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1-2.

SECTION 1
GENERAL INFORMATION

GENERAL

TR9404 Digital Spectrum Analyzer is a sophisticated instrument combining
high~speed, high-sensitivity analog design with precision digital
computing and signal processing technologies.

The TR9404 incorporates all analyzing functions needed for a dual
channel FFT spectrum analyzer: i.e. transfer function, coherence
function, correlation function and impulse response analysis, spectrum
zooming, and so forth.

The wide-band, high~sensitivity specifications include a measurable
frequency range of 0,0025 Hz to 100 kHz, input level range of +30 to
~120 dBV (31.6 V to 1 uV rms), and dynamic range of more than 72 dB.
The TR9404 may be used to measure input-output and statistical
relationships associated with the analysis of vibration, noise,
structures and audio equipment, as well as chemical analysis,
somatological researches, communication line instrumentation,

semiconductor noise measurements, and many others.
FEATURES

{1) Ample measuring functions include:
Spectrum analysis, frequency response function analysis (transfer
function measurement), phase measurement, correlation analysis,
1/3- and 1/1-octave analysis, oscilloscope, digital storage
oscilloscope, signal averager, histogram meter (probability density
function measurement), frequency counter, time interval meter,
voltage measurement, and distortion measurement.

(2) Ample analyzing and operational functions

Analyzing functions

e Time domain data
e Time domain averaged data
¢ Complex spectrum

¢ Power spectrum



(3)

{4)

(5)

(6}

Cross spectrum

Transfer function

Transmissibility

Coherence function

Coherent output power

Impulse response

Amplitude probability density function
Autocorrelation function
Crosg—correlation function

Orbit diagram

Third octave and octave band analysis

Math operational functions

+, -, x, =, fdt, d4/dt, V/EU, coherence blanking, and equalization

High input sensitivity, wide frequency range and broad dynamic range

The TR9404 covers a frequency range of up to 100 kHz with input

sensitivity range from +30 dBV (31.6 Vrms) to -120 dBV {1 uVrms).

The bréad dynamic range of 72 dB allows you to measure two

dissimilar strength spectra.

Differential input measuring capability

The TR9404 has both single ended and differential inputs

capabilities. Differential input mode can be utilized to minimize

the errors due to the common mode voltage. This assures high

precision measurement.

Zoomed spectrum of transient record

The TR9404 contains 64K words time data buffer and can continuously

record up to 64K (32K x 2) words of single (dual) channel time data

for use in signal analysis.

Using this 64K (32K x 2)-word time record, the TR9404 performs hold

zoom in the frequency domain up to a factor of 8 in binary sequence.

Ample display features

e Displays real part, imaginary part, magnitude, phase; Bode and
Nyquist diagrams. _

e Data at an arbitrary point on a signal trace can be directly read
out by pointing it with a cursor.

e The available spectrum display resolution is B00 lines for single

channel and 400 lines for dual channel.



(7)

e Combination of memory, dual display and superimposition features
permits accurate comparison hetween two sets of data or clear
understanding of ‘the relation between the time and frequency
domains.

e The display features also include At and AV in the time domain,
Af and dBR in the frequency domain, mathematical operations
between data, overall BMS readout, auto peak search, list of
harmonics with total harmonic distortion, etc.

e Mmple trigger modes and flexible trigger condition setup
capability with the aid of cursors enable accurate observation
and analysis of transient phenomena.

e Readout units can be converted into the desired engineering units
with the scaling function.

e Three-dimensional display capability allows up to 14 lines of
arbitrary displayed data to be stacked on the CRT (except Nyquist
and orbit displavys).

GPIB, plotter and floppy disk interface pfovided as standard

The TR9404 has the interface of GPIB, plotter and floppy disk as

standard feature. This enables you to put the TR9404 as an

instrumentation part of a larger system configuration. High-speed
data file or sophisticated recording function can be implemented by
interconnecting an optional digital plotter or floppy disk with the
instrument. TR9834R or TR983] Plotter is available for continuous
data plotting or multi-color recording. The measurement data can
be plotted in fléxible layout with respect to the size and
orientation of the plots. This feature greatly simplifies report
preparation. The plotter interface also supports HP-GL plotters

{models 7470A, 7225A by Hewlett-Packard). TR98102 Floppy Disk

Digital Data Recorder may be used to record the analyzed vibrations

of rotating bodies or random impact pulses. TR7200 Universal

Scanner is provided to accept multiple input signals.

TR9404 also provides optional interface (opt. 05) of the Signal

Generator (TR98201}.



(8) Third octave band and full octave band analysis
The TR9404 is capable of 1/3- and 1/l-octave analysis. Since the
instrument uses filters that comply with the international
standard, it produces 1/3~ and 1/l-octave analysis data compatible
with those obtained from conventional analog type octave analysis.
The 1/3- and 1/1-octave analysis feature is particularly useful for

acoustic research and engineering applicaions.
1-3. ACCESSORIES
The following standard accessories are supplied with the instrument.

Upon receipt of the instrument be sure to check the quantity and

specifications of these accessories:

(1) Input cable MI-77 (BNC - clip) —====—= 2
(2) Fuse 4 A {DFT-AA4A-1} 2
2 A (DFT-AA2A-1) for 198-249 Vac
(3} Power cable (MP~43A) 1
(4} Instruction Manual 1

1-4. SPECIFICATIONS

Analyzing functions
o Time domain data
e Time domain averaged data

e Complex spectrum (Realtime spectrum)

Power spectrum

Crosg spectrum

Transfer function

Transmissibility

Coherence function
" Coherent output power

Impulse response

Amplitude probability density function
Autocorrelation function

Cross~correlation function

e & ¢ 0 & & & & » 0

Orbit diagram

Third octave and octave analysis



Input Specifications

Input channelis : 2

Input mode : Differential or single ended
Input impedance: Approx. | MQ

Input coupling : AC, DC, GND

CMRR

e

60 dB min. (DC coupling at 50/60 Hz)
Max. common mode signal voltage: +10 Vp-p (0 dBV to -60 4BV)
+100 Vp-p (+30 4BV to +10 4BV)
Amplitude range: —60 dBV to +30 4BV (1 mVrms to 31.6 Vrms) at 10 4B steps

Measurement range, coupling mode and residual noise:

aBv rms peak Residual noise* Coupling mode
+30 31.6 V 44,7 V
+20 | 10.0 VvV |i4.14V
+10 | 3.16 V 4,47 V
0 1.0V 1.41 V -80dBFS AC or DC coupling

-10 316 mv 447 mv
-20 100 mv 141 mv
-30 | 31.6 mV | 44.7 mV
-40 10.0 mv 14.1 mV
=50 3.16 mv 4.47 mv -72dBFS AC coupling
-60 1.0 mV | 1.41 mV -65dBFS
AUTO Settable to the optimum range depending on incoming signal

*Spectrum mode (GND coupling) value, not overall rms. The 1/f

noise iz excluded

Max. differential input voltage: +100 Vp-p

Max. input sensitivity: =120 dBV {1 uVrms)

Overload indicator: If a differential voltage exceeding approx. 95% of
the selected amplitude range or a common mode signal
exceeding the specified value (regardless of
amplitude range setting) is applied to the input,
the OVERIOAD indicator lamp on the £ront panel
lights for approx. 0.5 sec. and an alarm is sounded.
Message such as "OVERLOAD: CH-A" flashes at bottom
Jeft of the CRT display for a few seconds.



Test signal:
Frequency : Sine wave with a frequency which is 64% of each
frequency range setting
Level : =3 dBV +0.2 dB {20 Hz to 100 kHz range)

Analyzing Characteristics

Frequency range : 16 ranges of 1 Hz, 2 Hz, 5 Hz, 10 Hz, 20 Hz, 50 Hz,
100 Hz, 200 Hz, 500 Hz, 1 kHz, 2 kHz, S kHz, 10 kHz,
20 kHz, 50 kHz, and 100 kHz
Realtime analysis range: | kHz range
Data buffer memory: 64K words/ch for single channel mode
32K words/ch for dual channel mode
Resolution : Time domain data (1 frame)
.2048 points for single channel mode
1024 points for dual channel mode
Frequency domain data
800 lines for single channel mode
400 lines for dual channel and zoom modes
Amplitude domain data
256 points
Analyzing freguency span:

"0¥ gtart mode: Analysis starts from 0 Hz and the setup freguency
range is set to the full scale.

Hold zooming mode: High resolution spectrum analysis is performed
on the captured non-stationary signals such as
bursts or transient signals. The frequency
identified in the 0 start mode by the cursor is
centered on the display in the zooming mode.
Zooming factors are x2 to x8 in binary sequence.

Number of points of displayed waveform: In time domain data display,
arbitrary 2048 points (1024 points for dual channel
mode) of data out of 64K words (single channel
mode) or 32K words ({(dual channel mode) of data can

be specified and displayed.



Data sampling

(1]

Input signal is sampled by a 12-bit A/D converter at
a sampling frequency 2.5 times the setup frequency
range.

External sampling : External TTL-level signal fed through BNC connector
on the rear panel can be used as the sampling
clock. Time and frequency calibration in this mode
is given as a percentage of full scale.

Input filters : Range switch automatically selects anti-alialing
filter (with relloff characteristics of -140dB/oct)
except in the 1, 2, 5 and 10Hz ranges, for which
20Hz filter is used.

Dynamic range (except 1/f noise or in ZOOM mode):

Spurious response: s ~78dBFS (+30 to -404BV range)

-704BFS (~50dBV range)

-604dBFS {-60dBV range)

Harmonic distortion: g -72dBFS

18

(78

Inter-channel amplitude/phase difference (in the same sensitivity range):
Amplitude difference: Not more than +0.3 dB {(at less than 90% of '
selected frequency range)
Not more than +0.5 dB (at less than 90 to
100% of selected fregquency range)
Phase difference : 13 degrees {(at less than 90% of selected
frequency range)
+5 degrees (at 90 to 100% of selected
frequency range)
Weighting: Rectangular, Hanning, minimum and flat-pass
Trigger

Trigger mode Free run, manual hold and release, automatic

capture (external and internal triggers), ARM
and AUTO ARM modes

Triggering source

-

CH.A input signal
CH.B input signal
External TTL gignal
Trigger level:
Input signal trigger: Settable by cursor with resolution of +1/256

of the amplitude range.



External trigger : Input level: -5 V to +5 V
Resolution: +1/256
Input impedance: 1 MQ
Min. pulse width: 1 us
Input connector: BNC on the rear panel

Trigger slope Positive (+) or negative (-) slope

-

specifiable for both input signal and
external trigger signal.

Single channel mode
Range: 0 to 3200% (one frame equal to 100%)

Trigger position

Resolution: One sample data

Dual channel mode

Range: 0 to 3200% {(one frame equal to 100%)
Resolution: One sample data
Averaging
Frequency domain averaging mode:
Normalized sum
Linear sum
Difference
Exponential
Peak
Sweep
Time domain averaging mode: Normalized sum
Emplitude domain averaging mode: Normalized sum
Averaging number : 1 to 8192 selectable in binary steps
Averaging control : Start, stop, +1 (increment by one}, erase, and
continue

Display and Operational Functions

Display : All information (measurement information,
measurement conditions, labels, etc.) can be shown
on an B8-inch CRT display.

Measurement condition selection: Interactive selection using menu



Display functions:

Time domain data

Frequency domain

Amplitude domain

Dual/single display

3-D display mode :

Octave analysis :

Label

L]

List mode:

Single mode - In

Harmonics mode —

- Input signal waveform (CH.A and CH.B}: Complex
input waveform, transient signal waveform, time
domain synchronous averaging waveform, orbit display
Correlation function: Auto correlation function and
cross correlation function

Impulse response

data - Spectrum (CH.A and CH.B}: Complex spectrum,
averaged spectrum and zoomed spectrum ,
Transfer function: Gain, phase/Bode diagram ot
Nyquist diagram

Real part and imaginary part

Coherence functicn

data - Amplitude probability density function

(CH.A and CH.B): Complex histogram and averaged
histogram

mode: Two combinable data selected from the above
data can be displayed simultanecusly (BOTH mode).

Up to 14 lines of displayed data can be stacked in
3-D display mode {except Nyquist and orbit displays).
1/3-octave band and 1/1-octave band analysis

Up to two lines of label characters {40 alphanumeric
and special characters per line) can be displayed in
the top display area of the screen, with each line

position movable in the vertical direction.

spectrum display mode, the frequencies and levels of
20 spectra identified by the cursor can be listed in
numerical form.

With the fundamental specified by the cursor, the
frequencies and levels of harmonics up to 20th order
harmonics are listed in numerical form together with
its total harmonic distortion (THD) and total

harmonic power (THP).



Overall RMS and partial RMS readout: In spectrum display mode, overall
RMS value within the entire setup frequency range or
partial BMS value of a limited section defined by
the cursor is read out.

In time display mode, absolute value of voltage sum
is determined.

Auto peak search : This feature automatically searches for and provides
readouts of the frequency and amplitude of the
maximum signal response in the spectrum display
mode, maximum and minimum levels within a single
frame in the time domain, maximum level and its
delay time for correlation function, and maximum
probability wvalue and its voltage in the amplitude
domain, and indicates the pertinent points with
markers.

Cursor mode: _

Single mode - While moving a vertical cursor line continuously from
left to right or right to left, this mode provides
the readouts of the time, voltage, frequency, level,
magnitude, and/or phase at the intersection of the
cursor line and signal trace.

Harmonics mode — In the spectrum display mode, this cursor mode
indicates the frequency spots (harmonics), which are
integer multiples of fundamental frequency
identified by the cursor, with bright dots.

Cursor readout units - Time domain data: msec, sec, V
Frequency domain data: mHz, Hz, kHz, %, dB, 4BV, V,

V2, deg, CPM, dBV/{Hz , V//Hz, VZ/HZ

Magnitude domain data: 1V, V-T
Set reference mode: With an arbitrary point defined as a reference by
the cursor this mode operates and displays #Af,

HdBR, +Ait, +AV, +deg while moving the cursor.



Vertical axis (frequency domain):
Linear s 1 through 8192 in binary steps
Logarithmic : Spectrum (display: +30 4BV to -60 dBV, display gain:
2 dB/div., 5 dB/div., 10 dB/div.)
Transfer function {gain) (display: +160 dB to
-80 dB, display gain: 2 d4B/div., 5 dB/div.,
10 dB/div.)
Phase: +180° to -180°
Horizontal axis (frequency domain): Linear, logarithmic, Nyquist
Data storage : A set of data (including measurement conditions) c¢an
be stored in internal memory and recalled and
displayed with "RECALL" operation later at any time.
Storage of setup conditions: Up to 4 setup conditions can be stored in
internal memory (stored data is backed up by battery
against power off or power intermission.).
Operational modes : +, -, x, =, fdt, d/dt, V/EU, coherence blanking., and
equalization

Data Output and Interface (Standard)

Analog output : Analog ocutput for X-Y recorder
X axis -~ single pen mode only
Y axis - single and dual pen modes
%2 axis - pen lift control
Recording speed - six speeds
Digital control and data output signals:
GPIB (IEEE-488) interface
Floppy disk interface
Plotter interface
Signal generator interface (Option 05)

General Specifications

Supply voltage : 90~126 Vac +10% (Modifiable to 198-249 Vac)
Operating environment: Temperature OOC to +40°C

Humidity Less than 85 % RH
Power congumption : Not more than 300 VA
Dimensions: ‘Approx. 424(W) x 221(H) x 500(D) mm
Weight: Approx. 26 kg



1-5.

PERIPHERAL DEVICES AND ACCESSARIES

Versatil systems use of the TR9404 is made via the standard interface of
GPIB, plotter, XY recorder and floppy disk along with the other
peripheral devices and accessories as shown below.

e TR9834R Digital Plotter

e TR9831 Plotwriter

o TR98102 Floppy disk digital data recorder

e TR9820] Signal Generator (via optional interface 05)
e TR7200 series Universal Scanner

e XY recorder

e HP~GL plotter (Hewlett Packard 7470A, 7225A)

e Close-up camera (M—85D, #85-26)

o TR{6025 Transit case

e TR]6902 Trolley

e TR16801 Cabinet Rack

e Accelerometers (Endevco)

® Charge amplifiers {(Endevco) (See Tables 1-1, 1-2)

1 - 12



Axodx Axodg UODITLS uodIIly UodTTIS 1e98
aTqed pPaxXTJd aTqeo PoOXTJd | aTqed peXTd aTqeD PaXIa 2TqeD pPaOxT4g andangp
2IN30NI138
pajeInsug paijeTnsur peo3lernsur pajeinsul pajeTnsuy 03 UOT3IOIUUOD IS
aswd 0]
pepunoin papunoIn pspuncis pPapunoan uoyT3IoAUUOS fuiniax Teublg
SMDIDE/BATSDYDY aATSaYPY DATS3YDY aATEIYDY 2ATSYRY BuTUNOR
0°1 £°0 58°0 S*0 vio {6) 3ybroM
ol x 9°v x 0} B'c X85 |1°G X $'9 X 9°L '€ X 79 $°'Z X 9°¢ (i) SUGTSUSWIQY
99+ 03 8- SZ1l+ 03 06~ 0%Z+ O3 £L- LLl+ ©OF €L~ v0z+ 03 £4- | (9,) @xmeiadual putyeaadp
002+ O3} 00T~ 005 03 0 000Z ©3 0 000Z ©3 O 00SZ 93 0 {p) =buer uoTILISTIDOY
ooL¥ 00008 0000% Wik 000%S (zn} Aousanbsiy aoueuosasy
oozl ©3 0 00051 ©3 ¥ 0000t ©3 S ¢o008 03 0T 00001 03 § ape+ (zH) @abuex Aouanbaig
ove 0zZv 0%z (ad) soueztoeded
(o/nut}
L3TAaT3TSUSS 3be3ToA JO
O/AWG *T $S+9/AuQ | 70 €71 v°0 (9/0d) K3ITAT3TSUSS BBIRyD
19319AU0D

-2bIeyD JUIPTSII 3sing ay3 103 adAa

adk&n g3t adiy adi3 TeTIXRIIY) adia orajoataozetrd

abneb xo3ONPUOD DTI13097902Z9Td o11309T20291d o1a130oto0zatd futyy faybrt
. -Twas ‘yrEUS f3ubTT ‘TTRUS faybr1 ‘TTRWS faybr1 ‘TTRWS ‘TTews A194) gaInjesq
007-%92¢ ¥0sZe £e ozec 4 ToPOW

(popusumonay) ooaspum Aq SI9IBWOIBTI0D0Y |- STURL

- 13



pateas paiess pateas
K{Teor32wasy ATtec13dwisy ATTeot3sw1sy Axodg Axodm 1298
{ac)
I10303UUOD IPIS I0309UUOD BPIg I03083UU0D BPTS 1o309uuon dog, 103039Uu0D BPIS andang
21IN3IONILS
papunoin papuncois papunoiIn papuncin papunoi1n 0% UOT}OPUUOD ISLD
(ool
~£0LL)PO3RIOSUT
(0ol aged 03
pajernsug papunoin —10LL)PoPUNOI pepunois pepuncin uoTjouueD ‘uiniai jeubls
paMaIos 9G-7
apueiy STOU-¥ pnag ze-¢l pnas SATSIUDPY ‘aToy 193UI) -butyunon
oLl (A 62 8z £°2 {6) 3IybT=M
H6"PE X 2 L'IE HE'0Z X ¥ 6°61 HB*6l X @ 6°Gl 7°8 X 6°6 £°9 X G§°6 (uur) suorsuUBUWI]
("xeW) szl+ LLl+ O3 $G- 09Z+ O3 ¥&- LLI+ O} ¥5-— LLly+ O} $S- Auou sanjeasdwoy Hutizeaadp
ol 03 0 000t ©3 ¢ 000Z ©3 D 000z ©3 0 0005 03 O () =buel UOTIRISTIDIV
0006 oooze 00002 000FZ 0000% (zH) Kouenboiy aoueUOSIY
000C ©3 T'0 0008 3 ¥ 0005 ©3 | 0009 031 ¢ 0000] 03} § (zy) sbuex Xousnbaig
0000} 0082 008 0sL (ad) @ouejroede)
{o/Auw)
K3iaTaTsuas sbherroa 10
2G+D/AW06L oLl 001} 8°2 8°¢ (9/04) A3variisuss shieyp
Kouanbaig
sourUOST I
due JuspISSI UYITHM adksg adfy adk3 ybty 1eo3y adi3
KAousnbail Mol 103 o1ajoatanzatd o11309190za1d o11309T30z91d o13309190291d
K3tat13tsues-ybry | £A3TAT3TSULS-YBIH ssodind-TeIauadg f11e0G 1 Teng saInjeagy
1%2S |51z ool-toLL/loLL 09ze 0022ZT TePOon
{p,3u0)) ooa2pum AQ SI318WOIITIDOY  |~| @1qEL

- 14



0*¢

Lt

S°¢C

SP°0

(B3) ybram

SEF X ST X 69

€LE X BZI X 8

00v X vZl % 0L

8zl X 9L X ¥

(Uadap X UBTIY X YIPTH)
{u) suoTsUBWIQ

oea00l DRA001 oBADD ] DBAS | A1ddns 13mo0g
TeTjuUa1233TP burjeoty
I0 papunoig papunoin 10 pIpUnNOIn papunois andur
AO ¥ AS"Z+ AOLF AOLF abe3Tos 3ndino wmurxey
(jususoeTdsa
ut-bntd Aq abneb
1030npuUcHTUeS) (/04 oll o3 |)

ad&3 or1I309T902Z2Td

ad&y orIjoeTs0ZRId

adi3 2113097902914

2di3 DTIIDTI0ZSTF

1030939¢

00002 000001 00000} 0000€ (ad) eouezrtoedes WNUTXRH
aTeosITNI aTeoSTIN] aTeosSTINI
56l 03 § 9000€ ©3 | 5000€ ©3 1*0 9/AW000([ ©3 | AITATITSUSG/buEy
{ooo0!
0000 ©3 0l 0000z ©31 ¢ 00007 ©3 ¢ o3 | :adiy 1IwWg)
o000l o3 ¢ {(zH) @suodsaa Aousnbaig
gaT31TIqRdRD IB3VOTITPUOD
Hut 103 TUOU Teubts adA3y
Y3Ta I2UCTITPUOD up-bBn1d TESI9ATUnR asodind TeI3UIH 2013d MOT ‘TI®2WS sainjesg
YFE99 TLLYV/OLV Y GELT wa/qatzLe TopPOW
ooaspum Aq sist3yTidwe obieyn gz-| oT9BL

1 - 15%



2-19

2-3.

SECTION 2
PREPARATION AND GENERAL PRECAUTIONS

INTRODUCTION

This section describes general handling procedure for TR9404 Digital
Spectrum Analyzer, including preparation, cautions in usage and storage
method. To ensure proper operation of the instrument, be sure to read

these instructions carefully.
CHECK

Upon receipt of the instrument, examine it for any damage sustained in
transit, taking special note on panel switches, CRT display, and
terminals. If the instrument is damaged or does not operate properly,

contact your nearest ADVANTEST representative.

SHIPPING PRECAUTIONS

Should it become necessary to repack the instrument for shipment, use
the original packing material or equivalent. A carrying case dedicated
for the TR9404 is available from us (optional) for transportation

convenience.
PREPARATION AND GENERAL PRECAUTIONS

{1) Power supply
The proper line voltage at which the instrument should be operated
is factory-set and indicated at the power cable outlet on the rear
panel. The operating voltage ig selectable from 90-132 Vac or
198-249 Vac, 50/60Hz (see Figure 2-1).
Before plugging the power cable into an AC source, check to make

sure that the POWER switch is set at the OFF position.



{2) Power cable
The power cable has a three-conductor plug at its end, the center
pin being for the ground. The instrument should be powered from a
three-conductor outlet as much as possible. If only a two
conductor outlet is available, use the supplied pluyg adapter for
power connection. In this case, be sure to connect either the
ground lead of the plug adapter or the rear GND terminal on the
instrument to an external ground or earth (see Figures 2-1 and 2-2).
Because of its wide-band, high-sensitivity design, improper
grounding may cause the instrument to be subject to noise
interference. Be sure to ground the instrument especially when it

js used in a high-sensitivity range (see Figure 2-3(a) and (b)).

T T
L tartd

Fig. 2-1 Line voltage plate and GND terminal

- Adapter KPR-18
To AC outlet” .

- Ground pin

Three pin piug
power cable

To TR9404

" Ground this wire . Adapter KPR-18

(a) (b)

Fig. 2-2 Power cable plug and plug adapter
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Fig. 2-3 Grounding effect ((a): not grounded (b): grounded)

Fuse replacement

The line fuse is contained in a fuse holder on the rear of the
instrument. When replacing the fuse remove the cap from the fuse
holder. The ratings of the fuse are shown below:

100-115 Vac 4 A |

200-230 Vac 2 A

CAUTION

When replacing the fuse, be sure to set the POWER switch
to OFF and unplug the power cable from its outlet.

Operating environment

The instrument should be situated in a place where it will not be
exposed to excessive dust, direct sunlight or corrosive gas.

The operating temperature should be between 0°c and +40°C, with
relative humidity under 85%.

Ventilation

The instrument uses two exhaust type cooling fans. Allow
sufficient space around the instrument, especially on the rear side

of the instrument. Do not place the instrument on its rear panel.



{6) Although the instrument is designed for immunity from AC line
noise, it should be operated from a line with the least possible
noise level., If the line power is contaminated with excessive
noise, use a line filter.

{7) When the instrument is to be attached to a controller or other
instrumentation equipment for system setup, study the instruction
manuals for each device carefully.

{8) Do not situate the instrument in places where it will be subject to
excesgive vibration.

{9) The storage temperature for the instrument is between -20% and
+70°C. If the instrument is to be left unused for a long period
of time, wrap it with a vynil cloth or put it in a carton box.

The storage site should be free of direct sunlight or excessive
moisture.

{10) The CRT screen and the reverse side of the CRT filter should be
cleaned periodically with a soft cloth moisted with alcohol.

Never use any cleaning solvent other than alcohol (see Figure 2—4).

Removing the CRT filter

Belt cover

\\§>fmu. o A A A A o 0 1 NP 1

)

Fig. 2-4 Removing the CRT filter
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a. Remove the belt cover with a flat-tipped screwdriver or other
adequate tool. The belt cover is mounted without using any
screws or bond.

b. Loosen the two screws at the top of the bezel.

¢. Remove the bezel by pulling it forward-upward.

Halation on the CRT display

When the display trace is concentrated in a relatively small area

with high intensity, halation may result. If halation is intense,

use the INTENSITY control on the left side panel to reduce
intensity.

Device breakdown due to the CMV loop formed in the power supply

line:

The TR9404 can be used with various peripheral devices such as a

desk—top computer, floppy disk drive, digital plotter, and X-Y

recorder. When attaching any peripheral device to the TR%404, be

careful about the generation of common mode noise voltaée (CMV)

caused by defective power-supply ground wirings.

. If the power supply line is floated from the ground, an AC voltage

(CMV} of approximately 50 V will appear across terminals al and a2,
and bl and b2 through the loop shown in Figure 2-5. At this time,
if terminals al and a2 are connected together with terminals bl an
b2 left open, the input circuit devices in circuits | and 2 may be
damaged or subject to serious degradation. To prevent this, the
power supply line must always be grounded. A similar CMV will also
be generated if the analyzer is turned on or off with its power
cable plugged in or out of the electrical outlet. The analyszer
should always be turned on or off with its front panel PCWER switch.
If use of a floated power supply is unavoidable, establish the
ground connections to terminals GND1 and GND2 and all other signal
cable connections before plugging the analyzer into an electrical

outlet and then switching it on.



Peripheral device | Connection i, TR9404
T Caple i

‘00 Line filter Transt a1 22 Transformer Line filter
NSTOITFEY
T o —0—— —0— o
_L Power S Power _L 100 Vac
T switch ? Circuit 1 Circuit 2 switch
T o5 D - 1T
b1 b2
O (o
nr T T

No ground wire

Common-mode voltage of about 50V deveicped

Fig., 2-5 CMV loop in a power supply line
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SECTION 3
ANALYZING FUNCTIONS

3-1. INTRODUCTION

TR9404 Digital Spectrum Analyzer has unique analyzing functions in each
of the time, frequency and amplitude domains. To secure the powerful
analyzing functions of the TR9404, familiarize yourself with the
versatile analyzing functions and the relationship between each domain
and function of the instrument.
(1} Time domain analysis
o Transient waveform storage
e Time domain/averaging
# Autocorrelation function/averaging
e Cross=correlation function/averaging
e Impulse response
{2) Frequency domain analysis
® Linear spectrum/averaging
Auto power spectrum/averaging
Phase spectrum

Cross spectrum/averaging

Transfer function

Coherence function

¢ Ccocherent output power

® Third octave and full octave band analysis/averaging
{3) Amplitude domain analysis

e Amplitude probability density function/averaging

e Orbit diagram
3-2. BASIC CONCEPTS OF ANALYZING FUNCTIONS

The TR9404 is basically a dual channel spectrum analyzer comprised of
channels A and B. Input/output signal is to be applied to channel A/B.
Signals are processed according to this cause—and-effect relationship

and the results are displayed.



For example, let us assume a case where we are going to determine the
transfer function of a device under test (DUT) as shown in Figure 3-1.
The input signal for the DUT must be applied to channel A of the TR9404,
whereas the output of the DUT must be applied to channel B of the
instrument.

All analyzing and display functions of the TR9404 can be obtained by
defining the time series data for the DUT's input and output as Xa and
Xb respectively.

Figure 3-2 illustrates the relationship between the input and output of

the DUT in question.
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Pig. 3~-1 Usage of channels & and B



Input - Cutput

Xa(t) O— hab( t) O Xb(t)

Sa(f)spa O—— Hab(f)4£9 ab ——O Sh(f)4£éb

Fig. 3-2 Input-output relationship of a two-terminal network

and its circuit symbols

Xa(t) : Input signal to the DUT (time domain)
Xb(t) : Output signal of the DUT (time domain)
Sa(f) : Fourier transform of Xa (frequency domain)

Sb(f) : Fourier transform of Xb (frequency domain)

hab(F) : Impulse response of the DUT (time domain)
Hab(f): Transfer function of the DUT (freguency domain)
If each function is defined as above, a vector relationship as shown in

Figure 3-3 is obtained.

Xa(t) @ Sal(f) Lo

where (i:::) denotes a Fourier transform pair and /¢ denotes phase.
Similar relationship is also obtained between Xb and Sb, and hab and Hab
as well,

From the above discussions, the relationships as shown in Figure 3-4 are
obtained in the frequency and time domains. As a result, the transfer
function (magnitude and phase information), impulse response, etc. of

the DUT shown in Figure 3-] can be determined by measuring Xa and Xb.



(Imaginary part)

Xb

Zeab

—;;;\\\ Xa
VA
\¢a 0°

(Real part)

Flg 3-3 Vector representation of input and cutput signals

& Frequency domain
Sb(f) = Hab{(£f).Sa(f)
Fourier transform of a linear system output signal is given by the
product of the system's transfer function and the Fourier transform of

the input signal.

o Time deomain
Xb(t) =fr:hab(l‘)lv{a(t - T)dT = hab(t)*Xa(t)

{(*: convolution)
Output of a linear system is given by convolutional integration of

system's impulse response and input signal.

Fig. 3-4 Input/output signals vs. system functions
in the frequency and time domains




The amplitude.(absolute value) and frequency information in the
frequency domain generally reflects a characteristic which is unrelated
to how the time series Xa or Xb is acquired. However, the phase of the
input spectrum corresponds to each input time series and phase
information is relative to reference time and hence requires T = 0 as a
time reference. This time reference depends on the time domain display
on the TR9404. The waveform as shown in Figure 3-5{(a) (one cycle per
frame time, amplitude maximum at T = 0 and equal to the fullscale of the
setup sensitivity range) is used as the reference for everything '
(amplitude, frequency and phase).
Frame time is determined uniquely by frequency range setup. The
waveform having just one cycle per frame time corresponds to the first
AC spectrum in the selected frequency range. (This is not apprlicable to
the spectrum zooming mode, however.) Any waveform having a longer
period (or lower frequency) is considered a DC compeonent in that
frequency range. The signal shown in Figure 3-5(a) has the following
factors:

Frequency: Fundamental spectrum (1/T)

Amplitude: Full scale (1.0 x selected sensitivity range)

Phase : No advance nor lag (¢ = 0)
This means that, on the TR9404, the time reference for phase
informations is positioned (T = Q) at the leftmost graticule in the time
domain. Figure 3-5(b) shows the relationship between another frequency
f2 and its phase when T is assumed as the frame time. While signal
f1 in this figure is the reference for frequency, amplitude and phase
within the frame time, signal f2 has the following factors with
respect to f!:
Frequency {or angular velocity or angular frequency}: 2 times
Amplitude: 1/2
Phase : Advanced by ¢ (or lagged by 2m - &)

The frequency, amplitude and phase can be determined from the following

relationship defined in Figure 3-2:

xa(t) { _Ysalf) L da



** TRS404 DIGé;RL SPECTRUH HNHLYZER **

HERK
DELTA

ADVANTE

10 058.8 «SEC 2. 7EE¢00 Vp-p

+1.41
v

\

\

Xn=

~i1.41
v

(a)

Amplitude

J B T= (Yf) —»
@ Gad) —

TIME (m3EC)

Time series signal vs. frame time

s
Q
£~
‘rc )

——
~

0 sec
0 radian

lmag

A ﬁ/iéi &

“\‘ Time {sec}
., Phase {radian)

e Advance

Phase { Lag

(b) Frame time vs. phase

(,/

5/

-R

Fig. 3-5 Relationship between input signal frame time and phase



Figures 3-6 (1) through {(3) show the phase relationships on the time
axis, phase spectra on the frequency axis, and power spectra on the
frequency axis of signal waveforms cc:s(2::f{]t),r cos(Zufot-¢), and
sin(2uf0t) respectively.

Figure 3-6 (4) and (5) show waveforms of two sine waves with different
phases composed on the time axis and their phase spectra and power
spectra on the frequency axis. BAs shown in these figures, the same
power spectrum can result from different waveforms and phase spectra.
For example, if it is assumed that signal Xa and Xb in Figure 3-1 and
3-2 correspond to (4) and (3) in Figure 3-6 respectively, difference
exists in the input and output phases of the DUT although their

amplitudes are identical. This means that signal £, is subject to no

0
rphase variation, whereas the output phase of signal f1 has a phase lag
of 90° (x/2) or phase advance of 270° (35/4) with respect to the

input phase. Therefore, we can see that the DUT has phase distortion

though it has no amplitude distortion.
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3-3.

ANALYZING FUNCTIONS

In the preceding section we looked at the fact that time series data Xa
and Xb applied to channels A and B are the basis of all the analyzing
functions the TR9404 provides. We also discussed that the phases of Xa
and X¥b are not absolute but relative, depending on the display timing on
the TR9404 or the time lag of Xb with respect to Xa.

Figure 3-7 shows a flow of other analyzing functions introduced on the
basis of Xa and Xb. From this diagram you will know the purposes of
individual analyzing functions in the time, frequency and amplitude
domains.

Of the analyzing functions in the time domain, the auto correlation
function, creoss correlation function and impulse response use delay time
(T) or time difference as their parameters. Also from this diagram we
understand the importance of the fast Fourier transform (FFT), inverse
fast Fourier transform (IFFT) and averaging techniques for the TR%404.
The definitions and display symbols for the analyzing functions of the
TR9404 are listed in Table 3-{. The table indicates that there are some
functions permitting analysis and display in the real part, imaginary
part, magnitude and phase domains, and other functions having only real
part such as input time series data or correlation function. The
symbols shown on the right below the line — -— in the table denote the
functions when shown on the display.

These function symbols are shown in the left and center display areas on
the CRT together with pertinent data for easy identification of the

current analyzing function.
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DEFINITIONS AND PURPOSES OF ANALYZING FUNCTIONS

The definitions and purposes of TR9404's analyzing functions are

described in the following:

Xa.

<Xa>:

Sa

Time series data on c¢hannel A

Defined as a data block digitized by an A/D converter in the input
section and truncated by frame time determined uniguely by the
selected frequency range.

Average Xa (time averaging or signal enhancement)

Averaging in the time domain is used to extract a periodical
signal from noisy input by improving signal-to-noise ratio. To
perform meaningful averaging of time function, a trigger signal is
needed for synchronization. The trigger signal is used to
maintain relative phase of the signal to be sampled.

When averaging is performed N times, signal-to-noise ratio is

improved by fﬁ'times, which is expressed in decibel as
20 log g VN (dB).

The TR9404 uses the normalized time averaging method for averaging

in the time domain.

Xa, N~ <Xa>N-1

<Xa>y = <Xa>y-p + =

Since, as known from the above equation, the signal is subject to
normalized averaging corresponding to the current average number
N, an average up to any number of repetitions can be determined
correctly. _ .

Fourier spectrum for Xa (complex spectrum for Xa)

In general, when t and f are used as time and frequency variables
respectively, Xa(t) is expressed as Sa(f)} in the frequency domain
as far as Xa(t) is a real function of time. In this case, Xa{t)
is not necessarily a periodical function, and Sa(f) includes

amplitude and phase information at all frequencies of Xa(t).
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Gaa

Sa (£) =u[i:?a(t){ cos (2xft) - jsin (2xft)}-dt

Complex spectrum Sa(f) is obtained by exercising Fourier transform
on a time-domain signal, and includes a real part and imaginary
part for each frequency. Usually, the real and imaginary parts of
the spectrum are treated as magnitude and phase information
respectively. When averaging complex spectrum, a trigger signal
is needed as is the case with time averaging <Xa>. Spectrum phase
depends on trigger conditions; the same signal may have different
phases depending on trigger point. Therefore, averaging of
complex spectrum requires a trigger signal while averaging of auto
power spectrum requires no particular trigger signal.

This function is useful when you wish to extract discrete
components of revolutions of a rotating body from random noise or
signal components from background noise.

Power spectrum

Power spectrum is a typical name for frequency spectrum
determination. Its unit is expressed as square magnitude (Vz),
and can be obtained as a product of Sa(f) and Sa(f}* (complex

conjugate of Sa(f)) as follows:

Sa-Sa*
[Re(f) + JIm(£)]-[Re(f) -JIm(f)]
Rez(f) + Imz(f)

Gaa

Gaa is a real function having only magnitude information. It has
no imaginary part and hence has no phase information.
This means that averaging can be performed on Gaa irrespective of

trigger position without the need for synchronization signal.
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< Gaa>: Average power spectrum

Gab

Since this averaging function is obtained from a series of power
spectrum Gaa, it is called average power spectrum. Average power
spectrum can be obtained by determining the RMS values of each
power spectrum at each frequency. A spectrum magnitude at a

certain frequency is expressed by the following formula:

JGaa{fx) =\/% [Gaa](fx) + Gaaz(fx) + aee + GaaN(fx)]

As known from this formula, this averaging does not reduce noise

level while it can smooth random noise component.

Cross spectrum

Cross spectrum is useful to determine the magnitude and phase
information for common frequency components of two signals.

At each frequency, the magnitude indicates the product of the
magnitudes of two signals, and the phase value indicates the
relative phase difference between two signals.

Cross spectrum is obtained as a product of Sa* (complex conjugate
of Sa which is a Fourier spectrum of Xa) and Sb (Fourier spectrum

of Xb) as follows:

Gab = Sb Sa* = [Re(b) + jIm(b)]-[Re(a) - jIm(a)]
= [Re(b) Re{a) + Im(b)Im{a)] + jlIm(k) Re(a) - Re(b) Im(a)]

Unlike power spectrum which is a positive real value, cross
spectrum can be a positive or negative complex value.

Cross spectrum corresponds to cross correlation function
expressed in the frequency domain, and is applicable to the
measurement of delay time, as is the case with cross correlation
function. For example, if the propagation time or propagation

path of a signal depends on frequency, delay time can be

"determined from the phase value at the frequency in question.
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<Gab>:

<Hab>:

Average Cross spectrum
If cross spectrum at a certain frequency is given by Gab(f), it
is equivalent to the following equations:

1

<Gab(f)» = E{Gab](f) + Gabztf) + seees + GabN(f)}

Transfer function

As shown in Figure 3-2, a transfer function provides the
frequency response of a system (such as a filtering network of a
power supply circuit) in terms of input-output relationship.

It contains magnitude and phase information. Transfer function is
determined as a ratio of output Pourier spectrum to input Fourier

spectrum as follows:
<Habh> = <8b/Sa>
It may also be expressed as follows:

Sb-Sa¥ _ $Gab>
Sa-Sa¥* <Gaa>

<Hab> =

This means that transfer function is also expressed as a ratio of

the ¢ross sgpectrum to input power spectrum of a system.

The transfer function determined by the latter method has the

following features:

® Permits measurement of both magnitude and phase since it uses
Cross spectrum <Gab>.

¢ Applicable to any type of input signals.

The inverse PFourier transform of a transfer function is called

impulise response.

A transfer function may be observed in the form of a Bode or

Nyquist diagram depending on display mode.
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<COH> : Coherence function
The coherence function when used on a transfer function
measurement is the fraction of output power attributable to an
input signal. It exhibits the accuracy with which the transfer
function of a noisy system is being measured at each frequency
point. It can also be used to calculate S/N ratio at any
output or to call attention to ncnlinearities in the system
under test.
The coherence function gives cause-and-effect relationships
between input and cutput of a system and can take a value

between 0.0 and 1.0

<Gab><Gab>*
<Gaa><Gbb>

<COH> =
The coherence function is defined as the squared magnitude of
the cross spectrum divided by the magnitude squared of both the
input and output spectra.
If the coherence value at a certain frequency is 1.0, the
output of the system is caused only by its input. If it is 0.0
the output has nothing to do with the input. If it is a value
between 0.0 and 1.0, say 0.3, the degree of contributon of the
input in question to the output is 0.3, and the remaining
effect of 0.7 is caused by other input or noise interference.
A coherence function can thus be used to evaluate a transfer
function. Since, in a multi-input system, coherence function
gives a contribution factor of the input to the output, it is
advisable that the coherence function be observed whenever a
transfer function is to be determined.

<C.0.P>; Coherent output power
Coherent output power can be determined by multiplying the
coherence function by the output power spectrum of the system.
It is essentially an output power spectrum caused only by the

input of the system.

<C 0, Py> = <COH><Gbb>

_ <Gab>Gab>*
<Gaa>
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Raa

Rab

:+ Autocorrelation of Xa

-

On a random signal varying with time, a considerably strong
correlation may be found between two points with relatively small
time difference {T). However, the correlation between those
points will be weakened as the time difference increases., If a
periodical signal is contained in a random signal, on the other
hand, correlation between two points will be gstrengthened at a
regular interval.

Autocorrelation is a function of time difference T, and may be
used to analyze the likelihood of randomness or to extract a
periodical signal from random signals by improving
signal-to-noise ratio.

Autocorrelation function can be détermined as an inverse Fourier
transform of power spectrum Gaa, and is generally expressed by

the following integral formula:
J2RET
Raa (1) =f_:Gaa(f)e3 Taf

Autocorrelation function takes the maximum value at T = 0 which
is equal to the square average of an input signal. However, it
does not correspond to the IFFT of the power spectrum due to the
circulative nature of FFT, but corresponds to the IFFT of the

power spectrum of the original time-gseries plus zeros.

Cross correlation

Cross dorrelation function is used to determine the degree of
interdependence between two time functions in a quantitative
manner. It is used to determine velocity or distance by delay
time measurment or to determine propagation paths of signals.
Cross correlation can be determined as an inverse Fourier
transform of cross spectrum Gab, and is generally expressed by

the following integral formula:

Rab (1) =.f _“Gab(£)e? ™ Tar
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<IMPLS>:

Pa

However, it does not correspond to the IFFT of the cross
spectrum due to the recursive nature of FFT, but corresponds to
the IFFT of the cross spectrum of the original time-series on

each channel plus zeros.

Impulse response

Impulse response is an expression of the transfer function of a
system in the time domain. In some cases, it may have a higher
sensitivity to signal delay time rather than cross correlation
function. In general, if input Xa(t) is applied to a system
having impulse response hab(t), its output Xb{t) is gi#en by

the following formula:
%b (t) =f”:hab(”r) Xa(t-T)dT

The impulse response provides all description of the linear
function relationship between the input and cutput of the
system.

Since the expression of an impulse response in the frequency
domain is a transfer function, the impulse response c¢an be
determined as an inverse Fourier transform of the corresponding

transfer function:
<IMPLS > = IFFT{< Hab>)

Histogram or probability density function of Xa

Probability density function is used to analyze statistical
nature of signals, and represents a probability at which a time
series exists within a certain range of amplitude.

if the estimate of probability at which Xa{t) takes values
between amplitudes Xa and Xa + AXa is expressed by sample data
over time T, the probability density of random signal Xa(t) is

given by the following:

Prob[Xa<Xa<(Xa + AXa)]
AXa

Ix
T

— --]—Z i =
Pa = = TiAtl
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<Pa>

Where Ati is the time duration in which Xa stays within the
range of x at i'th time, and Tx = IAti.

That is, Pa is given as a ratio of Tx and T, Tx being the time
duration in which Xa(t) takes a value between Xa < Xa < Xa +
AXa in time T (in this case the frame time). On the display of
the TR9404, therefore, the X axis represents voltage values of
AXa and the Y axis represents its probability density.

The readout unit is Q.00 V-i

Cumulative distribution function (CDF} can be determined by
integrating an amplitude probability density function. CDF
provides a probability at which a momentary level of a signal
is pelow a certain magnitude. However, the TR%404 has no
capability of operating CDF.

Average prébability density function

In the equation for <Pa>, if time T approaches to infinite, the
conjectured value <Pa> approaches to a true probability.

If it is assumed that the frame time is Tf and Pa is averaged
over 16 frame times, the mean probability density can be
determined from the same equation with time T increased 16
times as large.

On the TR9404, <Pa> is operated by using the normalized

histogram averaging method. Refer to <Xa> time averaging

- mentioned earlier.

: Third octave and full octave analysis

Analysis of noise or acoustic signals may require the octave
analysis technique. While octave analysis includes 1/1-, 1/3-
and 1/8-octave analysis methods, the 1/1- and 1/3-octave
techniques are of general use.

For 1/3-octave analysis, the narrow-band spectrum obtained
from power spectrum is divided into sub-bands of 1/3-octave
each. Each sub-band spectrum is weighted according to Class
IIT of the American National Standards Institute and in the
maximum proximity to the response of the filter of B.& K. Inc.
{Denmark) and is displaved in the form of a graph.

The ]/l1-octave response is determined from the result of

1/3-octave analysis by operation.
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SECTION 4
OPERATION

INTRODUCTION

TR9404 Digital Spectrum Analyzer allows the operator interactive
operations: that is, the operator sets up measurement conditions and
performs various analyses while responding to messages or menus shown on
the display. This means that the operator can proceed his measurement,
analysis and observation concentrating his attention on the display.

all function setup and execution is accomplished by key entry, and entry
results are stored in internal memory. Each key entry is audibly
confirmed by electronic "pip" tone. If the instrument is switched off,
all setup conditions are kept intact about one week by internal back-up
battery, so that measurement can be restarted under the same measurement
conditions when the instrument is repowered.

This section describes controls and connections on the front and rear
panels of the analyzer, display format and basic operating procedures

for proper operation of the instrument.
PANEL DESCRIPTION
The front panel consists of a POWER switch, CRT display, and control

functions (see Figure 4-2). This section describes the display format

for the CRT display and individual control functions.



The rear panel of the analyzer is divided into a power supply section,
digital I/O section including the GPIB interface, and analog cutput
section including the X-Y recorder output. The GPIB interface, digital
1/0 functions and X-Y recorder interface will be described in SECTIONs 5

and 6.

4=-2-1. Display Format

The TR9404 uses a large random access scan CRT measuring
approximately 140 mm by 115 mm (see Figure 4-1.} and providing clear
and definite character and data display. The interactive operation
capability reduces the burden to the operator of cumberscme setup
operations or probability of entry error. Since the display shows
all pertinent setup conditions as well as resultant data, all
information necessary for later analysis can be obtained from a

single photograph of the pertinent picture.
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Control Section

The control section consists of the following twelve subsections:
VIEW

SETUP

DISPLAY

AVERAGE CONTROL
GENERAL CURSOR

LABEL

Z00M

INPUY CHANNEL (A and B)
TRIGGER SECTION

TEST

PANEL

GPIB

SECAGNCNCNONCRORCRONCORS

The control section consists entirely of light-touch pushbutton
keys. When an accessible key is operated, the key entry is audibly
confirmed by eleétronic “pip" tone. If an inaccessible key is
operated, it is audibly alerted by low "beep" tone. If a key with a
lamp is operated, the light goes either on or off depending on the
preceding status.

The keys with a lamp include two types. For one type, the light
‘comes on only when the key is in active state. For the other type,
the key has a double function, and the lamp within the key comes on
when one of the functions is selected. The latter type includes the

following nine keys:



CH. A/CH. B MG /INST,

- and E] in the VIEW section

UPPER/LOWER REF./GAIN

and E in the DISPLAY section

SET REF. HARM.
ON/OFF UPPER/LOWER SSINGLE

[ 12 ]ana [Z | in the GENERAL CURSOR section

ON/OFF
in the ZOOM section

HOLD/REL.
[E_L—_] in the TRIGGER section

When the lamp in these keys is on, the function indicated on the
left-hand side of the slash (/) is selected; when the light remains
off, the function indicated on the right-hand side of the slash is
selected.
CH. A/CH. B
VFor example, if the lamp of the [:::] key is 1lit, it means that the
data on channel A is shown on the display, whereas the data on
channel B is shown on the display if the lamp remains off.
The control section includes the following three types of keys:
e Keys with no lamp
# Keys whose light comes on only when the key function is activated
e Keys whose light comes on or off depending on the selected function
of the key

@ VIEW section

The control keys in the VIEW section are used to select data

types to be shown on the display or to store or read displayed

data into or from internal buffer.



Single channel data:

e Time domqin data on channels A and B

e Averaged time domain data on channels A and B

e Power spectrum of channels A and B

e Averaged power spectrum of channels A and B

® Phase spectrum of channels A and B

e Histogram of channels A and B

& Auto correlation function of channels A and B

Cross channel data:

® Cross correlation function

e Transfer function

e Coherence function

e Coherent ocutput power

e Impulse response

Any of the above types of data can be selected and shown on the
display by operating the appropriate keys in the VIEW section.
Also up to two single-channel data and one cross—channel data
can be stored in the buffer and recalled at any time with the
RECALL key. |
SETUP section

The control keys in this section are used to set up various
measurement conditions and to deliver them on the display.
Setup conditions consist basically of the following nine menus:
e Frequency range |

e Channel A input sensitivity range

® Channel B input sensitivity range

e Trigger condition

e Averaging condition



e Weighting (window function) and scaling conditions

e Arithmetic and logical operational functions

Display control
e I/0 device selection
e Advanced analysis mode selection

Menus for any of these measurement conditions can be acted upon

with the ﬁ::> or 4::9 key and | S| key in the interactive

mode, and the selected menu is shown in the right display area
on the screen.
DISPLAY section
Control keys in the DISPLAY section are used to select data
type and scaling system for the data selected with VIEW section
operations.
For frequency domain data, the following data types and scaling
systems are selectable:

® Power spectrum and magnitudé

e Phase

e Real/imaginary part

e Dynamic range selection

® Reference level setting

Linear/logarithmic switching on the frequency axis

Bode/Nyquist diagram display selection
For time domain data, the following control is available:
e Enlargement of the amplitude axis and reference level
control
For amplitude domain data, the following control is available:

e Enlargement of the vertical axis (probability density)



In addition, this section also provides such features as
superimposition of two data, data zooming by erasing menu, and
graticule erasure.

AVERAGE CONTROL section

Control keys in this section are used to average the data
selected with the VIEW section operations under the conditions
selected with the AVG MODE key in the SETUP section.

GENERAL CURSOR section

Control keys in this section are used to obtain direct readout
of arbitrary data point on the display by controlling the
cursor, provide harmonic display, or set up trigger position,
trigger level and coherence blanking level.

LABEL section

The LABEL function makes the top two lines of character display
area on the CRT available to the user. The operator can
optionally enter alphanumeric labels in this display area as an
identification of date, test personnel name, test number, and so

forth. Once a label is entered, it can be moved in the vertical

direction with the |4 p| or [{h| key in the GENERAL CURSOR

section so that labels can be attached to arbitrary points of
displayed signal responses, Labels can be recorded on
photographs, floppy disk or plotter for use in later analysis of
measurement information.

The front panel keys identified by alphabetic or numeric
characters provided at the bottom left corner of each key may be

used to enter label characters.
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Z00M (TIME & SPECT) section

Control keys in. this section are used to provide frequency
domain data for higher resolution analysis or expand the time
axis display for time domain data.

For frequency domain data requiring no zoom-in (Zero Start
mode), the available frequency range is from DC to the maximum
frequency of the selected frequency range due to the nature of
discrete Pourier transform. However, if the Zoom mode is
selected, the signal of interest once captured can be analyzed
with a higher resolution including its adjacent spectra (hold
zooming mode). Magnification can be controlled by a factor of
2, 4, B, with EXPAND WIDTH keys.

For time domain data, the Zoom mode allows for high-resolution
display of leading or trailing edge waveform of transient
phenomena or high frequency portions of burst signals by a
factor of 2, 4, 8, 6.

INPUT CHANNEL A and B section

This section consists of two subsections for channels A and B.
Control keys in this section are used to select input coupling
modes on each channel.

Time series signals applied to channels A and B are defined as
Xa and Xb respectively, and all analyzing functions are executed
based on these two signals.

The input modes include the single ended input mode requiring
only one input connector (as is the case with an oscilloscope)

and the differential input mode requiring twoe input connectors.
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These input modes may be selectively used depending on
individual input signal types or transducers for higher
precision measurement.

The input coupling modes include the AC coupling, DC coupling,
GND, and TEST modes. In the GND mode, either the positive or
negative input terminal is always groqnded. In the TEST.que,
the incoming signal is secluded and an internal reference signal
is capacitively coupled for functional testing.

TRIGGER section

.The function of this section, when combined with the TRIG. MCDE

- switch function in the SETUP section, may be effectively used to

capture less repetitive signal waveforms such as impact waves.
It may also be used to obtain stationary waveform or signal
response trace on the display. The trigger source may be input
signal of either channel A or B, or external trigger signal
coupled to the rear EXT. TRIGGER connector.

TEST section

If the TEST key in this section is pressed, the input signals
are disconnected from both channels A and B of the analyzer's
input and, instead, an internal test signal source with a
frequency of 64% of the selected frequency range* and a level of
~3.0 dBV +0.2 dB is applied to the both inputs.

*: (e.g. 64 kHz in the 100 kHz range, 1.28 kHz in 2 kHz range)
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@ PANEL section
All front panel controls of the TR9404 consist of light-touch
pushbutton keys. The LOCK key in the PANEL section is used to
lock up all the key functions on the front panel to prevent
alteration of measurement condition setup by inadvertent touch
on the keys.
The TR9404 can store up to six sets of entire measurement
condition setup in its internal memory. The STORE and RECALL
keys in the PANEL section are used to store or recall these
measurement condition data into or from the internal memory
respectively. This storage capability will be extremely
convenient when there are multiple measurement objects requiring
different measurement condition setups.

(2 GPIB section
The functions of this section are used to set up an
instrumentation system using the General-Purpose Interface Bus
{(GPIB) or to transfer data to external devices. For further

details see SECTION 5. GPIBR INTERFACE.

4-2=3. Power Supply
(13 POWER ON/OFF

This pushbutton switch controls the power supply to the
analyzer; a first depression of this switch turns on the power,
and a second depression turns it off.
When the analyzer is switched on, a self diagnostics sequence is
automatically initiated. if everything is found to be normal,
the instrument becomes ready for operation approximately 10

seconds after power on.
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In order to back up the internal memory against power off, the
analyzer contains a Ni-Cd battery cell. The battery is
automatically chargéd during power on, and backs up memory for
about one week to maintain measurement condition setup data
intact during power off.

If power off condition continues for more than one week, the
contents of the memory may evapolate. If this happens, set up

the necessary measurement conditions again after power on.

CAUTION

® Before switching on the analyzer, check to see that
the operating voltage indicated on the rear of the
instrument agrees with the local line voltage.

® Once the analyzer is switched off, do not switch it
on again within 3 seconds after the power off, If it
is switched on again within 3 seconds, the power
supply circuit may malfunction.
If this happens, switch off the analyzer, and then

switch it on again several seconds later.
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4-2-4,

Rear Panel

PIO (Peripheral Input Output)

This connector is used to connect TR98102 Floppy Disk Digital
Data Recorder or dedicated maintenance tool.

TR98102 is an external data storage unit designed for the TR9404
and permit easy data saving and transfer.

EXT. SAMPLING {External Sampling)

For both channels A and B, input signals afe usually sampled by
a clock generated by an internal crystal oscillator.

1f data sampling synchronized with the input event is required
{e.g. order ratio analysis for rotating body), the sampling
clock input from this EXT, SAMPLING connéctor is to be used.

In this case, the time and frequency axes do not provide
absolute scales but relative scales on the CRT,

EXT. TRIGGER (BExternal Trigger Input}

This connector accepts an external trigger signal to trigger and
capture the incoming signal. |
TOUCH SOUND

If an accessible key on the front panel of the analyzer is
pressed, it is audibly confirmed by electronic "pip" tone; if an
inaccessible key is pressed, it is audibly alerted by low "beep"
tone. The TOUCH SQUND screwdriver control can be used to adjust
these "pip" and “beep" sounds at the desired tonal level.

GPIB

The GPIB section on the rear panel consists of a 24-pin GPIB

interface connector and an ADDRESS switch.
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EXT,., CRT (External CRT Drive}
These connectors are used to drive an external CRT display such
as an oscilloscope to yield the same data as that obtained on
the CRT display. They are, however, intended only for display
test purpose and may not be used to drive a large external
random scan CRT display or video display.

& X-Y RECORDER
These connectors are used to attach an X-Y recorder. All data
displayed on the analyzer can be plotted on the X-¥ recorder
through these connectors.
The attachable X-Y recorder may be of any recording speed,
sensitivity or number of pens, provided that it has pen up/down
control capability. The recording speed is selectable from six’
steps between SLOW and FAST.

(:) AUX. (Auxiliary)
This connector is provided for manufacturing purpose and is not

available to the user.
SELF DIAGNOSTICS FEATURE

The TR9404 contains a self diagnostic feature to check for proper
operatibn of the internal electrical circuits and parts.

When the analyzer is switched on, all LED indicators on the front panel
come on approximately one second later. This allows you to visually

check for defective LED indicators.
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If everything is normal, the self diagnostics sequence is completed
approximately 10 seconds later, and the analyzer shows the TIME data on
channel A on its display or is placed under the previous measurement
condition stored in internal memory (PANEL section) to be ready for
operation. Upon the end of the self diagnostics sequence, "pip" tone
will sound consecutively four times to alert the operator for the end of
the sequence, and then the LED indicators on the front panel return to
the normal condition.
If the power to the instrument is left off for more than five minutes,
it takes approximately 30 seconds for the CRT display to warm up and
provide the normal information display. S50 no messade pertaining to the
self diagnostic test will be o¢bserved on the display upon initial power
on. If you turn on the power several seconds after power off, you will
be able to see message

"SELF TEST IN PROGRESS !!7
on the display (see Figure 4-4)., Upon the end of the diagnostic
sequence, message

"TREST COMPLETED I!*
will be shown for a few seconds, and the analyzer becomes ready for
operation after giving off audible "pip" tone.
If any defect or malfunction is detected in the internal circuit or
part, the display will show the function-classified defect locations as
shown in Figure 4-5 upon the end of the diagnostic sequence. The
example shown in Figure 4-5 deliberately shows all the possible
defective locations. In actual cases, however, only the defective block
name and the detail of the defect will be shown. If the display shows

any fault message, notify your nearest ADVANTEST representative.
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Error message "FAIL GPIB" in the self-diagnostics is derived from:

(1 The status of the bus where other devices are connected with
the GPIB cable upon TR9404 power turn-—on.

(2) The internal circuitry being damaged.
in case of (1), making the TR9404 run by pressing a front-panel key will
restore the instrument into normal condition. If it is not still
properly working, turn on the power without ¢onnecting interconnection
cables. When the error message still remains, it comes from (2); |

contact your ADVANTEST's local representative.
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SELF TEST IN PROGRESS /!

3#3&t##8##%#3283#8#833*#*#*3‘#C##

TEST COMPLETED [//

Fig. 4-4 Self test busy message

FREBREREXERESEATLLBETER LRSI

SELF TEST IN PRUGRESS //
BZEARNERAETERLRRELLRRAERRREREETRE

sxx FAIL RAM =z2x2x
RCRS Q10413 WR Q%2%2% RD Om2%521
xx2 FRIL TIMER =xx
*xx FAIL ROM ===
MEM -~~~ AG,B8,A4,84,09,F9,
I0C ——— PE, A4,
sxx FRIL ADC =x=x
=xx FARIL IB =2«
x=xx FAIL EOC =xx
=xx FAIL FPU ===
xx=z FRIL GP-I8 ===x
=xx FAIl, FLOPPY =x=xx

TEST COMPLETED //

Fig. 4-5 FPault message display indicating defective locatiocns
(all possible defective locations are shown here.)
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4-4. KEY FUNCTIONS

4~4-1. INPUT CHANNEL Section

The INPUT CHANNEL section consists of completely independent two

input channels: INPUT CHANNEL A and INPUT CHANNEL B. The major input

specifications are shown below:

Input channels

Input mode

Input impedance

Input coupling mode

Common mode noise
rejection

Max. common mode
voltage

”

Input magnitude range :

Max. differential input

Max. input sensitivity:

2
Differential or single ended type
Approx. 1 MQ

AC, DC, GND
60 dB or more (at 50/60Hz, DC coupled)

+10 Vp-p (0 dBV to —60 dBV)
+100 Vp-p (+30 dBV to +10 dBV)

~60 to +30 dBV (! mV to 31.6 Vrms) in 10 dB
steps

voltage

+100 Vvp-p

=120 4BV (1 uVrms)
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Overload indicator

Input filter

: If a differential voltage exceeding 95% of

the selected amplitude range or a common mode

voltage exceeding the specified level

{regardless of the selected amplitude range)

is applied, the OVERLOAD indicator lamp on

the front panel comes on for approximately

0.5 sec. and an alarm buzzer sounds.

Message such as "OVERLOAD: CH-A" flashes in

the bottom left of the display for a few

seconds.

: Antialiasing filter {roll-off response:

=140 dB/oct) is automatically selected

according to the selected frequency range

{however, only a 20 Hz filter is selected for

1, 2,

3,

and 10 Hz ranges.)

av | ms | opeax | O iing
+30 | 31.6 V| 44.7 V| -806 dB max. | AC or DC
+20 | 10.0 V| 14.14 V coupling
+10 3.16 Vv 4.47 V

0 1.0 Vv 1.41 ¥
-10 | 316 mv | 447 nv
-20 100 mv | 141 mv
=30 31.6 mv{ 44.7 mv
=49 10.0 mV 14.1 mVv 1 AC coupling
-50 3.16 mv 4.47 mV | =72 dB max.
-60 1.0 mv 1.41 wnv | -65 dB max.
AUTO | Optimum range is selected with the incoming

signal level
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The input section configuration of the TR9404 is shown in Figure 4-6;
the input amplifier circuit configuration is shown in Figure 4-7; the
INPUT CHANNEL section panel features are shown in Figure 4-8.

The input circuit configurations as shown in Figures 4-6 and 4-7 are
provided for both input channels A and B of the TR3404 each.

.As shown in Figure 4-8, INPUT CHANNEL A and INPUT CHANNEL B are
located on the left and right side of the TRIGGER and TEST
subsections respectively. As mentioned in SECTION 3, connect the
input signal to a device under test (DUT} to INPUT CHANNEL A, and
connect the cutput signal of the DUT to INPUT CHANNEL B. If this
connection is reversed, the results of all cross channel analyses,
such as transfer function, cross correlation function or cross

spectrum, will be reversed.
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Input amplifiers

Antialiasing filter ~ A/D Converter

+
Analog” O=
oL Input . : Buffer
-— circuit \\ ”I memory
input (o m
Differential f
amplifiers
Common mode input Overload Overload
overload detactor detector 1 detector 2
Fig. 4-6 Input section configuration
Input switches Attenuators Differential amplifiers
r — 212 ~ N - N
+GND AC/DC [......._.__..._._ ________ ,l
INPUT +Qg5mcf, o }
L TEST To filers

'+ common ground
The INPUT is alive when both GND and TEST switches are set at OFF

Figo 4~

7 Input amplifier circuit configuration
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r\ INPUT CHANNEL A i/ TRIGGER INPUT CHANNEL B {3
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+GRD AN DC HOLD/ REL. AR +GND AC oC
2 = ;F 4[D l] 5[n g[m ] ‘7[1:: ala ]Q[D
~GND — 1M} —
E
|

Fig. 4-8 INPUT CHANNEL section panel features

(1) ACTIVATE indicator lamp
The channel on which this indicator lamp illuminates is
SENS. A
Mactive", or accessible. If the [:::] key in the SETUP section

is pressed when channel A is active, the SENS.A menu as shown in

Figure 4-9 is shown on the display. To deactivate channel A,

move the pointer ( C ) to "ACTIVATE®™ with the ﬁ::} key, then

press the | sEwp | key. This will change the "ACTIVATE" message

into "DEACTIVATE" message and turn off the ACTIVATE indicator

lamp on channel A.
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Once channel A is deactivated, no data input nor analysis will

take place on channel A even if an input signal is applied to

it. To activate channel A again, use the qi:} key to move the

pointer ( ) ) to the desired input sensitivity item in the
menu. This will automatically activate channel A, with the
ACTIVATE indicator lamp (:) on channel A turned on. The same is

applicable to channel B as well.

=% TR9404 OIGITRL SPECTRUM ANARLTIER **x  TIME

wEER MFD BY ADVANTEST: EE 1] +CH=R(INST)
+ZERA START
DELTA 1 500.00 k3SEC 1.88€+00 Ve-p +aC/ 0IFF

+H0LD
#AYG 256/256

41.41 T T ™ T T T T T T R:j:

RCTIVATE

/UTA

Ka>r h (d8v1

+30

e E +20 »
+10

L E - 0 A
-10

L 4 =20

=30

=40

-50

~1.4%1 A R ) . L : R . : -80

Q TIME [mSEC 8

Fig. 4=-9 SENS. A menu
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> »

Frequency range _ .

Range ‘ ' : ‘

fullscale

——-
1

Input dynamic range

{72 dB or more)

vy

f

Fig. 4-10 1Illustration for input overload detection 1

@ OVERLOAD indicator lamp
The OVERLOAD indicator lamp comes on if the magnitude of an
input signal exceeds the selected sensitivity range. On the
TR9404, differential input overload is detected by overload
detector | that follows the input amplifier and by overload
detector 2 that follows the A-D converter {(see Figure 4-6}. In

addition, a common-mode input overload detector is also provided.
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Overload detector 1 detects an input signal magnitude exceeding
the selected sensitivity range (see Figure 4-10). Since
overload detector ! is sensitive to a frequency range of up to
approximately 300 kHz regardless of the selected frequency
range, it responds to an overload inpﬁt whose frequency is
beyond the selected frequency (e.g. f2 in Figure 4-10).

The threshold level for overleoad detection is set at more than
twice the sensitivity range but the input amplifier and
antialiasing filter are designed to operate normally even within
that range.

If the sensitivity is set up at 0 dBV, overload detector
responds tc a signal exceeding (1.41 V peak) x 2 = 2.8 V peak.
If overload detector ! were not existent, signal f2 {in .

Figure 4-10) would saturate the input amplifier, causing
intermodulation with other signal responses. However, since

f2 is suppressed by the following antialiasing filter, the

spectrum of £_ itself would not appear on the display. To

2
ensure correct measurement results, therefore, input overload
detection is needed for large signals even outside the frequency
range setup.

Overload detector 2 is effective to an input signal which is a
composite waveform of signals f3 and f4 (see Figure 4-11).

The magnitude of the composite signal is smaller than that of

f3 as shown in Figure 4-11(a), depending on the frequency

ratic and phase lag between f3 and f4. This is often the

case for the measurement of pulse signals or measurement using a

hammer kit. In this case, a problem arises if f3 is within

the selected fregquency range and f4 is outside the range.
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Forrinstance, if the frequency range setup for measurement is
10 kHz, f3 is 6 kHz and f4 is 18 kHz, and f3 and f4 are
composed as shown in.Figuré 4-11{a), overload detector | does
not respond to the éomposite signal as its magnitude is smaller
than the full scale of the A/D converter. The following
antialiasing filter attenuates frequency f4 {18 kHz) which is
outside the setup frequency range. The cutput of the
antialiasing filter thus contains only f3, which causes an
overload to the following A/D converter. This overload is
detected at the output of the A/D converter by overload detector
2.
The common-mode input overload detector detects common-mode
overvoltage input when the inputs are in the differential mode.
If an input overload is detected by overload detector 1, 2, or
common-mode input overload detector, the OVERLOAD indicator lamp
{2) illuminates and an alarm buzzer gives off a continuous "pip"
gound until the cause of the overload is removed. At the same
time, the display shows an overload message
"OVERLOAD: CH-A"
in the bottom display area (see Figure 4-12). These overload
detecting functions are identical for both channels A and B.
(:)(:) Input Connectors
These BNC connectors accept the input signal of interest for
measurement. They may be applicable to either the differential
or single-ended input modes. The input signal connection
procedure and input mode descriptions are given in

paragraph 4-4-2 *"Input Connection”.
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Fig. 4-11 Illustration for overload detector 2
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CVERLORI) : CH-A-

Fig. 4-12 Overload message display
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ONONONC,

AC (AC coupling) key

DC (DC coupling) key

+GND key

—GND key

These four keys are used to select input coupling modes. The.
operations of each key are illustrated in Figure 4-7.

The DC coupling mode directly couples the input signal to the
input aﬁplifier, and is useful to capture transient signals and
other irregular signals. In the higher sensitivity ranges ({(-40
dBV or below), however, the input coupling mode is automatically
switched into the AC mode. - In these sensitivity ranges, the DC
key remains inoperative, and the lamp within the AC key
continues to glow even if the DC key is operated. The AC
coﬁpling mode is also unalternatively selected when the TEST
mode is entered. If measurement mode is switched from the TEST
into other measurement mode, check to see that the adequate
input coupling mode is selected.

With the AC coupling mode each input connector is capacitively
coupled with input amplifier (see Figqure 4-7). The cutoff
frequency is 0.5 Hz {at -3 dB}.

The AC coupling mode is useful to eliminate DC bias (or offset)
yoltage from the input signals. It may also be useful for
measurement of signals whose mean level is always constant. The
+GND and —~GND keys are used to ground one of the two
differential inputs of the instrument to obtain tﬁe single—ended
input mode (see Figure 4-7). With the both differential inputs
grounded, the Differential Average mode {to be described later)

is effectively used to enhance the dynamic range of the analyzer
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by subtracting very small noise generated inside the instrument
from the input signals.

If the TEST mode is selected during GND mode, the input coupling.
mode is forcibly switched into the AC mode. These input

coupling modes are shown in the top right display area on the
display {see Figure 4-13).

The usage of these four keys and TEST mode is summarized in
Figure 4-14. Figure 4-14 (a) and (e} indicate the differential
input mode, while (b), (c), (f) and (q) indicate the usaqes.in

the single—-ended input mode.
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Fig. 4-13 Input mode display
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Fig. 4-14 Usages of input coupling mode control keys

(AC, DC,

+GND and -GND)
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4=4=2, Input Connection

(1)

Signal source
As shown in Figure 4-8, each input channel of the TR9404 has two
BNC connectors each. The outer conductors of both (:) and (:
connectors are connected to the input common ground. The center
conductor of each BNC connector is coupled to the common ground
via a resistor of approximately 1 MQ.
The signals applied to the (:) and (:) connectors go through
input selectors and attenuators, then couple to a differential
amplifier. The differential amplifier cancels the common mode
signal compconent £rom the @ and @ input signals and
amplifies only the differential component of the signals. The
differential input mode is effective for the following three
types of input signal sources to ensure measurement of high
sensitivity and largé dynamic range which would otherwise be
degraded by common mode noise or common mode signal component:
a. Signal source is floated from the common ground:
This type of signal scurce is illustrated in Figure 4-15(a).
wherein signal source Es is floated from the common ground-
by bias sgignal (common mode signal) Ec. It is found in the
output of an AC bridge or the intermediate point of a

feedback loop.
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Signal source is located apart from the instrument or
transducer or sensor is mounted directly on a large DUT, in
which cases the input signals are often interfered by common
mode noise from AC line or other noise sources. This type
of signal source is illustrated in Figure 4-15(b), in which
the input signal is interfered by earth current or current
passing through the DUT.

The output of the signal source is balanced:

This type is often found in the output of audic amplifiers
or test oscillators (see Figure 4-15{(c)).

In the differential input mode, to what extent the common
mode voltage, Ve, shown in Figure 4-15{(a) and (b) is
suppressed is the most critical problem. In other words,
the ratio of common mode noise or voltage, Ve, to the
differential voltage at the output of the differential -
amplifier is the major concern. This ratio is called the
common mode noise rejection ratio (CMRR) and is defined as

follows:

CMRR (dB) = 20109%’-2—52—;

where Vo (f): Common mode noise

vn(f}: Differential amplifier output caused by Vc(f)

A typical CMRR of the TR9404 and its frequency response is

shown in Figure 4-16, This response may depend on the

impedance of the signal source or the sensitivity range used.
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For example, if the common mode noise, Vo, is a line
frequency of 50 or 60 Hz with its magnitude of +10 Vp-p,
differential output Vn caused by common mode noise V¢ is
approximately +1 mV p-p in the DC coupling mode, and
approximately +10 mVp-p in the AC coupling mode. If, at
this time, the measurement signal voltage Vm is assumed to
be 1 Vrms, the sensitivity range can be set up depending
entirely on the magnitqde of Vm, irrelevant to the magnitude
of Vo. This means that measurement can be done in the 0 dBV
range so far as no overload takes place (as Vm = 1 Vrms).

If this input signal was measured in the single-ended input
.mode, the sensitivity range must have been set up at 10
Vrms, or +20 dBV (which is the sum of ] Vrms and approx. 7
Vrms which is the rms value of Ve¢), resulting in a large
loss of dynamic range caused by common mode noise Vc.

It should be noted here that the applicable common mode
voltage depends on the sensitivity range setup: i.e. maximum
common mode noise voltage (CMVmax) applicable is +100 Vp-p
in a sensitivity range of +30 dBV (31.6 Vrms) to +10 dBV
(3.16 Vrms), and +10 Vp-p in a sensitivity range of 0 dBV

(1.0 Vrms} to —-60 4BV (1.0 mVims).
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Fig. 4-15 Common mode voltage of different signal sources
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(2)

(3)

Input connection for differential input mode

Differential input connecting cables (MI-77) are supplied with
the TR9404 as the standard accessory. The configuration of the
input cable is shown in Figure 4-7.

Several differential input connecting methods using the MI-77
cables are illustrated in Figure 4~13. In that Figure, (a} or
{e) would be most adequate for differential input connection,
use appropriate extension cables whose configuration is to be
compatible with that of the supplied MI-77 cable shown in

Figure 4-17.

Single~ended input mode and its connection

All signal sources having a grounded return line can be measured
in the single-ended input mode.

The single—ended input mode may be applicable to the cases
wherein common mode noise is extremely low in level, measurement
is hardly affected by the presence of common mode noise, or
dynamic range may be sacrified to some extent. An example of
signal source measurable with the single—ended mode is shown in
Figure 4-19.

Either the supplied cable (MI-77) or other compatible cables may
be used for input connection for the single-ended mode. For
instance, if a shielded input cable with BNC connectors at its
both ends is to be used for single-ended input connection (see
Figure 4-20(a) or (b).), connect one end of the cable to either

the @ or @ input connector on the TR9404. If it is

connected to the (:) connector and the -GND mode is selected as

shown in Figure 4-20{a), the input of the instrument becomes an

inverting input.
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If the cable is connected to the (:) input and ﬁhe +GND mode is
selected as shown in Figure 4-20 (b) the input of the instrument
is a noninQerting input. When the single-ended input mode is
used, care should be taken for the input signal pelarity,
especially when making analysis of phase information, cross
correlation function or magnitude probability density function.
Also in this mode, be sure to use the +GND and -GND keys to
ground either the (¥) or (= input which is not used. If unused
input is left open (see Figure 4-21), the input may be affected
by the other input due to induction {(Figure 4-21 (a)} or by
external noise interference (Figure 4-21 (b)). This may result

in appreciable measurement error.

NOTE

The tradeoff in the implementation of the TR9404 in the
high—-sensitivity range is that the single—ended input
scheme may be subject to line voltage noise in the system
or peripheral device noise introduced through the
interconnection cables because of its nature of high
sensitivity.

In the systems configuration, therefore, the least possible
cable connections are recommended to lessen the noise
contribution. (Disconnect the unused cables.)

For the measurement under these circumstances, differential

input mode is suggested instead of single-ended mode.
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Fig. 4-20 Single—ended input connection

4 - 44



( INPUT CHANNEL A B

] overLoAD
+GND AC oc DC—ON
JB I ;IB I JH ]

“06

(a) The correct level is not obtained because eg leaks to (=) INPUT

Signal source

pr——————— &)

AAA- —_'¢ Qutput N

| O
: R s Source | 'J \ T
source impedance \ e
| \ 8
i es Output -
| common

i

i : Cs:#: Tr
és

I S ]

(b‘) The correct level is not obtained because -INPUT is directly interfered
with inductive noise

- Signal source

&)
““““““““ i |
| . Iy Output N T
| Sg
t Source _ im!?ﬂl:ir:gce ! es 1MQ
: €3 l.(_)utputﬁ \L
{ | Sommon T % _
! Y
| IR SR | ei‘ IMQ) es*en
” &/
NOISE o
€n

* If the input is left open, the noise level will be extremely high due to
thermal noise from the high input impedance (approx. 1MQ), as well as to
signal leakage or external noise sources, especially when the analyzer

is in a high sensitivity range.

Pig. 4-21 Wrong usage of single-ended input mode

4 - 45



4-4-3, TEST Section
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Fig. 4-22 TEST section panel

The TEST mode allows you to make easy checkout of the functions and
analog performances of the TR9404 Analyzer. When the TEST key is
pressed, the input gignals are disconnected from the analyzer's
inputs and, instead, a test signal (sine wave with a frequency of 64%

of the selected freguency range and a level of -3 4BV +0.2 dB) is

applied to both channel A and B inputs.
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Fig. 4-23 Test signal
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1f, for example, the 100 kHz range is selected, a single spectrum
signal of 64 kHz, -3 dBV +0.2 dB is applied to both channels A and B.
Wiuen the TEST mode is selected, both channels A and B are placed in
the differential input mode (both +GND and ~GND are off) plus AC

coupling mode. To deactivate the TEST mode, press the TEST key again.

CAUTION

When the TEST mode is dropped by pressing the TEST key ({(the
lamp within the TEST key goes off), the input coupling
condition remains in the differential input, AC coupling
mode. Note that the input coupling condition does not

return to that selected before the TEST mode is entered.

A simplified checkout procedure for the TR9404 using the TEST mode is

described in the following steps:

TEST TEST
@ Press the E key. The lamp within the E key comes on and

the inputs of the analyzer are placed in the differential, AC

coupled mode.

SENS. A SENS. 8
@ Press the B and Ej keys in the SETUP section, and select

the "0 4BV" range for each channel.
FREQUENCY

@ Press the :] kevy in the SETUP section to ON, then set up

"{00 kHz".
SPECTRUM CH. A/CH. B

@ Press the and keys in the VIEW section to select the

SPECTRUM mode and CH—-A.
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®

C o9
Press the [:::] key in the GENERAL CURSOR section to ON, and use

the <:] or l[$> key to position the cursor to 64 kHz. If the

C or} .
[::::] key is pressed again to OFF, the Auto Peak Search mode is

entered, and the (V) is automatically positioned to 64 kHz.

If, at this time, the level readout is -3 dBV +0.2 4B, the

100 kHz range of CH.A is normal.

CH A/CH. B

Press the key in the VIEW section to select CH-B. If, at

this time, the level readout is -3 dBV 0.2 dB, then the 100 kHz

range of CH.B is normal.

While reducing the fregquency range from 100 kHz, 50 kHz, 20 kHz,
FREQUENCY

down to 20 Hz with the [:::] key in the SETUP section, verify

that a test signal level readout of -3 dBV +0.2 dB is always

obtained on the display at a frequency of 64% of the selected

frequency range (e.g. 64 kHz for 100 kHz range, 32 kHz for

50 kHz range, and so forth).

Along with the self diagnostic test described earlier, the above

test steps will let you check out the analog circuits, logic

functions, and software for correct operations.
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Fig. 4-24 VIEW section panel

The VIEW section provides the following functions:

Selecting information to be shown on the display.

Temporarily storing displayed information in a buffer or reading
information from the buffer and delivering it to the display.
Selecting display information for chamnnel A or B.

Selecting between insténtaneous data and averaged data, and
¢ontrolling the average buffer.

Selecting hetween the Single Display and Dual Diéplaylmodes.

Selecting between graphic and numerical data (list display mode).

4 - 49



The VIEW section contains the control functions for all the analyzing
' features the TR9404 provides. Carefully study Paragraph 3-3
"ANALYZING FUNCTIONS®™ and paragraph 3-4 "DEFINITIONS AND PURPOSES OF
ANALYZING FUNCTIONS"™ before proceeding with the operation of the VIEW
section.

The descriptions in this paragraph will not be concerned with

technical meanings of measurement data.

(1) SINGLE
(2) cross

CROSS data, enclosed by —-— in Figure 3-7, is the capabilities
related to the channel A (time series data Xa) and channel B
(time series data Xb). The amounts of <Gaa> <Gbb> <Gab> (which
corresponds to CROSS + POWER of the averaging) are
simultaneously averaged.

In contrast, the analyzing functions available independently for
Xa and Xb each are defined as "SINGLE" functions, and are

encircled with another line on the VIEW section panel.

NOTE

Although cross correlation is related to both channels, it
is included in the SINGLE functions as it does not
correspond to the IFFT of the <Gab> averaged by CROSS +

POWER.
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The ten keys enclosed in the SINGLE and CROSS Function boxes on
the VIEW section panel provide the most basic analyzing
functions of the Analyzer. In addition, combining these key
AVG /INST. CH. A/CH. B

functions with the [:::] and [:::] keys provides more than 40
different analyzing functions in all (see Fig.4-26)}. Moreover,
the 1/1- and 1/3-octave analysis and three-dimensional display
are available.
MEMORY
The MEMORY function may be used to store and recall analysis
results obtained by those analyzing function to or from the
interna; buffer, or to compare old data with new data by using
the BOTH display mode. However, this is not usable in such
modes as
® Single-channel mode data of

Xa, Xb, Gaa, Gbb, <Xa>, <Xb>, <Gaa>, <Gbb> or
e Following averaged data of

<Xa>», <Xb>, <8Sa>», <Sb>», <Raa>, <Rbb>
The internal buffer has a capacity of approximately 2K words.
For SINGLE functions, each one word of data on channels A and B
is automatically stored in CH~A buffer and CH-B buffer
respectively. At this time, measurement condition and label
information is also stored simultaneously. Old data is
sequentially updated by new data word by word. If an old data
is a CROSS function analysis data, it is discarded when a new
SINGLE function data is written in the buffer. If an old data
is a SINGLE function analysis data on one channel, it is updated
by a new Single function data on the same channel, but an old

data on the other channel will remain in the buffer as it is.
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CROSS function analysis data including cross correlation uses’

the entire buffer space as shown in Figure 4-24(b}. Therefore,

old data, whether it is a SINGLE data or CROSS data, is

discarded when a new CROSS data is stored in the buffer., This

means that only one CROSS function data word can be stored in

the buffer at a time.

CH.A/CH.B (Channel A/Channel B)

This key is used to determine whether SINGLE function data of

channel A or channel B is to be shown on the display. If the
CH A/CH B

lamp within the [:::J key is on, data on channel A is selected;

if the lamp is off, data on channel B is selected. The function

of this key, therefore, has nothing to do with CROSS function

data.

When data for the LOWER display is set up for "INST." mode (or

"UPSCALING" or "LIST" mode} and "SENS.A" is selected, pressing

CH. A/CH. B :

{CH.A) Key will switch the menu to "SENS.B"

automatically. In the same way, when "SENS.B" is selected as
CH A/CH. B

menu, pressing {CH.B) key will set the menu to "SENS.A"

automatically. .

AVG/INST. (Average/Instantaneous)

This key is used to select between averaged data display and

instantaneous data display, whether the data is a SINGLE channel

data or CROSS channel data. When the AVG mode is selected, the

lamp within the key comes on; when the INST mode is selected,

the light turns off.
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Some analyzing functions yield no instantaneous data. For
example, the CROSS functions produce no inétantaneous data
-except for the cross spectrum function., Therefore, the AVG mcde
will be automatically entered if the TRANS. FCTIN, COHERENCE,
C.0.P., or IMPUL. RESP. function is selected. Table 4-1 shows
the relations between VIEW mode functions, data assignments to

channels A and B, display units, and AVG/INST data types.
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Table 4-1

Relations of VIEW modes, functions, data assignments,
readout units and AVG/INST data types

Analyzing function

o MG /ST, a . WG/ INST. Di it
i VIEW Analyzing Instant L——]m varaging m- isplay uni
E mode function —
= CH, A/CH. B Cr, AJCH, 8 CH. A/CH B CH. A/CH B
] - .
= |- ] (=] 1- ] = X axis Y axis
LS Time series
- Xa i < Xa> <Xb> sec, msec v
data
Sa Sb <Ba> < 5b> dsv, v, V2 2
Mag Mag Mag Mag dev/{dz,Vv/{Ez, v /Hz
Sa Sb <Sa> <Sh> Geqree
Phase Phase Phase Phase 4
SPECTRUM
E g""“’t‘:ﬁm Sa Sb <Sa> <Sb> g; kHz
pec Real Real Real Real
v, V Bz
Sa Sb <Ba>r <Sb>»
m Imag Imag Imag Imag
1 2
&} buto power dev, Vv, Vv
G G <Gaa> <Gbb > 2
Z spectrom aa ob aa aBv/yHz, V/{Hz, V /Hz
wl
ALTO-CORR. Auto
correlation Raa Rbb <Raa> <Rbb> Lag X : 0 .
4 sec, msec {Dimensionless)
function
Aamplitude
HIST. probability
density Pa Pb <Pa> <Pb> v, mv /v
function
{histogram}
CROSS-CORR. Cross
. L. +1.
D correlation Rab <Rab> szg msec T:)it(;ensionl s5)
function ! €
Gab <Gab> dBv, vz, V4
a
Mag Mag aBV/{Hz, v /Hz, V/Hz
Gab <Gab> de
Phase Phase Hz, kHz gree
E:] Crzitrum Gab <Gab> cr
P Real Real 2 2
Vo, VvV /Hz
Gab <Gab> 2 4
H:
nag Imag dsv/ Rz, V /Hz, V /Hz
<Hab> de, 1.0 -0
% Mag (Dimensionless)
=] TRANS. FCTN < Hab >
=4 D Transfer - Ph:ge degree
o function Hz, kHz
<Hab> CrM +1.0
Real {Dimensionless)
<Hab?>
Imag
COMERENCE Coherence - <COE> Hz, kHz 1.0 =0
function CeM (Dimensionless)
o 2
Coherent - < C.0.P. > Hz, kHz dev, Vv, Vv 2
output power e CPM dBv/yHz, v/ /Hz, V' /Hz
MPUL. RESP. Impulse - < TMPLS » Lag *+1 ..0 )
E response sec, msec {Dimensionless)
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The example shown in Figure 4-26{a) indicates that instantanecus
time data on channel A is shown on the display. The example
shown in Figure 4-26(b) indicates that an averaged (or being

averaged) signal response on channel B is shown on the display.

@ (b)
Fig. 4-26 VIEW section setup examples
AVG MODE
When using the AVG mode, the [:::J key in the SETUP section and
AV MODE

the average buffer have a significant role. If the [:::] key in
the SETUP section is operated, the'pertinent setué must be made
for items "AVG WHAT?" (data to be averaged) and "AVG CHANNEL"
(channel on which averaging is to be made) in the averaging
condition menu shown on the display (see item 4-4~3 SETUP
section).
"AVG WHAT?" includes the following mode menus:

e "TIME" (time series data averaging)

e "AUTO-CORR" (auto correlation function averaging)

. “CROSS-CORR”l(cross correlation function avéraging)

e "HIST" (amplitude probability density averaging)

e "POWER SPECT" (auto power spectrum averaging)

¢ "COMPLEX SPECT" (complex spectrum averaging}

# "CROSS + POWER" (CROSS function data averaging)
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"AVG CHANNEL" includes the following mode menus:
e "CH-A" (averaging on channel A; no averaging performed on
channel B}
» "CH-B" (averaging on channel B; no averaging performed on
channel A)
¢ "DUAL" (simultaneous, independent averaging on channels A
and B. For auto correlation function, averaging is made
on either channel A or B, however.)
e "CROSS" (CROSS function data averaging)
Averaging is executed with use of the above two menus.
Table 4-2 shows relationships between data modes, objective data
for averaging, AVG WHAT?, and AVG CHANNEL.
The usage of the average buffer greatly differs depending on the
objective data for averaging or AVG WHAT? menu. It is
illustrated in Figures 4~27 and 4-28.
Averaging for SINGLE mode data <Xa> <Xb>, < 8a>, <8b>, <Mag.,
Phase, Real, Imag.», < Gaa>», <Gbb>, <Pa>, and <Pb> can use the
average buffer divided into individual spaces for channels A and
B. For the above SINGLE function data, therefore, averaging can
be executed on channel A or channel B, or simultaneously for
both channels A and B. The contents of the average buffer space
for which no averaging was executed are maintained as they are.
On the channel on which averaging is executed, the result of
averaging replaces the old data in the average buffer of the
same channel, so that the contents of the average buffer on the
other channel remain intact. The only exception is the result

of amplitude probability density function averaging.
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If the averaged data on channel B { Pb ) is written into part of
the average buffer on channel A, the previous contents of the
average buffer on channel A will be discarded. As a result, if
<Pa>» and <Pb > are executed simultaneously, the both data are
written into the average buffer on channel A, and the contents
of the channel-B average buffer remain intact.

SINGLE mode data <Raa>, <Rbb> and <Rab>use the entire average
buffer space as shown in Figure 4-28. In this case, therefore,
old data in the average buffer is updated by new averaged
correlation function data. If averaging is executed on an auto
correlation function (by AUTO-CORR} in the DUAL mode, the
average buffer on channel A is automatically selected for
storage of the averaging result.

CROSS function data < Gab», Hab, COH, C.0.P., and IMPLS also use
the entire space of the average buffer. However, the data
actually written into the average buffer a;e < Gab>, <Gaa>, or

< Gbb>{cross spectra and auto power spectra on channels A and
B). The reason for this is explained from the following

formulas (refer to Figure 3=7 in CHAPTER 3):

>
Transfer function {<Hab>) = <Gab>
<Gaa>
. < Gab xXGab>*
Coherence functi <CQH>») = —mmmmMm————
unction ( ) = TGaaxGbb>
_ <Gab><Gab>*
Coherent cutput power (<C.0.P.>) = ——ZEE;;————

Impulse response (<IMPLS>) = IFFT (<Hab>)
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The operations given by the above formulas are executed before
the result of averaging is shown on the display. It is
possible, therefore, to display < Gaa> and < Gbb> if they exist in

the average buffer for CROSS analysis function.
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Averaging

AVG WHAT? AVG CHANNEL (Execution of averaging) (Display)
function " Average buffer
- TS T it A——— Sp— ———
<Xa> - TIME [cH-a] l ] cnasoe s
<S>  —- COMPLEX CHA only CH. A 1
+ executed I { —a Display
<Gaa> POWER I i I i { Average Buffer ) =
<Pa><Phoe—— HIST J DUAL I
Paraliei I ‘ <£‘:;l;t a
\ ! .
<> - TIME gs | [cas |
<Sb> = COMPLEX y _and CH.B | Display
SPECT I _ I ] (A Buffer ) | I MG /INST.
— verage er
o L o | | |
CH.B only
executed l"—'——_"‘-_-—l

AVERAGE CONTROL
sTOP START  CONT. N

(HD(Hﬁ(ﬁiD I-D P:css

Fig. 4-27 Usage of average buffer (for SINGLE function data averaging)

. ' “'(Exrécu'tic;nrorf '
Averaging.  syg WHAT  AVG CHANNEL averaging)

, - {Display)
function _ Average buffer Y
CH. A/CH. B AUTO-CDRR,
- ' Raa
<Rag> e AUTO— o - < -Displa
CORR. Raa> play
I | | Icu. A/CH, 8 AUTO-CORR.
Rbb
<Rbb> . AUT%ERR —_ <Rbb> Display
CROSS«CORR,
| | I =
<Rab> -~ CROSS— —— "~ <Rab> Display
.

AVERAGE CONTROL
STOP ~ ERASE START  CONT. N PROGESS

(:Jl——](ﬂr—]('lm &r—] =

Fig. 4-28 Usage of average buffer (for correlation function averaging)
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(Averaging function) AVG WHAT AVG CHANNEL (Execution of averaging) Display

CRQSS SPECT
E<Gah>_

‘Average buffer

T
"' | |" ] { Hab)
<Gab> l I I l CDN_ER'_E'N_CE = Display
o e
COH CRgss CROSS <Gaa> . 0. P Display
COo.P POWER <Gobb> = Jwcon
IMPLS I I I PLL, RESP., Display
{IMPLS>
\ g = - Display

AVERAGE CONTROL
STOP  ERASE START  CONT. N PROCESS

(Hr-—](n[-—](q[_-] .[-1 =

Fig. 4-29 Usage of average buffer (for CROSS function data averaging}

Execution of averaging is initiated by key operation for the
AVERAGE CONTROL section. When averaging is started, the
following message will flash in the botfom left display area on
the CRT for a few seconds if the "COMPLEX SPECT" is selected out
of the AVG WHAT? menu:

START AVG : COCMPLEX SPECT
The IN PROCESS lamp in the AVERAGE CONTROL section illuminates
until execution of averaging is completed.
Upon the end of averaging, the IN PROCESS lamp goes off and
audible "pip® tone sounds several times to alert the coperator

for the end of averaging execution.
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TIME

TIME
Operation of the [:::] key displays any of the following data on
the CRT:
® Instantaneous time series data on each channel {Xa, Xb)
e Averaged time series data on each channel (<Xa>, <Xb>)
A TIME data display example is shown in Figure 4-30. This
example shows single mode display for TIME data (not the BOTH
mode). The horizontal axis represents the frame time determined
from the frequency range selected out of the FREQUENCY menu; the
vertical axis represents amplitude determined from the
sensitivity range selected from the SENSITIVITY menu for SENS. A
or SENS, B. The signal shown in this example is a time series
input signal (1024 data points) after being subject to A/MD
conversion.
Instanteneous time-series data includes the modes of
FREE RUN: Time-varying data

HOLD

Data intake in prohibited

ARM : When the incoming data meets the trigger condition,
the data is held on the CRT and another data intake is
prohibited

AUTO ARM: Each time incoming data meets the trigger condition

the data is newly displayed on the CRT. Data intake

and its display is automatically repeated

TIME

Note that averaged TIME data is displayed by operating the

AVG/INST.

and keys.
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Operation of the control keys in the DISPLAY and ZOOM. (TIME &
SPECT.) sections can expand the displayed signal response trace
along the time and/or amﬁlitude axig or move the trace in the
vertical direction. Also At or AV can be determined by using

the cursor and SET X key in the GENERAL CURSOR section.

=% TRG404 DIGITAL SPECTRUM ANALTZER ==*
T YT MFD BY AQVANTEST ERRE
DELTHR 15.825 wSEC 3.B8E-02 Vp~p
+22.4% T T T T T T T T
my
i
il
K-t
A H ]
| -il‘!: }_.‘.l\ HiEs
x2
-22.4
mY | 1 i L ‘.‘L 1 1 1 L
o TIME (mSEC) 400

Fig. 4-30 TIME data display example

xx TR404 DIGITAL SPECTRUM ANALYZER ==
EERE MFD BY ADVANTEST s

Pk 675,000 Hz -58.048Y

=30 T T ; T T v L T r—
d8Y

it | ,\H A f..\W | T{'/“ { !
[l )
iQdBs ‘rjhil}{M | |

-130 ﬁ
igv L ) ; 1 1 L I . 1
3.0202 LIN FREG(kHz) 1

Fig. 4-3] SPECTRUM data display example
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SPECTRUM
SPECTRUM
Operation of the [:::] key displays one of the following
spectral responses on the CRT:
e Instantaneous auto power spectrum on each channel Gaa, Gbb
® Instantaneous complex spectrum on each channel
Sa Phase Sa Real Sa Imag.

Sb Phase Sb Real Sb Imaq.

e Averaged auto power spectrum on each channel <Gaa> <Gbb>

Averaged complex spectrum on each channel

< Sa> Mag., <Sa> Phase, <S5a> Real, <S8a> Imag.

<Sb> Mag., <8bh> Phase, <Sb> Real, <3b> Imag.
A display example is shown in Figure 4-32. The horizontal axis
represents the frequency range selected from the FREQUENCY
menu. If the input coupling is in the DC mode, "0" is shown at
the bottom of the leftmost graticule; if it is AC coupled, the
maximum resolution frequency in that frequency range is shown at
the same point. In the ZOOM mode, horizontal axis represents
START frequency on its leftmost point and STOP frequency on its
rightmost.
The vertical axis represents the fullscale sensitivity range
selected from the SENSITIVITY menu for SENS. A or SENS. B (if O
dBV is selected, the ;op graticule on the CRT indicates 0 dBV).

Display dynamic range and resolution can be controlled with the
AEF. /GAIN

v {} and G keys in the DISPLAY section. 1In

addition to the dBV logarithmic scale, the linear scale of V or

V2 is alsb available.
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ERRE MFD BY ADVANTEST EEE Y
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Fig. 4-32 AUTO-CORR data display example

AUTO-CORR
AUTO-CORA,

Operation of the [:::J key displays one of the following
function data on the CRT:
e Instantaneous autocorrelation function on each channel

Raa, Rbb
e Averaged autocorrelation function on channel <Raa>, <Rbb>
Figure 4-32 shows a display example. The horizontal axis gives
a delay time, for which oné half of the frame time (selected
from the FREQUENCY menu) is shown in terms of advance time (-T)
and delay time (+T}. The vertical axis has no dimension, with
its full span between +1.0 and -1.9. An autocorrelation
function is always +1.0 at T = 0.
The 200M section function can magnify or move displayed
information in the horizontal direction. The DISPLAY section
function can magnify or move displayed information in the

vertical direction.
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% TR94D4HE[I)G§TRL SPECTRUM ANALYZER ==

xEER ) Y AOVANTEST EEER
REF 3.00 «3EC S.83E-01
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Fig. 4-33 CROSS-CORR data display example

CROSS-CORR
CRUSS-CORR.

Operation of the key displays one of the following data on

the CRT:
¢ Instantaneous crosscorrelation function Rab
® Averaged crosscorrelation function < Rab >

Figure 4-34 shows a CROSS-CORR data display example. The
horizontal axis gives a lag time, for which one half of the
frame time (selected from the FREQUENCY menu) is shown in terms
of advance time {(-7T) and delay time (+T). The vertical axis has
no dimension, with its fullscale span bétween +1.0 and ~1.0.
The ZOOM section function can magnify or move displayed
information in the horizontal direction. The DISPLAY section
function can magnify or move displayed information in the
vertical direction.

NOTE: For the measurement of cross correlation function, it

is preferable to set the coupling mode to AC c¢oupling.
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Fig. 4-34 HIST data display example

HIST (Histogram)
HIST.

Operation of the key displays one of the following data on

the CRT:
e Instantaneous histogram on each channel Pa, Pb
® Averaged histogram on each channel <Pa> <Pb>

FPigure 4~34 shows a HIST data display example. The horizontal
axis gives positive and negative scales for the sensitivity
range selected from the SENSITIVITY menu for SENS. A or SENS. B,
its resolution being 256 data points. The vertical axis gives a
probability {P) at AV (Probability Density Function), with time
axis data points of 1024 defined as 1. As a result, the readout
unit is V-1.

The vertical scale can be magnified up to 32 magnification in
REF./GAIN

binary steps with the E key and G or G key in the

DISPLAY section, so that smaller probability values can be read
out.
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Fig. 4-35 CROSS SPECT data display example

CROSS SPECT.
CROSS SPECT

Operation of the [:::] key displays either of the following data

on the CRT:

e Instantaneous cross spectrum

Gab Mag., GabPhase, GabReal, Gablmag.
e Averaged cross spectrum
< Gab> Mag., < Gab>Phase, <Gab>Real, <Gab>Imag.

Figure 4~35 shows a ¢ross spectrum data display example. The
horizontal axis gives a frequency range selected from the
"FREQUENCY" menu. The vertical axis can be assigned to a

logarithmic scale (dBV) or linear scale (V2 or V4).

Display dynamic range and resclution can be controlled with the

5 [ e [

and keys in the DISPLAY section.
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TRANS. FCIN (Transfer Function)
TRANS. FCTN
Operation of the [:::] key displays the following data on the
CRT:
e Transfer function < Hab > Mag., < Hab> Phase, <H§b> Real,

<Hab> Imag.

Figure 4-36 shows a transfer function display example.

#% TRO404 DIGITAL SPECTRUM ANALYZER *=
LT3 MFD BY AOVANTEST ETY T

REF 3 300.0 Hz 20,248
lﬂELIq 3 128 A...Hz,

1. 43d8R
30 T
48

<Hab >
4BMag

10dB/

=50 '
aB L L { L L i L 3 L

0.128 LIN FREQ(kHz) 50

Fig. 4-36 TRANS. FCTN data display example

On a Bode diagram, the horizontal axis gives a frequency range
selected from the FREQUENCY menu; if both channels A and B are
DC coupled, the leftmost graticule indicates frequency 0; if
either or both of channels A and B are AC coupled, the leftmost
graticule represents the minimum resolution in the selected
frequency range. The vertical axis gives a ratio of output to
input of the DUT and has no dimension. FEither a logarithmic

scale (dB) or 1inear scale {1.0 to 0) is applicable to the

vertical axis.
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Disélay dynamic ranée or resolution can be magnified with the
DISPLAY section keys. Phase information (<Hab> Phase), real
part (<Hab> Real).or imaginary part {(<Hab> Imag.) can be shown
on the display also with the DISPLAY section keys.

A Nyquist diagram gives real part on the horizontal axis and
imaginary part on the vertical axis to help grasp phase
relationships at a glance.

Note that the coherence function should also be observed when
the transfer function is measured. The coherence function

should be close to 1.0 as much as possible for the best result.
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Fig. 4-37 COEERENCE data display example

(3 COHERENCE
COHERENCE

Operation of the key displays the following data on the
CRT:
® Coherence function < COH>
Figure 4-37 shows a coherence data display example. The
horizontal axis gives a frequency range selected frpm the
"FREQUENCY" menu. The vertical axis has no dimension, and its
scale span is between 1.0 and 0.

Close to 1.0: Precise measurement least liable to noise

Close to 0 : Measurement interfered with noise
Displayed information can be magnified or moved in the vertical
direction with the DISPLAY section keys. Also by using the "COH
BLANK® (coherence blanking} function in the "FUNCTION" menu and
the GENERAL CURSOR section function, the portions of a transfer
function or C.0.P. data having less coherence can be blanked out.
The coherence function measurement should bhe accompanied with

the transfer function measurement.
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Fig. 4-38 C.0.P. data display example

C.0.2.

e Coherent cutput power < CoP>

A C.0,P. data display example is shown in Figure 4-38.

horizontal axis gives a frequency range selected from the

"FREQUENCY" menu. The vertical axis can be selected from a

logarithmic scale {dBV) and linear scale

is a product of a coherence function (no dimension} and auto
power spectrum output {<Gbb>) of the system in question.

Display dynamic range and resclution can be controlled with the

DISPLAY section keys.
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+% TRS404 QIGITAL SPECTRUM ANALYZER »=x
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Fig. 4-39 IMPUL RESP. data display example

IMPUL. RESP. (Impulse Response)
IMPUL, RESP.

Operation of the key displays the following data on the
CRT:
e Impulse response < IMPLS >
Figure 4-39 shows an impulse response display example. The
horizontal axis gives lag time, for which a half of the frame
time is shown in terms of advance time (~T) and delay time
{+T). The vertical axis gives an inverse Fourier transform of
transfer function (<Hab>) and has no dimension, with its
fullscale span between +!.0 and -1.0.
Displayed information can be magnified or moved in the

horizontal direction with the Z0OM section keys, and in the

vertical direction with the DISPLAY section keys.
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STORE

The [:::] key is used to temporarily store measurement

information, measurement condition, and label into the internal

RECALL

buffer. The key is used to retrieve stored measurement

information or condition to the display.

STORE

® "SINGLE" function data can be stored in individual buffer
spaces for each channel.

® Only a single "CROSS" function data can be stored in the
buffer at a time. Therefore, it is not possible to store
"SINGLE" and "CROS5" function data at a time.

STORE

e Data shown at the moment of the [:::] key depression is stored
in the buffer (in BOTH mode, the data shown in the lower
display area), whether the data is varying with time or in the
middle of averaging execution.

e All pertinent information including measurement condition and
label, as well as measurement information, is stored.

RECALL

e For "SINGLE" function data, operation of the RECALL key

CH. A/CH. B

recalls the data selected with the [:::] key in the VIEW
section.

e For "CROSS" channel data, operation of the RECALL key recalls

CH. A/CH. B
the CROSS data irrespective of the [:::] key status.
UPPER/LOWER
¢ In the BOTH display mode, the data selected with the [:::] key

in the DISPLAY section is recalled.
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e All pertinent information including measurement condition and
‘iabel is recalled as well as measurement information.

e After stored data is recalled, the DISPLAY, GENERAL CURSOR and
LIST section functions and the vertical axis control functions
such as V, V2, 4BV, 2 dB/div, 5 dB/div, and 10 dB/div
selected from the "DISPLAY CTL" menu are available for the
recalled data.

See also (:) MEMORY.

BOTH

This key is used to select between the SINGLE and DUAL display,

modes. When the DUAL display mode is selected, the lamp within

the key comes on. Figure 4-40 shows a dual display example in
which a time series signal (time domain) and its frequency
spectrum (frequency domain) are displayed at a time.

In the SINGLE display mode, only one of either instantaneocus or

averaged data of TIME, SPECTRUM, HIST, CROSS-CORR, AUTO-CORR,

IMPUL RESP, TRANS FCTN, CROSS SPECT, COHERENCE and C.0.P. or a

recalled data from storage is shown on the display. In the BOTH

display mode, arbitrary two data (same data allowed) out of the
above data are shown in the upper and lower display areas on the

display‘(see Figure 4-40).

UPPER/LOWER

If the upper data is selected with the [:::] key in the DISPLAY

section (lamp in the key comes on), the VIEW section functions

are valid to the upper data. If the lower data is selected

(lamé in the key goes off), the VIEW section functions are valid

to the lower data.
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Fig. 4-40 Dual display example for time series data and
its frequency spectrum

THME SPECTRUM
However, if the same key for the data analysis ([‘:D, E,
etc.}) in the VIEW section is operated consecutively two times,

the same mode is selected for both upper and lower data without
UPPER/LOWER

operating the kev.
Readout is available for both upper and lower data. When
UPPER

/LOMWER
readout for the upper data is desired, set the Ej key in the

GENERAL CURSOR section to the UPPER mode (lamp within the key

turned on) and use the <] or [> key in the GENERAL CURSOR

section to position the cursor to the desired point on the
trace. The data at the point identified by the cursor is

directly read out.
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UPPER
JLOWER
When readout for the lower data 1s desired, set the [:::] key to

the ILOWER mode (lamp turned off), then perform similar cursor
operation.

If two signals have the same domain and X-coordinate information
are displayed in the BOTH mode, they can be superimposed on each
SUPERIMPOSE
other. To do this, press the [:]- key in the DISPLAY sectiocn.

For more details see the description for the DISPLAY section;
80TH

To ¢lear the BOTH mode into the SINGLE mode, press the [:::] key

a second time. The lamp within the key goes off and the data

which was in the lower display area is displayed in the SINGLE

mode.

However, it is not possible to obtain BOTH-mode display of TIME

data obtained in SINGLE mode as it will exceed the display

buffer capacity. If this is attempted, the following message

will flash at the bottom left display area on the CRT:

INSUFFICIENT MEMORY: GDP

There are also some combinations whose dual display is possible

only in the UPSCALING mode, such as the display of TIME and

SPECTRUM data each obtained in SINGLE mode.

LIST

LIST

Operation of the E key provides a numerical listing of

frequencies and levels of up to 20 spectra on the display (see

Figure 4-41). The LIST mode is valid when frequency domain data

{(SPECTRUM, TRANS., FCTN, CROSS SPECT., COHERENCE, or C.0.P. data)

is selected by the VIEW section function. Whether the data is

instantaneous, averaged, or recalled from internal buffer is

irrelevant, so far as it is a frequency domain data. The LIST

mode is disabled for any data other than fregquency domain data.
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HARM.
/SINGLE

If the E key in the GENERAL CURSOR section is set to the
HARM. (Harmonic line) mode {(lamp comes on), harmonic frequencies
up to 20th order and their levels are listed, with the data

identified by the cursor defined as the fundamental frequency.
HARM.
/SINGLE

If the [:::] key is set to the SINGLE (single line) mode (lamp
goes off}, up to 20 data identified by ﬁhe cursor are
sequentially stored in internal buffer by the SET/REF. function
and are listed along with their levels.

In the LIST mode as well, frequencies and levels of spectra can

SET REF,
be newly listed by operating the [ l key while controlling the

cursor with the <] or [> key.
uUsT

To clear the LIST mode, press the [:::] key a second time, or

operate any of the keys in the VIEW section.

The LIST mode includes the following listing modes:

Single List mode (lists arbitrary spectra.)
e Harmonic List mode (lists harmonic spectra.)
® Harmonic Distortion List mode (lists harmonic distortion.)

# Dual List mode (lists superimposed spectra.)

Nyquist List mode (lists Nygquist data.)

Setup procedures for each of these list modes are described in
the following:

a. Single List mode

The Single List mode is valid when frequency domain data is
displayed in the SINGLE display mode or when fregquency
domain data is displayed in the lower display area in the

DUAL display mode.
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)

First activate the [:::] key in the GENERAL CURSOR section
/SINGLE

{lamp comes on), then set the Fﬂ key to the SINGLE mode

SET REF.
ON/OFF

{lamp goes off), and activate the key (lamp comes on).

Then use the <:]_ or [:> key to position the cursor to
SET REF,

the desired frequency, and then press the I | key. This

will save the freguency at the cursor. Use the <:] or

[:> key again to position the cursor to the next
SET REF.
frequency, then press the [:::] key. Up to 20 frequencies

can be sequentially saved by repeatihg the operations
described just above. If more than 20 fregquencies are
specified, new one is sequentially saved while the oldest
one is discarded.

LST
To list the data at saved frequencies, press the [:::] key.
The data type currently listed is indicated at the top of
the listing column as follows:
e SPECTRUM ---- Spectrum on channel A or B
o CROSS SPECT --—-— Cross spectrum
e TRANS. FCTN ---— Transfer function
@ COHERENCE -~--~ Coherence function
e C.0.P. ———= Coherent output power spectrum
Below this data type indicator are any of ;he following

annunciators indicating whether the data is real, imaginary,

magnitude or phase:

e Re VY ~——= Rezl part of complex data

e Im V -=--- Imaginary part of complex data
e MAG VY ---- Magnitude

e MAG V2 --—— Squared magnitude

e MAG dB(V) ~--- Logarithmic magnitude
e PHASE deg -~-— Phase of complex data
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Harmonic List mode
Like the Single List mode, the Harmonic List mode is also

valid to frequency domain data. The Harmonic List mode is
REAL IMAG. PHASE
entered if any of the [D I r E: ] ; O [:::] key in the
MAG.
DISPLAY section is activated. If the E key is

activated, the Harmonic Distortion List mode {(to be

described later) will be entered.
- ¢
First, activate the E key in the GENERAL CURSOR section

(lamp comes on), and use the <:] or [:> key to position

HARM.

the cursor on the fundamental frequency. Set the [fffffkay
to the HARM. mode (lamp comes on) to search for harmonics up
to the 20th number.
Listable upper limit of harmonic order depends on the
fundamental frequency and selected frequency range. For
example, if the selected frequency range is 10 kHz and the
fundamental frequency 1.25 kHz, the listable harmonic order
is determined by:

10000/1250 = 8
That is, harmonics up to the 8th order can bhe listed.

LIST

Press the [:::J key to list the numbers, frequencies and

data (REAL, IMAG or PHASE) of the fundamental and

harmonics. Each harmonic is listed as the absclute value;

‘each one is not relative to the fundamental.

The data type of the list is indicated at the top of the

listing column. See the preceding item a. Signal List mode.
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Harmonic Distortion List mode
Like other listing modes, the Harmonic Distortion List mode
is also valid to frequency domain data. To select this
MAG.
mode, activate the E} key in the DISPLAY section (lamp
comes on). Note that the Harmonic Distortion List mode is
not selected if the REAL, IMAG, or PHASE key in the DISPLAY
section is activated.
uSsT
When the [:::] key is pressed, such items are listed as the
orders, frequencies, relative levels to the fundamental and
distortion ratios of each harmonic.
C fo)
1£ the [:::] key is not activated, the cursor is positioned
at the top graticuale for the maximum signal and that
frequency is defined as the fundamental frequency, and all
harmonics are determined with respect to this fundamental
frequency.
The unit for level listing should be selected from Mag,
DISPLAY CTL

Magz, or dBMag in the DISP CTRL menu with the [:::] key in
the SETUP saction.
The bottom two lines of a harmonic listing indicate the
weighting function currently used, total rms distortion
voltagé of harmonic responses, and total harmonié distortion.
e Weighting function:

RECT (Rectangular}

HANNING

MINIMUM

FLAT-PASS
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& TOTAL HARMONIC RMS

2 2. =2 2
RMS (V) = JEZ + E3 + E4 * cesee + En
2 2 2. .2 2

RS (VZ) = E> + B2 + Ej + .euau + En

RMS(dB) = 10 log (Eg + E§ + Ei $ vvee. + End)
e TOTAL HARMONIC DISTORTION (THD)

J;; + Eg + Ei 4 ue... En°
THD (%) = x 100

BE
i

Ei: rms voltage of fundamental signal

Ez-Enz rms voltages of 2nd to the nth harmonic

{n: up to 20)
Total rms voltage of harmeonics and total harmonic distortion
ratio for up to the nth harmonic being listed are determined
by the above formulas.
bual List mode
If the List mode is specified in the SUPERIMPOSE mode, in
which two data with the same domain and fregquency range are
shown in the same display area, information of the two data
can be simultaneously listed for the same frequency. This
Dual List mode can list up to 20 signals with the SET REF.
or the harmonics up to the 20th order in the HARMONIC mode.
For instance, if a transfer function and coherence are

/SINGLE
superimposed in the same display area with the [:::] key set
SET REF,

in the SINGLE mode, the frequencies specified with the

key and the transfer function and coherence values at each

of those frequencies can be listed by specifying n signal
%EJSFE: SET REF.

responses with the E_- keys and then selecting the

List mode.
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HARM.

I1f the [ffffkey is set to the HARM. mode (lamp within the
key turned on), harmonic orders, frequengies, transfer
functions and coherences up to the 20th number are listed,
with the frequency identified by the cursor defined as the
fundamental fredquency.
The Dual List mode is applicable to any combination of data
so far as the data are both in the frequency domain.
Harmonic levels listed in £he HARM. mode are not relative to
that of the fundamental response, but are absolute levels.
Nyquist List mode

ust

If the key is pressed in the Nyquist display mode, the

Nyquist List mode is entered. If the Nyquist display is in
HARNM,
/SINGLE

the REAL-IMAG. mode with the E] key set to the SINGLE
SET REF.

mode, up to 20 gpectra set up with the [:::] key, REAL
values (displayed as "Re") and IMAG. values (displayed as

M eGLE .
"Im") are enumerated. If the [:::] key is set to the HARM.
mode, up to the 20 harmonics are sought out and the orders,
frequencies, real part values and imaginary part values of
the fundamental and harmonics are listed, with the frequency

identified by the cursor defined as the fundamental

frequency.
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If the MAG.-PHASE display mode for transfer function is
HARM.
/SINGLE

selected in the Nyquist display mode with the [:::J key set
to the SINGLE mode, the frequencies, MAG. values (dB) and
PHASE values (DEG) of up to the 20 data {spectra) specified
SET REF.
with the G key are listed. If the HARM. mode is
selected, harmonics of up to the 20th order are sought out
with the fundamental frequency identified by the cursor, and
their harmonic orders, frequencies, MAG values {dB), and
PHASE values (DEG) are listed up. MAG values (dB) of

harmonics listed in the HARM. mode are not relative to that

of the fundamental, but are absolute values.
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=% TR9404 DIGITAL SPECTRUM RANRLTZER ==

BEER

SET NO.

s% TR9404 DIGITAL SPECTRUM ANALYZER ==

1
2
3
4
s
[
?
8
a
10
11
12
13
14
15
i86
12
18
19
20

SINGLE LIST MCODE

FREQUENCY

Hz

19 250.0
18 sg0.0
1?7 750.0
17 000.0
i6 250.0
1S S00.0
14 750.0
14 000.0
13 250.0
12 500.0
11 750.0
11 0ge.d
10 25¢.0
2 500.0
8 ?750.0
8 000.0
/7 250.0
& S00.0
§ 750.0
S 000.0

SPECTRUM
Hag

2.29€-05
2.81E-0S
1,15E-0S
3.24E-05
5.12E-05
3.73E-05
3.47€-05
1.82E-04
1.10E-03
1.97E-01
1.80E-02
6.88E-04
1.52€-04
4.97E-0S
3.50E-05
4.88E-0S
1.72€-05
3.04E-05
3.11E-05
1.02E-05

EE L 2

20 data are selected with the SET
REF switch and their frequencies

and levels are listed.

Single List mode display example

deg

E 22 T HARMANIC LIST MGDE
SPECTRUM
-FREQUENCY Phues
Hz

FUNBRHMENTRL § Q0a.0 -40.1

HARMBNICS 2 9 750.0 -17.8
3 1S 250.0 -70.8
4 20 S00.0 ~-43.2
S 25 250.0 159.0
[ 30 000.0 80.0
7 34 250.0 -128.0
8 39 500.0 -155.9
9 46 250.0 -30.0
ia 48 750.0 129.1
11 53 750.0 -93.8
12 58 ?%0.0 -183.8
13 63 500.0 -98. 4
14 71 750.0Q. -899.7
18 76 7s50.0 11.2
ig 82 000.8 43.1
12 83 7540.0 -53.1
18 Ag S00.0 107.4
13 34 500.40 132.8
20 98 000.0 UNDEFINED

L £ 2 2

Harmonic¢s are determined with the
fundamental wave of 5 kHz and
phase information for each

harmonic is listed.

Harmonic List mode display example
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#* TR9404 DIGITAL SPECTRUM ANALTZER =*=»
s¥x% HARMONIC DISTORTION LIST MODE x»=»

Pk 4 750.0 Hz -~30.848V
=10 ¥ T T T T T T L T T
dBY
Gaas [~ h
4dBMag
L 4
1048/ u | r : |
YAl [y #
-118
dﬂv 1 1. H 1 L ) L i 1
0,250 LIN FREQ(kHz) 100
LIST
E ] on
*» TR9404 DIGITAL SPECTRUM ANALYZER *x
*as% HARMANIC DISTARTION LIST MAODE *s»
FUNDAMENTAL Hz 48Y
4 750.0 -30.8
HARMONICS DELTA dBR 0IsT. %
2 9 s00.0 -24.8 5.806
3 14 000.0 -28.7 3.662
4 18 750.0 -31.3 2.723
s 23 500.0 ~-34,2 1.940
8 28 250.0 ~37.5 1.334
> 32 750.0 -38.4 1.07%
] 37 500.0 -40.1 0.983
g 42 250.0 -42.4 g4.760
10 47 cod.0 -45.8 0.527
11 51 7s3.0 ~46.0 0. 39d
12 S8 250.0 ~44.9 0.570
13 61 000.0 -48.8 0. 468
14 65 750.0 ~42.5 0.421
15 70 250.0° -49,.2 0.345
16 75 000.0 -44.9 0.3t8
1? 79 750.0 -43,7 0.326
18 84 250.0 -50.2 a.309
19 89 500.0 -50.14 0.302
20 86 750.0 ~53.8 g.204
TOTAL HARMONIC RMS : HANNING ~52.6 dBY
a.108 %

TOTAL HARMONIC DISTORTION

With the spectrum at 4.75 kHz
defined as the fundamental,
harmonics up to the 20th number

are searched for and intensified.

This example lists the
fundamental freguency & its
level, harmonic number & its
frequency, difference of level
from that of the fundamental,
distortion ratios, total harmonic

rms and total harmonic distortion.

Fig. 4-43 Harmonic Distortion List mode display examples
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#xx TR9404 DIGITAL SPECTRUM ANALTZER ==

¥R

FUNDAMENTAL

HARMONICS

Y4

NYQUIST 1157 MAQE SEEE
. - SPECTRUM
FREQUENCY Real

Hz v

4 750.0 ~2.32€-02
9 500.0 1.24E-04
14 000.0 -2,86E-04
18 ?250.0 -1.75E-04
23 5060.0 -5,34E-08
28 250.0 4,.77E-08
32 750.0 . =4, 408E-05
37 250.0 S.683E~-QS
42 250.0 -5.28E~05
47 750.0 -2.96E-05
S0 754.0 2.29€-05
58 250.0 ~0.00E+00
83 000.0 ~2.77E-05
g8 500.0 -4,38E-08S
73 2540.40 -4, 20€-05
74 004.0 -4 ,20E~-05
82 250.0 5.91E-05
87 750.0 -§,01E-~05
a1 ?s50.0 6. 48E-0S
93 750.0 -8.58E-05

#xx TR9404 DIGITAL SPECTRUM ANALYZER #+

‘NYQUIST LIST MEDE(TRANS.FCTH HAG~PHASE)

FUNORMENTAL

HRRMENILCS

2

FREQUENCY

L

?50,0
500.0
7s0.0
250.4
280.0
S00.0
ogo.g
50G.3
000.0
750.0
256.0
7250.0
7s50.0
sg0.0
7s0.0
$00.0
2s50.0
250.0
250.0
250.0

Hz

TRANS FCTN
dBMag

48
=72.0
-38.9
-72.4
2.8
-1.3
-3.1
-2.2
-8.8
-1.8
-2.5
~-5.8
1.8
~-0.0
-1.2
3.7
-4,8
-2.3
-0.7
-3.9
-1.2

Imag

1.85E-02
8.54E-04
~1.89€-04
4,39E-0S
1.09E-04

- 9. 48€E-05

~4,.39E-0%
1.43E-0S
S.0SE-05
4. 20E-05
S.83E-05
S.53E~05
-8,34E-05
-1.B82E-0S
~4,39E-05
5.01E-03
0.00E+QC
1.72E-05
~4.87E-05
1.72E-0S

Phase
deg

-164.9
-156.2
680.0
45.1
~-68.9
42.5
134.9
-22.5
151.0
-52.2
-8.5
55.7
114.89
-53.8
-18.8
45.0
21.7
9z.3
-79.1
161.8

Listing of the spectra specified
with the SET REF key, in which
real and imaginary parts of

spectra are coupled.

"MAG.-PHASE" Nyquist list mode
obtained in transfer function.
'Magnitudes and phases of the
harmonics up to the 20th number
are listed based on the 4.75 kHz

fundamental frequency.

Fig. 4-44 Nyquist List mode display examples
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4-4-5,

SETUP Section

ﬁf&nﬂﬂﬁ*ﬂa
g?:‘nwgm E
@E.m:ar:: J:E-q a‘

-Elé:
 —
PP P9
I SETUP uExecurs
FREQUENCY SENS. A SENS. B TR IIOBE ANAI.YSIS

VG MODE WGT/SCAUNG FUNCTION DISPLAY CTL

SETUP A[: a[___J c[ J ,,f E[ l=(5 ]

+ - N

® 0 ©® ® © ®

Fig. 4-45 SETUP section panel

Gl e | L IJ H_H“W
<

Control keys in the SETUP section are used to set up the following

ten functions with the ﬁ::? or 4::} key, sk | {Display) key, and

serr | key while referring to the menu shown in the right display area

in dialogue manner:

FREQUENCY (Frequency range for analysis)

e SENS. A (Input sensitivity range for channel A)

. SENS. B (Input sensitivity range for channel B)

e TRIG., MODE (Trigger mode}

& ADVANCED ANALYSIS {Octave analysis and 3-D display; See SECTION 7)
e AVG MODE (Average mode)

e WGT/SCALING (Weighting & Scaling)

o FUNCTION (Function setup)

e DISPLAY CTL {Display Control condition)

e I/0 (I/0 device attachment setup; See SECTION &)
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Setup Procedure:

Press the desired function key out of the above ten keys to show the
pertinent function menu in the right display area on the CRT. 1f, at
LIST
this time, the [:::} key in the VIEW section has been activated for
the LIST mode, the LIST mode is cleared and the signal shown before
the LIST mode was entered is again displayed along with the selected
function menu.
UPSCALING
If the Upscaling mode is selected with the [::]- key in the DISPLAY

section, operation of any of the SETUP section will clear the

Upscaling mode.

When the desired menu is displayed, use the ﬁ::} or 4::& key to

position the pointer { [ ) to the desired setup item in the menu.

The pointer can be moved one step with each press of the ﬁ:}- or

4::5 key; if the key remains being pressed, the pointer moves

continuocusly.

After the pointer is positioned to the desired item, press the | sewp

key. This will cause a setup mark (#) to appear on the right hand
side of the selected item to indicate that the pertinent function has

been set up. However, some menus require only pointer movement

operation to complete setup (require no operation of the | sewe| key)

(e.g. frequency range menu, input sensitivity menu, etec.), or some
other menus have a pointer which blinks before setup (averaging
repetitions, average mode, trigger level, trigger position, and some

other menus). The latter type of menus requires operation of the

nse. | or |sewe| key for cyclic setup of parameters. For more details

see the descriptions for each menu.
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@@ G and -O keys

These keys are used to move the pointer ( () shown on the left

hand side of each menu. The pointer moves one step at a time;

it moves continucusly while the key is being pressed. If the

<{:} key is pressed when the pointer is at the bottom of a

menu, it is repositioned to the top of the menu; if the ﬁ::ﬁ

key is pressed when the pointer is at the top of a menu, it is
repositioned to the bottom of the menu. For the frequency and

input sensitivity menus, however, the pointer won’t move from

the bottom of the menu if the {:}, key is operated.

(3) SETUP key
This key is used to effectuate the conditional item selected
with the pointer (> }. When this key is pressed, a setup mark

(#) appears at the selected item. If the pointer is flashing at

an item, operation of | ste| key cyclically exhibits the subitems

for the selected item.

(:) DISP. (Display) key
Operation of this key lists the setup conditions in the right
annotation area on the display (see Figure 4-46). When in the
Dual Display mode, conditions selected (from the menu) for upper
and lower display information are listed in this area. in this
case, the condition items for lower display information are
identified by " " preceding each items, and those for upper

display information are identified by " <" also preceding each

item. Each time | 05?2 { key is pressed, the conditional items

listed in Figure 4-47 (a) and those listed in Figure 4-47 (b)

are displayed alternately.
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Figure 4-47 (a) shows a listing of conditions selected from
different menus for the current display. For instantaneous
data, the contents of this listing are automatically modified
when setup conditions for individual menus are changed. For
averaged data or data held in the buffer memory, the iisting
shows the conditions at the start of averaging or conditions
before data is stored into the buffer.

The listing shown in Figure 4-47 (b) provides conditions
selected from each menu, with coherence blanking level, data
window step span, and time delay {(7) setups. Out of those
features, the INTERCHANNEL DELAY, INTEGRAL & DIFFERENTIAL, and
FUNCTION represent the setup conditions and values currently
shown on the display. For averaged data or data held in the
buffer memory, the listing shows the conditions at the start of
averaging or data being stored into the buffer. The STEP (D.
WINDOW), COH BLANK, and OVERLAP items in the listing represent
currently setup values and the result of overlapped averaging.
The pointer { ), if placed to such items as number of

averages, averaging modes, trigger level and trigger position,

begins to blink, demonstrating that the wse | or | st} keys can

be used to change setup conditions. So when listing the setup

conditions, be sure to position the pointer to an item where the

pointer does not blink, before pressing | 0Sr | key.
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% TR9404 DIGITAL SPECTRUM ANARLYZER ==
MFD BY T ERRE

EET L] ADVANTES

12.50Hz

47.248

A

5.012 CIN FREG ¥Rz

2

LIN FREG(kHz)

*TRANS FCTH
SCH~-8/A(AYG)
+ZERG START
*RC/DIFF CH-#
+AC/DIFF CH-8
*FREE RUN
*AVG 8/3

FREBUEECT

2

SENSITIVITY
i 0 4BY(N)

t 0 4BVINS

oD
-

SAURCE: CH-A
SLOPE ! <+>

=0.453 *FS

WEIGHTING
RECT

AVERRGING
MODE :SUM(N)

YHAT @
CROSS+PONER

N
H

NG

CHAN :CRASS
PRCS ! NORMAL
OYLRP:SOXL
DISP :ALL

Fig. 4-46 DISP mode condition listing example
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{ Upper display

0 Lower display
®TRANS FCTN IEW mod
*CH—-B/A CAVED :::}""?m_m‘-
SZERO START ~——————————— Zero start mode or zooming mode -
:?\E///:gﬁg g:j:g } Input coupling {for CH.A and CH.B in CROSS mode}
SFEFREE RUN ——————— Trigger mode
*AVEG 16/16 i Averaging times {present number/set number)
FREQUENCY —— — Frequency analysis range
20 M=
SENSITIVITY ————— Input sensitivity range

Ar +10dBYV <MAND ————-—— CH.A input sensitivity range
Bs —10dBV CAUTO> —— CH.B input sensitivity range

TRIGCGER — . Trigger condition
SOURCE: CH—A —=——————— Trigger source
SLOPE 1 =+%> ————— . Trigger slope
LEVEL . . .
0. 250 +FS » Trigger level {in % with respect to fullscale)
pggé; I gg ” ::]_.——-—-4 Trigger position
WEIGHTING :]_..____ Weighting function
RECT A-WGT: ON = OFF is displayed on 1/1- and 1/3-octave
analysis on this blank line.
AVERAGING : . ,
MODE « SUM <ND | Avéraging mode
WHAT
CROSS’*P_DWER' ~———————— Ayeraging type
NQO s 18 e Averaging number
CHAN : CRUOSS ——————=——Averaging channel
PRCS « SWEER —-——w——-éyeraging process
ODVLAP: O X —— Averé-é;dverlap
ST gmg};!r SINE : ?’gggcc:: Eig?ais generated by TR98201 Signal Generator

Fig. 4-47 (a) Menu displayed when the DISP. key is pressed (1)
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®TRANS FCTN
*CH—-B/A CAVEGD
®ZERO START
*AC/DIFF CH-—A
®AC/DIFF CH-B
®FREE RUN
®*AVEG 0O/0

INTERCHANNEL —_—
DELAY
Q1024 —

Time delay between channel A & channel B -

INTEGRAL & '
~« DIFFERENTIAL | {integral &differential mode)

As NORMALL ——=—————— |n Channel A
Ba NORMAL, ——————— in Channel B
FUNCTION —— — Math operation mode

NO—-0OPERATION

STEP ¢D. WINDOW>

4271024 :——-—— Data window step factor
COH BLANK

0. 82 :]———-—*' Coherence blank level

OVERLAP ' ————— Average overlap _
OX%a 0-/0 - (% overlap rate for averaging number
S0%y 0O/0 ——————— 50% overlap rate for averaging number

Fig. 4~47 (b) Menu displayed when the DISP. key is pressed (2)
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FREQUENCY key

Operation of this key shows a frequency range menu (see
Figure 4-48) in the right display area on the CRT.

Items "INT" and "EXT" under "SAMP CLK" in the menu allow
sampling clock either to be internally set according to the
selected frequency range or to be fed from an external clock

source (through the rear EXT., SAMPLE connector). Selection

between INT and EXT is accomplished with the {stWP)] key

alternately regardless of the pointer { C») location.
When an internal ("INT") sampling clock is used, the setup mark

{#) on the right hand side of a menu moves with the pointer

while the {:}~ or <{:L key is operated. This means that

condition setup is completed only by pointer movement operations

using the ﬁ::} or 4::} key.

Note that operation of the | %W | key reverses the INT/EXT

selection state.

Once a frequency range is set up, an antialiasing filter is
automatically selected according to the selected frequency
range, together with an internal sampling clock.

When the EXT clock mode is selected, the fregquency range
{fullscale frequency of the display} is 1/2.56 times the
external sampling clock frequency. PFor example, if an external
sampling clock frequency is 256 kHz, then the fullscale
frequency range of the display is 100 kHz. At this time,
frequency axis and readout on the display have the percent (%)

unit with the fullscale frequency range defined as 100 %.
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The cutoff frequency of the internal antialiasing filters can be

selected as the frequency range is set up with the ﬁ:jk or

<E:} key in the EXT mode. Select the most appropriate cutoff

frequency for the antialiasing filters while taking into account
the external sampling clock frequency or input signal's
frequency distribution. For fréquency ranges of | Hz to 10 Hz,
the antialiasing filters have a cutoff frequency of 20 Hz.

A typical antialiasing filter response on the TR9404 is shown in

Figure 4-49.
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INT

FREQ RANGE
EXT

SAMP CL.K

Select this to sample data using an internal

4~48 FREQUENCY range menu

Fig.
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Fig. 4-49 Typical antialiasing filter response on the TR9404
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®.

SENSITIV

MAX INPUT ——
.7V

L] '7 v

Ar E 44
B: £ 44

€ CH— A
NORMAL
INVERT

ACTIVATE 55%55\\‘

ALJTO

CdBvV>
& +30
+~20
+~10
O
—-10
—=0)
—-30
—-40
-50
-60

@ SENS. A and SENS. B keys (input sensitivity setup keys)
Operation of these keys display an input sensitivity range menu
as shown in Figure 4-50 in the right display area on the CRT.
The menu covers a sensitivity range from +30 dBV (+44.7 V peak)

to =60 dBV (+1.4] mV peak) in ten steps, with 1 Vrms defined as

0 dBv.
SENS. A SENS. B
is for channel A, and C] is for channel B. Handling of
. SENS. A
the menug is identical for both channels., If is pressed

when data on channel B is shown on the display (lower data in

the DUAL display mode), the data is replaced with that on
: CH. A/CH, B SENS. B

channel A (lamp within E key comes on)., Similarly, if

is pressed when data on channel A is displayed, the data is
CH. A/CH. B

replaced with that on channel B {(lamp withi_.n [S key goes off).

ITY

Maximum input to each channel

A i INVERT is set using the SETUP switch, the
/ input signal polarity is inverted., {Ordinarily,

NORMAL is selected.)}

If ACTIVATE is turned to DEACTIVATE using

the pointer and the SETUP switch, only one

channel is placed in operation; as a result, the

frequency resolution in the channel is doubled.

AP fn correfation function measurement, the

\ DEACTIVATE mode is inhibited; both chan-

nels are always used, Moving the peinter to

AUTO or a value of 30 dBY to -60 dBV resets
the DEACTIVATE mode.

# indicates the value set for channel B.

Fig. 4-50 SENS. A (SENS. B) menu
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Selection between items NORMAL and INVERT is accomplished

alternately by operation of |swe| key, without the need for

pointer movement operations. If setup is made to the SENS. A
menu, character "A" appears on the right hand side of a selected
item. 1If setup is made to the SENS. é menu, mark " " appears on
the right hand side of a selected item.

The NORMAL mode maintains the polarity of an input signal as it
is during processing, whereas the INVERT mode inverts the
polarity of an input signal for later processing.

If the pointer is positioned to item "ACTIVATE" in the menu with

ﬁ::P or {::B key and then || key is pressed, the DEACTIVATE

mode is entered for the pertinent channel, However, if channel
B is already placed in DEACTIVATE mode, this mode is disabled
for channel A.

If DEACTIVATE mode is enﬁered on SENS. A menu, all operation to
channel A is inhibited, with only channel B left active. At
this time, frequency resolution on channel B is doubled (400
lines into 800 lines)} and time series data points are increased
from 1024 into 2048 poihts as compared with those for dual
channel mode.

Similarly, if DEACTIVATE mode is entered on SENS, B menu, all
operation to channel B is inhibited, with only channel A left
active and fregquency resolution on channel A doubled.

When a cross correlation function is being measured, DEACTIVATE

mode setup is inhibited, so both channels remain always active.
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TPo clear the DEACTIVATE mode into ACTIVATE mode, reposition the
pointer to item AUTO or any of the sensitivity range items of
+30 dBV to -60 dBV.

If either or both of channels A and B is placed in the ACTIVATE
mode, the corresponding lamp in the INPUT CHANNEL A and/or INPUT
CHANNEL B section comes-on. If either of the channels is placed
in DEACTIVATE mode, the corfesponding lamp goes off and all
operation on that channel is inhibited.

Input sensitivity range is automatically selected as the pointer

is positioned to the desired sensitivity item in the menu. It

should be noted that operation of | stTir| key reverses the

NORMAL/INVERT selection state.

On the SENS. A menu, character "A" appears on the right hand
side of a selected range; on the SENS. B menu, mark "#" appears
instead of character "A".

If the pointer is positioned to AUTO, the most appropriate range
is selected acéording £o input signal level. To clear the AUTO
mode, reposition the pointer to any of the range items between
+30 4BV and -60 dBV.

The maximum input voltage ranges applicable to channels A and B
are indicated at the top of each sensitivity menu. The
permissible input voltage ranges for each input sensitivity

range are listed in Table 4-3.
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Table 4-3 Permissible input voltage ranges vs. sensitivity

Input sensitivity rms Maximum input voltage range
range dsv VP‘P

+30 31.6 +44.7
+20 10 +14.7
+10 3.16 +4.47

0 1 +1.41
-10 316 x10° +447 x107>
20 100 x10”> +141 x107°
-30 31.6 x107° +44.7x1073
-40 10 x1073 +14.1x1073
-50 3.16x107° +4.47x107°
-60 1 x1073 +1.41x107°

TRIG. MODE key
Operation of this key shows a érigger mode menu (shown in
Figure 4-51) on the right side of the CRT. The ARM and AUTO ARM
functions in the TRIGGER section are enabled under the trigger
conditions set up in this trigger mode menu. If FREE RUN mode
is selected, all trigger mode setup is ignored.
i) Selecting a "TRIGGER SOURCE"
The CH—-A, CH-B, and EXT under item SOURCE in the trigger
mode menu allows you to select a trigger source from channel

A signal, channel B signal, and external trigger signal

coupled to the rear EXT, TRIGGER connector. Use the ﬁ:}*

or ,(:; key to position the pointer to the desired item

(CH-A, CH-B or EXT)}, then press | siwe| key.
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¢TIME
®CH-A(INST?
¢ZERQ@ START
SAC/DIFF
¢FREE RUN
*AVGE 0/0
TRIGGER
SBURCE
< CH-A #
CH-B
EXT
SLOPE
< e #
<> -
LEVEL
+0.000 *FS
PASITIEN
+300.00 %
TRIG @UT
gFF
MRRKER —_—
aFF
ARM MODE
NORMAL #
ARODVANCE
RR?KLENGTH-M__ﬁ*“
BLﬂgK NG.\\

/

Trigger signal selection (Channei A or B, or the exte_rnal
trigger signal applied to the EXT. TRIGGER terminal
on the rear panel.)

Trigger on the leading edge or trailing edge

The trigger level can also be set using the horizontal
cursor and the SET X key,

Setting of the trigger position {point on the time axis
[x-axis] ); also settable with the vertical cursor and the
SET X key.

Setting TRIG QUT to ON gives an audibie alarm when
triggering is made.

Setting MARKER to ON causes the trigger point, if
included.in the signal, to be intensified.

To be used in combination with the ARM or AUTO
ARM key.

In the NORMAL mode, only block O is used.

Determine the unit memory size with which to divide
the 32K word data memory for each channel, For
single-channel operation, up to a maximum of 64K
words may be set. (If the ARM LENGTH is set to 64K
words, the data memory consists of block 0 only.)

ARM MODE TRIGGER Blocks used
-ARM BLOCK 0 only.
NORMAL AUTO ARM Only BLOCK 0 is continuously
used.
ARM Block set by BLOCK NO.
Blocks are sequentially used from
ADVANCE AUTO ARM BLOCK 0 to the maximum block
number, then the HOLD state is
set.
Fig. 4-51 TRIG. MODE menu
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ii)

iii)

Selecting a "TRIGGER SLOPE"

"SLOPE" in the trigger mode menu allows you to select

trigger slope with <+%> and <->. When positive-going trigger

slope is desired, position the pointer to <+>, then press

ssioe | key. When negative-geing trigger slope is

desired,

reposition the pointer to subitem <->, then press | stwer| key.

Selecting "TRIGGER LEVEL"

To select a trigger level, first position the pointer to

"LEVEL" in the menu with ﬁ::f or 15:; key. The pointer

QISP

{C>) will start flashing, indicating that

can be used to set up a trigger level. wse | is

and SETUP

used to

increment trigger level setup, whereas |swr| is used to

decrement trigger level setup. Trigger level can be set up

in +1/128 resolution. It is directly read out under item

LEVEL in the menu in the form of a ratio to the fullscale of

the selected input sensitivity range defined as +1.

For example, if the input sensitivity range is selected at

30 4BV (+44.7 V) and the trigger level readout is +0.516*F5,

the actual trigger level is determined as follows:

+0.516 x 44.7 [V] = +23.1 V

"Both | 95 | and | swp| keys have repeating capability: that

is, while the key is pressed and held, trigger level setup

is incremented or decremented continuously. If trigger

level setup reaches the positive fullscale while
is held down, it goes to the negative fullscale:;
level setup reaches the negative fullscale while

is held down, it goes to the positive fullscale.

4 - 104

DISP. key
if trigger
swe | key




iv)

Setting "TRIGGER POSITION"

a.

General

A trigger position is set to observe the pretrigger
waveform. The extent of trigger position that can be
set depends on the “ARM LENGTH" value in the "TRIG.MODE"
menu.

Data can be written into or read from the specified
block if the "ARM LENGTH" and "BLOCK NO." are set and
the ARM or AUTO ARM function ié executed; execution of
the ARM or AUTO ARM function requires the "TRIGGER
POSITION" setup. The position is indicated by %. 0%
corresponds to delay time 0. When the position is 0%,
all the data are post-trigger signals. 100% corresponds
to 1K words for dual channel operation and 2K words for
a single channel operation. If 32K-word data memory of
channel A is divided into four 8K-word blocks as shown

in Figure 4-58, the maximum trigger position that can be

set for one block is 799.71%, which corresponds (8K - 1)

words.

Figure 4-52 shows an example of the trigger position in
block 0.

In this figure, data is sequentially written from point
@ . When data is wrii;ten to point . . the succeeding
data is written at point (:) again. Thus, a ring buffer

is formed as if point and point @ are continuous.
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* 8 K word -

hy 1
w

®

@ ¢ t —
0% 100% 200% 300%

p—1K—

600 % 700 % 800%

Fig. 4-52 Trigger position of block 0

Table 4-4 lists maximum values of trigger position (%)

for each "ARM LENGTH".

Table 4-4 Maximum values of trigger position for each ARM LENGTH

ARM LENGTH ?;ggieacg;?nel operation ??gt%cia?gil operation

1K 99.71%
2K 99.85% 199.71%
4K 199.85% 399.71%
8K 399,85% 799.71%
16K 799.85% ' 1599.71%
32K 1599.85% 3199.71%
64K 3199.85%

b. Setting trigger position

Move the pointer () to the "POSITION" with the ﬁ:j*

or ‘5:} key. The pointer will start flashing,

indicating that the | mise. | or | setp | key can be used for

the trigger position setting. When the "POSITIOR" is

set, the | DisP. { key is used to increment trigger positicn

value and the | gmp | key is used to decrement it.

Moreover, a cursor can be used for the trigger position

setting (See the explanation of cursor trigger function.)
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When averaging in the "AUTO ARM" mode, set the "ARM

LENGTH" as follows to reduce the averaging time:

]

YARM LENGTH" 1K (bual channel operation)

"ARM LENGTH" = 2K (Single channel operation)
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xx TR9404 OIGITAL SPECTRUM RNFILTZER * %k T IME
s e e e MFD BY ADYANTES e e ke OCH-—H(INE

0.000 mSEC 1.95€~02V #AC/-GND Tri ditic
H.CSR -2.27€-02V *ARN rigger condition

Trigger level: —0.5 x 44.7 mV

GE ~
T T T T r T CcE = _22¢4 mV
+44.7 T T T M ot
my )

- EXT Trigger position: 0%

Xa-

<+> # All data comes past the
thgfsuo +rs trigger point
T POSITION
wa%ﬁ' - +000.10 % Trigger slope: <+>
TRIG OUT L .
: arF On the positive—-going edge

N

N A
-44,7 ARM
mY é

0 TIME (mSECY 400 8L

{a) Burst sound captured in the AUTO ARM mode under the above trigger

condition -~-- pretrigger information is not known from this data.

%% TRO404 OIGITHL SPECTRUM RNHLYZER Ex T IME Tri C itio
ok MFD BT ADVANTEST ek eCH=ACIN rigger ondition

200.781 mSEC -8.0BE-03V #AC/~GND Trigger level: +0.5 x 44.7 mV

H.LCSR 2.20E-02V *ARM
*AVG 070 £ 4+22.4 mv

R Trigger position: 50%

+834.7 T T 4 T T T T T

mV Trigger slope: <+>

+3.500 *FS
1 POS1T10N
= +050.00 X%
TRIG_OUT

aFF
MRRKER

aFF

4 ARM MODE
NORHAL #
4 ADVANCE
~aa_ 70 ARM LENGTH

mV ) -

— . 1K
0 TIME (mSEC) 400 BLOCK NE.

(b) Burst sound captured under the above trigger condition --- the left half

of the data is the post-trigger information.

Fig. 4-53 BExamples of trigger level, position, and slope
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v)

Trigger level and trigger position setup using cursors:

in addition to the technigues described just above, there is
another technique for trigger level and trigger position
setup. This technique uses the cursor trigger function, in
which a trigger level and trigger position are identified by
the intersection of two cursor lines (horizontal and
vertical cursors) (see Figure 4-54j.

Use the following procedure to determine the trigger
condition with the cursor lines.

TIME

(:) Display the TIME data by pressing [:::] in the VIEW

section.
c G oo}
C) Press [:::3 and [:::] in the GENERAL CURSOR section
(light on)

Move the horizontal cursor with ﬁ:}‘ 4::; to the

desired trigger level.

(:) Move the vertical cursor with <:] [:> to the

desired trigger position.
SET X

Press [:::] to set up the trigger point at the

intersection of cursors.
The following message will blink for a few seconds at the
bottom left of the display area:

SET: TRIGGER

If, at this time, thelDATA WINDOW key is activated {(lamp
within the key goes on}, the\setup trigger position is given
by the following formula:

Setup trigger position = data window position

+ vertical cursor position
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vi)

When data window is active, the data window automatically
moves to the block in which the trigger point is contained,
immediately after setup condition data reading is completed.
When the vertical cursor is active,rthe vertical cursor
moves to the trigger point. As a result, it is possible to
determine what type of input signal is captured by observing
time domain data. While the example shown in Figure 4-54
gives 32K words of data (64K words for single channel
operation) shown over an absolute time, the time on the
display gives relative time within the frame time.

SET X
[:::J key has many functions depending on the menu currently
displayed or on the selected VIEW mode. When setting up a
cursor trigger value, the TIME mode must be selected for the
VIEW selection and a trigger mode menu must be shown on the

SET X

display. Once condition setup with [:::] key is.completed,
the VIEW mode and menu may be changed; the trigger level and
position being set up remains effective.

Selection of TRIG QUT
When you wish to observe an event whose occurence is not
frequent nor expectable, activate the TRIG OUT item in the
trigger menu. Once TRIG OUT is activated, an audible "pip"
alarm of one sécond is issued several times continﬁously
when necessary data reaéing is completed. If TRIG OUT is
deactivated, the audible alarm will not sound even when data

reading is completed.
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vii)

x% TR9404 DIGITAL SPECTRUM RNALTYZER %=x *T IME
PR MFO BY ABVANTEST LT

| 222.66 #SEC
H.CSR

If the TRIG OUT mode is used for transfer function
measurement using the impulse as a signal source, you need
not constantly observe the signal on the display. You can
proceed with averaging with "+] AVG" after being alerted by
the audible "pip" alarm and check the signal on the screen.
Selection of TRIG-MARKER

If the MARKER in the trigger menu is turned ON, the trigger
point on the display is intensified if the time signal on
the display contains that trigger point, If a block not
containing a trigger point is displayed with the Data Window

feature, the marker point will not be intensified even when

the MARKER item in the menu is activated.

The intersection of the vertical

6.90E-01V and horizontal cursors is defined

2.4BE+QQ V

as a trigger point. In this

+4,47
v

TRIGGE . )
. SOURCE example, the trigger slope is
B

EXT positive.

Xa

] POSITIAN
- +030.42 %

TRIG_OUT
grF

MARKER
oFfF

-4 47]
v

4 RRM MCOE
NORMAL »
4 ARDVANCE
ARM LENGTH

a TIME {aSELC) 4

1K
BLUSK NG,

Fig. 4-54 Cursor trigger mode
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viii)

Selecting the "ARM MODE"

The

"ARM MCDE" is classified into the "NORMAL MODE" and the

"ADVANCE MODE" as shown in the TRIG MODE menu of

Figure 4-51., Move the pointer {([)) to the "NORMAL" or the

"ADVANCE" with the ﬁ:jh or 4::} key, then press the

SETUP | key.

A

Use of the ARM in the ADVANCE ARM MODE

Simultaneocus use of the "ADVANCE ARM MODE" and ARM key

allows writing data in the specified blocks ({see Xx)

BLOCK NO.}. If the data memory is divided into four

blocks as shown in Figure 4-58, data is written into the

desired block as follows:

(1) set the "ARM MODE" to the "ADVANCE".

() Set the "ARM LENGTH" (described later) to 8K.

(:) Set the "BLOCK NO."™ to the number of block to write
data. When the "ARM LENGTH" is 8K words, only four
blocks are available and.settable "BLOCK NC.™ is
limited to 0 through 3.

() Set the "TRIGGER POSITION".

ARM

@ Press the key in the TRIGGER section to

execute the ARM function;
HOLD/REL.

The [:f:] lamp turned on (the HOLD state is on)

indicates that dafaris captured onto the specified block.

Thus, data can be written in assigned blocks by

repeating the above steps @, @, and @. {Step @

may be omitted if the trigger position need not be

changed. }
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b. Use of the ARM in the "NORMAL ARM MODE"
When the "NORMAL ARM MODE" is used along with ARM, data
is always written in block O irrespective of the "BLOCK
NO." When the data memory is divided as shown in
Figure 4-58, for example, other blocks (blocks 1-3) are
not used.

c. Use of the AUTO ARM in the "ADVANCE ARM MODE"
When the "ADVANCE ARM MODE" is used along with the AUTO
ARM, adata iz always written from block 0 irrespective
of "BLOCK NO." up to the maximum block number. When
writting data into the maximum block is completed, the
AUTO ARM is reset into the HOLD state. Accordingly, if
the data memory is divided as shown in Figure 4-58, data
such as consecutive transient phenomena can be written

in four blocks. (See Figure 4-55.)

Fig.

e
e e o= = —

_— Blockl ~—r— Block?2 —+— Block3 — (Hold state)
(8K) (8K)  (8K)

4-55 Data when both "ADVANCE ARM MODE" and AUTO ARM are used
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d. Use of the AUTO ARM in the "NORMAL ARM MODE"
When the "NORMAL ARM MODE" is used along with the AUTO
ARM, data is always written in block 0 irrespective of
the "BLOCK NO." When the data memory is divided as
shown in Figure 4-58, the other blocks (blocks 1-3) are
not used.
Table 4-5 lists the blocks used when the NORMAL

(ADVANCE) ARM MODE is used along with the ARM (AUTO ARM).

Table 4-5 Blocks used when the NORMAL (ADVANCE) ARM MODE

is used along with the ARM {AUTO ARM)

ARM MODE TRIGGER Blocks used
NORMAL ARM BLOCK 0 only
AUTO ARM | Only BLOCK 0 is continuously used.
ARM Block set by BLOCK NO. -
ADVANCE AUTO ARM Blocks are sequentially used from BLOCK 0 to the

maximum block number, then the HOLD state is set.
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NOTE

Division of data memory by ARM LENGTH and the block
designation by BLOCK NO. are invalid in the free-run
mode.

In the free-run state, the data memory of all 32K words
is used for dual channel operation; the data memory of

all 64K words is used for single channel operation.

CH-A&CH—-B

Fig. 4-56 Writing data in free run state
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€.

Recalling data from the assigned block
Data ([K-word data for dual channel and 2K word for
single channel operation) in the assigned block by
executing ARM or the AUTC ARM can be recalled and
displayed in the time domain. The data read out can be
displayed in the frequency or amplitude domain. Data is
read from the assigned block as follows:
TRIG. MODE

(:) Pressing the [:::] key in the SETUP section will

display the trigger mode menu shown in Figure 4-51.
(2) Move the pointer (D) to "ARM MODE" ADVANCE by the

{}' or Q key, then press the | TP | key.

(:) Set the "ARM LENGTH" to the value used when data is

captured in the block. If another value is set,
data cannot be read properly. For example, when
the data memory is divided as shown in Figure 4-58
and data is read, the "ARM LENGTH" must be set to

8K.

Move the pointer () ) to the "ARM LENGTH" by the

ﬁ::h or {:j, key; the pointer will start

flashing. Set the "ARM LENGTH" value by the | OSP

(or | stTwr | ) key.
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Set "BLOCK NO." to the number of the block to be
read.

Move the pointer () to the "BLOCK NO," setting

position by the ﬁ::} or 4::} key; the pointer

will start flashing. Press the | OISR | (or | SETUP | )}

key to set the hlock number by incrementing (or
decrementing) the block number by 1.

RECALL
Press the E:::] key in the PANEL section to recall
the data from the specified block. Display of Xa
or Xb data (time domain data of channel A or B) on
the CRT screen would demonstrate how the data is
changing. To read data from another block, execute

’ RECALL

step (:) and change "BLOCK NO."; the [:::] key need
not be pressed. When reading data is completed, a
message
"DATA BLK IS RECALLED: 3"

is displayed on the CRT screen to indicate that

data was read from specified block No. 3.
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NOTE

Data can be read from the assigned block by executing
the above steps (:) to (:) only in the HOLD state.
(The status is always in the HOLD mode after the ARM
or AUTO ARM function is executed in the ADVANCE ARM
mode.) Therefore, in the free-run state, data cannot
be read from the specified block.

Data is written into the desired block using the ARM
or AUTO ARM in the ADVANCE ARM MODE. Cancellation of
HOLD state to accomplish the free-run mode would
destroy all the captured data, and the data cannot be

read even if "BLOCK NO." is specified.

£.

Reading data from assigned position in block using the DATA

WINDOW

To read data from the assigned position in the block, set

the "ADVANCE ARM MODE" and “"BLOCK NO." in the HOLD state and

RECALL

press the [:::j key in the PANEL section, then use the DATA
WINDOW feature. Figure 4-57 shows the example in which the

data memory is divided as shown in Figure 4-58 and data is

read from block 1.
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8K word il

r— —"-— "=

ix)

t . '3 ©
S -
l- DATA WINDOW
(1K on dual channet)
Move to the left _Mmewﬂmﬁwt

Fig. 4-57 Data window movement in block 1

If data is written by setting "ARM LENGTH" to 8K as shown in

Figure 4-57, }K-word data can be read from the assigned

position by moving the data window in the block of 8K-word.

See Section 4-4=7 (:) and (:), b. "Data Shift in Data Window

ON mode" for details using the data window.

"ARM LENGTH"

.

General Description

"ARM LENGTH" designates a unit length by which the data
memory is divided. The TRY9404 preserves the maximum of
32K word of data memory fqr each channel in the dual
channel mode. In the single channel mode in which
either channel A ¢r channel B is DEACTIVATED, the data
memory is 64K wdr& length.

The 32K word memory {or 64K word for single channel) can
be divided by ARM LENGTH value for use. If the "ARM
LENGTH" is set to 2K, for example, the 32K word of
memory is divided by 2K word unit into the 16 blocks for

each channel (32 blocks for the single channel mode).
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b. Setup of "ARM LENGTH"
TRIG. MODE
@ Press C] in the SETUP section to display the
TRIG MODE menu as shown in'Figure 5~51.

(:) Move the pointer ([>) to the "ARM LENGTH" with

G O switches in the SETUP section and

press | msp | (or | SEUP |} switch to set up the value.

The settable values include
1K, 2K, 4K, 8K, 16K, 32K for dual channel mode and
2K, 4K, BXK, 16, 32K, 64K for single channel mode.
X) YBLOCK NO."
a. General Description
The unit length as determined by the above procedure
divides the data memory in blocks. "ARM LENGTH" and the

available "BLOCK NO." are tabulated in Table 4-6.

Table 4-6 Relation of "ARM LENGTH" and "BLOCK NO."

Dual channel mode Single channel mode
Data memory CH-A CH~B CH-A or CH-B
Arm {32K) {32K) {64K)
Length
1K Blocks 0~31 | Blocks 0-31
2K 0-15 0-15 Blocks 0-31
4K 0-7 0-7 0-15
8K 0-3° 0-3 0-7
16K 0,1 0,1 - 0-3
32K 0 0 0.1
64K 0
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8K

Block Block
1 2

CH- A
{32K)

Block  Block
0 3

Fig. 4-58 Blocks of 32K word data memory divided by 8K word

Figure 4-58 shows how the 32K data memory of channel A is
divided into 4 blocks by the ARM LENGTH of BK.

b. Setup of BLOCK NO.

Use G G switches in the SETUP section to move

the pointer ( [)) to the "BLOCK NO."* and press | DSt | (or

SETUP | ) to increment (or decrement) the BLOCK NC. by one.
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AVG MODE key {averaging condition setup key)

Operation of this key shows an average mode menu (shown in

Figure 4-59) on the display.

Averaging is executed with the

control keys in the AVERAGE CONTROL section under the conditions

set up on this menu.

i)

Setting up the "AVG MODE"

Averaging mode is selectable from the following six modes.

To select one of these modes, position the pointer ([)) to

the desired mode item in the menu,

"SUM(N)" (Normalized sum)
"SUM(L)" {(Linear sum)

"DIFF" (Differential)

"EXP" (Exponential)

"PEAK" (Maximum peak search)

"SUM(T) " (Correlation data mode)
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AVG MODE
2 SUM ND
SUM <L
DIFF
EXP
PEAK

77

\\

N\

SUMCTD
AVG WHAT

CROSS+POWER

\

\
#//

AVG NUMBE
2

AVGE CHANNEL

CH—A
CH—B
DUAL
CROSS
AVG PROCE
NORMAL

OVERLAP

’P

R

#

SS

o %
S0%
DISPLAY
ALL.
172
END

#

Fig.

Most commonly used mode. With normalized
averaging, accurate data can be read even during
averaging.

Linear summation. An accurate average value
cannot be obtained until the preset number of
averaging is reached,

Difference averaging is used to remove the effects
of given spectra {esp. background noise} from the
measurements obtained in the SUM mode.

Exponential averaging. The latest data contributes
most and the oldest data least to the average.

Peak detection

Normaiized summation of time-domain data; used
for correlation data.

What is to be averaged is selected from 7 categories
by DISP or SETUP keys.

DISP. Key increases the number; SETUP key de-
creases the number,

Select the channel in which averaging is to he
made.

Averaging by menitoring one event at a time with
CONT. key.

Sweep'l averaging allows precise measurement of
transmissibility {resonances).

On a [ow-frequency band, averaging time can be
reduced by setting OVERLAP to 50%.

4-59 AVG MODE menu
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de

"SUM(N) "

This mode allows for averaging in sum mode by the number of
repetitions specified under the AVG NUMBER in the menu. The
setup number of averaging repetitions and the current
averaging repetition count are shown at the top of the AVG
MODE menu in the form of a denominator and a numerator
respectively. During averaging execution, the IN PROCESS
lamp in the AVERAGE CONTROL section illuminates.

Since the SUM mode includes normalizing process in its
averaging operation, correct averaged spectrum levels can be
read out even in the middle of averaging execution. The
total time duration required for averaging is the sum of a
frame time and averaging time. For example, if averaging is
executed on CROSS + POWER 256 times repeatedly in a
frequency range of 100 kHz (frame time: 4 ms), the following.
duration is needed for averaging:

(4 ms + 290 ms) x 256 = approx. 76 sec. or less

If averaging is executed on CROSS + POWER 256 times in a
frequency range of 200 Hz {(frame time: 2 sec.), the
following duration is required:

(2 sec + 0.29 sec) x 256 = 587 sec. or less

4 - 124



Ca

"SUM({L)"

Sum mode for spectral information. Unlike the normalized
sum in the SUM(N) mode, the SUM(L) mode does not normalize
data, so that the accurate averaged data will not be
obtained until the setup number of averagings is completed.
SUM (L) is 10% faster in its averaging execution than SUM(N)
mode, allowing a larger number of averaging executions in
unit time.

"PEAK"

This mode stores and displays only the peak spectum at each
frequency under averaging.

In this mode, averaging is executed up to 8192 times
repeatedly regardless of the setup averaging number.

"DIFF"

The difference averaging mode substracts a newly averaged
spectrum from a stored averaged spectrum f{obtained in "SuM"
mode) .

For example, if it is desired to subtract a certain spectrum
from a stored spectrum averaged in "SUM" mode so as to
observe the difference signal, switch the averaging mode
from "SUM" into "DIFF" under the same averaging number

START
setup, then press the E:] key in the AVG CONTRCL section.

o ERASE
At this time, do not press [:] key.
Subtraction is started immediately and the resulting spectra
are sequentially shown on the display, with the cﬁrrent
subtraction count and setup number indicated at the top of

the menu in the form of a numerator and a denominator

respectively.
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"EXPT"
The EXP mode averages spectral data by weighting.it in terms
of time. In actual.operation, weighted new spectral data is
added to weighted averaged data according to the setup
averaging number. (SUM(N) is executed up to the setup
number. )

START
I the "AVG NUMBER" is set to 64 or more and the [ | switch
in the AVERAGE CONTROL section is pressed in the "EXP" mode,
"AVG NUMBER" is automatically set to 32 and then executed.
K-1 1

—K—'<D(N-H> + ¥ D (N)

Averaged data New data

where K = AVG number

IfE R =2, AVG : NEW = | : 1
If K= 4, AVG ¢ NEW = 3 : |
If K= 8, AVG : NEW = 7 : 1

As a result, the latest 400-point data is weighted most
heavily, and as the data is older, the weight becomes
lighter in an exponential manner. The setup AVG NUMBER is
equivalent to the RC constant, indicating the averaging
number at which the data value reaches 63% of the final
value.

suM(T) "

The SUM(T) mode performs normalized sum on cross correlation
function data in the time domain. It is automatically set
up if the AUTO-CORR or CROSS CORR is selected from the AVG

WHAT? menu.
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Table 4-7 Relationship between "AVG WHAT ?"and "AVG MODE"

"AVG WHAT?" TIME CORRE~- HIST POWER COMPLEX | CROSS +

"AVG MODE" LATION SPECT SPECT POWER
"SUM(N) " o) x o o o) o
"SUM (L) X x b4 o o
"DIFF" x X b4 o] 4 X
"EXP" _ o o o 0 o o}
"PEAK" X X b4 o} X b 4
"SUM (T) X o X X X b4

0: Usable x: Not usable

ii) Averaging type selection using "AVG WHAT?"
As mentioned in Section 3, the averaging function has a
significant role in signal analysis. Different analyzing
functions require different data domains and averaging types.
The "AVG WHAT?" in the AVG MODE menu allows you to select a

specific averaging type from the menu.

First, use ﬁ:ji or {:}, key to position the pointer to

"AVG WHAT?" in the menu. The pointer will start blinking,

indicating that | oise | and | sttwr | keys can be used to select a

subitem under the “AVG WHAT?" in the menu.

Bach time | msp. | key is pressed, averaging type subitems

"CROSS+POWER", "TIME", "AUTO-CORR", "CROSS-CORR", "HIST",

"POWER SPECT", and "COMPLEX SPECT" are sequentially

selected. SETUP | key selects these subitems in the reverse

order.
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Explanation of these averaging types follows:

"CROSS + POWHER™ averaging < Gab >< Gaa> and < Gbb >

The CROSS + POWER averaging should be selected when
measurement is to be performed on any of the following data
types which are included within the CROSS demarcation in the
VIEW section on the front panel:

TRANS. FCTN: Transfer Function

CROSS SPECT: Cross Spectrum

COHERENCE: Coherent Function

C.0.P.: Coherent Output Power

IMPUL RESP: Impulse Response

The CROSS+POWER averaging can simultaneously provide

averaging over cross spectrum and power spectrum on channels

A and B.

NOTE

Averaging will be automatically executed in the
CROSS+POWER averaging mode if averaging is started when
"CROSS" is selected from item AVG CHANNEL in the menu.
In the "AVG WHAT?" items other than CROSS + POWER, the
item "CROSS", if seiected from "AVG CHANNEL", is
automatically changed to "DUAL" and the "“SWEEP", if
selected in the "AVG PROCESS", is automatically changed

to "NORMAL".
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*POWER SPECT" averaging < Gaa>< Gbb>

The POWER SPECT averaging should be selected when averaded
power spectrum of the input signals on channels A and B is
to be measured. Spectra with random frequency components
applied to each input are averaged and smoothed.

The result of'POWER SPECT averaging has nothing to do with
the signal analysis corresponding to the CROSS functions in
the VIEW section.

YCOMPLEX SPECT" averaging < Sa><Sb>

The COMPLEX SPECT averading is used to average complex
spectra of the input signals applied to channels A and B.

It allows observation of averaged real and imaginary parts
of the spectra. For this reason, they require
synchronization in the time domain.

The result of "COMPLEX SPECT" averaging is not related to
the CROSS functions in the VIEW section.

"TIME" averaging <Xa> <Xb>

The TIME averaging averages data in the time domain. It may
be useful for improving signal~to—noise ratio of signals
buried in noise or extracting one of the two or more signals
by taking synchronization with the signal of interest while
rejecting the nonsynchronized components.

It should be noted that the spectrum resulting from TIME
averaging cannot be viewed in the fregquency domain by using
the VIEW section functions; use, in this case, COMPLEX SPECT
averaging capability.

AUTO ARM

Autcmatic synchronization is achieved with the [:::J key
TRIG. MODE SET X

based on the trigger condition set up by the I ] and [ 1

keys.
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£.

g.

EuRR

"HIST" averaging <Pa><Pb>

The HIST averaging may be used for averaging in the
amplitude domain. It can be executed in either the FREE RUN
or AUTO ARM mode.

"CROSS-CORR" averaging <Rab>

This averaging is used to average cross correlation
information.

Set "AVG CHANNEL" to DUAL, CH-A or CH-B.

YAUTO-CORR" averaging <Raa> <Rbb>

The AUTO-CORR averaging may be selected when auto
correlation data is to be averaged.

Autocorrelation data on channels A and B cannot be averaged

simultanecusly. Set "AVG CHANNEL" to CH-A or CH-B.

- TR9404ngéGéTﬂL SPECTRUM ANALYZER »» *T HE

2 748.08 £SEC

Y ADVANTEST XRRE

SCH-RIAYG)
¢ZERQ STRRT
*RC/ODIFF
*AUTH ARM
*AVG 128/128

-1.47€-01V Periodical signal component can

be extracted from background

~4.57
vk

Kuw

-4.47)
v

AVG MODE noise.
SUMIN) »
SUN{L)
DIFF
EXP
PERK
SUMIT)

AVG WHAT 7

w TIME
RYG NUMBER
128

Top: Signal is buried in noise
Bottom: Noise is eliminated by

128-time averagings

AVG CHANNEL
Ch-a

4, 57
Vv F

~4.42
v

cH-8
DURL L

CRas3
AVG PREBCESS
NORHAL »
+1 AVG
SWEEP
SVERLAP
o % .

3

SO%
DiSPLAY
ALL
1/2
END

Fig. 4-60 TIME averaging effect

4 - 130



iii) "AVG NUMBER" selection

The AVG NUMBER item in the menu allows you to select the
number of averaging repetitions for the SUM and DIFF modes,
and time constant K for the EXP mode. Although the EXP and
PEAK modes continuously pérform averaging and theoretically
have no end to it, the TR9404 automatically stops execution
at 8192nd répetition.

To set up an averaging number, first position the pointer

{C>) to AVG NUMBER in the menu. The pointer will start

blinking. Each depression of | nse. | key increments the

number of.averaging in binary steps (2, 4, 8, 16, and so

forth) up to 8192. Each depression of | 1P | key decrements

it in binary steps.
The averaging number setup is shown in the form of a
denominator for "AVG (current count)/(setup number)}" which
is presented at the top of the menu.

START
When execution of averaging is started by operating
key in the AVERAGE CONTROL section, the current averaging
count is shown as the numerator for the indicator.

For the EXP and PEAK modes, the denominator of the indicator

is always 8192,
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iv) "“AVG CHANNEL" selection
AVG CHANNEL in the menu permits selection of the channel on
which averaging is to be made. If "CROSS+POWER" is selected
for item "AVG WHAT?", subitem "CROSS" must be selected for
AVG CHANNEL. In other words, if averaging is specified for
any of the CROSS functions in the VIEW section, AVG CHANNEL
selection must always be "CROSS", Aptually, if
"CROSS+POWER" is selected for "AVG WHAT?", "CROSS" is
automatically selected for AVG CHANNEL upon averaging start
(mark # is shown beside the CR0OSS) even if AVG channel
selection has been "CH-A", "CH-B" or "DUAL".
For averaging modes other than CRCSS+POWER and AUTO-CORR.,
AVG CHANNEL may be set up for CH~A, CH-B or DUAL,
When averaging is desired for both channels A and B, select
DUAL for AVG CHANNEL. When averaging is desired only for
channel A or B, select CH-A or CH-B respectively. The
"DUAL" mode averaging will take longer time than "CH-A" or
"CE-B" mode.
v) AVG PROCESS selection

a. Averaging operation in the NORMAL mode

Usually, is executed in the NORMAL mode. Operation of

START
[::] key in the AVERAGING CONTROL section starts
averaging. Once started, averaging is continued until
STOP
key is pressed or the preset number of averages is

reached.
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Averaging cperation in the "+1 AVG" mode
Averaging in the +]1 AVG mode is useful for averaging a
single event (impulse, etc.) such as a burst.
START
Operation of [:] key in the AVERAGING CONTROL section

makes execution of averaging ready (IN PROCESS lamp

turns on). Averaging is executed each time you press
CONT.

D key.

Averaging operation in the SWEEP mode
Averaging in the SWEEP mode is useful for precision
measurement of transfer functions (resonance, etc.).
Since this mode takes a long measurement time, it is
recommended that the sweep mode be used only for a
particular portion after overall averaging has been
performed in the NORMAL mode. If TR9820] Signal
Generator (with optional interface 005} is used, it is
possible to achieve a relatively fast measurement with
precision.
START

Operation of [:] key in the AVERAGING CONTROL section
automatically selects the CROSS mode for "“AVG CHANNEL"
and starts averaqing in the "CROSS + POWER" mode.
Averaging is executed each time peak frequency changes,

STor
until [:] key is pressed.
In this mode, the number of averages in progress,
indicated by "No. in progress/preset No." at the top
right annotation area, is different from the number of
averages which have been actually executed. Note that

No. in progress indicates the number of executions at a

current peak frequency.
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With the GPIB, averaging can be continued by moving to
the next peak frequency after the setup number of
averages have been executed (see the GPIB application
examples). In this case, the readout of the number of
averaging is identical to the number of averaging which

have actually been executed.

NOTE
In the SWEEP mode of averaging process, use the weighting

function of either "RECT" or "HANNING". Use of “FLAT-PASS"
will not yield accurate measurement for the signals in the

neighborhood of dec.
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4-61 Transfer function measurement
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Fig. 4-61 (b) Transfer function measurement example

using the sine wave sweep method
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vi)

Selection of OVERLAP

When a signal with a low frequency is averaged N times in
the frequency domain (see Figure 4-62 (a)}, the required
£ime for averaging is more than N times the frame time (T)
if data is not overlapped {0%) in the time domain. However,
if a data overlap of 50% is executed in the time domain
("50%"), the time required for averaging is reduced to
approximately one half that with 0% overlap. This means
that averaging for low-frequency signal response can be done
twice as much with 50% overlap in a fixed time, and hence
more precise measurements with smaller dispersion or
deviation is possible.

Figure 4-63 (a) shows a transfer function measurement

example obtained by averaging, with the overlap set up at

50% at 2 kHz. When /| 05 | key is pressed twice, the

annotation shown on the right-hand side of the same figure
appears on the display. The readouts under "OVERLAP"
indicate that 57 data have been taken with 50% overlap as a
result of 64 repetitions of averaging, but the remaining 7
data have not be read with 50% overlap and taken with 0%

overlap.
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Figure 4-63 (b) shows a transfer function measurement
example obtained by averaging, performed at a high frequency
of 50 kHz with "OVERLAP-50%" setup. In this example, 32 out
of 64 averagings are failed (data reading with 0% overlap
immediately after failure is added to 50% overlapped data}.
From this information, it can be determined whether the 50%
overlap should be used or not in the current analysis range.
In the "SWEEP" mode of "AVG PROCESS", execution of averaging
in the "50% OVERLAP" yields the peak averaging (asynchronous
signals are also averaged) instead of 50% overlapped
averaging.

In the following cases, the "OVERLAP-50%" setup is

automatically changed into the "OVERLAP-0%" setup:

(1} Averaging performed in the other domains than the
frequency's.

(2) Averaging using the ARM or AUTO ARM.

(3) Averaging with the Data Window activated.

(4) AVG PROCESS is set up for +i AVG.

If data input with 50% overlap has failed more than 7 times
consecutively, the following message will flash for a few
seconds, at the bottom left on the display:

50% OVERLAP IS NOT AVAILABLE
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vii) "DISPLAY" selection
This menu item controls display for signal under averaging
and its readout.
If "ALL" is selected, display will be updated upon each
execution of averaging.
If "1/2" is selected, display will be updated upon every two
repetitions of averaging. If "END" is selected, display
will not be updated until all averaging is completed. 1In
any of these cases, the " AVG (avg No.)/(setup ﬁo.)“ in the
top display area is updated upon each averaging gxecution.
When the "CROSS + POWER" averaging type selected, the
combination of SUM(L) and END allows for an execution time
approximately 20% shorter than combination of SUM(N) and
ALL. This means that a larger number of averaging

repetitions is possible in a given time with the former

combination.
. A T ‘. . e = e
L Frame time {T} . 0% overlap
- .
-
.
> Time
- i 50% overiap
|
T
. I
1
= Time

Fig. 4-62 Description of overlap
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Fig. 4-63 (a) Result of 50% overlapped averaging executed
in a lower frequency range
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WGT /SCALING

Operation of this key shows a WGT/SCALING menu (shown in
Figure 4-64) on the display. This menu allows to set up a
weighting function, frequency scale unit {(Hz or CPM), vertical
scale unit (voltage or power spectrum density), scaling on/off,

and scaling factor.

Change the weighting function depending on the purpose of

/ measurement; how data is to be weighted, what is to be
precisely analyzed, or whether the input signal is transient or

WEIGHTING — continuous,
RECTANGULAR is mainly used for impulse signal analysis;
RECT ® HANNING. is most commonly used for continuous wave
HEBNNING analysis; MINIMUM is used to observe a small spectrum -
M I N I MUM adjacent to a continuous wave; FLAT-PASS having the
highest amnplitude -accuracy among all weighting modes is
FLBT-PAHSS suitable for harmonic analysis.

REQD auT

F E @ UNIT © T~ Select either Hz or CPM {cycle per minute) as the frequency -
Hz # axisupit.

CPM
VERT UNIT ——
N G R M Q L, # Select either NORMAL for power spectrum or PER Hz for

PER H= PSD. {power spectrum density; power per Hz) as the ampli-
tude unit,

SCALING — |
= KEY # Calibration of x- and y-axis for the most appropriate unit;

the unit indication and scaling on the CRT change in compii-
g gg S a R ance with this setting.

0 dBEU=
000.0 4BV
EU =EU

Fig. 4-64 WGT/SCALING menu
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i)

Selection of "WEIGHTING" function

Position the pointer to the pertinent item in the menu with

{} or G key in the SETUP section and press | s

key.

While description of weighting function requires

mathematical discussion, this paragraph deals only with its

basic selecting procedure.

ae.

"RECT" (Rectangular)

The rectangular function.causes no enerqgy loss to
sampled data captured in a frame time, and hence is
useful for spectral analysis in the cases where the
frame time is integral multiple of the time-series data
period in gquestion or an impulsive time-series data has
the same amplitude at its first and last data points.
The rectangular function is, however, not suited to
continuous signals which do not meet the condition of
this periodicity. This is because discontinuity occurs
in signal waveform being truncated by frame time
boundaries and the resulting spectra may have extreme
side lobes (skirt-like spread of spectrum).

"HANNING" (Hanning function)

The Hanning function is most commonly used for
observation of continuous waves. Since this function
has a high frequency resolution, it is suited for
observation of events over the broad spectral ranges.
Keep in mind, esp. at high amplitude accuracy
measurement, that the amplitude accuracy will be
slightly degraded (max. 1.4 dB of error) when the
spectrum of interest is off the center of frequency

resolution.
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c. "MINIMUM" (Minimum function)
The Minimum function is situated in between the Hanning
and Flat-Pass functions in terms of its characteristic,
and may be used for observation of continuous waves.
its frequency resolution is inferior to the Hanning
function but superior to the Flat-Pass function, whereas
its amplitude accuracy is superior to the Hanniﬁg
function but inferior to the Flat-Pass function. The
worst-case level error is 0.9 dB.
The Minimum function provides the best sideband shape.
It would, therefore, be useful for measurement of
correlation between mutually adjacent signal responses
{(e.g. notch) whose amplitudes differ greatly.

d. "FLAT-PASS" (Flat-Pass function)
The Flat-Pass function is most suited for observation of
continuous waves with high amplitude accuracy. The
maximum amplitude accuracy is 0.1 dB. This value is,
however, concerned only with the weighting function, and
in practice, the accuracy is affected with the frequency
flatness error generated in the analog system.
Because of its high amplitude accuracy, the Flat-Pass
function is especially useful for harmonic analysis.
The drawback of the Flat-Pass function is its relatively
poor frequency resolution.

ii) Selection of "FREQ UNIT" (Frequency Unit)
The FREQ UNIT menu allows you to select the frequency scale

unit between Hz and CPM.
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iii)

iv)

To select the CPM unit, position the pointer to CPM in the

menu with O or G key, then press | WP | key. This

will place the frequency axis annotation in CPM (cycle per

minute) and provide frequency readout also in CPM. In the

CPM mode as well, the freguency axis can be switched between
e

linear and logarithmic scales with the [:j key in the

DISPLAY section.

To return the frequency readout unit into Hz, position the

pointer to Hz in the menu, then press | SETWP | key.

Selection of "VERT UNIT" (Vertical Unit}
This arranges the power spectrum display unit for NORMAL
(power spectrum) or PER Hz (power spectrum density).

Posititon the pointer to item "PER Hz" in the menu with

G or O key in the SETUP section, then press | SETwr

key., The amplitude display unit is now switched from NORMAL
into PER Hz {power per | Hz). The annotation concerning the
amplitude axis is also switched into PER Hz inciuding the
readout unit.

While the "FREQ UNIT" in the WGT-SCALING menu is set to the
CPM mode, selection of PER Hz is inhibited.

To return the amplitude axis readout unit to "NORMAL",

position the pointer to item NORMAL, then press SETUP key.

Selection of "SCALING"
WGT/SCALING
If :] key in the SETUP section is pressed, the display
will show either of the two menus depending on whether the
, 2, .
display mode of "dBMag" or "Mag, Mag " is selected through

the DISP CTL menu for the VIEW section function (SPECTRUM,

C.0.P., or CROSS SPECT.):
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WEIGHTING WEIGHTING :
RECT # RECT #
HABNNING HANNING
MINIMUM MINIMUM
FLAT-PASS FLAT-PASS

READ QUT RERD QUT

FREG UNIT FREQ UNIT
Hz # Hz ¥
CPM CPM

VERT UNIT . VERT UNIT
NARMAL 8 N@RMAL #
PER Hz ~ PER H=z

SCALING SCRLING

2 KEY # < KEY #
CURSOR CURSOR

arFF QFF

0 dBEU= ) 1 EU=
000.0 4BV } <> { 0.00E 0OVrms
EU =EU . . EU =EU

2
dBMag display mode Mag, Mag display mode
Fig. 4~65 SCALING selection menu

As shown by Figure 4-65, the SCALING mode includes:

i "KEY" mode and

2 "CURSCR" mode.
KEY mode
The KEY mode may be used for scaling display with 0 [dBEU]
{(or 1 EU) set up for X [dBV] (or X [Vrms]). However, when
specifying the value X, it is restricted as follows:
When setting up | EU = X [Vrms]:

_]2

10 £X £ 10°7, X = 0 ~——m—— (n



When setting up 0 4ABEU = X ([dBV]:

. =240 £ X £ 4240 —=——mmmmm——— (2)
If scaling display is attempted ocut of the above ranges of X
value, the scaling display will not be executed, with the
following message shown at the bottom left area on the CRT:

INVALID SCALING FACTOR
CURSCR mode |
The CURSOR mode may be used for scaling display with the
data currently identified by the cursor set up as X [dBEU]
(or X [EU}). When specifying the value X, it is restricted
as follows:
When setting up CURSOR = X [EU]:

]0-12

$1EU < 10'2, 180 = 0 ————- (1
When setting up CURSOR ; X [dBEU]:
-240 £ 04ABEU $ 4240 -=m=———————m (2)
1f scaling display is attempted out of the above value
ranges, the scaling display will not be executed, with the
following message shown at the bottom left area on the CRT:
INVALID SCALING FACTOR

The scaling is effective only when the SPECTRUM, C.O.P., or

CROSS SPECT. is displayed.

NOTE

In the CURSOR mode, use of Flat-Pass is preferable in

the WEIGHTING mode for the best amplitude accuracy.
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c. Setting up the KEY mode
WGT/SCALING

@ Press D key to obtain the SCALING menu on the

display. Position the pointer ([} to item "KEY" in

the menu with G or {} key in the SETUP section,

then press key. The KEY mode is now selected.

SETUP

@ When setting up a 0 4BEU {or | EU) value, use O or

G key to position the pointer to item "OdBEU" in the

menu {(refer to Figure 4~66), then operate any of the +,
=y 0 svcesns . 9 keys on the front panel. The exanple
in the Figure shows a setup for 0 dBEU= +123.4 dBV.
Select the display mode "dBMag" when setting up a

"0 4BEU=" value while "Mag" or "Magz" should be

selected for setting up "1 EU=" value through the DISP
DISPLAY CTL

CTRL menu with B key.

WEIGHTING WEIGHTING
RECT - RECT #
HANNING HANNING
MINIMUM- MINIMUM
FLABT-PASS FLAT-PASS

RERD QUT READ GUT

FREQ UNIT FREQ UNIT
Hz # Hz . #
CPM ‘ CPM

VERT UNIT YERT UNIT
NCRMAL # NBRMAL :
PER Hz PER H=z

SCHLING SCRLING
KEY - # KEY #
CURSER CURSER
AFF OFF

= 0 dBEU= g dBEU=

+123.4 dBVY +123.4 d8V
EU =EU 2 EU =kg

Fig. 4-66 {0 d4dBEU setup Fig. 4-67 EU setup
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d.

(:) When setting up an engineering unit EU, position the

pointer to item "EU=" in the menu (refer to

Figure 4~67), key

front panel keys.

in the desired engineering unit using

Up to two characters out of the

following characters are usable for engineering unit

setup:

Alphabetic characters (both uppercase and

lowercase)

Greek characters (0,8 ,A,U,7,0,8)

Space

(:) Next, position the pointer to item "OFF" in the menu,

then press | S| key to switch the item into "ON" mode.

The scaling display in the KEY mode is now executed through

the above operations.

Figure 4-69 shows a scaling display

example, in which "0 dBEU=+123.4 dBEU" and "EU=kg" are set

up for the display data shown in Figure 4-68.

Setup in the CURSCR mode

@Useﬁor@

key in the SETUP section to position

the pointer to item "CURSOR" in the menu, then press

"§" is positioned

s | key to select the CURSOR mode. At this time, mark

at item "CURSOR".

(2) The menu will show "CURSOR= [4BEU]" or "CURSOR = _

[EU]". Use <E:}

key to position the pointer to

"CURSOR=" in the menu, then determine the readout value

of the data identified by the cursor by using the

numeric data keys

(including signs) on the front panel

{in the example shown in Fiqure 4-68, the cursor readout

is 10.0 4BV).

4 - 147



(:) Key in the appropriate engineering unit for "EU" in the
same way as step (:) in KEY mode setup.

(:) Enable the scaling mode in the same manner as in the KEY
mode setup. PFigure 4~70 shows a scaling display example
in the CURSOR mode, in which "CURSOR=+123.4 4BEU" and

"EU=kg" are set up for the display data shown in Figure

4-68.

PRECAUTIONS PFOR SCALING DISPLAY

(1} When changing setup values for "0dBEU=" or "1EU=" or
"CURSOR=" after the scaling mode is turned ON,
temporarily turn it OFF before keying in new values.

(2} While it is possible to obtain P.S5.D., (power spectrum
density) display for scaling display, it is not
possible to obtain scaling mode display for P.S.D.
display.
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(1) FUNCTION key
Operation of this key shows a FUNCTION menu (shown in

Figure 4-71) on the display.

FUNCTIGN Math operation to be performed in a dual display mede {on
GF F data in the same domain and same range); for subtraction,
(upper data -~ lower data) is calculated; for division, {upper

data + lower data) is caicuiated.
<4+ > #

<—>

<¥k>

</>
é? ; E (E;gg Ib‘j T %R L ————— Differentiation or ihtegration for channel A or B.
* [Xadt *

AFF
*dXa/dt *

aFF

b *
f)éfb-_-gt If averaging and differentiation/integration are both to be
: made, multiplying the result of averaging by {jw) reduces the
-%d Xb /d.'t X required time with increased precision.

OFF
*VIEW*x

Removes the effects of the frequency characteristic of the
> (Jw) / sensor itself.
EQUALIZE

arF e Blanks irrelevant data in the measurement of cross data
COH BLANK

such as a transfer function so as to clearly demonstrate the
OFF . causality between the input and output signals.

BVERALL

GF F \ Displays the readout of the total power of ail spectra being

displayed or of part of the spectra being displayed (with the
aid of the SET REF. key}.

Fig. 4-71 "FUNCTION" menu
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i)

"FUNCTION™

The FUNCTION feature provides arithmetic operations between
data shown in the upper and lower display areas in the Dual
Display meode, provided that each data is in the same domain
(frequency, time, amplitude, or delay domain} and in the
same frequency range.

FUNCTION
Press [:::] key in the SETUP section to obtain the FUNCTION

menu on the display. Use {:j* or {:}r key to position the

pointer {( ) to the arithmetic item (<+>, <=>, <*>, or </>}

SETUP

to be executed, then press key. The pointer will

start blinking. Press | ose| key or | st} key to set the

FUNCTION mode to "ON". The data shown in the upper and
lower display areas are now operated by each other, and the
result is shown in the bottom area.

When the FUNCTION feature is to be used, the sampling clock
(SAMP CLK) setups {in the FREQUENCY menu) for the upper and
lower display areas must be the same. In other words,
operation between "INT" and "EXT" samplings is not
executable.

The FUNCTION features executable between the same data are
identified by "o" in Table 4-8. Executable FUNCTIONS
between different data are listed in Tables 4-9% and 4-10.
For subtraction, (upper display) = (lower display) is
executed. For division, (upper display)/(lower display) is

executed.
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Table 4-8 FUNCTION features executable between the same data

FUNCTION | ot | «ar|< />
DATA

TIME o o] o X

HIST. o o X X o: Executable
AUTO-CORR. o o b 4 x: Not executable
CROSS-CORR. o o] X X

IMPUL., RESP o] e} X X

POWER SPECT o] o X o

OCTAVE o o] X o]

COMPLEX SPECT. o] o o] o

TRANS. PFCTN o] o] o] o

Table 4-9 FUNCTION features executable between different data (No. 1)

Lower dataUPper data | Amo-CORR | CROSS-CORR | IMPUL. RESP,
AUTO-CORR. <>, <=> <>, <=>
CROSS-CORR. <H+>, <=> <+>, <=5
IMPUL. RESP. <+>, <=> <+>, <=>

Table 4-10 FUNCTION features executable between different data (No. 2)

Upper data | ~ouprpy SPECT. | TRANS. FCTN
Lower data
TRANS. FCTN k>, </
COMPLEX SPECT. Qperat}on
impossible

Note: "*" denotes multiplication, and "/" denotes division.
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{1) Operations between data in the time domain

e (TIME) + (TIME)

e (TIME) - (TIME)
When these operations are executed, the Xa or Xb on the
vertical axis in the lower display area is replaced by
Xx, to indicate that the operation has been executed.
The engineering unit for the vertical axis is mV or V,
which is the same as those used before operatien.
Figure 4-72 shows a (TIME) + (TIME) operation example.

e (TIME)*(TIME)
When this operation ig executed, the Xa or Xb on the
yertical axis is replaced by Xxy, to indicate that the
operation has been executed. The engineering units for
the vertical axis, V and mV, are replaced by v? and
mvz respectively.

; {TIME) /{TIME)}
Not executable.

(2) Operation between data in the amplitude dqmain

e (HIST) + (HIST)

e (HIST) ~ (HIST)
When these operations are executed, the Pa or Pb on the
vertical axis in the lower display area is replaced
with Px, to indicate that the operation has been
executed. The engineering unit for the vertical axis
is V—i, which is the same as that used before
operation. Message "UNCAL" will be displayed since the
vertical scale is not calibrated. Figure 4-73 shows a

(HIST) + (HIST) operation example.
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If the result of a {HIST) -~ (HIST) operation is

negative, the readout will be "0".
: @ Operations of (HIST.)*{HIST.) or (HIST.)/(HIST.) are

' not executable.

) =% TR9404 DIGITAL SPECTRUM ANALYZER == »T
: L2 MFE BY ADVANTEST xxkk *C
: *Zz
*R

DELTR 457.03 x8EC 5.681E+00V p~-sp

ME

-B (INST}

RB START
/DIFF
oHOLD

*AVG 0/0

H
ZE
c

+4.47 FUNCTIGON
v = QFF

>
o
! = CED>
T 71 A
V/ERVVIIRY INTEGRAL &
DIFFERENTIRL
-4.47 *fXadt*
V'] aFF
Q TIME (mSEC) 4 *dXa/dt >
gFF

»fXbdt*
Tiet
#dg?édtt
B = Xb kA FAYFAY JAYVAW AN wégux
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CBEFELHNK
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*=x TRI404 DIGITHL SPECTRUM RNHLYIER X% *TIME
*kk «CH-A(INST)
RRAXK MFD BY ADVANTEST :g%?gIEERRT
. 00 -
DELTA 1 355.47 xSEC 9.70E+00Y p-p peitri
+AvsE 0/0

FUNCTIGN
+4.%? o BN

-
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- <K>
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v

\ “ A‘ L -3 '
i1
A

——.
ot
et
-
| 1

-

o1
-

|41

—
et
=
-

q
L
-
L.
<
L

/dt
4 kdXa/dt»
1] ILﬁE(mSECJ £
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v : b
A WANANAYW: W N/AWA! Ao+  KVIEWS
)\ WAY aFF
' vV v EQUALIZE
- @FF
COH_BLANK
arF
A AVERALL
aFF

-14.1
‘ v

Q TIME {mSEC)

Fig. 4-72 Operation mode (addition) display example
in the time domain
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A =

B =

Fig.

*& TR9404 DIGITRL SPECTRUH HNRLYZER L e
kxkk ADVANTES ok

Pk -2.80E+00 V 5.21E-01 V™

-4.45 VOLT (V) 4.45

0,90

«14.1 YBLT (V)

' V A+B—C

% TRS404 DIGITAL SPECTRUM ANALYZER ==
FEE T NFD BY AOVANTEST *xkk
£k

-8.21E-01 ¥ 1.49E+04V

.00
y=

-4,48 VBLT (V)

UNCAL
y=

-4.48 VALT LV} 4.45

4~-73
in the amplitude domain
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FUNCTION
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Operation mode (addition) display example



(3)

Interdata operation in the delay domain
Data in the delay domain includes impulse response
(IMPUL., RESP.), auto correlation {AUTO CORR.), and. cross
correlation (CRCSS CORR.)}. Interdata operation in the
delay domain is possible between the same or different
data (such as between impulse response and cross
correlation data)}.
e (DELAY) + (DELAY)
& (DELAY) - (DELAY}
When these operations are executed, the Raa, Rbb, Rab,
or <IMPLS > on the vertiqal axis in the lower display is
replaced with Rxy, to indicate that the value of
operation has been executed. Note, however, that the
value of displayed operation result is one half the
actual operation result. The vertical axis in the
lower display data has no engineering unit.
® Operations of (DELAY)*(DELAY) or (DELAY)/(DELAY) are
not executable.
Figure 4-74 shows an (IMPUL, RESP.) + (IMPUL. RESP.)

operation example.
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*x TR9404 DIGITAL SPECTRUM HNHLTZER **

Y MF3 BY AOVANTEST
-3 980.5 u5EC 1.46E-02
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T avac
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nEEK MFD BY ADVANTEST
-9 980.5 «SEC 8.81E-03
*1.00- T L§ T T T T T T Y ]
<IMPLS>o) -

~1.00l o o e

~10 LAG (m3EC) 10
+1.Bu- T T T T T T T T T ]

Rxy —

I k i
~1.o0l . . NP

-i0 LHG(mSECJ 10

*IMPLS RESP
*CH-B/A(AVG]
¢ZERQ START
*AC/DIFF CH-A
*AC/DIFF CH-B8
*FREE RUN
*AVG 16/16

FUNCTION
arF
B <> &
-l
<k>
</>
INTEGRAL &
DIFFERENTIRL
* [Xadt»
OFF
#dXa/dt#»
o
x it
féFF
*dXb/dt =
@FF
xVIEWS
gFF
EQUALIZE
aFr
CaH BLANK
aFF
AavERALL
QFF

SCROSS-CORR
+CH=-8/8(AYG)
+ZERB START
+AC/DIFF CH-A
#AC/0IFF CH-B
oFREE RUN
*AVG 16/16

FUNCTION
< ON
<+ *
<=2
<k>
</ >

INTEGRAL &
DIFFERENTIRL

- adt x
Tiad

*dXa/dt *
aFF

*fXbdt %
I5
*dXb/dt =
arFF
*VIEWS
OFF
EQUALIZE
aFF
COH_BLANK
aFF
BVERALL
GFF

Fig. 4-74 Operation mode (addition) display example

in the delay domain
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(4)

Interdata operation in the frequency domain
Interdata operation in the frequency domain provides the
same result in either the Zero Start mode or Zoom mode.
Arithmetic operation between cross spectra (Gab) is not
available in this domain.
& (PCWER SPECT.) + {(POWER SPECT.}
o (POWER SPECT.) - (POWER SPECT.)
When the above operations are executed, the Gaa, Gbb,
<Gaa>, <Gbb>, or <C.0.P.> on the vertical axis in the
lower display is replaced with Gxx, indicating that the
operation has been executed.
The engineering unit for the vertical scale in the
lower display area can be selected from V, V2, and
dBV by selecting Mag, Magz, or dBMag for the DISP
MODE item in the DISL CTRL menu {which is obtained on
DISPLAY CTL
the display by operating [:::] key in the SETUP
section).

If the result of the (POWER SPECT.) - (POWER SPECT.)

operation is negative, the readout will be 0.

e (POWER SPECT.)/(POWER SPECT.)

When the above operation is executed, the Gaa, Gbb,
<Gaa>», <Gbb>, or <C,0.P.> on the vertical axis in the
lower display area is replaced with H'xy, indicating
that the operation has been executed. The operational

result indicates the Transmissibility Function.

e Operation af (PCWER SPECT.)* (POWER SPECT.) is not

axecutable.
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Figure 4-75 shows a (POWER SPECT.) + (POWER SPECT.)
operation example.

(OCTAVE) + (OCTAVE)

(OCTAVE) - {OCTAVE)

When the above operations are executed, the OCTa or
OCTh on the vertical axis in the lower display area is
replaced with OCTx, indicating that the operation has
been executed. Unlike power spectrum, the engineering
unit for the vertical scale (in the lower display area)
is always dBV.

Operation of (OCTAVE)*(CCTAVE} is not available.
(COMPLEX SPECT.) + (COMPLEX SPECT.)

{COMPLEX SPECT.)} - {(COMPLEX SPECT.)

When either of the above operation is executed, the Sa
or Sb on the vertical axis in the lower display area is
replaced with Sx, indicating that the operation has
been executed. The result of the operation can be
selected from real and imaginary parts of a complex

spectrum, or from the phase and amplitude value, with
REAL IMAG. PHASE

EJE] [:’ml and E] keys in the DISPLAY

section.

The engineering unit for the vertical scale in the

lower display area can be selected from V, V2 and dBV

by selecting from Mag, Magz, and dBMag for the DISP

MODE item in the DISP CTRL menu (which is obtained on
DISPLAY CTL

the display by operating [:::] key in the SETUP

section).
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e (COMPLEX SPECT.)*{COMPLEX SPECT.)
When this operation is executed, the Sa or Sb on the
vertical axis in the lower display area is replaced
with Sxy to indicate that the operation has heen
executed.
Unlike cross spectrum (Gab), the product of two complex
spectrum data corresponds to the convelution function
between two time series in the time domain as shown in
equation. (1) .

sa(f)-sb(£) € _pxa(t) ® xb(t) ——-- (1)

The result of operation can be shown in the desired
REAL PHASE

EWLAG. MAG.
display_mode selected with[':1 ] L‘:’ J [D ]or l'-_-' ]

in the DISPLAY section.

The unit for the vertical scale in the lower display

can be selected from V, V2 and DBV by selecting from

Mag, Mag2 and dBMag in the DISP CTRL menu available
DISPLAY CTL

via [:::] key.

e (COMPLEX SPECT.)/(COMPLEX SPECT.)

When this operation is executed, the Sa or Sb on the

vertical axis in the lower display area is replaced

with Hxy to indicate that the operation has been

executed.

If the operation is executed when Sb and Sa are

displayed in the upper and lower display areas

respectively, the transfer function is obtained.
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The result of operation can be shown in the desired
REAL IMAG, MAG. PHASE
display mode selected with [D ‘] [D ] [D 41 or[D

in the DISPLAY section. The vertical scale in the
;ower display section has no engineering unit.

Figure 4-77 shows a (COMPLEX SPECT.) /(COMPLEX SPECT.)
operation example.

{TRANS. FCTN) + (TRANS. FCTN)

When this operation is executed, the <Hab> on the
vertical axis in the lower display area is replaced
with Hxy, to indicate that the operation has been
executed. This result of operation gives the transfer
function of the two systems connected in parallel. The

result can be displayed in the desired display mode
REAL PHASE

selected with [D ] E;Mﬁ] PJM&] or PJ |key in the

DISPLAY section. The vertical scale in the lower
display area has no engineering unit.

Operation example of (TRANS. FCTN) + (TRANS. FCTN) is
shown in Figure 4-77.

(TRANS. FCTN)} - (TRANS. FCTN)

When this operation is executed, the <Hab> on the
vertical axis in the lower display portion is replaced
with Hxy to indicate that the operation has been
executed. With this operation you can get the transfer
function of the constituent system of the two systems
connected in parallel. The result of operation can be
displayed in the desired display mode selected with

REAL MMAG. MAG, PHASE
[D .} [D ] FJ ] or[m ]. The vertical scale in the

lower display area has no engineering unit.
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@ (TRANS. FCTN)* (TRANS. FCTN)
When this operation is executed, the <Hab> on the
vertical axis in the lower display area is replaced
with Hxy, to indicate that the operation has been
executed. This result of operation gives the transfer
function of the two systems connected in cascade. The

result can be displayed in the desired display mode
’ MAG,

REAL IMAG, PHASE
selected with Im ] !D | |':1 I or ['3 | key in the

DISPLAY section.

The vertical scale in the lower display area has no
engineering unit.

e (TRANS. FCTN)/{TRANS. FCTN)
When this operation is executed, the <Hab> on the
vertical axis in the lower display area is replaced
with H:y, to indicate that the operation has been
executed. This operation is also called egqualization.
With this operation you can get the transfer function
of the constituent system of the two systems connected
in cascade.

The result of operation can be displayed in the desired
PMAG,

REAL MAG, PHASE
display mode selected with 1‘7-‘ ] [‘:’ l |D l or I‘:‘ |

key in the DISPLAY section.

The vertical scale in the lower display area has nc

engineering unit.
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® (COMPLEX SPECT.)* {TRANS. FCTN)

This operation is availéble only when a complex
spectrum is shown in the upper display and a transfer
function in the lower display. When this operation is
executed, the <Hab> on the vertical axis in the lower
display area is replaced with Sy, to indicate that the
opération has been executed. As shown by Equation {2),
the product of complex spectrum and transfer function
corresponds to convolution function between two
time-series in the time domain. If operation is
executed with Sa and <Hab> shown in the upper and lower
display areas respectively, the output complex spectrum
Sb is obtained.

Sb{f} = Hab(f)-Sa(f)@Xb(t) = Hab@Xa(t) —-— (2)

The result of operation can be displayed in the desired
PHASE

REAL IMAG. MAG,
display mode selected with F5 ] Im _J Fj ] or EJ J

key in the DISPLAY section. The engineering unit of V
or mV is provided for the vertical scale. Figure 4-78
shows a {COMPLEX SPECT.)}* {TRANS. FCTN) operation

example.
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e (COMPLEX SPECT.)/(TRANS. FCTN)
This operaticn is available only when a complex
spectrum is shown in the upper display and a transfer
function ip the lower display. When this operation is
executed, the <Hab> on the vertical axis in the lower
display is replaced with Sx, to indicatg that the
operation has been executed. As shown by Equation (3),
the division of a complex spectrum with transfer
function corresponds to deconvolution function of two
time~series domain. If the operation is executed with
Sb and <Hab> shown in the upper and lower display areas
respectively, the_input complex spectrum Sa can be

obtained in the lower display area.

sa(f) = Sb(f)/Hab(£) ) Xa(t) ——=(3)
The result of operation can be displayed in the desired
REAL 1MAG. MAG. PHASE
display mode selected with [D ] [m ]-FJ ] or EJ ]

in the DISPLAY section. The engineering unit of V or
mV is provided for the vertical scale in the lower

‘display area.
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0.050 LIN FREQ@(kHz) 20

P R WY S T B S T |

(=3
[=]
1
o

i i i P A b

LIN FRE@{kHz]

*SPECTRUM
*CH-B(AVG]
¢ZERA START
SRC/OIFF
SFREE RUN
*AVG 16/16

FUNCTIGN
= OFF

<+ *

<=3

<>

</>
INTEGRAL &
DIFFERENTIAL
*fXadt *

*xdXb/dt *
GFF

*VIEWS
aFF

EQUALIZE
arFF

COH BLANK
arF

BYERALL
aFF

*SPECTRUM
SCH-~-R (AVG)
+ZERO START
$QC/0IFF
oFREE RUN
#AVG 16/16

FUNCTIGN
= 0N

<+ *

<=

<X>

</>
INTEGRAL &
D};FERENTIHL
xXadt*

aFF
*dXa/dt %

aFfF

aFF

EQUALIZE
OFF

COH_BLANK
arF

@VERALL
aFF

Fig. 4-75 Operation mode (addition) display example

in the frequency domain
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#x TRO404 DIGITAL SPECTRUM HNFILYIER =% *SPECTRUM

RER MFO BY ADVANTEST xEk +CH-R({INST)
ZERB START
Pk 95 250.0 Hz 1.35E-02V $AC/DIFF
*HALD .
*AVG 8/8
+188 s S S S S -FUNCTION
av ¢ 1 = oFF
- b <h>
- - <=>
wlli Sbh - <#>
Renl | - </> -
5 d INTEGRAL &
x18 L 4 OIFFERENTIAL
-198 L J *#fXadt*
a¥ — — N ) N . aFF
0.250 LIN FREQ{kHz] 100 ‘d)é;'{_&tt
* fXbdt &
! IEFF
H sdXh/dt =
. i aer
- RN, #VIEW*
m aFF
IMHINL EQUALIZE
OFF
CUH BLRNK
UVERRLL
LIN FREQ(kHz! 100 aFF
{? A/B-C
*x TRO404 DIGITAL SPECTRUM ANRLYZER *= *TRANS FCTN
£t T MFQ BY ADVANTREST T T #CH-B/A(INST]
+ZERA@ START
Pk 34 000.0 Hz §.378+00 SRC/DIFF CH-8
#AC/DIFF CH-B
oH{ILD
*+R{VGE 8/8
+198 FUNCTIE8N
mV = 0N
D>
-2
o Sh <E>
Real | < </ > »
- 4 INTEGRAL &
:ég A ] Df&FERENTIRL
- L 1 ®[Xadt*
aV A — . . - , ) ; AFF
2.250 LIN FREQ(kHz) 100 *dXa/dt=
+10.0 T Y o funsrmmy T T y Y T AFF
[ {1 *fXbdi=*
- { “@FF
- { ®dXb/dt=
- { BFF
o - - %VIEW™
Roei - < arF
. 4 EQUALIZE
L 4 aFF
L ’ J C8H BLANK
-10.0 N ; aFF

0.250 LIN FREG(kHz} oo CVERALL

Fig. 4-76 (COMPLEX SPECT.)/(COMPLEX SPECT.) operation
result display example
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n s o m mn  a s s i ity

#»x TRO404 DIGITAL SPECTRUM ANALYZER *x

*TRANS FCTN

YT Y MFD BY ADVANTEST P TT T *CH-B/RB(AVG)
*ZERQG S8TART
Pk 15 250.0 Hx -4.683E-01 #AC/0IFF CH-~A
#AC/0IFF CH-B
*AUTY ARM
*AVG B8/8
+1.25 T ¥ T Al v d T T FUNCTION
[ ] = OFF
= - <> »
™ -1 o -
A =9  <Hab>o = <x»
Reul - </
B 4 INTEGRRL &
x8 L OIFFERENTIAL
L B th.dgt
~1.25 . " L L . L A " QFF
0.250_ LIN FREG{kHz! 100 *dXa/dt*
i T s ' ' l i :fgsit:
- 4 aFF
- e tdégédtt
B =i <Hab > : - XV IEWH
Renl | o QFF
R 4 EQUALIZE
x8 4 arFfF
R J CO8H BLANK
-1.25 . . . e . arF
0.250 LIN FREQ(kHz) 100 OVERALL
V A+BoC
& TR9404 DIGITAL SPECTRUM HNRLTZER X% +TRANS FCTN
P YT MFO B8Y ADOVANTEST ke k o H-B/R{AVG]
+ZERQ START
Pk 899 500.0 Hz -7.88BE-01 +AC/0]FF CH=R
#AC/DIFF CH-B
*AUTE ARM
*AVG 8/8
1.25 T d T T T T 4 T FUNCTIAN
*hesst 1 © oN
- -1 2L > »
= - <>
A = <Hah > = <x>
Raal E </»
3 4 INTEGRAL
=8 L DIFFERENTIHL
L 4 *fXadt=
-1.25 P S S— . aFF
0.250 LIN FREQ(kHz) 100 =dXa/dt#=
*1.25- T T T ' T T T ) *Igfi‘t
- b aFF
L 4+ *dXb/dt=%x
- . ) v?g
L de *
¢ real T 1™ oFF
R 4 EQUALIZE
<8 aFF
COH BLANK
oS . aFF
8. 250 LIN FREQ(kHz) 100 CGVERALL
Pig. 4~77 (TRANS. FCTN) + (TRANS. FCIN) operation

result display example
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*a TR94D4MIE=JIGITF|L SPECTRUM RNALYEZER #*=

®TRANS FCTN

result display example

4 - 170

wEkk 0 BY AOVANTEST xXkkE *CH-B8/R(AYG)
+ZERB START
Pk 16 500.0 Hz -0.34B #AC/BIFF CH-A
#AC/BIFF CH-B
+HALD
*AVG 54/64
+19.8 y T r ' T T T T FUNCTION
™ = OFF
L >
[ Q-
i Sa -4
A Ranl :7: *
INTEGRAL &
x18 DIFFERENTIAL
-18.8L 4 */Xadt*
nV . M N . . L . aFF
0.050 LIN FREQ(kHz) . 20 *dXa/dt*
ig T T T T T T ™y ¥ Ig[;it*
o *
- aFF
*xdXb/dt =
B '-y- Hab I ] V?EE
<Hab> | - & *
dBMag i aFF
EQUALIZE
1048/ . BFF
-70 4{ C8H BLANK
d8 . . . ; . . aFF
0.050 LIN FREQ(kHz) o SVERALL
V AxB—C
xx TR9404 DIGITAL SPECTRUM ANALYZER #x  #SPECTRUM
PTY T MFO 8Y ADVANTEST *k kA *CH=-B{INST)
*ZERO START
Pk 19 050.0 Hz ~-5.08E-03V ®AC/OIFF
oHALD
*AVE 84/84
FUNCTION
= 0N
<>
T
A = <x> #
</ >
INTEGRAL &
DIFFERENTIRL
* [Xadt#
aV . : . . arFF
: C.0S0 LIN FREB(kHz) 20 *dXa/dt*
+19.a- Y T ¥ T T T T T r-‘ ‘fxgi**
LA 1 "aeF
L m 4 xdXbh/dt*
L ] b : il aFfF
C = Sx o ‘ d xVIEW=
Real | - 4 grF
L W J EQUALIZE
x18 b 1 con BLANK
R T TTeFF
0.050 LIN FREQ(kHz) 2g OVERALL
Fig. 4-78 (COMPLEX SPECT.)* (TRANS. FCTN) operation



ii)

"INTEGRAL & DIFFERENTIAL"

The integration and differentiation features include
operation in the time domain indicated by "INTEGRAL &
DIFFERENTIAL" and operation in the £freguency domain
indicated by "VIEW".

In the time domain, differentiation, double differentiation,

integration, and double integration are available.

NOTE
The result of integration or differentiation is
displayed in the frequency domain, but is not displayed

in the time domain.

In the frequency domain, the display data is multipiied by
. L L2 . ., 2

Jw, (Gw) 7y 1/Gw), or 1/{jw) -

This multiplication is a good approximation of

differentiation or integration.

{1) INTEGRAL & DIFFERENTIAL

* *®
When the pointer () is positioned to fXadt

OFF
*[Xbdt* . . .
{or OFF )} with ﬁ:j> or-é:jy key in the SETUP section

and | se|{ key is pressed, the "OFF" indicator is replaced

with "DOUBLE", and a double integration is executed in

the time domain. If |sew| key is subsequently pressed,

the "DOUBLE" indicator is replaced with "SINGLE", and

integration is executed in the time domain.
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Subsequent operation of | mse | key replaces the "SINGLE"

indicator with "OFF". Thus, each operation of | stwe| key

sequentially selects the operation mode from OFF, DOUBLE,

SINGLE, OFF, and so on. Each operation of | nse | key

selects the operation modes in the reverse order of OFF,
SINGLE, DOUBLE, OFF, and so on.

When executing differentiation, posititon the pointer to

*dXa/dt* or *dXb/dt*
OFF OFF '

then use | swr} or | ose | key to

select the operation mode from OFF, SINGLE, or DOUBLE.
If the SINGLE mode is selected, differentiation is
executed in the time domain. If the DOUBLE mode is
selected, double differentiation is executed in the same

domain.

NOTE

e When executing (double) integration, the input
coupling mode should be set to AC, DC offset riding
on the the input signal largely affects the results
of operation of {(double} integration, so the setup of
the AC coupling on the TR%404 would automatically
calculate and eliminate the offset before the
operation.

® When the integration or differentiation is applied
during ARM or AUTO ARM mode, be sure to set the ARM
LENGTH to 64K for single channel or 32K for dual

channel.
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e If the ZOOM, AUTO CORR., or CROSS CORR. mode is

o The VIEW feature and the INTEGRAL & DIFFERENTIAL

selected in the frequency deomain, differentiation or

integration will not be executed.

feature are not executed at the same time. When
either of these features are activated, the other is

always deactivated.

(2)

VIEW

Selecting this mode allows multiplication of the
‘frequency domain data by (jw). (jw)zr 1/Gw) .
T/(jw)z, whose result is a good approximation of

differentiation or integration.

. . ., *VIEW* .
If the pointer is positioned to .= with ﬁ:j> key in

the SETUP section and then | site] key is pressed while a

power spectrum, coherence output power {C.0.P.), transfer
function (TRANS. FCTN), or cross spectrum {(CROSS5 SPECT.)
is shown on the display (in the lower display when in the
Dual Display mode}, "OFF" is replaced with 1/(jw), and

the displayed data is multiplied by 1/(jw). Each time

sewp| key is pressed, the parameter is sequentially

selected in the order of OFF, 1/(juw)., T/(jw)zf (jm)zy
(jw), and OFF, This means that the displayed data c¢an be

multiplied by 1/(jw)2, (jw)z, or (jw) as well. Each

time | osr | key is pressed, the item is selected in the

reverse order of OFF, (juw)., (jw)2, 1/(jw)2. 1/ (3wl

and OFF.
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The relation between (jw) and the integratiocn or

differentiation is shown in Table 4-11.

Results of integration and differentiation operations are

shown in Figures 4~79 through 4-87.

Table 4-11 Differentiation and integration corresponding
to (jw) operations
1/ (jw) 1/(3w) 2 (jw) 2 (w)
Gaa (Gbb}| Integration on | Double integra- |Double differen—|Differentiation
CH~A (CH-B) tion on CH-A tiation on CH-A |on CH-A
{CH~B) {CH-B} (CH~B)
C.0.P. Integration Double Double Differentiation
on CH-B integration differentiation {on CH-B
on CH-B on CH~B
Hab Integration on Double integra— |Double differen- Differentiation
CH~B or diffe- | tion on CH-B or | tiation on CH-B |on CH-B or integ-
rentiation on double differen-| or double integ—|ration on CH-A
CH~-A tiation on CH-A | ration on CH-A
Gab Integration on Double integra— | Double differen-|Differentiation

CH-B orCH~A

tion on CH-B or
CH=-A

tiation on CH~B
or CH-A

on CH-B or CH-A
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NOTES

e When averaging, differentiation, or integration
features are simultaneously required, application of
{(jw) upon completing averaging is more effective than
the INTEGRAL & DIFFERENTIAL.

® Operation with the VIEW feature is not usable
simultanecusly with integration or differentiation,
using the INTEGRAL & DIFFERENTIAL feature. If
selection of the VIEW feature is attempted when it is
inhibited, the following message will flash for a few
seconds in the bottom left information area on the
display:

(3w) IS NOT AVAILABLE

e When using an arithmetic operation feature (FUNCTION
"ON"} with the VIEW mode, the VIEW or arithmetic
operation should be executed after the result of the
arithmetic operation or (jw) operation is stored into

and then recalled from memory.
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*xx TR9404 QIGITAL SPECTRUM ANALYZER =*=* *SPECTRUM
kK% MFD BY ADVANTEST * kKA SCH=-R{INS
¢ZERAB STA
Pk 3 S00.0H=z ~15.4d4d8V S*AC/DIFF
SHOLD
. #AVG 0/0

T
RT

+1.41 FUNCTION
v aFF

L  J

Q=2

<ED>

</ >
INTEGRARL &
DIFFERENTIRL

= OFF

*dXb/dt =
arF

*xVIEW=*
aFF

EQUALIZE
aFF

C3H _BLANK
aFF

At 4t 3 1 i

o

-]

»
T T T Ty

0.250 LIN FREG{kHz) 1p0 OVERALL

Fig. 4=79 Input square wave signal and its power spectrum
{INTEGRAL & DIFFERENTIAL feature OFF)
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#» TR9404 BIGITHL SPECTRUM RNRLYZER % *SPECTRUM

Py ST ] MFD BY ADVANTEST E3 % *CH-A (INST)
#ZERT START
Pk 9 300.0Hz ~-2.84BV SAC/DIFF
oHOLD
*QVG 0/0
FUNC;IGN
15 L T T T T T T T GF
&BV L. - < E
<
i <E>
</ >
| INTEGRAL &
DIFFERENTIAL
thldtt
7 = SINGLE
%xdXa/dt *
85 15
ag xfXbdt ¥
. féFF
*dXb/dt =
1 o355
* *
104B/ . oEF
EQUARLIZE
d OFF
-85 COH BLANK
dBY . . . : . R . BFF
0.250 LIN FREQ(kHz) 100 OVERALL

Fig. 4-80 Power spectrum after being subject to dual integration

*x TR3404 DIGITHL SPECTRUM ANALYZER %= *SPECTRUM
K EAK MFD BY ADVANTEST PEY T #CH-A{INST)
&ZER@ START
Pk 9 S00#0Hz 9,.8d4dBvY *AC/NIFF
SHALD
*AvVG 0/0

FUNCTIGN
aFF

L€ -1 it

L >

<k

</ >
INTEGRAL &
OIFFERENTIAL
*[Xadt*
= ODOUBLE

thn/dt*
Gaa EF

dBMag

F
*dXb/dt x
AFF
*VIEW=

3FF
EQURLIZE
. aFF
-85 C8H BLRANK
dBv A . A A . N A . QFF

0. 250 LIN FREQ(kHz) 100 OVERALL

1048/

Fig. 4-81 Power spectrum after being subject to integration
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*x TR9404 DIGITAL SPECTRUM ANALYZER %=
e 1 MFD BY ADVANTEST 2 1]

Pk 68 750.0Hz ~-23.748Y

Gua
dBMag

1048/

-85

48V

e

LIN FREG(kHz) 100G

*SPECTRUM
SCH-A{INST)
+ZERQ STARY
*RC/0IFF

FUNCTION
OFF

L L »
<=2
<k
</ >
INTEGRAL &
RIFFERENTIAL
* [ Aadt»
aFF
*#dXa/dt %
- DEEBLE
* t®
IEFF
*dXb/dt =
QFF
*VIEW*
aFF
EQUALIZE
gFF
C3H_BLANK
gFF
GVERALL
aFF

Fig, 4-82 Power spectrum after being subject

to double differentiation

% TRS404 DIGITAL SPECTRUM ANRLYZER

*KEE MFD BY ADVANTEST *ok
Pk 66 750.0Hz -28.048BYv

15 T T T T L ¥ ooy T T
dB8v

Gan
dBMag

1048/

~88
dBv

0.250 LIN FREG(kHz) 100

SSPECTRUM
*CH=-R(INST]
¢ZERQ START
*AC/CIFF
+HOLD

*AVG 0/0

FUNCTIGN
OFF

<> »
<=2

<>

</ >

EGRAL &
ERENTIAL
di *

s e 1

*dXb/dt x
OFF

*V]EW*
aFF

EQUALIZE
aFfF

COH BLANK
OFF

AVERALL
OFF

Fig. 4-83 Power épectrum after being subject

to differentiation
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% TR9404 DIGITAL SPECTRUM RNALYZER #*»
T T MFD BY ADVANTEST YT ]
Pk 8 S00.0H=
] 5 ': T T T T t
dBvY

Gas
dBMag

10d8/

-8s8
dB8v

LIN FREQ(kHz)

100

Fig. 4-84 Power spectrum multiplied by

=% TR9404 DIGITAL SPECTRUM HNHLTZER e
REEE HFD BY ADVANTEST ik
Pk 250.0Hz
15 T T T T T 4
dBv

Gaa
dBMag

1048/

-8S
dBv

0.250

LIN FREQU(kHz)

100

*SPECTRUM
oCH-R(INST]
#ZERO START
*AC/DIFF
SHOLD

#RVG 0/0

FUNCTION
OFF

<+ #
<=
<k>
</
INTEGRBL &
DIF FE?ENTIRL
®{AXa L]
féFF
*dXa/dt*
aFF

xdXb/dt =
OFF
xVIEW*S

S 1/{iw)
EQURALIZE

aFF
COH_BLANK
aFrF
AVERALL
oFF

1/ (3w)

*SPECTRUM
+CH-A(INST)
¢ZERA START
*AC/0IFF
oHOLD

*AVG 0/0

FUNCTIGN
OFF

<> »

<m>

<E>

</ >
INTEGRAL &
DIFFERENTIAL
*[Xadt*

gFF
tdén/dt*

fbd

x t %

OFF

®dXb/dt *
arF

*VIEW®

» 1/(jwi?

EQUALIZE
aFF

CBH BLANK
BFF

OVERALL
aFF

Fig. 4~-85 Power spectrum multiplied by 1/(jw)2
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#«x TR9404 DIGITAL SPECTRUH HNHLTZER x%
EET Y MFD BY ADVANTES =%

Pk 66 /750.0Hz ~23.84dBY

Gan |
dBMag

104B/

-85
dB8vV

0.250 LIN FREQ(kHz) 100

Fig. 4-86 Power spectrum multiplied by

- TR94D4 DIGITRL SPECTRUM ANALYZER =%
& Xk FB BY ADVANTES kKK
Px 86 750.0Hx -27.9d8Y"
15 T T T T T T 'v' T T T
48V

Gaa
dBMag

1048/

-85
dB8v

0.250 LIN FREQ(kHz) 100

Fig. 4-87 Power spectrum multiplied by

4 - 180

*SPECTRUM
SCH-R[INST)
¢ZERO START
SAC/0IFF
SHOLD -
*AVG 0/0
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iii)

EQUALIZE

When measuring the transfer function of a

given system,

influence from the measuring system (which may contain an

accelerometer} can cause an error. The Equalize feature is

intended to eliminate errors caused by the measuring system

and to provide the true transfer function

activate the Equalize feature, follow the

(:) Measure the transfer function of the
itself {(including an accelerometer),
key in the VIEW section to store the
inté the memory buffer.

C) Measure the transfer function of the
display it on the CRT.

FUNCTION
(:) Press [:::] key in the SETUP section

of the system. To
steps below:

measuring system
STORE

and press E:::]

transfer function
total system and

to obtain the

FUNCTION menu on the display. When the pointer ( )

is positioned to the item "EQUALIZE"

in the menu, it

will start f£lashing. Press | mse ] or

setur ] kKey to

activate the EQUALIZE mode.

The true transfer function after being subject to

equalization is now shown on the display.
equalized transfer function is identified

on the vertical axis.

The

e
by "Hxy" annotated

Figure 4-88 shows the result of equalization {¢) executed on

data (b) by (a).
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If the Equalize feature is activated with no transfer
function data stored in the menory buffer, equalization will
not be executed. In this case, the following message will
flash for a few seconds at the bottom left display area on
the CRT:

NO TRANS FCTN 1S STORED IN MEMCRY
BEven though the transfer function is stored in the buffer,
equalization will not be executed if displayed information
is other than the transfer function. In this case, the
following message will flash for a few seconds in the bottom
left display area on the display:

EQUALIZE IS NOT AVAILABLE

4 - 182



»a TR9404 DIGITAL SPECTRUM RNHLTZER & *TRANS FCTN

"xs MFD BY ADVANTEST E LT *CH-B/R(AVG)

) +IER0 START
Pk 50.0 Hz 4.84d8B ®AC/DIFF CH-A

SPCLOIERNCH"® (a) Transfer function of the

*AVG 256/256 measuring system itself
FUNCTION
oFF

20 T T T T T ¥ T T T

4B con »

=3

<>

/>
INTEGRAL &
OIFFERENTIRL
*[Xudt*

sdXe/dt &
;g;b» - 1 arFF
Ll *fXbdt*
. QFF

g
10d8s *VIEWs -
aFF
EQUALIZE
EbgFELRNK
-ag
gFF

48 L . i n M " " " .
0.050 " LIN FRER(kHz) 20 9VERALL

t- TR9404 DIG]THL S?ECTRUH HNRLYZER tt ¢TRANS FCTN
ADVANT *CH-B8/A(RVYG)

Pk 3 450.0 Hzx 2.848 *AC/0IFF CH-A )
*AC/0IFF CH-B (b} Transfer function of the

#AVG 255/258 total system
FUNCTION
aFF

20 Y

48 <e> »

<=3

<E>

</ >
INTEGRAL 4
D}§FE?ENT!RL
*fXa

OFF
*dél/dit

fxfiit
*
OFF
=dXbsdt®
OFF
aVIEW=
OFf
EQUAL IZE
- JFF
COH_BLANK
aFF
OVERRLL
aFF

<Hab>
dBMag

1048/

-80
48 ; R . . 2 . R . .
0.050 LIN FREQ(kHz) 20

TAL SPECTRUM RNHLYZER *t +TRANS FCTN
:: TRS404 DIGI kDVANTES *CH=B/R(AVG)
*EERG START

Pk 11 000-0 Hz 10.548 :283%;; EH:Q {c) Equalized transfer function

*FREE_RUN
*RVG 256/258
FUNCTIAN
aFF

AN
ma
4

EL »

o -~

L¢3

</ >
INTEGRAL &
DIFFERENTIRL
*Xadt s
ISee
‘an/dtt
thh%{:
wdXbh/dtx

OFF
*VEY®

aFF
EQUALIZE

= AN

-g8q caH ELHNK

48 R . R . . . R .
0.050 LIN FREG(kHz) 20 OVERALL

Hxy
dBMag

104B/

Fig. 4-88 Description for the Equalize feature
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iv) "COH BLANK" (Coherence Blanking)

Once the reqgions of high coherence have been identified,
they can be made prominent on the "CROSS" data display.
This feature removes "CROSS" data below a certain coherence
level from the display. The coherence blanking function
provides a more understandable display for the correlatiocn
between input and output signals.

COHERENCE
@ Press E key in the VIEW section to display the

coherence function.

FUNCTION

@ Press [: key in the SETUP section to obtain the

FUNCTION menu on the display. When the pointer (D)

is positioned to the item "COH BLANK", the pointer will

start flashing. Now press |[sew| or | oise | key to

activate the COH BLANK mode.
c (3
C) Activate [:::J key in the CURSOR section; a horizontal
cursor appears on the display and the value identified

by the cursor is read out as "H. CSR" (horizontal

cursor} above the signal trace.

(@ use |{ 1| or [{_b| key in the GENERAL CURSOR section to

position the horizontal cursor to the coherence value
below which the coherence function is to be blanked out.
SET X
(:) Press [:::] key. (At this time, me<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>