some basic instructions need to
be followed.

Prior to examining unidentified signals, the presence of unac-
ceptable high voltages has to be checked. Itis also recommen-
dedto start measurements with the highest possible attenuati-
onand a maximum frequency range (Span 1000M Hz]. The user
should also consider the possibility of excessively high signal
amplitudes outside the covered frequency range, although
not displayed (e.g. 1200MHz]. The frequency range of 0Hz to
150kHz is not specified for the HM5014-2 spectrum analyser.
Spectral lines within this range would be displayed with incor-
rect amplitude.

High intensity settings should be avoided. The way signals are
displayed on the spectrum analyser typically allows for any si-
gnal to be recognized easily, even with low intensity. Due to the
frequency conversion principle, a spectrallineisvisible at 0Hz.
It is called IF feedthrough. The line appears when the 15t LO
frequency passes the I[F amplifiers and filters. The level of this
spectrallineisdifferentin eachinstrument. Adeviation fromthe
full screen does not indicate a malfunctioning instrument.

First measurements

Settings:

Before an unknown signal is applied to the input of the instru-
ment, it should be verified that the DC component is smaller
than +25V and the signal level below +10 dBm.

ATTN:
As a protective measure the attenuation should initially be set
to 40 dB.

Frequency setting:
Set CENTER FREQ. to 500 MHz [C500MHz] and choose a span
of 1000 MHz (S1000 MHz).

Vertical scaling:
For maximum display range choose 10dB/div scaling.

RBW (resolution bandwidth):

At the start of a measurement it is recommended to select
1000kHz (IF) bandwidth and to switch the video filter (VBW)
off.

If under these conditions only the noise band (frequency base
line) is visible the input attenuation can be reduced to enab-
le the measurement and display of lower signal levels. Bear
in mind that at full span, very narrow, high level signals may
low intensity and thus difficult to see, and should be careful-
ly sought before reducing attenuation. If the frequency base
line shifts to the top, this may be caused by a high level spec-
tra outside the measuring range. In any case the attenuator
setting must correspond to the biggest input signal (not Zero-
peak). The correct signal level is achieved if the biggest signal
(.0Hz"- 1000 MHz) just touches the reference line. If the signal
surpasses the reference line, the attenuation must be increased,
oran external attenuator (of suitable power rating and attenua-
tion) must be used.

Measuringin full-span mode serves mostly as a quick overview.
To analyze the detected signals more closely, the span has to

Subject to change without notice



Introduction to Spectrum Analysis

be decreased. Before decreasing the span, make sure that the
centerfrequencyis setsothesignalis atexact centerof screen.
Then span can be reduced.

Then the resolution bandwidth can be decreased, and the video
filter used if necessary. Note that if the warning ..uncal” is dis-
played in the readout, measurement results are incorrect.

Measurement reading: For a numerical value of a measure-
ment result the easiest way is by the use of the marker. The
marker frequency, and hence the marker symbol position, can
be set by the TUNING knob (on condition the MARKER LED is
lit) on a spectrum line. Then the frequency and the level can be
read from the readout. For the level value the reference level
(REF.-LEVEL) and the input attenuator setting (ATTN) are au-
tomatically considered.

If a value is to be measured without using the marker, then
measure the difference of the reference line to the signal. Note
that the scale may be either 5 dB/Div. or 10 dB/Div. In the refe-
rence level value, the setting of the input attenuator is already
included; it is not necessary to make a correction afterwards.
The level of the 48 MHz test signal (shown on the page . Test Si-
gnal Display ] is approx. 2.2 div below the reference level grati-
cule line of -10dBm. In combination with a scaling of 10dB/div,
2.2divequals 22dB and consequently the signal levelis -10dBm
- (22dB) =-32dBm.

Introduction to Spectrum Analysis

The analysis of electrical signals is a fundamental problem for
many engineers and scientists. Evenif the immediate problem s
notelectrical, the basic parameters of interest are often changed
into electrical signals by means of transducers. The rewards
for transforming physical parameters to electrical signals are
great,as many instruments are available for the analysis of elec-
trical signals in the time and frequency domains.

The traditional way of observing electrical signalsis to view them
in the time domain using an oscilloscope. The time domain is
used to recover relative timing and phase information that is
needed to characterize electric circuit behavior. However, not
allcircuits can be uniquely characterized from just time domain
information. Circuit elements such as amplifiers, oscillators,
mixers, modulators, detectors and filters are best characte-
rized by their frequency response information. This frequency
information is best obtained by viewing electrical signals in the
frequency domain. To display the frequency domain requires a
device that candiscriminate between frequencies while measu-
ring the power levelat each. One instrument which displays the
frequency domain is the spectrum analyzer.

Itgraphically displays voltage or poweras a function of frequency
on a CRT (cathode ray tube). In the time domain, all frequency
components of a signal are seen summed together. In the fre-
quency domain, complex signals (i.e. signals composed of more
than one frequency) are separated into their frequency compo-
nents, and the power level at each frequency is displayed. The
frequency domain is a graphical

representation of signal amplitude as a function of frequency.
The frequency domain contains information not found in the ti-
me domain and therefore, the spectrum analyzer has certain
advantages compared with an oscilloscope.
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The analyzeris more sensitive to low level distortion thana sco-
pe. Sine waves may look good in the time domain, butin the fre-
quencydomain, harmonicdistortion can be seen. The sensitivity
and wide dynamic range of the spectrum analyzer is useful for
measuring low-level modulation. It can be used to measure AM,
FMand pulsed RF. The analyzer can be used to measure carrier
frequency, modulation frequency, modulation level, and modu-
lation distortion. Frequency conversion devices can be easily
characterized. Such parameters as conversion loss, isolation,
and distortion are readily determined from the display.

The spectrum analyzer can be used to measure long and short
term stability. Parameters such as noise sidebands on an oscil-
lator, residual FM of a source and frequency drift during warm-
up can be measured using the spectrum analyzer’s calibrated
scans. The swept frequency responses of a filter or amplifier
are examples of swept frequency measurements possible with
a spectrum analyzer. These measurements are simplified by
using a tracking generator.

Types of Spectrum Analyzers

There are two basic types of spectrum analyzers, swept-tuned
and real time analyzers. The swept-tuned analyzers are tuned
byelectrically sweeping them overtheir frequency range. There-
fore, the frequency components of a spectrum are sampled
sequentially in time. This enables periodic and random signals
to be displayed, but makes itimpossible to display transient re-
sponses. Realtime analyzers, onthe other hand, simultaneously
display the amplitude of all signals in the frequency range of the
analyzer; hence the name “real time”. This preserves the time
dependency between signals which permit phase information
to be displayed. Real time analyzers are capable of displaying
transient responses as well as periodic and random signals.

The swept tuned analyzers are usually of the TRF (tuned radio
frequency) or superheterodyne type. ATRF-analyzer consists of
aband passfilterwhose center frequencyis tunable overa desi-
red frequencyrange, a detectorto produce vertical deflectionon
a CRT, and a horizontal scan generator used to synchronize the
tuned frequency to the CRT horizontal deflection. It is a simple,
inexpensive analyzer with wide frequency coverage, but lacks
resolution and sensitivity. Because trf analyzers have a swept
filter they are limited in sweep width depending on the frequency
range (usually one decade or less). The resolution is determined
by the filter bandwidth, and since tunable filters do not usually
have constant bandwidth, it is dependent on frequency.

The most common type of spectrum analyzer differs from the
trf spectrum analyzers in that the spectrum is swept through a
fixed band pass filter instead of sweeping the filter through the
spectrum. The analyzeris basicallya narrowband receiver which
is electronically tuned in frequency by a local oscillator (15t LO).
The LO signalisthe first of two inputs applied to the first mixer.
The complete input spectra [the analyzer input) is the second
signal for the first mixer. A front panel controllable attenuator
(adjacent to the input socket] can be used to reduce the input
signallevelin 10dB steps. At the first mixer output, the following
four signals appear:

al The signal of the first local oscillator (1st LO).
This is always 1350.7MHz higher then the input signal fre-
quency. For an input frequency of OkHz the 1st LO is set
to 1350.7MHZ (0kHz + 1350.7MHz]. At 150kHz it is
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1350.85MHz (150 kHz + 1350.7 MHZ) and for an input signal of
1050MHz the 1st LO must oscillate at 2400.7MHz (1050 MHz
+1350.7MHz).

b] The completeinput spectraas presentatthe analyzerinput.
After having passed through the attenuator, this is also pre-
sent at the mixer output.

c) The mixing product sum of the 1st LO and the complete in-
put spectra. For 150kHz the 1st LO frequencyis 1350.85 MHz
which resultsinasum of 1351 MHz. In case of 1050 MHz input
frequency the 1st LO frequency is 2400.7MHz and the sum
is 3450.7MHz.

d) Themixing productdifference of the 1st LO and the complete
input spectra. At 150kHzthe 1st LO frequencyis 1350.85 MHz
sothatthe difference (1350.85 MHz - 150 kHz] is 1350.7 MHz.
Tuned to 1050MHz the 1st LO frequency is 2400.7MHz and
the difference is 1350.7MHz (2400.7 MHz - 1050 MHz].

After the mixing stage these signals enter a band pass filter
(IF filter) with a center frequency of 1350.7MHz. Except for one
special condition, only the mixing product difference can pass
the filter and is displayed after further processing. The excep-
tion is the 15t LO signal which is 1350.7MHz if the analyzer is
tuned to OkHz.

Note:

This 1st LO signal at..0 kHz" is named Zero Peak, or local oscil-
lator feedthrough and is unavoidable. It can be seen at the left
of the display. Its presence can be disturbing on frequencies
between 150kHz and approx. 2.5MHz if e.g. 1MHz resolution
bandwidth (RBW] is selected. To avoid such problems a lower
resolution bandwidth should be selected.

Depending on whether measurements are made with or without
SPAN, the following conditions occur.

In ZERO SPAN mode the 15t LO generates a frequency that
must be 1350.7MHz higher than the selected input frequency.
The analyzer then displays only the input frequency and those
frequency fractions that can pass the IF filter, depending on the
actual resolution bandwidth (RBW] setting.

In normal frequency span conditions (ZERO SPAN not selected),
afrequencyrange is displayed dependent on the SPAN setting.
In the condition that the center frequency is 500MHz and a span
of T000MHz (full span] is chosen, the measurement starts with
OkHz at the left side of the display and ends with 1000MHz at
the right side. This means that the 15t LO frequencyisincreased
repeatedly from 1350.7MHz to 2400.7MHz. After each sweep is
performed, a new one starts.

There is a relationship between the frequency range to be ana-
lyzed (SPAN setting dependent] and the resolution bandwidth
that can cause the display of erroneous (too low] signal levels.
Such errors occur if the measuring time does not meet the re-
quirements of the IF and/or Video Filter settling time, which is
the case if the measuring time is too short. A warning of this
state is indicated by the readout displaying .uncal”.

Spectrum Analyzer Requirements

Spectrum Analyzer Requirements

To accurately display the frequency and amplitude of a signal
onaspectrum analyzer, the instrument itself must be properly
adjusted. A spectrum analyzer properly designed for accurate
frequency and amplitude measurements has to satisfy many
requirements:

a] Wide tuning range

b) Wide frequency display range
c) Stability

d] Resolution

e] Flatfrequency response

f)  High sensitivity

gl Lowinternal distortion

Frequency Measurements

ASpectrum Analyzer allows frequency measurement whether
SPAN mode is present or not (ZERO-SPAN].

In .full span” (1000MHz) mode, the complete frequency range
is displayed and a signal frequency can roughly be determined.
This frequency then can be input as center frequency and dis-
played with less SPAN. The measurement display and MAR-
KERaccuracyincreases with less SPAN and smallerresolution
bandwidth (RBW). In combination with ,ZERO SPAN", a signal
whichis not modulatedis displayed as a straight horizontal line.
To determine the signal frequency, the center frequency should
be adjusted so that the signal line moves up the screen to the
maximum top position (maximum level]. Then the frequency can
be read from the readout. In the zero scan mode, the analyzer
acts as a fixed tuned receiver with selectable bandwidths.

Relative frequency measurements can be made by measuring
the relative separation of two signals on the display. It isimpor-
tant that the spectrum analyzer be more stable than the signals
being measured. The stability of the analyzer depends on the
frequency stability of its local oscillators. Stability is usually
characterized as either short term or long term. Residual FM
isa measure of the short term stability that is usually specified
in Hz peak-to-peak. Short term stability is also characterized
by noise sidebands which are a measure of the analyzers spec-
tral purity.

Noise sidebands are specified in terms of dB down and Hz away
fromacarrierina specific bandwidth. The frequency drift of the
analyzer’s Local Oscillators characterizes long term stability.
Frequencydriftis a measure of how much the frequency chan-
ges during a specified time (i.e., Hz/min. or Hz/hr).

Resolution

Before the frequency of a signal can be measured onaspectrum
analyzer it must first be resolved. Resolving a signal means di-
stinguishing it from its nearest neighbours. The resolution of
a spectrum analyzer is determined by its IF bandwidth. The IF
bandwidth is usually the 3dB bandwidth of the IF filter. The ra-
tio of the 60dB bandwidth (in Hz) to the 3dB bandwidth (in Hz) is
known as the shape factor of the filter. The smaller the shape
factor, the greater the analyzer’s capability to resolve closely
spaced signals of unequalamplitude. If the shape factor of a filter
is 15:1, then two signals whose amplitudes differ by 60dB must
differinfrequency by 7.5 times the IF bandwidth before they can
be distinguished separately. Otherwise, they will appear as one
signal on the spectrum analyzer display.
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Spectrum Analyzer Requirements

The ability of a spectrum analyzer to resolve closely spaced
signals of unequal amplitude is not a function of the IF filter
shape factoronly. Noise sidebands can also reduce the resolu-
tion. They appear above the skirt of the IF filter and reduce the
off band rejection of the filter. This limits the resolution when
measuring signals of unequal amplitude.

The resolution of the spectrum analyzer is limited by its nar-
rowest I[F bandwidth. For example, if the narrowest bandwidth
is 9 kHz then the nearest any two signals can be and still be re-
solved is 9 kHz. This is because the analyzer traces out its own
IF band pass shape as it sweeps through a CW signal. Since the
resolution of the analyzeris limited by bandwidth, it seems that
by reducing the IF bandwidth indefinitely, infinite resolution will
be achieved.

The fallacy hereis that the usable IF bandwidth is limited by the
stability (residual FM) of the analyzer. If the internal frequency
deviation of the analyzeris 9 kHz, then the narrowest bandwidth
that can be used to distinguish a single input signal is 10 kHz.

Any narrower IF-filter will result in more than one response or
an intermittent response for a single input frequency. A practi-
cal limitation exists on the IF bandwidth as well, since narrow
filters have long time constants and would require excessive
scan time.

Sensitivity

Sensitivity is a measure of the analyzer’s ability to detect small
signals. The maximum sensitivity of an analyzeris limited by its
internally generated noise. This noise is basically of two types:
Thermal (or Johnson) and non thermal noise. Thermal noise
power can be expressedas: PN= k xTxB

where:PN = Noise powerin watts
k = Boltzmanns Constant (1.38 x 10-23 Joule/K]
T = absolute temperature, K
B = bandwidth of system in Hertz

As seen from this equation, the noise levelis directly proportio-
nal to bandwidth. Therefore, a decade decrease in bandwidth
resultsina 10dB decreasein noise leveland consequently 10dB
better sensitivity. All noise produced within the analyzer that is
nottemperature dependentis known as nonthermalnoise. Spu-
rious emissions due tonon linearities of active elements, impe-
dance mismatch, etc. are sources of nonthermal noise. Afigure
of merit, or noise figure, is usually assigned to this non thermal
noise whichwhen added to the thermal noise gives the total noi-
se of the analyzer system. This system noise which is measured
on the CRT, determines the maximum sensitivity of the spec-
trum analyzer. Because noise level changes with bandwidth, it
is important when comparing the sensitivity of two analyzers,
to compare sensitivity speci-fications for equal bandwidths. A
spectrum analyzer sweeps over a wide frequency range, but is
really a narrow band instrument. All of the signals that appear
inthe frequency range of the analyzer are converted to a single
IF frequency which must pass through an IF filter; the detector
sees only this noise at any time. Therefore, the noise displayed
on the analyzer is only that which is contained in the IF pass
band. When measuring discrete signals, maximum sensitivity
is obtained by using the narrowest IF bandwidth.

Video Filtering

Measuring small signals can be difficult when they are approxi-
mately the same amplitude as the average internal noise level
of the analyzer. To facilitate the measurement, it is best to use
video filtering. A video filter is a post-detection low pass filter
which averagesthe internal noise of the analyzer. When the noi-
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se is averaged, the input signal may be seen. If the resolution
bandwidth is very narrow for the span, the video filter should
not be selected, as this will not allow the amplitude of the ana-
lyzed signals to reach full amplitude due to its video bandwidth
limiting property.

Spectrum Analyzer Sensitivity

Specifying sensitivity on aspectrumanalyzeris somewhat arbi-
trary. One way of specifying sensitivity is to define it as the signal
level when signal power = average noise power.

The analyzer always measures signal plus noise. Therefore,
when the input signal is equal to the internal noise level, the
signalwillappear3dBabove the noise. When the signal poweris
added to the average noise power, the power level onthe CRT is
doubled (increased by 3dB) because the signal power=average
noise power.

The maximum input level to the spectrum analyzer is the da-
mage level or burn-out level of the input circuit. This is (for the
HM5014-2) +10dBm for the input mixer and +20dBm for the input
attenuator. Before reaching the damage level of the analyzer, the
analyzer will begin to gain compress the input signal. This gain
compressionisnotconsidered serious untilit reaches 1dB. The
maximum input signal level that will always result in less than
1dB gain compressionis called the linearinput level. Above 1dB
gain compression, the analyzeris considered to be operating non
linearly because the signal amplitude displayed on the CRT is
not an accurate measure of the input signal level.

Whenever a signal is applied to the input of the analyzer, distor-
tions are produced within the analyzer itself. Most of these are
caused by the non linear behavior of the input mixer. For the
HM5014-2 these distortions are typically >75dB below the input
signal level for signal levels not exceeding -30dBm at the input
of the first mixer. To accommodate larger input signal levels, an
attenuatoris placed in the input circuit before the first mixer. The
largestinputsignalthat can be applied, at each setting of the input
attenuator, while maintaining the internally generated distortions
below a certain level, is called the optimum input level of the ana-
lyzer. The signal is attenuated before the first mixer because the
input to the mixer must not exceed -30dBm, or the analyzer dis-
tortion products may exceed the specified 75dB range. This 75dB
distortion free range is called the spurious free dynamic range
of the analyzer. The display dynamic range is defined as the ratio
of the largest signal to the smallest signal that can be displayed
simultaneously with no analyzer distortions present. Dynamic
range requires several things then. The display range must be
adequate, no spurious or unidentified response must occur, and
the sensitivity must be sufficient to eliminate noise from the dis-
played amplitude range.

The maximum dynamic range for a spectrum analyzer can be
easily determined from its specifications. First check the dis-
tortion spec. For example, this might be ,.all spurious products
>75dB down for -30dBm at the input mixer™. Then, determine
that adequate sensitivity exists. For example, 75dB down from
-30dBm is -105dB.

This is the level we must be able to detect, and the bandwidth
required for this sensitivity must not be too narrow or it will be
useless. Last, the display range must be adequate.

Notice that reducing the level at the input mixer can extend the
spurious free measurement range. The only limitation then, is
sensitivity. To ensure a maximum dynamic range on the CRT
display, check to see that the following requirements are sa-
tisfied.



a] The largestinput signal does not exceed the optimum input
level of the analyzer (typically -30dBm with 0dB input at-
tenuation).

b] The peak of the largest input signal rests at the top of the
CRT display (reference level).

Frequency Response

The frequencyresponse of ananalyzeris the amplitude linearity
of the analyzer overits frequency range. If a spectrum analyzer
istodisplay equalamplitudes forinput signals of equal amplitu-
de, independent of frequency, then the conversion [power) loss
of the input mixer must not depend on frequency. If the voltage
from the LO is too large compared to the input signal voltage
then the conversion loss of the input mixer is frequency depen-
dent and the frequency response of the system is non linear.
Foraccurate amplitude measurements, a spectrum analyzer’'s
response should be as flat as possible over its frequency ran-
ge. Flatness is usually the limiting factor in amplitude accura-
cy since it is extremely difficult to calibrate out. And, since the
primary function of the spectrum analyzeris to compare signal
levels at different frequencies, a lack of flatness can seriously
limit its usefulness.

Tracking Generator

Atracking generatoris a sine wave generator that is frequency
controlled by a spectrum analyzer in such a way that the gene-
rator frequencyand the spectrum analyzer receiving frequency
are always equal. In ZERO SPAN mode the tracking generator
provides a discrete sine wave frequency equal to the center fre-
quency. In SPAN mode the tracking generator frequency preci-
sely tracks the spectrum analyzer.

Thetracking generator can be used for frequency response (am-
plitudevs. frequency) measurement on amplifiers, attenuators
andfilters. The generator outputvoltage should be applied to the
input of the device undertest, and the device output connected to
the analyzerinput. In this configuration, the spectrum analyzer/
tracking generator becomes a self contained, complete (source,
detector, and display) swept frequency measurement system.
An internal leveling loop in the tracking generator ensures a
leveled output over the entire frequency range.

RS-232 Interface - Remote Control

RS-232 Interface - Remote Control

Attention:

All terminals of the RS-232 interface are galvanically con-
nected with the instrument and subsequently with protective
(safety) earth potential.

Measurementona high level reference potentialis not permitted
and endangers operator, instrument, interface and peripheral
devices. In case of disregard of the safety warnings contained
in this manual, HAMEG refuses any liability regarding personal
injury and/or damage to equipment.

Operation

The spectrum analyzer is supplied with a serial interface for
control purposes. The interface connector (9 pole D SUB female]
Is located on the rear of the instrument. Via this bi-directional
port, the instrument can be controlled and the parameter set-
tings and signal data can be received from a PC.

RS-232 Cable

The maximum connecting cable length must be less then
3 meters and must contain screened lines connected 1: 1. The
instrument RS-232 connection (9 pole D SUB female] is deter-
mined as follows:

Pin

2 Txdata (data from instrument to external device)

3 Rxdata (data from external device to instrument)

5 Ground (reference potential - connected via the
instrument power cord with protective earth)

9 +5V supply for external device [max. 400mA).

The maximum voltage swing at pin 2and 3is + 12 Volt.
RS-232 protocol N-8-1 [no parity bit, 8 data bits, 1 stop bit)

Baud Rate Setting

After switching the instrumenton, the default setting of the RS-
232 portis always 4800 baud. It can be changed thereafter to
9600, 38400 or 115200 baud by a command listed below.

Data Communication

After switching onthe instrumentitalways automatically trans-
mits HM5014-2 with 4800 baud. A data carrier with a program
executable under Windows 95, 98, Me, NT 4.0 (with actual ser-
vice pack], 2000 and XP is part of the delivery. Updates can be
found on the Internet under www.hameg.de.

Commands from PC to HM5014-2

Generaldescription: Each query/command must be introduced
with .#"[23 hex =35 dec] followed by respective characters, i.e.
TG for Tracking Generator, and further followed by parameter,
which are explainedin detail below. Each command is executed
by pushing the .Enter” key (hex: 0x0d). No differentiation is ma-
de between capital and lowercase letters (i.e. TG = tg). Units of
measurement are always definite [i.e. span value given in MHz]
and are therefore not indicated.

Setting Commands:
(E) = stands for keyboard Enter

(CR) = Carriage Return pushbutton
#KkIO(E) = Key-Lock off
#KUI(E) = Key-Lock on (RM (Remote] -LED is lit]
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RS-232 Interface - Remote Control

The following commands are executed only if ,.kl1” has been
sent before, so that REMOTE is on.

#tgO(E) = tracking generator off

#tg1(E) = tracking generator on

#vfO(E) = video filter off

#vf1(E) = video filter on

#t1+01.0(E) = tracking generator level of +1.0 dBm

#t1-50.0(E) = upto-50.0dBmin0.2dB steps

#rl-30.0(E) = reference level of -30.0 dBm

#r1-99.6(E) = upto-99.6dBm, in 0.2dB steps

#at0(E) = attenuator 0(10, 20, 30, 40) dB

#bw1000(E) = bandwidth 1000 (120, 9) kHz

#sp1000(E) = Span 1000 MHz, selectable between
1000MHz and 1MHz in 1-2-5 sequence

#spO(E) = zerospan

#db5(E) = 5dB/Div. scaling

#db10(E) = 10dB/Div. scaling

#cf0500.000(E) = center frequency in xxxx.xxx MHz

#dmO(E) = detect mode off (average, max. hld)

#dm1(E) = detect mode on (average, max. hld)

#sal(E) = storessignal Ain memory B

#vmO(E) = display signal A

#vm1(E) = display signal B (stored signal]

#vm?2(E) = display A-B (A (actual) minus B
(stored signal))

#vm3(E) = display average mode detected signal

#vmal(E) = display max. hold mode detected signal

#br4800(E) = baud rate 4800 (9600, 38400, 115200) Baud

#bm1(E) = signal data transferin 2048 byte block,
2001 signal byte, 3 check sum byte and
hex: 0x0d

#rcO(E) = recall (0 to 9) saved instrument settings

#svO(E) = save (0to 9)instrument settings

Special commands for emc measurement (only possible in
combination with zero span):

#esO(E) = .1 second measurement” off

#esl(E) = prepares fora .1 second measurement”
(1second measuring time; zero span
activated and suitable resolution band
width selected)

startsa .l second measurement” at cur-
rent center frequency and transfers data of
the previous measurement.

Note: After a command has been received and executed the
spectrum analyser returns ,RD" (CR).

#ss1(E)

Example (emc measurement):

#es1(CR] [prepares for .1 second measurement), #cfxxxx.
xxx(CR), #ss1(CR) (1. measurement, data invalid), #cfxxxx.
xxx(CR), #ss1(CR) (2. measurement, transfer of 1. measure-
ment data), #cfxxxx.xxx(CR), #ss1(CR), ..., #esO(CR] (1 se-
cond measurement off).

Parameter Query (list of query commands):
The following queries are always answered even if the instru-
ment is not in remote condition (Remote Off; KLO)J.

Syntax:

#xx(E) = transfer parameter (xx = tg, tl, rl, vf, at, bw,
sp, cf, db, kL, hm, vn, vm, dm, uc]

Note: With the exception of

#hml(E) = query forinstrument type
#vn(E) = query for firmware version
#uc(E) = query for measurement condition

(uncalibrated, calibrated)
other commands have been listed under ,Setting Commands”.
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1st Example:

#uc(E) (uncalibrated)”: PC transmits #uc(CR). Instrument reply:
UCO(CR] (calibrated) or UC1(CR) (uncalibrated)

2nd Example:

J#tUE)", PC query for tracking generator level: PC transmits
#tU(CR). Instrument reply: e.g. TL-12.4 (CR)

3rd Example:

J#vn(E)", PC queryfor firmware version: PC transmits #vn(CR).
Instrument reply: x.xx(CR] (e.g. x.xx=1.23)

4th Example:

LH#hm(E)", PC queryforinstrument type: PC transmits #hm(CR).
Instrument replies with:

5014-2 (CR) or 5012-2

5th Example:

PC transmits a command sequence to the analyzer:

#kU1(E) = switch ,Remote” on

#cf0752.000(E) = sets center frequency to 752MHz

#sp2(E) = setsaspanof 2MHz

#bw120(E) = selects aresolution bandwidth of 120kHz
#k(O(E) = switches from remote to manual operation

Unknown or unrecognised commands do not cause a response
to the PC.

Detailed description of #o6m1 command

#BM1(CR) = block mode (transfers 2048 data byte via
RS-232 interface)

The transfer data consist of 2048 byte: trans_byte [0] up to
trans_byte [2047]

The 2048 data byte contain 2001 signal byte, the center frequency
parameter and a check sum for the signal byte.

The signal data allocate the following transfer data byte.
trans_byte[n] = sig_dataln] (n=0bis n=2000):

trans_byte[0] = sig_datal0]

trans_byte [2000] = sig_data[2000]

The check sum is a 24 bit value [ = 3 Bytes ) and generated as
follows:

Checksum = sig_datal0] +sig_datal[1] + ... sig_datal1999] + sig_
data[2000] (sum of all signal data)

The 24 bit check sum allocates the following transfer data
byte:

trans_byte[2044] = 1.Byte of checksum [MSB]
trans_byte[2045] = 2.Byte of checksum

trans_byte[2046] = 3.Byte of check sum [LSBI

The center frequency parameter is allocated to the following
transfer data byte:

trans_byte [2016]="C’; trans_byte [2017]="F"; trans_byte [2018]
= 'X';

trans_byte [2019] = 'x’; trans_byte [2020] = 'x’; trans_byte [2021]
= ‘X';

trans_byte [2022] = ""; trans_byte [2023] = 'x’; trans_byte [2024]
= ‘X';

trans_byte [2025] = 'x’; [x="0"to '9') Example: CF0623.450
(These bytes are not being used for check sum calculation)

The last sign is always CR ( Carriage Return)
trans_byte[2047] = 0D hex (Carriage Return)
All unused bytes are set to .00 hex".

Reference between signal data and screen display

The signal data are the result of 2001 analog/digital conver-si-
ons during one sweep.

X-Position: The analog value of the first byte .sig_data[0]" is
displayed at the trace start position (left). The following values
are displayed linearly until sig_dat[2000] is reached, which is



displayed at the trace end position (right). The frequency of each
signal data (sample] can be calculated from center frequency
and span.

Frequency (x) = (Center Frequency - 0.5 * Span] + Span
x/2000

X=0...2000 (Position of sample = sig_datal[x])

*

Y-Position: The 8 bit value (hex: 00 bis FF) of each memory loca-
tion for sig_datalx] has the following relation to the screen:

1C hex (28 dec] coincides with the lowest horizontal graticule
line.

E5 hex (229 dec) coincides with the upmost (reference level)

Control elements
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graticule line.

The a/d converter dependent resolution allows for 25 different
Y positions/div.

In combination with 10dB/divthe resolutionis 0.4 dBandin case
of 5dB/divitis 0.2dB.

The level ly) of a signal position can be calculated:

Fory< 229 (Ref-Level position):

Level in dBm [y) = ref-level (dBm) - ((229-y) x 0.4 dB) at 10dB/
Div

Fory > 229 [ Ref-Level position):

Level in dBm [y] = ref-level (dBm) + (ly-229) x 0.4 dB) at 10dB/
Div

@ RECALL/SET (calls the settings of the instrument)
@ SAVE/SET (saves the settings of the instrument)

@ A>B (copies signal from memory A to memory BJ

@ POWER [power switch)
® ® SPAN (changes the measurement range values)
INTENS (Intensity)
@ ZERO SPAN (measurement range at zero)
® FOCUS/ TR (Trace Rotation)
@ INPUT 50 Ohm
@ Keyboard
@ PHONE (headphone connector)
® CENTERFREQ. (center frequency)
@ TESTSIGNAL
® MARKER
TRACKING GENERATOR
@ REF.-LEVEL [reference level)
@ PROBE POWER
TG.-LEVEL (Tracking Generator level)
©® TUNING
5dB/DIV. (vertical
scaling) &
@ ATTN. linput attenu- i??
ator] INTENS
® RBW [resolution 7 J]
bandwidth) =
FOCUS
® VBW (video band- ey = |
width) = /)]/ ’ 5
AVERAGE (arithme- @ e ®
tic mean value ZERO SPAN \A+B A AVERAGE VBW 5dB/DIV,
) : - , saero
® Max. HOLD (storing @) ‘;:-gg //T,. Max. HLD - \_ d5 ®
of the maximum level E e i L] 0dB
| O S S |
values automatically) —— AB LOCAL / PRINT = REW = ATTEN a
LOCAL/PRINT | ™ LN
@7 ) —— —— —— @
@ B (display of memory oRr TEST SIGNAL e INPUT 500
B) i PHONE  VoOL.
A-B (displays the ]
. ABMHz
difference of memo- [ ) -30dBm
ryAand BJ =
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A (display of memory D® ®
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Controls and readout

@ POWER

Pushbutton and symbols for ON (I} and OFF (O) - Depres-
sing the POWER pushbutton into the ON position activates
the display of the HAMEG logo after a few seconds, followed
by the firmware version. At this time the intensity is set to
a default value and cannot be changed. After the firmware
version goes off, the baseline [noise) becomes visible at the
graticule bottom and some instrument setting parameters
appear at the top.

INTENS

Pushbuttonwith double function and associated LED. Briefly
depressing this pushbutton switches the INTENS LED on and
activates the TUNING knob as an intensity control. Turning
this knob clockwise increases the intensity and vice versa.
It must be noted that a higher intensity increases the beam
diameter and reduces the sharpness. This mainly occurs at
the graticule border lines and can be minimized to some de-
gree by FOCUS ® correction. Therefore the intensity should
not be set higher than required by ambient conditions.

FOCUS/TR
Pushbutton with two functions and associated LED.

FOCUS

This functionis activated by briefly depressing the pushbut-
ton so that the LED is lit. Then the TUNING @ knob can be
used for focusing.

The beam diameterincreases with higherintensity settings
which may cause a reduced focus. The focus also depends
on the beam deflection. If the focus optimum is set for the
screen center, itdecreaseswith increasing distance from the
center. The functionis cancelled and the LED unlitifanother
function pushbutton (2,5, 6, 7 or 8) is called.

TR

Pressing and holding the pushbutton switches off the spec-
trumand parameterdisplayandthe FOCUS LED. Arectangle
with horizontal and vertical center lines is then displayed.
It should be tilted using the knob TUNING ©®, so that the
horizontal center line is parallel to the graticule line. This
adjustment depends on the orientation of the instrument to
the Earth’s magnetic field. Slight pincushion distortion is
unavoidable and cannot be corrected.

After use, the TR-function can be switched off by briefly de-
pressing the FOCUS/TR-pushbutton orany other pushbutton
(with associated LED) in the upper half of the front panel.

Keyboard

The keyboard contains 10 decimal keys, a decimal point key
and -/C key. The following functions are available: CENTER
FREQ®, REF.-LEVEL @, TG.-LEVEL ®. Alternatively, these
may also be adjusted with the knob TUNING ®. The MARKER
® frequency can only be set by the knob TUNING @.

The available function have to be active, before entering a
value. E.g. the REF.-LEVEL-LED have to be lit if a new refe-
rence level can be entered. Then the reference level is able
to be entered unsigned or with negative sign. As soon as the
first value or the negative sign has been input, two additio-
nal lines are displayed by the readout. They are located on
the left below the previous information. The first line shows

Controls and readout

the actual function (e.g. CENTER:MHz] and below, the first
keyboard entry.

After complete entry, the new value is accepted, (if the va-
lue corresponds with the specifications and range limits) by
pressing the active function pushbutton once again; otherwi-
se .Range?” will be displayed. Input errors can be corrected
by pressing the .—/C" pushbutton, followed by a new input.
Pressingand holding the .-/C" pushbutton deletes the com-
plete keyboard entry and the readout function display.

CENTER FREQ.

Pushbutton with associated LED - Briefly depressing this
pushbutton switches the CENTER FREQ. (frequency) LED
on. A new center frequency can then be set with the knob
TUNING @ or via keyboard @. The center frequency is dis-
played by the readout (e.g. .C:054.968 MHz").

After the center frequency has been changed, it must be
confirmed by pressing the CENTER FREQ. pushbutton. The
center frequency spectrum is displayed at the center of the
horizontal axis.

MARKER

Pushbutton with associated LED - The MARKER is swit-
ched on by briefly depressing this pushbutton so that
the LED is lit and the MARKER symbol (x] is displayed on
the spectrum. Below the center frequency, the readout
now also shows the MARKER frequency display (e.g.
.M086.749MHz") and beneath the MARKER level display
(e.g. .-35.2dBm"] of the signal.

The MARKER frequency and level display relates to the ac-
tual MARKER symbol (x) position, which follows the signal
when being shifted to the right or left by the knob TUNING
@.

The keyboard @ is not activ when the MARKER function
is switched on. In ZERO SPAN mode the MARKER is auto-
matically set to the screen center and cannot be altered as
only one frequency is measured.

REF.-LEVEL

Pushbutton with associated LED - The functionis selected
by pressing the pushbutton, the LED will light up. The value
can be chosen eitherwith the knob TUNING @ or by entering
it using the keyboard @ and pressing the pushbutton again.
The display will show e.g. R-34.8dBm.

The REF.-LEVEL can be set for ease of reading, shifting a
spectrum line to a suitable graticule position. The reference
level setting will not change the input sensitivity. If the noise
bandisinthe lowest screen position, the REF.-LEVEL value
can only be decreased but not increased. Additionally the
noise band is shifted to the screen top, so that the dynamic
range becomes smaller.

The noise band is no longer visible when the ref. level is in
the lowest position and 5dB/div. @ scaling is switched on.
[t can be made visible again by reducing the reference level
by 40dB (e.g. from -30dBm to -70dBm).

TG-LEVEL

Pushbutton with associated LED - The tracking generator
output level can be set by keyborad @ entry or by using the
knob TUNING ®. The selected level is displayed by the read-
out as the third line in top right position (e.g. ..txxxdBm" or
.TxxxdBm"). The small letter .t" indicates that the TRACKING
GENERATOR OUTPUT is switched off. The ON-condition is
indicated by the capital letter ,T".

Subject to change without notice
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TUNING

The knob TUNING can be used to change all functions with
pushbuttons and associated LEDs in the upper sector of the
frontpanel. Theyare: INTENS, FOCUS, TR, CENTER FREQ.,
MARKER, REF.-LEVEL and TG-LEVEL.

5dB/DIV.

Pushbutton with associated LED - Pressing this pushbut-
ton switches the vertical scale from 10dB/Div. [LED dark]
to 5dB/Div. (LED lit) and vice versa, without changing the
reference level setting. With 5dB/Div. selected, the display
range is 40dB instead of 80dB.

Note:

Switching over to 5dB/Div. can cause the noise band to ..dis-
appear” fromthe screen, butit can be made visible again by
changing the REF.-LEVEL @.

ATTN.

Pushbuttons with associated LEDs. - Pressing one of the
pushbuttons switches the attenuator in 10dB steps from
0dBto40dBresp.from40dBto 10dB. The measuringrange
depends on the attenuator setting. If 10dB/div. is set (80dB
scale), the following measuring ranges are available:

Attenuator setting Reference Level approx. Noise Level

40dB +10dBm -60dBm
30dB 0dBm -70dBm
20dB 10dBm -80dBm
10dB 20dBm -90dBm

Pressing and holding the upper pushbutton causes switch
over from 10dB to 0dB. Due to the high sensitivity of the in-
put stage, this measure has been taken to protect the input
stage from being set to 0dB inadvertently.

It must be empha-
sized once again that
the maximum per-
missible input volta-
ges must not be ex-
ceeded. Thisis of high
importance as the
analyzer may only
display a part of the
spectrum and high
signal levels outside
the measuring range
may cause measuring
errorsorinworstca-
se destruction of the
input section.

RBW

Pushbuttons with as-
sociated LEDs. - The
pushbuttons allow
you to select one of
three IF bandwidths.
Alit LED indicates the
actual bandwidth set-
ting.

whena signal passes the IF filter causing the beam to be de-
flected to the screen top, depending on the signal strength. It
depends on the IF bandwidth (RBW=Resolution Bandwidth)
whethertwo different sine wave signals with minor frequen-
cy distance can be displayed separately. For example, two
sine wave signals with 40 kHz signal difference and equal
amplitude can be identified as two different signals if 9 kHz
RBW is selected. With 120 kHz or 1 MHz RBW selected, the
two signals are displayed as one signal only.

A smaller IF bandwidth shows more details, but has the
disadvantage that the building up time is higher. If due to
high SPAN setting there is not enough time for building up,
the spectrum analyzer automatically increases the time for
a SPAN. This becomes visible by a reduced measurement
repetition rate.

If the lowest repetition rate is still not suitable for correct
measurement, the readout displays ..uncal”, as under such
circumstances the signal is displayed with too low a level.
For proper measurement the SPAN must then be reduced
until the ,uncal” information is no longer displayed. For the
ease of operationitisadvisable to set the signal to the center

before reducing the SPAN.

With the 4 kHz video filter activated, the bandwidth reduces
once again. A smaller bandwidth reduces the noise and of-
fers a higher sensitivity. This becomes evident when swit-
ching from 1000 kHz to 9 kHz RBW.

VBW

Pushbutton with associated 4-kHz-LED - Pressing this
pushbutton switches the video filter on or off. In ON-condition
the video filter reduces noise using a low pass filter. Weak
signals, which normally get lost in the noise, may become
visible when activating this function.

== Push Long

+
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With the exception
of ZERO SPAN, the
curve of the selected
IF filter is displayed
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Note:

If the video filter is activated and the SPAN is too high,
~uncal”is displayed by the readout, as the signal level(s)
do not reach their real height on the screen.

In case of measuring pulses, the video filter should not be
used.

AVERAGE

Pushbutton with associated LED - Pressing this pushbut-
ton switches this function and the associated LED on or off.
InAverage mode, the spectrum recordings are continuously
calculated and displayed as arithmetic mean value. Some
functions cannotbe called in AVERAGE mode and cause only
an acoustic error message.

When the AVERAGE LED lit, briefly depressing the pushbut-
ton switches LED and function off and erases the previous
calculation result. AVERAGE also activates the Max. HLD @®
function (without displaying the result] to avoid waiting time
and enable direct switch over from AVERAGE to Max. HLD
(maximum hold).

Max. HLD

Pushbutton with associated LED - Pressing this pushbut-
ton switches the Max. HLD (maximum hold) function and
the associated LED on or off. Max.HLD stores and displays
the maximum level values of the spectrum; values below
the maximum get lost. In case of pulsating RF-signals the
signal reading should not be made until the maximum signal
height is present. Some functions cannot be called in Max.
HLD mode and cause an acoustic error signal.

When Max. HLD is activated and the associated LED lit,
briefly depressing the pushbutton switches LED and function
offand erases the Max. HLD values. Max. HLD also activates
the AVERAGE @ function (without displaying the result) to
avoid waiting time and enable direct switch over from Max.
HLD to AVERAGE mode.

LOCAL/PRINT
Pushbutton with two functions and associated LED.

LOCAL function

Remote mode can be switched on or off via the built in serial
interface. In remote condition the RM LED is lit and with the
exception of the LOCAL/PRINT pushbutton all other controls
are deactivated. Briefly depressing the LOCAL/PRINT push-
button switches over from remote (RM] to LOCAL operation,
so that all controls become operative again.

PRINT function

On condition that the RM-LED is not lit [LOCAL mode), do-
cumentation via a PC printer can be started if the following
conditions are required:

15t The serial interface of the spectrum analyzer must be
connected with a serial PC (COM] port.

2nd The provided PC software must be activated and the soft-
ware COM port setting must comply with the hardware
connection.

B

Pushbutton - The spectrum analyzer contains a second
signaland parameter memorythatis called .B". This memory
is volatile and switching the instrument off will lose its con-
tent. Memory .B" can only be activated with the instrument on,
afteraspectrumhasbeen previously stored by A=B-function;
otherwise an acoustic error message is audible.

@
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Briefly depressing the B pushbutton switches over to B dis-
play which is indicated by the readout (top left position) on
the right of the center frequency display.

A-B

Pushbutton - This function can be called onlyif a spectrum
has previously been stored in memory B. Then the result of
the actual recorded spectrum minus the content of memo-
ry B is displayed. On the right on the center frequency the
readout shows A - B.

The A-B-function eases the perceptibility of changes in
signal level, frequency and shape when adjustments are
made (if the previous setting had been stored in memory BJ.
When switching the A-B-function on, the reference level is
automatically changed for better reading. Amanual correc-
tion overrides the automatic setting.

A

Pushbutton - The spectrum analyzer contains 2 memories
named Aand B. The memoryAcontentis the actual signal at
the spectrum analyzerinput that is continuously refreshed.
When the Apushbuttonis pressed, only the actual spectrum
Is written into the memory, read and displayed. The letter
Aindicates this state after the CENTER FREQUENCY infor-
mation in the readout.

RECALL/SET

Pushbutton with double function. - Note: The RECALL func-
tion cannot be activated as longas AVERAGE or Max. HLD is
present.

RECALL: The instrument has a memory for 10 instrument
parameter settings that can be called by this function.

Pressing the RECALL pushbutton calls the function so that
e.g. .Recall9” is displayed by the readout where the SPAN
was previously indicated. As long as .Recall ..” is displayed
(approx. 2 seconds) the RECALL and SAVE @ pushbuttons
can be used to select the memory location with ciphers
between 0 and 9. Each time the memory location setting is
changed by pressing the SAVE or RECALL pushbutton, the
(approx.) 2 seconds for the memory location display time
starts again.

SET (push long): Calling an instrument setting first requires
that the memory location be displayed, which is called by
briefly pressing the pushbutton. Pressing and holding the
pushbutton while the memory location is displayed, causes
theinstrumenttoacceptthe settings from the selected me-
mory location to the front panel. The take over is acknow-
ledged by a double beep.

Function break off: After approx. 3 seconds waiting time the
RECALL function is left automatically if it has been called
inadvertently or not used. The Recall memory location dis-
play is then switched off.

SAVE /SET

Pushbutton with double function. - Note: The SAVE func-
tion cannot be activated as long as AVERAGE or Max. HLD
Is present.

SAVE: This function allows you to store up to 10 instrument
settings in a non volatile memory, which can later be called
by RECALL. This allows you to quickly call repeated instru-
ment settings.

Pressing the SAVE pushbutton calls the function so thate.g.
.Save5” is displayed by the readout where the SPAN was
indicated before. As long as .Save .." is displayed (approx. 2

Subject to change without notice
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seconds) the SAVE and the RECALL @ pushbuttons can be
used to select the memory location with ciphers between
0 and 9. Each time the memory location setting is changed
by briefly depressing the SAVE or RECALL pushbutton, the
(approx.) 2 seconds for the memory location display time
starts again.

SET (pushlong): Saving the instrument setting first requires
that the memory location be displayed, which is called by
briefly pressing the pushbutton. Pressing and holding the
pushbutton while the memory location is displayed causes
theinstrument to save the instrument settings in the selec-
ted memory location. The take over is acknowledged by a
double beep.

Function break off: After approx. 3 seconds waiting time the
SAVE functionis leftautomatically if it has been called inad-
vertently or not used. The ,Save..” memory location display
is then switched off.

A-B

Pushbutton - When the readout displays the letter A at the
right of the center frequency, the actual spectrum present
at the input is displayed. After processing the spectrum is
digitized stored into Amemory, converted back toanalogand
displayed on the screen.

Pressing the pushbutton A=B stores the contents of me-
mory Ainto the B memory and additionally switches over to
display the content of memory B. The readout now indicates
the letter B in the position where previously A was shown.

Aftertheactual spectrum has beentransfered from memory
Ato B the transfered signal is displayed continuously wit-
hout change) until switching eitherto memory A@® (causing
the actual input spectrum to be displayed) or A-B (where
the actual input spectrum minus the memory B content is
shown). The spectrum in memory B is lost after turning off
the instrument.

SPAN pushbuttons, the instrument will return to the SPAN
selected before entering ZERO SPAN.

InZERO SPAN mode the readout shows ZERO-SP instead of
the SPAN setting. This mode enables measurement on a dis-
crete frequency that is determined by the center frequency
setting. ZERO SPAN can also be turned off by pressing one
of the SPAN @ pushbuttons.

INPUT 50Q
N-socket - Measurementinput, max. 25 Vpc resp. max. +10
dBm HF. With the attenuator set to -40 dB the maximum
input HF-signal is +20 dBm. Higher levels may destroy the
input stage.

The N connector is directly connected to the chassis and
thus with the safety earth of the power plug!

PHONE

Headphone output connector, @ 3.5 mm. - This output is
destined for headphones with an impedance of =28€Q. The
volume can be varied with a screwdriver using the VOL. con-
trol.

The signal at this socket originates from the AM demodu-
latorand easestheidentification of signals. E.g.Ifanantenna
is connected to the spectrum analyzer input in ZERO SPAN
mode, the instrument can be tuned to a discrete transmitter
frequency. Please consider that using this function must be
within the limits of the law.

TESTSIGNAL

BNC socket with pushbutton and associated LED. - Even if
the LED is not lit, the BNC socket serves always as a broad-
band signal source with many spectra even though the
48MHz signalis absent. It can be connected to the spectrum
analyzer input via a 50 Q cable and used for function check
of the input.

SPAN

Pushbuttons. - The pushbuttons allow
you to increase [(upper pushbutton) or
reduce (lower pushbutton) the SPAN.
It can be selected in a 1-2-5 sequence
between 1MHz and 1000MHz (full span)
and defines the startand stop frequency
in combination with the center frequency
setting.

Example: In combination with a cen-
ter frequency of 300MHz and a span of
500MHz, the start frequency (trace start,
left]) is 50MHz (300MHz - Span/2) and
the stop frequency (trace end, right) is
550MHz (300MHz + Span/2).

Note: The instrument has been pro-
grammed to optimize the sweep time,
considering the span, resolution band-
width (RBW] and video filter (VBW]. If not
possible the readout shows .uncal” to
indicate that the spectrum level values
are incorrect.

ZERO SPAN

Pushbutton - Pressing this pushbutton
switches this mode on or off. In order to
exit ZERO SPAN, by pressing one of the

Subject to change without notice
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If the output is switched on (LED lit) a 48 MHz signal with a
level of approx. -30dBmis additionally connected to the test
signal output. Please note ,Test Signal Display”!

@ TRACKING GENERATOR

N-socket and OUTPUT pushbutton with ON LED. - For
protection of devices connected to the tracking generator
it is always in off condition after switching the instrument
on. This state is indicated by the letter .t" displayed by the
readout and the LED is not lit. Depressing the pushbutton
switches the tracking generator on, the LED lights, and the
readout now displays the capital letter .T" in front of the
tracking generator level. Depressing the pushbutton once
again switches the tracking generator off.

A 'sine wave output signal is provided at the N socket with a
source impedance of 50 Ohm. The sine wave signal frequency
is always identical to the spectrum analyzer receiving fre-
quency.

@ PROBE POWER
The jack has a diameter of 2.5mm and may be used only for
supply of HZ530 near field probes. The inner connector (+6V]
and outer connector (galvanically connected with Protective
Earth) can supply a maximum current of 100mA.
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