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Warranty

The information contained in this
document is subject to change
without notice.

Hewlett-Pacicard makes no
warranty of any kind with
regard to this material,
including, but not limited to,
the implied warranties or
merchantability and fitness
for a particular purpose.

Hewlett-Packard shall not be liable
for errors contained herein or for
incidental or consequential damages
in connection with the furnishing,
performance, or use of this material.

Safety Summary

The following general safety
precautions must be observed
during all phases of operation,
service, and repair of this
instrument. Failure to comply with
these precautions or with specific
warnings elsewhere in this manual
violates safety standards of design,
manufacture, and intended use of
the instrument. Hewlett-Packard
Company assumes no liability for the
customer’s failure to comply with
these requirements. This is a Safety
Class | instrument.

Ground the Instrument

To minimize shock hazard, the
instrument chassis and cabinet must
be connected to an electrical
ground. The instrument is equipped
with a three-conductor ac power
cable. The power cable must either
be plugged into an approved
three-contact electrical outlet or
used with a three-contact to
two-contact adapter with the
grounding wire (green) firmly
connected to an electrical ground
(safety ground) at the power outlet.
The power jack and mating plug of
the power cable meet International
Electrotechnical Commission (IEC)
safery standards.

Do Not Operate in an
Explosive Atmosphere

Do not operate the instrument in
the presence of flammable gases or
fumes. Operation of any electrical
instrument in such an environment
constitutes a definite safety hazard.

Keep Away from Live
Circuits

Operating personnel must not
remove instrument covers.
Component replacement and
internal adjustments must be made
by qualified maintenance personnel.
Do not replace components with
power cable connected. Under
certain conditions, dangerous
voltages may exist even with the
power cable removed, To avoid
injuries, always disconnect power
and discharge circuits before
touching them.

Do Not Service or Adjust
Alone

Do not attempt internal service or
adjustment unless another person,
capable of rendering first aid and
resuscitation, is present.

Do Not Subsiitute Parts
or Modify Insrument
Because of the danger of
introducing additional hazards, do
not install substitute parts or
pertorm any unauthorized
modification to the instrument.
Retumn the instrument to a
Hewlett-Packard Sales and Service
Office for service and repair to
ensure the safety features are
maintained.

Dangerous Procedure
Warnings

Warnings accompany potentially
dangerous procedures throughout
this manual. Instructions contained
in the warnings must be followed.

Safety Symbols

The following safety symbols are
used throughout this manual and in
the instrument. Familiarize yourself
with each symbol and its meaning
before operating this inscrument.

General Definidons of
Safety Symbols Used on
Equipment or in Manuals

I[nstruction manual symbol. The
product is marked with this symbol
when it is necessary for the user to
refer to the instruction manual to
protect against damage to the
instrument.

J

Indicates dangerous voltage
(terminals fed from the interior by
voltage exceeding 1000 volts must
be so marked).

®

Protective ground (earth) terminal.
Used to identify any terminal which
is intended for connection to an
exteral protective conductor for
protection against electrical shock
in case of a fault, or to the terminal
of a protective ground (earth)
electrode.

(A

Low-noise or noiseless, clean ground
(earth) terminal. Used for a signal
common, as well as providing
protection against electrical shock
in case of a fault. A terminal
marked with this symbol must be
connected to ground in the manner
described in the installation
{operating) manual, and before
operating the equipment.

e or ),

Frame or chassis terminal.

A connection to the frame (chassis)
of the equipment which normally
includes all exposed metal
structures.

~v

Altemating current (power line).

e —

Direct current (power line).

Alternating or direct current
(power line).

Warning

The warning sign denotes a hazard.
It calls attention to a procedure,
practice, condition or the like,
which if not correctly performed or
adhered to, could result in injury or
death to personnel.

Caution

The caution sign denotes a hazard.
[t calls attention to an operating
procedure, practice, condition or
the like, which, if not correctly
performed or adhered to, could
result in damage to or destruction of
part or all of the product or the
user's data.

Hewlett-Packard
8600 Soper Hill Road

Everett, Washington 98205-1298

Printed in U.S.A



GEWERBEAVUFSICHTSAMT STUTTGART

. - Zentrale Stelle fur Sicherheitstechnik und Vorschriftenwesen in Baden-Wiirttemberg -

Stuttgart, den 22 .06.1988

Fernsprecher
(0711) 20501 (Behdrdenzentrum)

r Gewerbeaufsichtsamt - Jigerstr. 22 - Postfach 703 - 7000 Stuttgart 1 -

Firma

Hewlett Packard GmbH Durchwahl 2050 - 4798

Herrenberger Str. 110/130 Aktenzeichen: Z 5108/HP/Ws/En
(Bitte bei Antwort angeben)

7030 Boblingen Bearbeiter: Herr Weif3

Zulassungsschein Nr. BW/83/80/Ro
(Neufassung)

GemdB § 10 der Rontgenverordnung vom 8. Janaur 1987 (BGBl1. I S. 114)

wird dle Zulassung der Bauart durch den Bauartzulassungsbescheid

vom 29.01.1981 mit 2 Nachtrigen fiir den nachfolgend aufgefiihrten
. Storstrahler bescheinigt:

Gegenstand : Spektrumanalysator
Firmenbezeichnung : Typ HP 3585B

Kathodenstrahlrshre Typ HP 5083-5789

Hersteller : Hewlett-Packard Co.
Lake Stevens Instruments Div.
8600 Soper Hill Road
Everett, Washington 98205, USA
Betriebsbedingungen ¢ Hochspannung max. 23,5 kV

Strahlstrom: 3 uA
Zulassungskennzeichen : BW/83/80/Ré5.

Die Bauartzulassung ist befristet bis 29.01.1991%,

Fir den Strahlenschutz wesentliche Merkmale

i. Die Art und Qualitdt der Kathodenstrahlrshre,

. 2. die der Hochspannungserzedgung und -stabilislerung
dienenden Bauelemente.




GEWERBEAUFSICHTSAMT STUTTGART — Zentrale Stelle fir Sicherheitstechnik und Vorschriftenwesen in Baden-Wurttemberg —

Blant 2 zum Bescheidvom 22.06.1988 (Zulassungsschein) Kennzeichen: BW/83/80/Ro .

Auflagen:
1. Die Gerdte slind beziiglich der fiir den Strahlenschutz wesent-

lichen Merkmale entsprechend den vorgestellten und gepriiften
Mustern und Antragsunterlagen herzustellen.

2. Die Gerdte sind elner Stiickprifung daraufhin zu unterziehen,
ob sle beziiglich der fiir den Strahlenschutz wesentlichen Mer-
male der Bauartzulassung entsprechen.

Die Priifung muf umfassen:
a) Kontrolle der Hochspannung an jedem einzelnen Gerit,

b) Messung der Dosislelstung nach Festlegung im Bauart-
zulassungsbescheld.

3. Die Herstellung und die Stiickpriifung sind durch den von der
Zulassungsbehdrde bestimmten Sachverstdndigen liberwachen 2zu

lassen.

4, Die Gerate sind deutlich sichtbar und dauverhaft mit dem
Kernnzeichen

B¥W/B3/80/Ro
zu versehen sowle mit einem Hinwels folgenden Mindestinhalts: ' .
"Die in diesem Gerdt entstehende Rontgen-

strahlung ist ausrelchend abgeschirmt.
Beschleunigungsspannung maximal 23,5 kV."

Hinwels fiir den Benutzer des Geriats:

Unsachgemdfe Elngriffe, insbesondere Ver&ndern der Hochspannung
oder Auswechseln der Kathodenstrahlrhre konnen dazu fiihren, daB
Rontgenstrahlung ir erheblicher Starke auftritt. Ein so verdndertes
Geridt entspricht nicht mehr dleser Zulassung und darf infolgedessen
nicht mehr betrieben werden.

;:;)422__:4ﬂé__3

Reutter

Dieses Gerdt wurde nach den Auflagen der Zulassungsbehdrde einer Stiickpriifung
unterzogen und entspricht in den flir den Strahlenschutz wesentlichen Merkmalen
der Bauartzulassung. Die Beschleunigungsspannung betragt maximal 23,5 kV.

Hewlett-Packard Co.

Lake Stevens Instrument Division
8600 Soper Hill Road

Everett, Washinaton 98205, USA



l ACHTUNG I

Wihrend des Betriebs erzeugt dieses Gerat Ron-
tgenstrahlung. Das Gerit ist so abgeschirmt, dag3
die Dosisleistung weniger als 36 pA/kg (0,5mR/h)
in 5cm Abstand von der Oberfliche der
Katodenstrahlrohre betrdgt. Somit sind die
Sicherheitsbestimmungen verschiedener Lénder,
u.A. der deutschen Rontgenverordnung
eingehalten.

Die Starke der Rontgenstrahlung hangt im
Wesentlichen von der Bauart der
Katodenstrahlrdhre ab, sowic von den Span-
nungen, weiche an dieser anliegen. Um e¢inen
sicheren Betrieb zu gewihrleisten, diirfen die
Einstellungen der Niederspannungsund des
Hochspannungsnetzteils nur nach der Anleitung
in Kapitel V des Handbuches vorgenommen
werden.

Die Katodenstrahlrohre darf nur durch die gleiche
Type ersetzt werden. (Siehe Kapitel Vi fiir HP-
Ersatzteile).

Das Gerit ist in Deutschland zugelassen unter der

Nummer 6.62-S104

X-RAY RADIATION NOTICE
Model 3585A/B

| WARNING '

When operating, this instrument emits x-rays;
however, it is well shielded and meets safety and
health requirements of various countries, such as
the X-ray Radiation Act of Germany.

Radiation emitted by this instrument is less than
0.5 mR/hr at a distance of five (5) centimeters
from the surface of the cathode-ray tube. The
x-ray radiation primarily depends on the
characteristics of the cathode-ray tube and its
associated low-voltage and high voltage circuitry.
To ensure safe operation of the instrument, adjust
both the low-voltage and high-voltage power sup-
plies as outlined in Section V of this manual (if ap-
plicable).

Replace the cathode-ray tube with an identical
CRT only. Refer to Section VI for proper HP part
number.

Number of German License: 6.62-S104
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation, service, and repair of this
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates
safety standards of design, manufacture, and intended use of the instrument. Hewlstt-Packard Company assumes no
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec-
trical ground. The instrument is equipped with a three-conductor ac power cable. The power
cable must either be plugged into an approved three-contact electrical outlet or used with a
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an
electrical ground {safety ground) at the power outlet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with power cable connected. Under certain conditions, dangerous voltages may exist even with
the power cable removed. To avoid injuries, always disconnect power and discharge circuits
before touching them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment unless another person, capable of rendering first
aid and resuscitation, is present.

USE CAUTION WHEN EXPOSING OR HANDLING THE CRT

Breakage of the Cathode-ray Tube (CRT) causes a high-velocity scattering of glass fragments
(implosion). To prevent CRT implosion, avoid rough handling or jarring of the instrument. Handl-
ing of the CRT shall be done only by qualified maintenance personnel using approved safety
mask and gloves.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or per-
form any unauthorized modification to the instrument. Return the instrument to a Hewlett-
Packard Sales and Service Office for service and repair to ensure that safety features are main-
tained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

l WARNING |

Dangerous voltages, capable of causing death, are present in this instrument. Use ex-
treme caution when handling, testing, and adjusting.




SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Eduipment or In Manuals.

AN

DANGER

l WARNING l

AA AL ALALAAL S

£ CAUTION 3

AAAAAAAAAAN,

NOTE:

Instruction manual symbol: the product will be marked with this
symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument.

Indicates dangerous voltage (terminals fed from the interior by
voltage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with field wiring terminals to in-
dicate the terminal which must be connected to ground before
operating equipment.

Low-noise or noiseless, clean ground (earth) terminal. Used for a.
signal common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of
the equipment which normally includes all exposed metal struc-
tures.

Alternating current (power line).
Direct current (power line).
Alternating or direct current (power line).

The DANGER sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which could
result in injury or death to personnel even during normal opera-
tion.

The WARNING sign denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the like, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel.

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result in damage to or
destruction of part or all of the product.

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like, which is essential to
highlight.
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SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This Operating Manual contains information necessary to install, operate, and test the
Hewlett-Packard Model 3585 Spectrum Analyzer.

1-3. This manual is divided into four sections, each covering a specific topic or aspect of the

instrument:
Section Topic
1 General Information
§ Installation and Interfacing
111 Front Panel and Remote Operation
v Performance Tests
. 1-4. This section of the manual contains the performance specifications and general

operating characteristics of the 3585 . Also listed are available options and accessories, and
instrument and manual identification information.

" 1-5. SPECIFICATIONS.

1-6. Operating specifications for the 3585 are listed in Table 1-1. These specifications are
the performance standards or limits against which the instrument is tested. Any changes in
specifications due to manufacturing, design or traceability to the U.S. National Bureau of
Standards are included in Table 1-1 of this manual. Specifications listed in this manual
supersede all previous specifications for the Model 3585

1-7. INSTRUMENT AND MANUAL IDENTIFICATION.

1-8 The instrument identification serial number is located on the rear panel. Hewlett-
Packard uses a two-section serial number consisting of a four-digit prefix and a five-digit
suffix separated by a letter designating the country in which the instrument was manufac-
tured. (A = U.S.A.; G = West Germany; J = Japan; U = United Kingdom.) The prefix is
the same for all identical instruments and changes only when a major instrument change is
made. The suffix, however, is assigned sequentially and is unique to each instrument.

1-9. This manual applies to instruments with serial numbers indicated on the title page. If
changes have been made in the instrument since this manual was printed, a yellow ‘‘Manual

. Changes’’ supplement supplied with the manual will define these changes and explain how
to adapt the manual to the newer instruments. In addition, backdating information contain-
ed in Section VII adapts the manual to instruments with serial numbers lower than those
listed on the title page.

1-1
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1-2

1-10. On the title page of this manual following the Operating and Service Manual and
Operating Information Supplement part numbers are Microfiche part numbers for these
publications. These numbers can be used to order 4 x 6 inch microfilm transparencies of
these publications. The Microfiche package includes the latest Manual Changes supplement
and all pertinent Service Notes. :

1-11. DESCRIPTION.

1-12. The 3585 is a 20 Hz to 40.1 MHz, microcomputer controlled spectrum analyzer. It
may be utilized for spectrum analysis or network analysis (amplitude only) applications. As
a spectrum analyzer, the 3585 provides a graphic display of the spectral components of the
input signal. For network analysis measurements, the 3585 Tracking Generator can be us-
ed as a drive signal for the network under test. The network’s output can then be applied to
the 3585 input to obtain a graphic display of the network’s amplitude versus frequency
response. :

1-13. The 3585 is structured as a conventional triple-conversion, swept super-heterodyne
spectrum analyzer. The addition of microcomputer hardware control and data manipulation
greatly enhances the analytical power of the 3585 . Flexible control of the displayed trace is
obtained through dedicated key subroutines that produce optimum dlsplayed results in a
minimum amount of time.

1-14. Microcomputer control gives the 3585 several unique features. The most obvious
feature is the keyboard entry of parameters which replaces more conventional knobs. The
input attenuation and mixer levels are automatically set by the 3585 °’s Auto Range feature
to maintain the specified dynamic range. Other microcomputer controlled features include:
coupling of Frequency Span, Bandwidth and Sweep Time; centering of signals; moving
signals to the Reference Level and storage and measurement of frequency and amplitude
Offsets. Microcomputer control further aliows the operator to over-ride the automatic
features of the 3585

1-15. The 3585 °’s Local Oscillator is fully synthesized using -hp-’s patented Fractional N
technique. This provides frequency settability of 0.1 Hz over the 20 Hz to 40.1 MHz range.
Beyond the advantage of high system resolution, the 3585 ’s Synthesized Local Oscillator
allows stable, repeatable frequency measurements. The advanced design of the 3585 ’s
Fractional N synthesized Local Oscillator also results in phase-continuous, linear sweeps
with low spurious sidebands.

1-16. The amplitude accuracy of the 3585 is enhanced by an Automatic Calibration
system, through which internal analog offsets and errors are removed using the internal 10
MHz reference as a level and frequency standard and the Tracking Generator with an inter-
nal calibrator as a flatness standard. The calibration system measures and corrects errors
caused by IF frequency and gain shifts, and input gain and flatness deviations. It also cor-
rects the Tracking Generator frequency.

1-17. The trace information displayed on the 3585 CRT is digitally stored in memory. Asa
result, flicker-free, non-blooming displays are maintained independept of sweep time.
Marker information and Entry parameters are displayed above and below the CRT graticule
to give the operator the present instrument status. Prefaced parameters are intensified for
easy data entry.

Model 3585
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1-18. The 3585 keyboard controls are completely HP-IB programmable. In addition,
commands are available to output information such as: active or stored keyboard settings;
instrument status; A or B trace in marker amplitudes or normalized binary data; marker
amplitude and frequency and CRT alphanumerics. A 50-character line of annotation or six
50-character lines of instructional messages can be displayed on the 3585 using the HP-IB.
Finally, the keyboard may be configured as a limited data input terminal, with each key having
a unique, numeric code. When coupled with the instructional message capability, this can
provide a calculator based system where operator decisions can be entered on the 3585
keyboard. When used in this manner, the operator is not required to understand the
calculator language, only answer the questions on the 3585 display.

1-19. OPTIONS.

1-20. The following options are available for use with the Model 3585:

Option No. Description (see Figure 2-2) Part Number
907 Front handle kit 5062-3991
908 Rack mounting kit 5062-3979
909 Front handle and rack mounting kit 5062-3985
910 Additional Operating Manual 03585-80017

and Service Manual 03585-90016

1.21. ACCESSORIES AVAILABLE.

1-22. The following is a list of accessories available for the 3585B:

ltem Quantity HP Part Number
Accessory Kit 1 each 03585-84401 -
Includes the following:
Cable Assembly Extender 5 each 03585-61601
Cable Assembly Adapter 1 each 03585-61616
Jack to Jack Adapter 3 each 1250-0669
PC Extender Boards:
43-pin 1 each 03585-66591
36-pin 1 each 03585-66530
18-pin 1 each 03585-66592
15-pin _ 1 each 03585-66595
15-pin 1 each 03585-66596
10-pin 1 each 03585-66593
6-pin 1 each 03585-66594
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Figure 1-1. Accessory Kit

1-23. ACCESSORIES AVAILABLE (con’t).

1-24. The following is a list of accessories available for use with the Model 3585.
a. Input Probes.

1. 1120A 1:1 active probe provides 100 kQ shunted by 3 pf.
2. 10021A 1:1 passive probe for 50 Q or 1 MQ shunted by 70 pf.
3. 10040A 10:1 passive probe provides 1 MQ shunted by 9 pf.

b. Balancing Transformers.

11473A 75 Q to 600 @ WECO 310.

11473B 75 Q to 600 Q Siemens 9 REL STP-6AC.
11474A 75 @ WECO 241.

11475A 75 @ to 150 Q Siemens 9 REL STP-6AC.
11476A 75 Q to 124 Q WECO 408A.

e

c. Preamplifiers.

1. 461A 20 dB or 40 dB gain 1 kHz to 150 MHz.
2. 465A 20 dB or 40 dB gain 5 Hz to 1 MHz.

d. VHF Switch.

1. 59307A provides one pair of single throw 4-pole switches.



Specifications

Specifications describe the HP 3585B’s warranted Amplitude
performance over the temperature range 0°C to 55°C except
where noted. Supplemental characteristics are intended to Measurement range:
provide information useful in applying the instrument by 50/75 inputs: -137 dBm to +30 dBm or equivalent
describing typical, but non-warranted performance. They level in dBV or volts
are described as "typical” or "approximate” and apply over 1 MQ input: 31 nVrms to 7.08 Vrms
the temperature range 25 + 5°C. Input range settings: Autoranging, -25 dBm to +30 dBm in
dB steps
Frequency
. e L \ AMPLITUDE ACCURACY:
Measurement range: Specifications apply 20 Hz—40.1MHz Accuracy note: Measurement accuracy is determined
Start/stop, center, manual frequency: (selectable by by the sum of reference level accuracy, amplitude
keypad or fixed steps; center & manual frequencies linearity (if the signal is not at the reference level)
also adjustable by knob and user-defined steps) and frequency response across the measurement span
Range: 0 Hz —-40.1 MHz (if the signal is not at the center or manual :
Resolution: 0.1 Hz frequency). In measurements where the signal is at
Accuracy: Same as frequency ref. accuracy the reference level and/or at the center or manual
. frequency, the amplitude linearity and/or flatness
Frequensctz ;geaé:.l é:(zlee)ctable by knob, keypad, or 1, 2,5 uncertainties will not apply.
Range: 0 Hz —40.1 MHz Reference level:
Resolution: 0.1 Hz 7 Range: -100 dB to +10 dB
< +1x10~ . (relative to input range)
Frequenfzc;::fé;nﬁ:;ﬁ;aﬁyme: %0 min. fmo. of Accuracy, 50/75Q) input: (using 1 or 2 dB/div.,,

measured at manual frequency or with

Marll!feeal;iﬁ etquencyt - 0.2% of sweep rate reduced by a factor of 4)
Y duidth ’eq“e“:" Span +10dB  -50dB  -70dB  -90dB
Counter accuracy: +0.3Hz+1x10™ ‘/mo. of
counted fgquenq for a signal 20 dB greater than +04dB +0.7dB =*1.5dB
other signals and noise in the selected resolution Typical accuracy, +10 dB to -50 dB: +0.25 dB
bandwidth. For 5 or 10 dB/div. add 0.1 dB to the figures
Resolution: 0.1 Hz above
Resolution bandwidth: For1 MQ input: Add to above specification
Bandwidth: 3 Hz —30 kHz (3 dB bandwidth) in 1, 3, 10 +0.7dB for 20 Hz —10 MHz; *1.5dB
sequence. Bandwidth may be selected manually or for 10 MHz —40.1 MHz
automatically coupled to frequency span. Amplitude linearity, 50/75() input:
Accuracy: +20% at 3 dB points (relative to reference level)
Selectivity: 60 dB/3 dB <11:1 0dB -20dB -50 dB -80 dB -95dB

Video bandwidth: 1Hz —30kHz in 1, 3, 10 sequence

+0.3dB *0.6dB =1.0dB *2.0dB
Typical linearity, 0 dB to -20 dB: 2.0 dB
Frequency response, 50/75Q input:
* (relative to center frequency) +0.5 dB
Typical frequency response: +0.3 dB
. For1 MQ input: Add to above specification
+0.7 dBfor 20 Hz —10 MHz; £1.5dB
for 10 MHz —40.1 MHz




Amplitude (continued) Dynamic range
Marker amplitude: Spurious responses:
Accuracy: (image, out-of-band, and harmonic distortion)

Center or manual frequency at the reference level:
Use reference level accuracy from +30 dBm to

-115dBm; add amplitude linearity below -115 dBm.

Anywhere on screen: Add amplitude linearity and
frequency response. (Same as display accuracy)

Resolution:
10 dB/div. scaling: 0.1 dB
5 dB/div. scaling: 0.05 dB
2 dB/div. scaling: 0.02 dB
1dB/div. scaling: 0.01 dB

Average Noise Level

50/75Q input: <—80 dB relative to a single signal at or
below the input range setting.

Typical performance: -84 dB - (1 dB/dB below input
range setting)
Example: For a -8 dBm signal on the 0 dBm input
range, the typical spurious responses would be
-92 dB with a noise floor at -115 dBm (3 Hz).
1 MQ input: < —80 dB except 2nd harmonic distortion
<-70dB
Intermodulation distortion:
50/75Q input: <—80 dB relative to the larger of two
signals, each >6 dB below input range setting
except 2nd order IM from 10 MHz to 40 MHz
<-70dB
1 MQ input: <—"70 dB for 2nd order, <—80 dB
for 3rd order
Residual responses (no signal at input):<—120 dBm
using -25 dBm range, or 95 dB below input range
setting
Residual phase noise (Typical at 40 MHz, -10 dBm input):
5 kHz offset: -112 dBc/Hz
100 kHz offset: -120 dBc/Hz

Average noise level:
50/75Q input: (see Below )
1 MQ input: Below 500 kHz add 12 dB to above

dBm

-100

Bandwidth
(300k, -100)

(30k, -108)

(100K, -104) ——eem—— 30 kHz

p— 10 kHz
3 kHz

-110 {3k, -111) (10, -111) 3K
y 4
(ZOQ.HS)(M' w1 ) — ST |300 Hz

122

100 Hz

\%— -127
) \ — 30 Hz
1% w 10 Hz

-137

-140

3 Hz

10 Hz 100 Hz 1 kHz 10 kHz

FREQUENCY

100 kHz 40 MHz



Display

Marker

Displayed amplitude range:
Scale: 10 vertical division graticule with reference
level (0 dB) at top graticule line
Calibration: 1, 2, 5, 10 dB/division
Measurement traces: Two measurement traces can be
displayed. Each trace is 1024 points vertical
X 1001 points horizontal.
Trace A is updated by the analyzer sweep, recall from
data registers, or by transfer from trace B.

Trace B is updated by transfer from trace A.

Trace functions: Transfer trace A to B, transfer trace B to
A, max. hold, subtract trace B from A, clear trace
A, save/recall trace A

Trace storage: 10 complete measurement traces can be

stored in nonvolatile registers. These traces can be

copied to the displayed traces A and B.

Limit testing: The measured trace is checked at the
conclusion of each sweep for conformance to
user-defined limits at every point. A pass/fail
indication is provided in the display and over
HP-IB.

Any two of the 10 nonvolatile trace registers can
be used as limits. The two memories must be
contiguous, with the lower numbered memory as
the lower limit. Limits are entered as absolute or
relative values. Limit lines can be displayed
simultaneously with measurement traces.

Display hardcopy: Both display traces, including full
annotation and limit lines, are automatically
reproduced on HP-GL-compatible HP-IB
pen-plotters and on graphics grinters such as the
HP Thinkjet and HP Laserjet:

Trace detection: Linear envelope detection of video
information from the IF signal. Peak signal
excursions between sweep data points are
measured and displayed to assure that no signal
responses are missed.

Marker accuracy: See Frequency and Amplitude

sections of these specifications

Marker search:

PEAK SEARCH — Sets the marker to the highest signal
in the displayed freqllency span

NEXT PEAK -- Sets the marker to successively lower
signal peaks in the displayed frequency span

NEXT LEFT -- Sets the marker to the next signal peak to
the left of the current marker position in the
displayed frequency span

NEXT RIGHT -- Sets the marker to the next signal peak to
the right of the current marker position in the
displayed frequency span

THRESHOLD-- When activated, the display line can be
adjusted by the user as a search threshold

Functions:

FREQUENCY DISPLAY -- Absolute and relative (offset)
modes

COUNTER — Counted frequency of selected signal in
absolute and relative (offset) modes

AMPLITUDE DISPLAY -- Absolute and relative (offset)
modes

NOISE LEVEL - Averaged and corrected noise level,
normalized to 1 Hz bandwidth

SIGNAL TRACK -- Resets center frequency once per sweep
to the peak signal found near the marker position.

Sweep

- Modes: Continuous, single, manual

(CW, direct or knob entry)
Trigger: Free run, external, line

Time: 0.2s to 200s/Hz of frequency span, excluding
calibration cydles (autocalibration may be
disabled)

Tracking generator

Level: 0 dBm to -11 dBm, manual control from front panel
Frequency accuracy: = 1Hz relative to analyzer tuning
Frequency response: £0.7dB; Typically: +0.5dB
Impedance: 502, >14 dB return loss



Signal inputs

Instrument state storage

50/75Q: >26 dB return loss, BNC connectors
1 MQ: 3% shunted by <30 pF, BNC connector

Max. input level:
50/75Q: 13V peak ac plus dc, relay protected for
overloads to 42V peak.
1 MQ: 42V peak ac plus dc (derated by factor of two
for each octave above 5 MHz)

External trigger: Negative-going TTL level or contact
closure initiates sweep

External frequency reference: 10 MHz or subharmonic to
1 MHz, 0 dBm minimum level

Signal outputs

Setup state: 10 nonvolatile registers for storage of
complete instrument configuration

Power-up state: HP 3585B can be configured to turn on in
standard or user-defined state or in power-off state

General information

Frequency reference: 10.00 MHz +1x 10-7/mo.,
+10 dBm into 50Q

IF: 350 kHz, -11 dBV to -15 dBV at the reference level
Video: 10 V at the reference level
External display: X, Y: 1V full deflection. Z: <0V to >2.4V

Probe power: +15 Vde,—12.6 Vdc:150 mA max.,
suitable for HP active probes

HP-IB interface

Complies with IEEE 488-1978

Control: All control settings except tracking generator
level, CRT intensity, focus, astigmatism, graticule
illumination

Interface functions: SH1 AH1 T5 L4 SR1 RL1 PP0 DC1
DT1 CO E1

Environmentak: .
Temperature, operating: 0°C to 55'C

Humidity: < 95% RH
Warm up time: 20 min. at ambient room temperature

Power:
115V (+11% -25%), 48-440 Hz
230V (+11% -18%), 48-66 Hz
180 W, 3A max.

Weight: 36.7 kG (81 Ib.)

Dimensions: 22.9 ecm (9 in.)H X 42.6 em (16.75 in. )W
X 635am (25in.) D

Ordering information:

HP 3585B sgectrum analyzer

Option W3 2 years extended warrcnty
Option 907 Front handle kit

Option 908 Rack flange kit

Option 909 Combined rack flange/handle kit
Option 910 Additional set of manuals
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. SECTION I
INSTALLATION AND INTERFACING

2.1. INTRODUCTION.

2-2. This section contains instructions for installing and interfacing the Model 3585 Spec-
trurn Analyzer. Included are initial inspection procedures, power and grounding re-
quirements, environmental requirements, installation instructions, turn-on and interfacing
procedures and instructions for repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both mechanically and electrically before ship-
ment. It should be free of mars or scratches and in perfect electrical order upon receipt. To
‘confirm this, carefully inspect the instrument for signs of physical damage incurred in tran-
sit, check for supplied accessories (Paragraph 1-21) and test the electrical performance using
the Performance Test procedures given in Section IV. If there is physical damage, if the con-

‘ tents are incomplete or if the instrument does not pass the Performance Tests, notify the
nearest -hp- Sales and Service Office. If the shipping container is damaged or the cushioning
material shows signs of stress, notify the carrier as well as the Hewlett-Packard Office. Keep
the shipping materials for the carrier’s inspection.

| WARNING I

To avoid the possibility of dangerous electrical shock, do not
apply ac line power to the 3585 if there are signs of shippin
damage to any portion of the outer enclosure. '

2-5. POWER REQUIREMENTS.
2-6. The Model 3585 requires a single-phase ac power source of:

86V to 127V, 48Hz to 440Hz (115V Voltage Selector Setting)
189V to 255V, 48Hz to 66Hz (230V Voltage Selector Setting)

Maximum power consumption is less than 180 watts; maximum line current is 3 amperes.
Refer to Paragraph 2-26 for the Instrument Turn On procedure.

LAAA AL AL

L CAUTIONS

. Before applying ac line power to the 3585 , be sure that the
VOLTAGE SELECTOR switch is set for the proper line voltage
and the correct line fuse is installed in the rear-panel line FUSE
holder. (See Paragraph 2-26.)
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2-7. Power Cables.

Model 3585

2-8. Figure 2-1 illustrates the standard power-plug configurations that are used for -hp-
power cables. The -hp- part number directly below each drawing is the part number for a
power cable equipped with a power plug of that configuration. The type of power cable that
is shipped with each instrument is determined by the country of destination. If the ap-
propriate power cable is not included with your instrument, contact the nearest -hp- Sales
and Service Office and the proper cable will be provided.

Optton 900 United Kingdom Option 908 For interconnecting Option 917 Republic of South
BS 1363A Plug 1€C 320-C14 system components and Africa and Incia
Earth pertpherals
/ i -
- Neutral Line arth | :
2 S Neutral
TV~ Uine Earth
Neutra?l Line
220V - SA 250V - 10A 250V - 10A
CABLE": HP 5041-5807 OPERATION CABLE: 5041-5836 OPERATION CABLE: 5041-5822 OPERATION
Option 901 Australia/New Zealand Option 906 Switzerland Option 918 Japan
NZSS 198/AS SEV 1011.19%9-24507 MITI 41-9692 Plug
€112 Plug Earth Type 12 Plug
m/ Neutra) Earth
_/_y\ Neutral W %/
Line .
Line —— Earth Meutral ———"" T~ Line
220V - 6A 220V - 6A 125V - 2A
CABLE": 5041.5808 OPERATION CABLE*: 5041.5812 OPERATION CABLE: 5041-5840 OFERATION
Option 902 Continental Europe option 912 Denmark Option 903 U.S./Canada
1EC 83 - ca DHCR 107 Plug
Earth €
Line Q arth
T Ltner 7, P m%/
Earth Neutralr® —~— Neutral T Line
{* Line/Neutral Polarity Optional) Neutral Earth
PLUG": CEE7-v11 220V . 6A 220V - 6A PLUG*: NEMA 5-15p 125V - 10A"*
CABLE": 5041-5809 OPERATION CABLE": 5041-5814 OPERATION CABLE": 5041-5819 OPERATION
Ooptt 904 u.s./c d
*The number shown for the plug is the industry identifier for the plug only. ,,gm":-,,p Plug /canada
The number shown for the cable is an HP part number for a complete cable including the plug. Line 1*=
**UL listed for use 1n the United States of America.
RN
Line 2 T artn
250V - BA**
CABLE": 5041-5806 OPERATION

l WARNING l

The power cable plug must be inserted into a socket outlet provided with a
protective earth terminal. Defeating the protection of the grounded
instrument cabinet can subject the operator to lethal voltages.

2-9. GROUNDING REQUIREMENTS.

2-10. To protect operating personnel, the instrument’s panel and cabinet must be grounded.
The Model 3585. is equipped with a three-wire power cord which, when plugged into an ap-
propriate receptacle, grounds the instrument. The offset pin on the power plug is the ground

connection.
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2-11. ENVIRONMENTAL REQUIREMENTS.

| WARNING I

To prevent potential electrical or fire hazard, do not expose equip-
ment to rain or moisture.

2-12. Operating Environment.

2.13. In order for the 3585 to meet the specifications listed in Table 1-1, the operating en-
vironment must be within the following limits: '

Temperature. ............. 0°C to + 55°C(+ 32°Fto + 131°F)
Relative Humidity. ......coovieeiieeeanennns < 95%*
AIUAE. o oo iie i i i ia s < 15,000 feet
Magnetic Field Strength.............cvoveieennnn =< 0.1 gauss

*Except 300Hz Res. BW, 40%
2-14. Storage and Shipping Environment.

2.15. The 3585 should be stored in a clean, dry environment. The following environmental
limitations apply to both storage and shipment:

Temperature............ —40°C to +75°C (—40°F to + 158.°F)
Relative Humidity. .. .....covriiiiiianiniaene < 95%
Altitude. . oot e s ....=< 25,000 feet

In high-humidity environments, the instrument must be protected from temperature varia-
tions that could cause internal condensation.

2-16. Cooling System.

2-17. The 3585 uses a forced-air cooling system to maintain the proper internal operating
temperature. The cooling fan is located on the rear panel. Air, drawn through the rear-panel
fan filter, is circulated through the instrument and exhausted through holes in the side
panels. The instrument should be mounted to permit as much air circulation as possible,
with at least one inch of clearance at the rear and on each side. The filter for the cooling fan
should be removed and cleaned at least once every 30 days. To clean the fan filter, simply
flush it with soapy water, rinse and then air dry.

2-1 8_. Thermal Cutout.

2-19. The 3585 is equipped with a thermal cutout switch which automatically disables the
power supplies when the internal temperature exceeds +65°C (external termperature ap-
proximately + 55°C). To reset the thermal cutout, set the LINE switch to OFF, allow time
for the instrument to cool and then set the LINE switch to ON. (The thermal cutout will not
reset automatically; the LINE switch must be turned off and then back on.) If a thermal
cutout occurs, check for fan stoppage, clogged fan ports and other conditions that could
obstruct air flow or cause excessive heating.

Installation
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OPTION 808

HANDLE KIT, BENCH OPERATION RACK MOUNT FLANGE KIT RACK MOUNT FLANGE/FRONT HANDLE KIT

Figure 2-2. Rack Mount and Handle Kits.
2-20. INSTALLATION.

2-21. Mounting.

2-22. Bench Mounting. The 3585 is shipped with plastic feet attached to the bottom
panel, ready for use as a bench instrument. The feet are shaped to make full-width modular
instruments self align when they are staked. Because of its weight, the 3585 is not equipped
with a tilt stand. It is recommended that a Front Handle Kit (Option 907, -hp- Part No.
5061-0091) be installed for ease of handling the instrument on the bench.

2-23. Rack Mounting. The 3585 can be rack mounted either with or without slides using
the following procedures.

2-24. Rack Mounting Without Slides.

a. Remove the plastic trim (Figure 2-2) and front handles from the 3585 if it is so equip-
ped.
b. Remove the plastic feet from the bottom of the 3585.

c. Install the Rack Flange Kit with or without handles according to the instructions in-
cluded in the kit:
Rack Flange Kit (no handles)............ Option 908, -hp- Part Number 5061-0079
Rack Flange & Front Handle Kit. ........ Option 909, -hp- Part Number 5061-0085

d. Install an Instrument Support Rail on each side of the instrument rack. (The Instru-
ment Support Rails, used to support the weight of the instrument, are included with -hp-

rack-mount cabinets.)
I WARNING '

1. The weight of the 3585 must be supported by Instrument Sup-
port Rails inside the instrument rack. Do not under any cir-
cumstances attempt to rack mount the 3585 using only the front
flanges.

2. The 3585 is heavy for its size (approximately 88 Ibs, 40 kg.).

Use extreme care when lifting it to avoid personal injury.

e. Using two people, lift the 3585 to its position in the rack on zop of the Instrument
Support Rails.

f. Using the appropriate screws, fasten the 3585°s Rack-Mount Flanges to the front of
the instrument rack.
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‘ 2-25. Rack Mounting With Slides.

Following text replaces table and notes text on 2-5:

Qty. Description Part Number
1 Option 908, rack flange kit . . .. ... .. 5062-3979
or Option 909, rack flange and handle kit . .5062-3985
1 Heavy-duty slide kit . . . ... ....... 1494-0016
2 Sidecovers . . .......... ... 5060-9948
NOTE

Instrument Support Rails are not absolutely necessary when rack
mounting with slides. However, they do relieve a considerable amount
of strain from the slides and provide an extra measure of safety.

a. Perform Steps a through d of the previous procedure (Paragraph 2-24).
NOTE

Instrument Support Rails are not absolutely necessary when rack
mounting with slides. However, they do relieve a considerable
. amount of strain from the slides and provide an extra measure of

safety.

b. Remove the 3585 side covers and replace them with the side covers listed at the begin-
ning of this procedure. '

c. Attach a slide inner-member bracket to each side of the 3585

d. Attach the slide’s outer members to the instrument rack according to the instructions
included with the slides.

e. If your instrument rack has extension legs on the front, be sure that they are extended

at this time.
I WARNING I

1. When the 3585 is pulled out on fully-extended slide mounts, its weight can over-
turn an instrument rack. Physical injury can result. Care should be taken to avoid
this situation.

2. The 3585 weighs approximately 88 pounds (40 kg.). Use extreme care when lift-
ing it to avoid personal injury.

f. Using two people, lift the 3585 to its position in the rack and mate the two sections of
‘ the slides together. Do not rest the full weight of the 3585 on the extended slides until-you
are sure the instrument rack will not overturn.

g. Slide the 3585 into the rack. Using the appropriate screws, fasten the 3585’s Rack-
Mount Flanges to the front of the rack.
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2-26. Instrument Turn On. .

a. Before connecting ac power to the 3585

1. Set the rear-panel VOLTAGE SELECTOR switch to the position that corresponds
to the power-line voltage to be used:

Voltage Selector Line Voliage
115V 86V to 127V
(48-440H2z)
230V 189V to 255V
(48-66H2z)

| WARNING I

To avoid serious injury, be sure that the ac power cord is discon-
necred before removing or installing the ac line fuse.

2. Verify that the proper line fuse is installed in the rear-panel FUSE holder:

Voltage Selector Fuse Type -hp- Part No.
115V 3A, 250V Normal Blo 2110-0003 : ' ‘
230V 1.5A, 250V Normal Blo 2110-0043

I WARNING I

To protect operating personnel, the 3585 chassis and cabinet
must be grounded. The 3585 is equipped with a three-wire power
cord which, when plugged into an appropriate receptacle, grounds
the instrument. The offset pin on the power plug is the ground
connection. To preserve this protection feature, the power plug
shall only be inserted in a three-terminal receptacle having a pro-
tective earth ground contact. The protective action must not be
negated by the use of an extension cord or adapter that does not
have the required earth ground connection. Grounding one con-
ductor of a two-conductor outlet is not sufficient protection.

Ensure that all devices connected to the 3585 are also connected
to the protective earth ground.

b. Verify that the BNC-to-BNC jumper (supplied with the instrument) is connected bet-
ween the rear-panel OVEN REF OUT and EXT REF IN connectors. (For information con-
cerning the use of an external frequency reference, see Chapter 1 of Section 111, Part One.)

c. Set the front-panel LINE switch to the OFF position. ‘

d. Connect the ac power cord to the rear-panel LINE connector. Plug the other end of
the power cord into a three-terminal grounded power outlet.

2-6
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Installation

. e. Set the front-panel INTENSITY control to the OFF (fully CCW) position.

f. Set the LINE switch to the ON position.

NOTE

The instrument’s beeper will sometimes sound as a result of the
local oscillator initially being unlocked during the turn-on

sequence. This initial “‘beep’’ may be ignored.

g. Things to check:

1.

2.

Verify that the cooling fan (located on the rear panel) is operating.

Verify that the activated front-panel functions on your instrument correspond to

those shown in Figure 2-3.

3.

Verify that the front-panel SWEEPING light is flashing.

If any of the above conditions is not met, turn the instrument off immediately and contact
the nearest -hp- Sales and Service Office or a qualified service technician.

Y]
AUTO
RANGE
/@J REF LVL
TRACK
)
_ oo om
O“’ o)
&
L& —roe @M

Figure 2-3. Front-Panel Functions Activated At Turn-On.
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h. Adjust the front-panel INTENSITY control to obtain the desired intensity on the CRT screen.

CRT life will be extended at lower intensities. Adjust the FOCUS, ASTIG, and ROTATION
controls as follows:

1. Set the ROTATION control for an image properly aligned.

2. Set the FOCUS control to midrange.

3. Adjust the ASTIG (Astigmatism) control for the sharpest trace possible.
4. Adjust the FOCUS control for the sharpest and clearest trace possible.

(%)

. Repeat steps 3 and 4 until optimum adjustment is obtained. If, after several iterations
a sharp, clear presentation cannot be obtained, internal adjustments are probably required.
These adjustments be performed by a qualified service technician.

i. The CRT display should now appear as shown in Figure 2-4.

Verify that the Zero Response is present and is aligned with the first vertical line on the left-
hand side of the CRT graticule.

REF -25.0 dBm MARKER 20 000 000. 0 Hax
10 d4B/D1V RANGE -25.0 dBm -97.1 dBm

-y St/ T T T T T
e S U ——"
_ Rt S
- ___r_,__a____J
1
-+ - -—“L——— j

R

L : H H
CENTER 20 000 000.0 H=z SPAN 40 000 000. 0 Hz
RBW 30 KHz VBW 30 KH=z ST .2 SEC

Figure 2-4. Turn-On Display.

N i . e .
j. Press the front-panel @'key. (This will force an internal verification test and
Automatic Calibration. The ““CALIBRATING”’ message will appear on the CRT screen.)

If the beeper sounds and/or a Calibration Error Code (e.g., “CALIBRATION ERROR
03’) appears on the CRT screen, the instrument is either defective or in need of adjustment.
Turn the instrument off and contact -hp- or a qualified service technician.

k. The 3585 ’sspecifications are met after a 20-minute warmup at the ambient operating
temperature.

NOTE

When the internal Oven Reference is enabled (about ten minutes
after turn on), the beeper will sound and the “‘LOCAL OSC.
UNLOCKED’’ message will momentarily appear on the CRT
screen.
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2-27. HP-IB Connections And Interfacing.”

2-28. The 3585 HP-IB connector (Figure 2-5) is compatible with the -hp- 10631 (A, B, C
or D) HP-1B Cables. The 3585 uses all of the HP-1B lines. The HP-1B system allows you to
interconnect up to fourteen HP-1B compatible instruments (including the controller). The
HP-IB Cables have identical ‘‘piggyback’’ connectors on both ends so that several cables
can be connected to a singie source without special adapters or switch boxes. You can inter-
connect system components and devices in virtually any configuration you desire. There
must, of course, be a path from the calculator (or other controller) to every device operating
on the bus. As a practical matter, avoid stacking more than three or four cables on any one
connector. If the stack gets too long, the force on the stack can produce sufficient leverage
to damage the connector mounting. Be sure that each connector is firmly screwed in place to
keep it from working loose (see CAUTION in Figure 2-5).

2-29. Cable Length Restrictions. To ‘achieve design performance with the HP-IB, proper
voltage levels and timing relationships must be maintained. If the system cables are too long,
the lines cannot be driven properly and consequently, the system will fail to perform. When
interconnecting an HP-IB system, observe the following rules:

a. The total cable length for the system must be less than or equal to 20 meters (65 feet).

b. The total cable length for the system must be less than or equal to 2 meters (6 feet)
times the total number of devices connected to the bus.

:CAUTION§

PIN LINE

; g:g; The 3585 contains metric threaded HP-IB cable mounting
3 DI03 studs as opposed to English threads. Metric threaded -hp-
4 DI04 10631A. B, or C HP-1B cable lockscrews must be used 10
13 DI0S secure the cable_ to the instrument. Identification of the two
14 DI06 types of mounting studs and lockscrews is made‘ by their
15 D107 co/or: English threaded fasteners are colored silver and
16 D108 metric threaded fasteners are colored black. DO NOT mate
5 EOI silver and black fasteners to each other or the threads of
17 REN either or both will be destroyed. -Metric threaded HP-I18
6 DAV cable hardware illustrations and part numbers follow.

7 NRFD LOCKSCREW LONG MOUNTING STUD SHORT MOUNTING STUD
8 NDAC 1390-0360 0380-0643 0380-0644

9 IFC

10 |. SRQ

" ATN

12 SHIELD-CHASSIS GROUND

18 P/O TWISTED PAIR WITHPIN 6

19 P/O TWISTED PAIR WITH PIN 7

20 | P/OTWISTEDPAIRWITHPING [ THESEPINS

21 P/O TWISTED PAIRWITHPINS > \ncremnaLLy

22 P/O TWISTED PAIR WITH PIN 10 GROUNDED

23 P/O TWISTED PAIR WITH PIN 11

24 ISOLATED DIGITAL GROUND

Figure 2-5. HP-IB Connectos.

*Hewlett-Packard Interface Bus (HP-IB) is -hp-’s implementation of IEEE Standard 488-1975, ‘‘Digital Inter-
face for Programmable Instrumentation”’.

Installation
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2-30. Controller Interfacing. Instructions for interfacing the 3585 via the HP-IB are included in .
Section ITI, Chapter 9, “Remote Operation.”

2-31. HP-IB Address Selection.

2-32. The 3585 is shipped from the factory with an HP-IB address of eleven. For information on
changing this setting, see “Setting the HP-IB Address” in Section III, Chapter 9, “Remote Opera-
tion.”

2-33. HP-IB Descriptions.

2-34. A description of the HP-IB is included in Section III, Chapter 9, “Remote Operation.”” A
study of this information should be helpful if you are not familiar with the HP-IB concepts.

2-35. REPACKAGING FOR SHIPMENT.
2-36. Original Packaging.

2-37. If at all possible, repackage the instrument in the original container, which is specially
designed to accommodate the weight of the 3585 . Containers and materials equivalent to
those used in factory packaging are available through -hp- Sales and Service Offices. Place
the instrument in the container with appropriate (3 to 4 inches) packing material and seal
well with strong tape or metal bands. Also mark the container ‘““FRAGILE”’ to insure
careful handling. . ‘

NOTE
If the instrument is to be returned to -hp- for service, attach a tag
indicating the type of service required. Include any symptoms or
details that may be of help to the service technician. Also include
your return address, the instrument’s model number and full serial
number. In any correspondence, identify the instrument by model
number and full serial number.

2-38. Other Packaging.

2-39. The following general instructions should be used for repackaging with commercially-
available materials: -

a. Wrap the instrument in heavy paper or plastic. (If shipping to a Hewlett-Packard of-
fice or service center, attach a tag indicating the type of service required, return address,
model number, and full serial number.)

b. Use a strong shipping container. A doublewall carton made of 250-pound test material
is adequate.

¢. Use enough shock-absorbing material (3-to-4 inch layer) around all sides of the instru-

ment to provide firm cushion and prevent movement inside the container. Protect the con-

trol panel with cardboard. ‘
d. Seal the shipping container securely. _
e. Mark the shipping container FRAGILE to assure careful handling.
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SECTION 1l
OPERATING INSTRUCTIONS

This Section provides complete operating information for the HP 3585 Spectrum Analyzer. It is
composed of nine chapters. The first eight chapters deal with front-panel operation, covering the
basic and detailed aspects of operating the 3585 from the front panel.

Chapter 9 covers remote operation with a controller/computer via the Hewlett-Packard Interface
Bus (HP-IB). This programming information is intended users thoroughly familiar with front-
panel operation.

FRONT-PANEL OPERATION
PREFACE.

This first portion of Section III contains information and procedures to assist you in learn-
ing to operate the 3585 from the front panel. It is divided into eight chapters:

Chapter 1. Overview And General Operating Information
Chapter 2. Basic Operating Procedures

Chapter 3. Operation In The Manual Mode

Chapter 4. Input And Range Functions

Chapter 5. Major Operating Parameters And Entry Functions
Chapter 6. CRT Display And Trace Functions

Chapter 7. Bandwidth And Sweep Time Coupling

Chapter 8. Marker/Continuous-Entry Functions

This subsection has been made as comprehensive as possible in an effort to provide a useful
and informative operational reference for the instrument, and is not intended to be read
from cover-to-cover. The chapters are overlapping and, in some cases, deliberately redun-
dant to allow you to read about a specific function and any related or interactive functions
with a minimum of cross referencing. Most of the information that you will need to use the
instrument is included in Chapters 1, 2 and 3.

After you have worked with the 3585 for awhile, you may have questions concerning some
of its performance capabilities and operating features. While no printed manual can pretend
to answer all questions or cover all situations, the answers to most of your questions can be
found in Chapters 4 through 8, which cover some of the more subtle and detailed aspects of
operation.
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CHAPTER 1
OVERVIEW AND GENERAL OPERATING INFORMATION

This chapter provides an overview of the 3585 and general information concerning its major perfor-
mance capabilities and operating features. Contents are as follows:
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The 3585 Front Panel
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PERFORMANCE SUMMARY/DESCRIPTION

PERFORMANCE SUMMARY AND DESCRIPTION

The Model 3585

is a high-performance, easy-to-use spectrum analyzer, covering the 20 Hz to 40.1

MH:z frequency range. It can be used as a stand-alone bench instrument for signal-analysis and
network-analysis applications; or, through its HP-IB interface, it can be linked to a computing con-
troller and up to thirteen other HP-IB instruments to form a powerful automatic measurement

system.*

3585 PERFORMANCE SUMMARY

FREQUENCY:

Measurement Range:

20 Hz to 40.1 MHz
Displayed Range:

O Hz 10 40.1 MHz full span
Resolution:

3 dB bandwidths of 3 Hzto 30 kHzina 1, 3,
10 sequence

Accuracy

Manual Frequency:

+ 0.lHz £ 1 x 107/mo.
Marker:

Normal += 0.2% of Frequency Span
+ Resolution Bandwidth

Counter + 0.3 Hz = 1 x 10~ //mo.
AMPLITUDE:

Measurement Range:
—-137 dBm to + 30 dBm {502 or 759)
Displayed Range:

10, 5, 2, 1 dB/DIV over a 10 division scale
Dynamic Range:

Harmonic distortion and third order inter-
modulation distortion > 80 dB below signal
= to the Range Setting..

Average Noise Level:
<-137 dBmin the 3 Hz Resolution Bandwidth

Accuracy:

Best achievable accuracy over the measure-
ment range is =+ 0.4 dBto + 1.3 dB depend-
ing on the level.

SWEEP:

Time:
0.2 sec. to 59,652 hrs.

INPUT:

Signal Inputs:
Terminated 50/759Q; return loss > 26 dB

High-lmpedance 1 MQ; + 3% shunted by
< 30 pf

Max. Input Level:
50/759Q; + 30 dBm (1 watt}
1 MQ; 42 V Peak

OUTPUTS:

Tracking Generator:
O dBm to — 11 dBm (50 ohms)
Display:
X, Y, and Z outputs for auxiliary CRT display

INSTRUMENT STATE AND TRACE MEMORY STORAGE:

As many as ten user-defined instrument states may be
saved in nonvolatile memory and recalled for later use.

As many as ten traces may be stored in nonvolatile
memory and recalled for later use.

REMOTE OPERATION:

All analyzer control settings (with the exception
of line, tracking generator amplitude and dispiay)
can be programmed via the Hewlett-Packard Inter-
face Bus {HP-IB).*

*Hewlett-Packard Interface Bus (HP-IB) is -hp-’s implementation of 1IEEE Standard 488-1975 and identical ANSI Standard
MCI1.1, *‘Digital Interface for Programmable Instrumentation’’. HP-IB operation is described in Section III, Part 2.
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TURN ON AND WARMUP

TURN ON AND WARMUP

Before applying ac line power to the 3585 , make certain that the rear-panel VOLTAGE SELECTOR
switch is in the position that corresponds to the voltage and frequency of the ac power source. Also
verify that the proper line fuse is installed in the rear-panel fuse holder (see Section II).

The 3585 specifications are met after a 20-minute warmup at the ambient operating temperature.

Freguency Reference

The 3585 can be operated using its own internal Oven Reference or an external frequency reference.
The internal or external frequency reference must be connected to the rear-panel EXT REF IN connec-
tor.

internal Oven Reference

The 3585 is equipped with a temperature-stabilized, crystal-controlled 10 MHz reference oscillator,
whose output is available at the rear-panel OVEN REF OUT connector. The frequency accuracy of
this internal Oven Reference is expressed as a time coefficient of 10 MHz =+ 1 x 107 per month, relative
to the time the instrument is shipped from the factory or the reference frequency is adjusted using the
procedure outlined in the 3585 Service Manual. The Oven Reference time coefficient is included in
the Counter and Manual frequency accuracy specifications.

To use the internal Oven Reference, connect the BNC to BNC jumper (supplied with the instrument)
between the rear-panel OVEN REF OUT and EXTERNAL REF IN connectors.

NOTES

1. Power is applied to the internal reference oven only when the LINE
switchisinthe ON position. The3585 doesnot havea ‘‘standby’’ mode.

2. The output of the internal Oven Reference is disabled until the oven
reaches the proper operating temperature. During the oven warmup cycle,
there is no signal applied to the EXT REF IN connector; so the 3585 s
master oscillator runs in the open-loop mode in which the frequency ac-
curacy is unspecified. When the oven reaches the proper operating
temperature (about ten minutes after turn on), the Oven Reference is
automatically enabled. At that time, the beeper sounds and the message,
“L.O. UNLOCKED’’ momentarily appears on the CRT screen. The
message disappears as soon as the master oscillator is phase-locked to the
Oven Reference.



TURN ON AND WARMUP

External Reference

For applications requiring optimum frequency accuracy, the 3585 can be phase locked to an external
frequency standard. The external reference frequency must be 10 MHz or any subharmonic down to
1 MHz (+ 5 ppm); and the amplitude must be within the range of 0 dBm to + 15 dBm (50 ohms). The
frequency accuracy of the external reference may be substituted for the Oven Reference time coeffi-
cient in the Counter and Manual frequency-accuracy specifications. To avoid performance degrada-
tion, the phase noise and spurious content of the external reference signal must be at least-110 dBc
(1 Hz) relative to 10 MHz at a 20 Hz to 1 kHz offset.

To use an external reference:

1. Remove the jumper from between the rear-panel OVEN REF OUT and EXTERNAL REF IN
connectors.

(To keep from losing the jumper, you may connect one end of it to any unused
rear-panel connector.)

2. Using a shielded cable equipped with BNC connectors, connect your external reference to the
EXTERNAL REF IN connector.

(When the reference is initially connected, the beeper will sound and the
““L.0O. UNLOCKED’’ message will appear on the screen. The message will
continue to be displayed until the master oscillator is properly phase-locked to
the external reference.)

Operational Verification

The 3585 autométically performs an internal operational verification test and calibration during its
turn-on sequence and also when the key is pressed. This internal test verifies that most of the
analog and digital circuitry is operating properly; but it does not verify that the 3585 maeets its
published specifications. In the event of a test failure, the instrument’s beeper will sound and, in most

cases, a Calibration Error Code or failure message will appear on the CRT screen.

NOTE
The beeper will sometimes sound as a result of the local oscillator being
unlocked during the instrument’s turn-on sequence; but this initial “‘beep’’
does not constitute a test failure. To perform the verification test, allow the
instrument to warmup for about two minutes and then press . If this
causes the beeper to sound, the instrument is either defective or in need of
adjustment. Contact a qualified service technician or return the 3585 to

-hp- for service.
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FRONT-PANEL TOUR
THE POWER-UP OPTION

‘ THE POWER-UP OPTION

POWER-UP STATE SELECTION

Key 0: Power-down state lost

i(DODD S 8888 ooo Power up in INSTR PRESET state
| 072~ o0 Key 1: Power-down state saved 0
ey 1: wer-down e saved in register
Coo -~ oo Power up in INSTR PRESET state

o0 googo -
oco000aog ©oo Key 2: Power-down state lost

o ooo gEH 8888 ooco Power up in register O state

o e ® ® ® Key 3: Power-down state saved in register 0

- Power up in power-down state

Key 4: Exit power-up menu

POWER - UP
STATE

There are four possible actions the analyzer can take when the power is turned on. To make this selection,
first, display the Power-Up State Selection menu by pressing (blue) Power-Up State key (down arrow key).
‘ Pressing a numeric key selects the action the analyzer takes when the power is cycled (see figure).

® Pressing the “0’’ key causes the analyzer to power-on in the Instrument Preset state. No other
actions are taken.

® Pressing the “1” key causes the analyzer to save its last state in register 0 when the power is
cycled. This save is not performed if there have been no bus or front-panel commands since the
power was last turned off. The analyzer powers on in the Instrument Preset state.

® Pressing the “2” key causes the analyzer to power-on in the state in register 0. Register 0 is
not altered.

® Pressing the ““3” key causes the analyzer to save its last state in register 0 when the power is
turned off. This state is then recalled shortly after the power is again restored.

NOTES

1. In options 2 and 3, the recall of register 0 does not cccur until after the sweep
has been started in the Instrument Preset state. Thus, until a complete sweep has
completed, there is some incorrect data at the beginning of the sweep.

" 2. If, in options 2 and 3, the analyzer detects bad data in register 0, it reverts to
the Instrument Preset state and displays an error message.

3. The power-up option is not changed by Instrument Preset.
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THE GREEN KEY

THE GREEN KEY

The Instrument Preset key is the green key in the Entry front-panel section. The primary purpose of this
key is to provide a convenient starting place for a measurement setup. The same thing may be accomplished
for other setup states by saving and recalling states in one of the ten instrument state registers (see “In-
strument State Storage” in Chapter 1). Pressing the Instrument Preset key changes the instrument
parameters and functions to values and settings which, collectively, are called the “Instrument Preset
State’’ (see figures below). (The definition of the turn-on state is dependent on the power-up option selected.)
Instrument Preset does not erase trace memory and it does not erase the instrument state registers. Specifi-
cally, it performs the following functions:

® Restores a full 0 Hz-to-40 MHz frequency span with resolution and video bandwidths of 30 kHz
and a 0.2 second sweep time, continuous sweep active.

® Optimizes the reference level coupling and bandwidth/sweep-time coupling.
® Activates the terminated input and selects the 50() impedance setting.
® Initiates an internal test sequence and an automatic calibration.

Memory Clear

Memory-clear is a special Preset operation that clears all registers and memory in the analyzer. This is
provided as a convenience to quickly clear all information from the analyzer and as a fail-safe trouble-shoot-
ing tool to use in the case where bad stored data (e.g.; in the power-up instrument state register) is prevent-
ing the analyzer from operating. To perform a memory-clear:

1. Turn the power switch off.
2. Press and continue to hold the green Instrument Preset key.
3. Turn the power on. Continue holding the Preset key until the front-panel lights quit blinking.

Instrument Preset State Parameter Values Functions Activated by Instrument Preset
Range . ................ +30.0 dBm*
Reference Level . . .......... +30.0 dBm cou
Vertical Scale (dB/DIV) . . .. ... ... 10.0 dB/div cowt viewa waen W
& &

Frequency Span . . ........... 40.0 MHz
Center Frequency . . . . ......... 20.0 MHz \
gart Frequency . . ............ 0.0 Hz N . — ‘g o

opFrequency . . ............ 40.0 MHz o oo AANGE

p Frequency > ID § 5000 oo /
Resolution Bandwidth . . ... .. ... 30,0 kHz 2528 O coo
Video Bandwidth . . ........... 30.0 kHz o0 0oog
SweepTime(ST) . ............ 02s 8%888888
o | poo oo oooo T

Marker Frequency . ........... 20.0 MHz =
Offset Ampiitude . . . ... .. ..... 0.0 dBV ° @} © o/ _—
Offset Frequency . . .. ... ... ... 0.0 Hz \ /
* With no input, the analyzer automatically downranges to — = '
—-25 dBm. With Reference Level Tracking activated, the
Reference Level changes when the Range setting changes. '
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THE BLUE KEY

N °
e coo 8 oooo ooo |
. a Qo DDD .
| =/=I=N=NE ) R Blue (shift) Key

!DDD we

|
{

a0 |
. ' orC0000an DDD !
i - oC 000000 DDG'
| o, . oo ocog oooo |
[}

e @ ® @ ©® @ @ @ o©1

Many of the front-panel keys may be used to activate two functions. These are identified by the blue letter-
ing below the key. The name of the first or primary function served by the key is printed on or above it. The
blue text is the function name of the second function served by the key. These are sometimes referred to as
“shifted functions” because you must first press the blue shift key before pressing the function key. Each
of these functions is documented later in this operating manual.

Pressing the blue key turns on a light in the center of the key to indicate that the shift is active and that the
secondary function of any double function key will be activated when it is pressed. If the key pressed after
the blue key has no blue text under it (and no secondary function), nothing happens when it is pressed ex-
cept that the light in the blue key goes out. If the blue key is pressed repeatedly, the light and the shift status
toggle on and off.

Some shifted function names do not appear on the front panel (semicolon separates key presses from descrip-
tion in the following list).

(blue) . ; (decimal point in numeric keypad) toggles the displayed grid on and off.

(blue) Free Run,; (in the Trigger section) displays the ROM version code in the lower-left corner.
(blue) Line; (Trigger section) toggles annotation line on and off (see “Display Control” in Ch. 9).
(blue) External; (Trigger section) toggles script lines on and off (see “Display Control” in Ch. 9).
(blue) Offset; (Marker section) toggles tracking generator offset mode (see ‘“Test Modes” in Ch. 9).
(blue) Res BW; (RBW-VBW.-ST section) toggles single loop mode (see “Test Modes” in Ch. 9).

(blue) A—B;(Trace section) if the display line is set, changes the A—B reference to the position of
the display line (see “Programming the A—B Trace Position” in Ch. 9).

(blue) 3; (Numeric keypad) toggles bus debugging on and off. Effective only in remote control.
(see “Bus Debugging’’ in Ch. 9.)
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THE BEEPER

SINGLE

/FULL-SWEEP
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Useeron Laeerore

FULL SWEEP

After completing a measurement with a narrow frequency span, it is sometimes desirable to return to a full
0 Hz-to-40 MHz span, to locate the next signal to be measured, without presetting the analyzer. This can
be done by pressing (blue) Full Sweep in the Sweep Section. Full Sweep may be used to quickly change the
frequency sweep to the full range of the analyzer. It does not change the marker position or any other
parameter value (other than start, stop, center, and span frequency), nor does it change the active status of
any toggled function. With Coupled-To-Span activated, the Res. BW, Video BW, and Sweep Time parameters
are coupled to frequency span and may, therefore, change when Full Sweep is pressed. The change in cen-
ter frequency and/or resolution bandwidth caused by pressing Full Sweep initiates an automatic calibration.

THE BEEPER

The analyzer communicates with the operator via alphanumeric messages displayed on the screen. To call
the operator’s attention to these messages, it sounds an audible alerting device called a “beeper”” which
produces a short-duration, high pitched tone whenever a message appears on the screen. If the condition
causing the message is repeated, the beeper responds, too. The beeper also sounds whenever an error is
detected in the internal test routine that is performed during the turn-on sequence and each time the
instrument is preset.

Beeper Control.

The beeper may be turned off by pressing the (blue) Beep Off key (under the 2 numeric key). It is turned on
by pressing the (blue) Beep On key (under the 1 numeric key).
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Input Functions

INPUT FUNCTIONS*

PN (NPUT
© oveRLOAD

REF LVL
ENTRY TRACK

(_1@(_1

T e

TERMINATED High-Impedance Input

/(1 MQ < 30 pF, ac coupled)

o. . ooo o0 Cll:]f:)CJE
o @ ® ® @ ® ©® @

{(

Probe Power Jack © A
—-12.6Vdc, 150mA max.)
(+16Vdc, —12.6Vdc vt Mol \_Terminated input
{509 or 759, dc coupled)

i

L\ AL AALA S

& 1»CAun0N~t

AAAAAAAAAAN,

1. The Terminated input is dc coupled.. Peak (combined ac/dc input levels
exceeding x 13 volts will “‘trip”’ the internal protection circuit causing the in-
put to open; but may also damage the input circuitry.

2. RF input levels exceeding +5.25 volts peak may damage the High-
Impedance input circuitry. The combined ac/dc input level applied to the
High-Impedance input must not exceed + 42 volts peak.

o Activate Terminated input and select 50Q or 75Q dc-coupled termination. Also
used to select 50Q or 759 calibration impedance for dBm measurements at the
High-Impedance input
Lights indicate that Terminated input is terminated in 502 or 75Q, and also in-
dicate the calibration impedance.

g

TERMINATED
L o

5

g

Activates High-Impedance input; deactivates Terminated input.

g
o

Sets RANGE automatically as a function of the composite ac input-signal level.

B

ENTRY AUTO

Deactivates ; prefaces RANGE, enabling it to be changed with STEP keys.

O overcno Lights when ac input-signal level exceeds RANGE setting.

Couples Reference Level (amplitude of top. graticule line) to RANGE. Initially
sets Reference Level equal to RANGE to maintain on-screen display. The
Reference Level can be set equal to RANGE at any time by turning "= off and
then back on.

REF LVL

)

@

*See Chapter 4 for further information.
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CRT Display
CRT DISPLAY OVERVIEW*
Reference MARKER
Level Range Frequency
. d
Vertlca\’a an
REF .0 dBm MARKER 2 000 000.0 Hz :
Scale dB/DIV RANGE .0 dBm ~2. 4 dBm Amplitude
“A’" Trace ,r' /_____-Operating
B’ Trace c‘ALI??\AnNc.o—-—’ Message
............... B
i Marker
I : \ |
Center JN :
FrequenNEw"\r L : R A
ENTER 2 000 000.0 Hz SPAN 1 00D 00O, 0 Ha—Frequency
B8W 10 KHz VBW 300 Hz g7 1.0 SEC
j Span
Resoldtion Video Sweep
Bandwidth Bandwidth Time

The CRT (Cathode Ray Tube) displays:
a. Graphic traces of amplitude-versus-frequency:

Two digitally-stored graphic traces, read out of Trace Memories ‘‘A’’ and/or ‘““B’’, are
written onto the CRT screen at a rapid, flicker-free rate. Each trace is a point-by-point
plot, consisting of 1,001 equally-spaced points, connected by straight lines. Trace Memory
““A’’, containing the Current (““‘A’” or ““‘A-B”’) Trace, is updated by the frequency sweep or
at the Manual measurement point by real-time video samples taken at the Manual frequen-
cy. Trace Memory ““B’’ is updated only by transfer from Trace Memory “‘A‘‘ with )

*See Chapter 6 for further information.
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Markers:

Tunable Marker:

Positioned by turning the knob when the marker or manual sweep is active or by marker
functions such as peak search, next peak, next left, next right, and signal tracking. Used for
direct measurement of on-screen responses or for measurements in the manual mode.

Stationary (Offset) Marker
OFFSEY
With activated, the stationary marker appears at the point on the CRT trace that
represents the Offset reference frequency.

Sweep Marker:

Displayed when Sweep Time is = 1 second, to indicate the position of the frequency
sweep.

Display Line:

When the 'j": function if activated, a horizontal Display Line appears on the CRT

screen. The Display-Line amplitude can be adjusted with == Q to measure the trace

amplitudein ‘“dB’’ relative to the Reference Level (top graticule line).

Measurement Data:

The Frequency/Amplitude readout, in the top-right corner of the CRT screen, displays the
Marker, Counter, Manual or Offset frequency and amplitude; or the Display-Line
amplitude, depending on which MARKER/CONTINUOUS ENTRY functions are
activated.

Current values of all pertinent operating parameters.

Operating Messages:

1.

2.

3.

4.

Status Messages; ¢.g., ‘“‘“CALIBRATING”
Entry Requests; e.g., “ENTER REG. NUMBER”’
Operator Error Messages; e.g., *“OUT OF RANGE”’

Calibration Error Codes; e.g., ““CALIBRATION ERROR 01"’

Externally-generated graphics and alphanumerics, remotely entered via the HP-1B.
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DISPLAY ADJUSTMENTS/TRACE FUNCTIONS

coo S 8838 ooo
T 8 oo ooo
=l coo
o0 0coo -
B
O
VIEW A VIEWB / Dg g coo o330 OODD DC.J?

B)E | [Fee mpED
BEE|
B~ A ——ON-OFF —

O © @ @

INTENSITY FOCus ASTIO ROTATION
OISPLAY —)

Display Adjustments

Controls the intensity of all display writing. Minimum intensity (Off) blanks the screen.
OFF CRT life is extended when the control is set to off.
INTENSITY

Adjusts for optimum sharpness and clarity of displayed image.

FOCUS

ASTIG

Adjust for proper display alignment.

ROTATION

Trace Functions

Displays current trace stored in trace memory A (could be A or A—-B).

s Nondestructively transfers the current trace to trace memory B, where it is kept in
= nonvolatile memory until a different trace is stored or a memory-clear is performed.
Displays the trace that is stored in trace memory B.

W Erases trace memory A. Resets and automatically rearms Continuous sweep; ter-
minates Single sweep.

Subtracts trace B from trace A and writes the dxfference into trace A memory to produce
the A—B trace.

ST

uax HOLO Causes the current trace to retain the maximum positive video amplitude that occurs
over successive frequency sweeps or at the manual frequency point.

[}
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KEYBOARD ENTRY FUNCTIONS

Entry Keys

Each of the analyzer’s major operating parameters has
an Entry key which, when pressed, prefaces a data
entry for that parameter. The prefaced parameter is
highlighted on the display screen to indicate that its
value can be changed using the Step keys or
Numeric/Units keys.

Step Keys

The Step keys increment or decrement the value of the
prefaced parameter. Each press of a Step key produces
a single change of the value of Step Size. Multiple step
changes can be made without reprefacing. Step sizes
for all parameters except center frequency and manual
frequency are internally defined to either produce an
appropriate amount of change or select the next avail-
able setting. Center and manual frequency steps are
equal to the center frequency step size which can be
set to any value within the range of 0 Hz to 40.1 MHz
with 0.1 Hz resolution. Steps that would exceed the
upper or lower limit of a parameter are not accepted.

Numbers/Units Keyboard

The value of any prefaced parameter (except Range)
can be set exactly using the Numbers/Units keyboard.
To change the value of a prefaced parameter numeri-
cally, enter the desired number using the numeric
keypad and then terminate the entry by pressing the
appropriate suffix (units) key. The analyzer’s free-
entry format allows you to make your entries in the
units that are most convenient. Entries that exceed
the limits of a parameter or attempt to select unavail-
able settings are not accepted.

CENTER START ]
FREGUENCY FREQ

ENTRY ENTRY

7 3
FREQUENCY sTop
A % | (e I )
_J

\

~
REFERENCE
LEVEL

REF
LEVEL
VOLT

\

—

STEP

(2]
]

POWER - UP
STATE

-]
a

Conondhcaorr

<83

oia
oln

3

JEJGIE]
oaan
S —— N ——m— o~
“’Number’’ *‘Units’’ (Suffix)
Keys Keys
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TRACE AND INSTRUMENT STATE STORAGE

Trace Storage

There are ten trace memory registers in addition to the displayable registers for trace A and trace B. Trace A
can be stored in any of the registers by pressing (blue) Save Trace A, followed by a numeric key to indicate
the register number, 0—9. A stored trace can be recalled into trace A by pressing (blue) Recall Trace A, fol-
lowed by the numeric key indicating the register number, 0—9.

A distinction is made between displayed trace memory (trace A and trace B) and stored trace memory. When
a trace is stored in a trace register, the trace A values (in display units) are converted into dBV (or dB if
A-B is active) using the current scaling parameters and then stored. When the trace is recalled, it is con-
verted from dBV to display units. Recalling the trace with different scaling than was active when it was
stored, may cause loss of precision or clipping. If A—B is active when the trace is recalled, the data in trace
memory is treated as dB, regardless of how it was stored.

If A—B is active when the trace is stored, the active dB/DIV value is used to convert the current display data
to relative values in dB before the data is stored. If A—B is not active, the current reference level, dB/DIV
value, input impedance, and termination impedance values are used to convert the display data into dBV
before it is stored. The numbers are stored in units of .01 dB or .01 dBV (e.g.; —1.72 dBV is stored as —172).

When recalling a trace from a trace memory register, the above procedure is reversed using the currently
active display settings. The resulting data is rounded to the nearest integer and clipped to fit within the ver-
tical size of the display. No frequency information is saved in trace memory; there is always a strict one-to-
one correspondence between bins in the trace A display and locations in the trace memory registers.

Instrument State Storage

To save time when making a series of measurements requiring different control settings, the Save key can
be used to store the current operating parameters and states of the front-panel functions in one of ten in-
strument state storage registers, numbered 0 through 9. The stored parameters and functions can then be
recalled using the Recall key. The contents of the instrument-state storage registers are retained in non-
volatile memory until overwritten by saving to the register with another instrument state.

If a recalled register contains invalid data (e.g.; by loading it over the bus), the beeper will sound (if it is ac-
tive) and the message ‘“Bad data in register” is displayed. The instrument state will then return to what is
was before the recall was attempted.

NOTE

The check for bad data is not exhaustive. Recall of a bad instrument state could
cause the analyzer to function improperly or become inoperative. This is not like-
ly under normal use. If it occurs, cycle power to regain control. If the power-up
state register contains corrupt data, perform a memory-clear.
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. Things that are saved:

1. Operating Parameters:

NG oA

Range (if auto range is not active)
Reference level (and amplitude display units)
Vertical scale (dB/Div)

Frequency span

Center frequency

Manual frequency (if manual mode is active)
Center-frequency step size

Resolution bandwidth
Video bandwidth

Sweep time

. Limit setup:

Trace register number of the lower limit
Status of View Limit

Limit mode (absolute or relative)

Status of Limit Testing (on/off)

Things that are not saved:

1. Display traces

2. Status of momentary-contact functions; e.g., MKR—CF

3. Statusof:

Calibration

Beeper

Test modes

Plotter

Single-loop test mode

Tracking generator offset mode

4. Prefaced parameter
5. HP-IB status (as indicated by the Status lights)

FRONT-PANEL TOUR
TRACE AND INSTRUMENT STATE STORAGE

States of all front-panel functions which have LED indicators
Marker position

Display-Line amplitude
Offset reference frequency and amplitude (whether Offset is active or not)
A—B 0 dB reference display position
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ENTRY

{

RES ’
8w

VIDEOQ
Bw
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COUPLED
TO SPAN

RES
BW HOLD

PRESET

-

© uncaL

BANDWIDTH/SWEEP TIME FUNCTIONS

- g ABW-VBW-ST NN
ooo 5 5000 O uwea ‘
o oo COUPLED AES

} oo O O TOSPAN BWHOLD  PRESET
o0 o ece CJeJLJ
o0 0ooa e on-oFF —J
SSoems o e
e}

o ! ooo oo ooog BP% =) (=) =)

o e ® @ ® e @ ]

The Entry keys preface the Resolution Bandwidth (RBW), Video Bandwidth (VBW),

' or Sweep Time (ST) parameter value entry. The prefaced parameter can be changed

by Step Entry or Numeric Entry.

Couples RBW to Frequency Span; couples VBW to RBW; automatically adjusts Sweep
Time according to RBW, VBW, and frequency span. The Instrument Preset function
activates Coupled-to-Span, deactivates Res-BW-Hold, and optimizes the RBW, VBW,
ST coupling.

Prevents RBW and VBW from changing as a function of frequency span. Also prevents
RBW (but not VBW) from changing when the BW/ST Preset key is pressed. Does not
prevent Step or Numeric RBW/VBW changes.

Restores optimum RBW, VBW, and Sweep Time settings. If Res-BW-Hold is activated,
pressing the Instrument Preset key restores the optimum VBW and Sweep Time, but
does not affect the RBW.

Lights when manually-selected sweep rate is too fast to maintain calibration. Accuracy
specifications are met only when this light is not illuminated.
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OPERATION WITH BANDWIDTH/SWEEP TIME COUPLING:

To begin a measurement, the operator normally presses & . This ac-

s

tivates , deactivates D’ﬁ’ and sets the Frequency Span to 40 MHz. It
also sets the RBW and VBW to 30 kHz and the Sweep Time to 0.2 seconds.
These are the preferred or ‘‘optimum’’ settings for the full 40 MHz Span.

After connecting the signal source, the operator adjusts the Center Frequency
and Frequency Span (or Start and Stop Frequencies) to display the signals of in-
terest. During this process, the Resolution Bandwidth is automatically narrow-
ed as a function of Frequency Span to maintain a good aspect ratio and provide
an appropriate amount of frequency resolution. Since the Video Bandwidth is
coupled to Resolution Bandwidth, it changes along with the RBW to maintain
proportional display smoothing. The Sweep Time is mathematically calculated
according to the RBW, VBW and Frequency Span, and is automatically ad-
justed to maintain the maximum-calibrated sweep rate or the analyzer's
minimum Sweep Time of 0.2 seconds.

Once the frequency parameters have been set, the operator can freely adjust
the RBW and/or VBW settings to obtain the required resolution, sensitivity and
display smoothing. With optimized Sweep Time coupling, the Sweep Time is
automatically adjusted to maintain the optimum sweep rate. If desired, the
Sweep Time can be increased from the optimum setting to minimize the effects
of sweep dynamics; or it can be decreased (at the cost of calibration) to quickly
survey the spectrum of interest.

The coupling system is very flexible and will allow the operator to select any
available RBW, VBW, Sweep Time combination. It will then remember and,
where possible, maintain the relationships established by the operator. The op-
timum settings can be restored by pressing the @ key.

For applications such as horizontal expansion, it is desirable to maintain a
specific RBW setting and adjust the Frequency Span, while allowing the coupl-
ing system to automatically adjust the Sweep Time. This can be done by ac-

i3]

tivating the == function.

If the operator does not wish to use the coupling system, it can be completely

COUPLED
10 SPAN

disabled by deactivating the {{(o] function. (The UNCAL indicator and PRESET

COUPLED

key are operative whether or not the @ function is activated.)
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Marker/Continuous Entry

MARKER/CONTINUOUS ENTRY FUNCTIONS*

]
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Continuous Entry Functions

The Continuous Entry control is a multi-purpose
‘‘digital potentiometer’”’ whose function is
selected using the Continuous Entry keys. (Only
one Continuous Entry Function can be activated
at a time.) It can be used with:

to position the tunable Marker for
measurement of on-screen
responses.

q

H
|
g

g

to tune the Manual frequency.

»
]
[ o4
=

to adjust the Reference Level.

to adjust the Center Frequency.

gloy0

to adjust the Display-Line amplitude.

*See Chapter 8 for further information.
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D MARKER / CONTINUQUS ENTRY I,
MARKER COUNTER NOISE U/ SIG TRACK  OFFSET
COCOHI )
MAN SWEEP ON -OFF
e Ha e
REF V1. OFS OFF

- STEP
NEXT
DISP LINE
CLEAR

Continuous Entry
Functions

Continuous Entry
Control
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Marker/Continuous Entry

MARKER COUNTER NOISE LvL COFFSET
’ Marker/Manual Measurement Functions o =i o H o H o HESR
: I i 7
o e
|

MAN SWEEP
REF .0 dBm MARKER S 413 050. 0 Hz
10 48/01V RANGE .0 dBm -52. 2 dBm

Marker

Measure absolute frequency and amplitude of on-

R MARKER
screen responses with O

(The Marker amplitude can be
displayed in dBm (50Q or 75Q), dBV
or rms volts. The Marker's frequency | |

'
'
}
T
‘
'
+
3

resolution and accuracy is limited by g '
the point-by-point display and sweep :
dynamics.)
START 50 000.0 Hz STOP 10 000 000.0 Hz
RBW 10 KHz VBW 3 KHz ST 1.0 SEC

REF .0 dBm COUNTER 11 123 456.7 Hz

10 48B/D1V RANGE .0 dBm ~24.0 dBm Counter
1 COUNTER
| Use the function to precisely measure the
frequency of the signal that is producing the
. response on which the Marker is positioned.
__________ o ] (The Counter, unaffected by display
: resolution and sweep dynamics,
L displays the true frequency at the peak

kol s Mt e e e ey Skt Bttt i of the response. The Marker does not
need to be at the peak of the response,
but it must be at least 20 dB above the

CENTER 20 00O 00C.Q0 H=z SPAN 40 00O 000. 0 Hz noise and 20 dB above any unresolved
RBW 30 KHz VBW 3 KHz ST 1.4 SEC .
~ signal.)
Noise Level REF .0 dBm MARKER 1 1S5S0 833.7 Hz
10 dB/DIV RANGE .0 dBm -107 dBm(1Hz>

NOISE LVL
The{Z]_}function provides a direct real-time
reading of the rms random noise spectral density
at the Marker or Manual frequency, normalized to
a 1 Hz noise power bandwidth. All correction fac-
tors are included in the internal noise-
measurement routine. [ R N A ""}
J

——==3

R N
1
|
+

(Absolute _noise level readings are P \‘\

displayed in ‘“‘dBm (1 Hz)"", “*dBV o —

(1 Hz)”” or 'V y/H2'". Relative (Offset) B

noise readings are displayed in “'dB CENTER 1 125 B33.7 H=z SPAN 200 00C.0 Hz
, (1 Hz)’’. Noise measurement times RBY 1 KHz VBW 10 Hz ST 62.6 SEC

range from 0.3 seconds to 33 seconds,
depending on the Resolution Band-
width setting.)
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Signal Tracking

40 T Signal tracking is an on/off feature in the Marker/Continuous Entry section that can
be activated during continuous sweeps to find a peak near the marker position, move
it to the center of the display, and adjust the analyzer’s center frequency to keep the

peak at the center of the display. This “search and center”’ process occurs after every

sweep while tracking is active. If the peak changes frequency between sweeps, the

tracking feature changes the analyzer’s center frequency to the new frequency of the

peak.
Offset Function
oerser The Offset function allows you to quickly measure the relative frequency and
l amplitude between two points of interest within the measurement range of the
—— analyzer. It can be used in conjunction with the marker or manual sweep functions to
orset make relative measurements at the marker or manual frequency. It operates with the

counter function to count the frequency difference between two points of interest on
a trace. It also operates with the noise level function to measure signal-to-noise ratio.

To use the marker offset feature:

3-1-20

Move the marker dot (by turning the knob) to the point on the trace from which you wish to make a
relative measurement; e.g. the fundamental frequency of a signal source.

Activate the Offset function by pressing the Offset key (with a light in the center). The key’s light
turns on and “MARKER” changes to ‘“‘OFFSET” in the upper-right corner of the display.

Enter the present position of the marker into the offset registers by pressing the Enter Offset key.
This changes the offset values to .0 Hz and .0 dBm.

Move the marker to another point on the trace. The readout in the upper-right corner of the display
is now relative to the point entered in step 3.

NOTES

1, A stationary point remains at the point on the trace at the offset reference value.
2. Offset amplitude readings are displayed in dB units, only.

3. Appendix 3-A contains a programming example in which an offset reference
point is set which is not on the measurement trace. This is only possible in remote
operation.
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Marker/Offset Entry Functions

The Marker/Offset entry functions are time-saving, single-key, operating aids which allow the operator to
quickly perform frequently-used manipulations such as centering a signal and moving it to the top of the
screen or finding the frequency with largest amplitude value. These functions also make it easy to enter an
arbitrary frequency span, ‘“zoom in” on a signal of interest, or enter the center frequency step size.

Put marker value in center frequency. This sets the center frequency value to that of

the current marker, counter, or manual frequency value, and moves to the center fre-
= quency point on the display trace. To quickly move a response to the center of the
screen, set the marker to the point of interest with the knob and then press Mkr—CF.

= Sets the reference level equal to the marker amplitude, moving the point on the trace
= marked by the marker dot to the top line of the display grid.

Sets frequency span equal to the displayed offset frequency. This function operates

only when the Offset function is activated. Move the marker to the desired start fre-
quency, press the Offset key (the key’s light turns on), move the marker to the desired
stop frequency, and press the OFS—» Span.

Put marker frequency offset value (or marker, counter, or manual values, whichever
is active) into the center frequency step size (or manual frequency step size). Thisis a
shifted function activated by first pressing the blue shift key and then OFS— Span.
The function label appears in blue under the key. See “The Blue Key’” in Chapter 1.

The Peak Search function moves the marker to the point on the trace representing the

(A% largest amplitude. It also activates the knob to control the marker. If several points
have the same peak value, the marker is moved to the lowest frequency which has that
value. See discussion in Chapter 8.

Next Peak.This function moves the marker to the peak with next-largest value, rela-

tive to the current marker position and activates the knob to move the marker. Peaks
with amplitudes equal to and to the left of the current marker position are ignored. If
one or more peaks of equal amplitude exist to the right of the current position, the
marker is moved to the one nearest the current position. If there is no peak that satis-
fies the next-peak criteria, the analyzer beeps when the key is pressed (if the beeper is
active) and the marker is not moved.

Next Peak Left or Right. This function moves the marker to the next peak left of (lower
frequency) or right of (higher frequency) the current marker position. If a new peak is
found, the knob is activated to move the marker. If there is no peak that satisfies the
next-left criteria, the analyzer beeps when the key is pressed (if the beeper is active)
and the marker is not moved.
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Sweep/Trigger
SWEEP AND TRIGGER FUNCTIONS
TRIGGER ! N PR SWEEP
FREERUN  LINE ext 1 ’ ocoo O sweePng
S coo
DO ¥ | cee oo wmc o
! l lDDD ogaq ! ‘[ ° jl l( ° )l l[wn'}‘
. — J o O00OaQog cao FULL SWEEP
\ oo0000agd ooy .
a. oo 0oaa s .
o e« @ ® @

EXT TRIGGER

Sweep Functions:

© sweEPING

CONT

FULL SWEEP

H:

Trigger Functions:

*Sweep rearming and triggering operations are inhibited during Automatic Calibrations and also while operating parameters

are being changed.
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Lights to indicate that a frequency sweep is in progress. Goes out between sweeps
and during mid-sweep interruptions.

Repetitive frequency sweeps synchronized by sweep trigger. Upon completion of
each sweep, the sweep is automatically rearmed and a new sweep is initiated on
receipt of a sweep trigger. Pressing "o} resets the sweep that is currently in pro-

gress (except when switching from Single).

Single frequency sweep initiated by sweep trigger. Once a Single sweep has ter-

smm

minated, it resets to the Start Frequency to await rearming. Pressing "o, (ex-

cept when switching from Cont.) resets and/or rearms the sweep, enabling a new

~ sweep to be initiated by a sweep trigger.*

AN SWEER

Selects Manual mode; automatically activates {{oJ ; sets Manual frequency
equal to current Marker frequency; prefaces Manual frequency, enabling it to be
changed by Step or Numeric Entry.

Sweep automatically triggered after rearming.
Sweep internally triggered at power-line frequency (48 Hz to 440 Hz).

Sweep triggered by High-to-Low transition or contact closure at EXT TRIG in-
put.*

High = open or +2.0Vto +35V; Low = short to ground (outer shell) or + 1.3V
to —35V. Sweep triggered by High-to-Low transition; triggers are accepted only
after the sweep has been rearmed. (Rearming time ranges from about 25
milliseconds to 2.4 seconds, depending on RBW/VBW settings.) Trlggers applied
during a sweep or during rearming are ignored.



FRONT-PANEL TOUR
UMIT TESTING

LIMIT TESTING

PLOT/UMIT

UMt
[ l[ PLOT ]
PLOT || [IMARKER J
ON-OFF

VIEW

' SETUP

‘706 @@N

-

LIMIT SETUP MENU LIMIT SETUP MENU
Key 7: Anchor vector (then horizontal motion) Key 7: Anchor vector (then herizontal motion)
Key 8: Anchor vector (then vertical motion) Key 8: Anchor vector (then vertical motion)
Key 9: Finish moving line* Key 9: Finish moving line*
Key 4: Start new limitline —> Turn knob to move line vertically
Key 5: Select limit registers Key 5: Select limit registers
Key 6: Select limit mode: ABSOLUTE . Key 6: Select limit mode: ABSOLUTE
Key O: Save lower limit Key 0: Save lower limit
Key 1: Save upper limit Key 1: Save upper limit
Key 2: Recall lower limit Key 2: Recall lower limit
Key 3: Recall upper limit Key 3: Recall upper limit
Lower limit is trace register 0 Lower limit is trace register O
Upper limit is trace register 1 Upper limit is trace register 1
press PLOT SETUP to exit menu press PLOT SETUP to exit menu

All entries shown Ready to define new limit trace

T R
\\ ——f

Measurement trace bounded by upper and lower limit traces

Limit testing uses two user-defined traces as upper and lower boundaries for testing the response of a
measurement trace as shown in the figure above. The limits are two traces composed of vectors or line seg-
ments. The two limit traces are defined individually and stored in trace registers 0—9. They may be created
manually (using tasks in the Limit Setup Menu), with HP-IB commands, or by storing measurement traces.
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There are three Limit keys selected by first pressing the (blue) shift key:

Limit Setup is a shifted function which displays a menu of tasks used to create, save,
and recall limit traces. If the B trace is displayed, it continues to be displayed in the
Limit Setup Menu. This allows a displayed trace while limits traces are created.

Limit On/Off is a shifted function which turns limit testing on or off (toggle). Uses the
currently-selected register pair shown in the Setup menu. When on, the limit-test al-
gorithm compares the values of the measurement trace with the limits traces. It pas-
ses if the lower limit is < measurement trace and the measurement trace is < the upper
limit. If the test fails, the analyzer beeps (if the beeper is active), and an error message
appears.

View Limit allows the limits traces to be displayed with a measurement trace. Limits
traces are turned off by pressing (blue) View, again. The limit traces are displayed as
two dashed lines representing the upper and lower amplitude limits. This is done with
a ‘“‘chopped” trace alternating between the upper and lower limit traces.

The general setup procedure for limit testing is listed and each step described in the following discussion:

1. Set up the analyzer to make the desired measurement.
2. Set up the test limits (Limit Setup key).

3. Turn limit testing on (Limit On/Off key).

4. Display the limits trace (View Limit key)(optional).

Measurement Setup.

The analyzer should be set up for the measurement before setting the test limits; especially the frequency
range. The limits traces’ amplitude values are stored in dB or dBV, so they adapt to changes in range,
reference level, and scale made during a measurement. The horizontal units, however, do not change when
the measurement frequency range is changed.

Setting Limits.

Setting limits is accomplished in the Limit Setup Menu. To display this menu, press the (blue) Limit Setup
key in the Plot/Limit key group. The Limit Setup Menu identifies the currently selected limits register pair
(bottom of screen) and lists the tasks with the corresponding numeric keys that activate them.

Limit Setup tasks are selected by pressing keys in the numeric keypad as defined in the menu. When a selec-
tion is made, its menu entry changes into an instruction emphasized by an arrow in the left margin. The
Limit Setup tasks are used to define a new limit trace, save or recall a limits trace, or select the register pair
to save the trace to or recall the trace from. To exit the Limit Setup Menu, press the Plot Setup key.

You can view a measurement trace in the Limit Setup menu by copying the A trace into trace B with the
Store A—B key (before getting into the Limit Setup Menu) and then viewing the B trace by pressing the
View B key.
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Creating a Limit Trace. When you first enter the Limit Setup Menu, a bright trace appears at the bottom
of the screen with a bright dot at the far left. The knob is in control of the vertical position of the line. To
create a new limit trace:

1. Position the line (by turning the knob) at the baseline of the limit you want to create.
2. Press the 9 key to “Finish moving line.”
3. Define a vector.

a. Position the dot (with the knob) at the starting point of the vector you wish to create. If the
start of the next vector is the same as the end of the last one, don’t turn the knob.

b. Press the 7 key. (see note 2) This anchors the vector (defines the beginning end point of the
vector as the current position of the dot) and activates the kncb to move the marker dot
horizontally.

Turn the knob to move the dot to the horizontal coordinate of the vector end point.
Press the 8 key. This allows the knob to move the dot vertically.
Turn the knob to move the dot to the vertical coordinate of the vector end point.
f. Press the 9 key to enter the definition of the new vector.
4. Repeat step 3 until the entire limit trace is defined.
5. Save the newly-defined limit. (see note 1)
a. Select the trace memory register pair to save the new limit trace in.

i. Press the 5 key to select the memory register pair. Notice that the currently selected pair is
. highlighted at the bottom of the display.

ii. Press a numeric key 0-8 corresponding to the lower limit trace memory register desired.
The upper limit is always the next larger numbered register.

b. Save the limit trace as either:
* the lower limit, by pressing the 0 key, or

® Ao

¢ the upper limit, by pressing the 1 key.
NOTES

1. Ifyoudon’t savethe limit trace, it will be lost when you begin to define
another limit line, recall another limit trace, or exit the setup menu.

2. In step 3, you may begin defining a vector by pressing either the 7 or the 8 key.
Also, you don’t have to press both if your .

8. Vectors are defined from left to right, only. You can’t anchor a vector and move
left of the starting point.

4. The position readout of the dot appears in the upper-right annotation while the
limit setup menu is displayed. If the Marker Offset is active when Limit Setup is
selected, the readout is relative to the offset

5. Saving limit traces overwrites information in the selected trace memory
register. Be sure to check the contents of the register before saving new data into
it. Use the (blue) Recall Trace A key, followed by the register number of interest to
display the trace memory information. ’

. 6. The limits coordinates adapt to changes in scale and reference level (vertical
coordinates) but not to changes in frequency range (horizontal coordinates).
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Saving/Recalling Limlts. The limit traces are stored in pairs in the trace memory registers (0 through 9). .
The default trace memory registers used for storage of the trace limits are registers 0 and 1. The two are al-

ways consecutive. The user picks the lower-numbered register, which is used for the lower limit, and the

analyzer uses the next-greater register for the upper test limit. The user selection may be 0 through 8.

Remote control allows the user to define a trace on the analyzer and move it to the controller where it and
many other traces can be stored and recalled for later use. This is especially useful if you need more than
five limits setups. Or, the trace can be generated on the controller and loaded in the analyzer (see the BD
and BL commands in Chapter 9). This can be used to generate smooth curves.

Measurement traces may be used as limits traces by saving trace A into registers with the (blue) Save Trace A
key (and an appropriate register number), and then recalling the trace as a limit in the Limit Setup Menu.
Refer to “Using a Measurement Trace as a Limit” later in this discussion. .

NOTES

1. Since the limits trace pairs are stored in trace memory locations, saving a limit

.trace can overwrite another limit trace or stored measurement trace. Conuversely,
measurement traces may overwrite registers storing limits traces when the Save
Trace A key is used.

2. Sections of either limit trace at the extreme bottom or the extreme top of the dis-

play are effectively —« and +«, respectively, when they are stored while in

the limit setup menu. Traces stored by pressing (blue) Save Trace A are saved : ‘
Jjust as they appear in the display.

Selecting Limit Mode. There are three modes that the limit testing feature can work in: absolute, relative,
or A—B. In absolute mode, the limit registers are always treated as dBV and compared to the measured
values in dBV. Absolute mode is selected by making sure A—B is off and then selecting Absolute by press-
ing key 6 in the numeric keypad (toggles between absolute and relative) while the limit setup menu is dis-
played. This is the default condition selected by Instrument Preset.

In the relative mode, the limit registers are assumed to contain data in dB with respect to the reference
level; i.e.; the limits always appear at the same place in the display unless the dB/DIV parameter is changed.
Relative mode is selected by pressing key 6 in the numeric keypad (toggles between absolute and relative)
while the limit setup menu is displayed.

In the A—B mode, the limit registers assumed to contain data in dB with respect to the A—B reference point
which is normally the center graticule line. A—B mode is selected by first activating the A—B feature and
then selecting Absolute by pressing key 6 in the numeric keypad (toggles between absolute and relative)
while the limit setup menu is displayed.
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' Turning Limit Testing On.

When a measurement trace is displayed with limit testing on, the analyzer compares the trace values with
the values of the limit traces. This comparison is made after a sweep is complete. If there is any measure-
ment trace value that is less than the lower trace limit or greater than the upper trace limit, the limit test
fails. In Manual Sweep mode, the test is made after every reading and only that reading is compared to the
limits. If a failure occurs, the analyzer beeps (if the beeper is on), places an “X” on the trace at the left-most
failure point, and displays the error message “Limit Test Fail.”

NOTE

Avoid defining upper and lower limit trace-pairs which intersect each other. Any
point at which the value of the lower limit trace is greater than the value of the
upper limit constitutes an automatic failure condition.

To turn on limit testing:

1. Select the limits traces you wish to use.
a. Press the (blue) Setup Limits key in the Plot/Limits key group to display the setup menu.

i. Press the 5 key to select the memory register pair. Notice that the numbers of the currently
selected pair are highlighted at the bottom of the display.

. ii. Press a numeric key 0-8 corresponding to the lower limit trace memory register desired. The
upper limit is always the next larger numbered register.

b. Press the Plot Setup key in the Plot/Limit front-panel section to exit the Limits Setup menu.

2. Press the (blue) Limit On/Off key in the Plot/Limit key group. This turns limit testing on but does
not display the limits traces. (See the discussion on Viewing Traces in the following discussion.)
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Viewing Limits.
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.................. ./

I oy
———

o=

Limit traces displayed

To view the trace limits as currently selected in the Limit Setup menu, press the (blue) View key in the
Plot/Limit key group. The limits are displayed as two dashed lines. If changes are made to the range, reference
level, or scale (dB/Div), the limits traces automatically update themselves.

NOTES

1. Any part of the limits traces where the lower limit value is greater than the
upper limit value is not displayed. For example, if the entire lower limit trace is
defined to be larger than the upper limit, no limit traces are displayed when View

Limits is activated.
2. To turn View Limits off, press (blue) View again.
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. Editing Limit Traces.

Changing the definition of a limit trace is done by redefining parts of an existing trace. This differs from
creating a new trace in that you first recall the trace. Vectors are “edited” by replacing the old vector with
a new definition.

Enter the Limit Setup menu by pressing the (blue) Setup key in the Plot/Limit key group.
To edit an existing limit trace:

1. Recall the limit trace to be edited.
a. Select the trace memory register pair containing the limit trace of interest.

i. Press the 5 key to select the memory register pair. Notice that the currently selected pair is
highlighted at the bottom of the display.

ii. Press a numeric key 0-8 corresponding to the lower limit trace memory register desired. The
upper limit is always the next larger numbered register.

b. Recall:
¢ the lower limit, by pressing the 2 key, or
¢ the upper limit, by pressing the 3 key.
2. Define a vector.

. a. Position the dot (with the knob) at the starting point of the vector you wish to create. If the
start of the next vector is the same as the end of the last one, don’t turn the knob.

b. Press the 7 key. This anchors the vector (defines the beginning end point of the vector as the
current position of the dot) and activates the knob to move the marker dot horizontally. (You
could press either the 7 or 8 key to initiate the new vector.)

Turn the knob to move the dot to the horizontal coordinate of the vector end point.
Press the 8 key. This allows the knob to move the dot vertically.
Turn the knob to move the dot to the vertical coordinate of the vector end point.
f. Press the 9 key to enter the definition of the new vector.
3. Repeat step 2 until editing is complete.
4. Save the limit.
a. Select the trace memory register pair in which to save the new limit trace. If you want to use the
limit trace register pair currently selected, skip to step b.
i. Press the 5 key to select the memory register pair. Notice that the currently selected pair are
highlighted at the bottom of the display.

ii. Press a numeric key 0-8 corresponding to the lower limit trace memory register desired. The
upper limit is always the next larger numbered register.

b. Save the limit trace as either:
¢ the lower limit, by pressing the O key, or

® &

* the upper limit, by pressing the 1 key.
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Using a Measurement Trace as a Limit.

A measurement trace can be used to define the limits traces. Since the limits traces are stored in the same
memory registers as the measurement traces, you can take a measurement, shift it up or down, save itin a
trace register, and use it as a limit trace. Remember, the limit registers are used in pairs and the lower-num-
bered register is the lower limit. The following procedure utilizes this method of creating limit traces:

Set up the analyzer using single sweep mode

Take a single sweep measurement

Lower the reference level by the amount of the lower margin

Save trace A in the trace register to be used as the lower limit (0—8; for this example, use 2)
Raise the reference level above that of the measurement by the amount of the upper margin
Save trace A in the trace register just above that used in step 4 (would have to be 3)

Now select the register pair (in this example, 2 & 3) as limits from the Limit Setup menu as
described previously.

No ok B

The trace data is saved in dBV (or dB if A—B is active). This is calculated from the display memory (con-
tains display position information, only) and the active scale and reference level selections. The procedure
listed above stores traces shifted up or down by the amount of reference level change entered in steps 3 and
5. This is especially useful if you have a “‘golden’’ filter against which you wish to test a production run.

NOTE

When you exit the Limit Setup menu in the above procedure, a sweep will begin
from the position of the marker, even though single sweep is active. Selecting ex-
ternal trigger before entering the Limit Setup Menu eliminates this extra sweep
(unless there is an external trigger signal present).
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PLOT SETUP MENU

Key 7: Plotdevice: PLOTTER
Key 8: Plottext: ON
Key 9: Select grid: SOLID

Key 4: Plot speed: FAST
PLOT SETUP MENU Key 5: Trace Apen: 1

Key 7: Plotdevice: PRINTER Key 6: Trace B pen: 2

Key 8. Plottext: ON

: L Key1: Grid pen: 3
Key 9: Selectgrid: ON Key 2: Text pen: 4

- Key 3: Trace Aline: SOLID
Key 4: Eject page Trace Bline: SOLID

Key 0: Set default values Key O: Set default values

press ;ll:g; (soE::: ;To?dt menu press PLOT SETUP to exit menu

press PLOT to start plot
press PLOT MARKER to piot marker press PLOT MARKER to plot marker

(Set PRINTER to LISTEN ONLY) (Set PLOTTER to LISTEN ONLY)

The 3585 can drive an HP-GL plotter or raster graphics printer (with an HP-IB interface) to create a copy
of the display on paper. It does so by using the rear-panel HP-IB interface. The plotter/printer must be ad-
dressed to listen-only and all controllers must be removed from the bus. There are three keys which control
the plot functions.

Pressing the Plot Setup key displays a menu used to set the plotter/printer. This menu
allows you to select the device (plotter or printer) and all the options associated with
that device. The menu selections are made by using numeric keys as indicated.

@ Pressing the Plot key starts a plot or print (depending on the device selected in setup).
The plot may be aborted by pressing the Instr Preset key. See “Aborting the Plot.”

If the marker dot is displayed and the selected device is a plotter, pressing the Plot
e Marker key plots a marker diamond at the marker position on the trace and writes
marker frequency and amplitude values near the new marker position, as shown on
the analyzer display. If the device is a printer, pressing the Plot Marker key prints the
marker information in one line of text on the printer. If no marker dot is displayed,
Plot Marker causes a beep (if the beeper is active) and no other action occurs. '
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When the marker dot is displayed, pressing the Plot Marker key writes whatever information is displayed
in the upper-right corner next to the diamond symbol on the trace. This information includes counter infor-
mation, noise level, or offset values. Plot Marker is normally used after a plot is made with the Plot key.

The Plot and Plot Marker keys may be used without first accessing the Plot Setup menus. However, the op-
tions defined there determine the plot configuration used. The plot options are not changed by pressing
Instrument Preset, redefining the instrument state (e.g., by recalling a state register), or by cycling power.

Set Up the Hardware.

When the 3585 talks to a plotter or printer, there must be no controller connected to the bus. When you
press the Plot or Plot Marker keys, the 3585 checks for listening devices and controllers connected to the
bus. There should be at least one device on the bus which is listening and no controllers. If no listener is
detected, the analyzer displays the message “No Listener on bus!” If it detects a controller it displays the
message ‘“Controller on bus.” (Plotting in remote operation is a special case covered in Chapter 9 and Ap-
pendix 3-A, Programming Examples.)

Remove any controllers from the bus by disconnecting their HP-IB cables or turning off their power. Set the

desired plotter or printer to listen-only or the HP-IB address that corresponds to listen-only (refer to the

device’s reference manual). Connect the plotter to the analyzer with an HP-IB cable. Set up the plotter with ‘
the paper and pens and set P1 and P2 (corner points) as desired. The analyzer scales the plot to fill the P1-

P2 rectangle. A printed plot is done at the printer’s default resolution. The graphics portion of the printout

has a width of 520 pixels and a height of about 350 pixels. The 3585 does not reconfigure the printer.

Set Up the Display.

Set the display to appear as you wish the plot to appear. Textl, displayed traces, and the display line are
plotted as they appear on the display. Marker dots are plotted as diamond symbols. Bus commands may be
used to display special script and annotation text, which is also plotted. The text at the top and bottom of
the display and the grid2 are controlled by selections in the plot setup menu. If they are turned off, they will
not appear on the plot. (In the case of a plotter, the grid may also be set to dashed, besides being on or off.)
Error messages and bus-debug characters are not plotted.

1 The appearance of the screen text is determined by the analyzer setup. Whether it is plotted or not is determined
by a selection in the Plot Setup menu. ‘

2 Turning the grid display off has no effect on the grid plot status; a grid is plotted unless it is turned off in the plot
menu. See earlier discussion on displaying the grid.
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‘ Options.

Pressing the Plot Setup key displays the menu used to set up the plot options. Pressing key 7 (in the numeric
keypad) toggles between the plotter menu and the printer menu.

Plotter. (See menus on earlier page.) The plot-text option is toggled on and off by pressing key 8. The select-
grid option sequences through three choices (solid, dashed, and off) when key 9 is pressed. Plot speed is
selected by pressing key 4 which toggles it either fast (actual speed is device-dependent) or slow (5 cm/sec).
Pen selection for each trace, the grid, and the screen text is made by pressing a numeric key to identify the
item and then pressing another numeric key (1-8) corresponding to the plotter pen to be used for that item.
Limits traces are plotted with the pen selected for text. The display line is plotted with the pen selected for
trace B. If B is not plotted, the pen selected for trace A is used to plot the display line.

The trace line-type is either dashed or solid. With two possible traces, there are four possible combinations
of line types. Pressing key 3 repeatedly sequences through these four combinations. Pressing key 0 resets
all entries in the displayed menu to their default settings (see menu on previous page).

Printer. The printer options allow control over the screen text and grid. The text is toggled on or off by
pressing key 8. The grid is toggled on or off by pressing key 9. Pressing key 4 sends a form-feed command
to the printer. Pressing key 0 resets the menu entries to their default setting; text on and grid on.

' Aborting the Plot.

When the Plot or Plot Marker keys are pressed, the analyzer displays the message “Inst Preset to Abort”
and begins sending HP-GL commands to the device. If the Instrument Preset key is pressed, the analyzer
quits sending the HP-GL commands that draw the display and sends commands to put the pen away and
park the pen holder near P2. During this “cleanup” action, the message “Aborting Plot . . .” is displayed.
When the cleanup commands are transferred to the plotter, the analyzer returns to the measurement which
was in progress when the plot key was pressed.

The abort request is only effective during the analyzer-plotter bus interaction. If the plot device buffers up
the HP-GL commands (storing them in memory until the hardware is ready for the next instruction), the
bus interaction may be completed long before the plotted drawing is finished. When the analyzer has sent
all the plot commands, it removes the abort-plot message from the display and returns to the measurement
in progress before the plot key was pressed. Pressing Instr Preset after the analyzer has returned to the
measurement does not stop the plotter; it resets the analyzer.

While the “Aborting Plot message is displayed, you can press the Instr Preset key a second time, which
causes the analyzer to leave the plot routine, returning to whatever measurement was in progress when the
plot key was pressed. This is useful if the plotter malfunctions or “hangs” during a plot and does not respond
to the abort request. This action terminates the cleanup action early and may leave a pen in the plotter arm.

NOTE ‘ *

. An aborted plot cannot be restarted. It must be started again from the beginning.
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HP-iB STATUS

Q REMOTE Q sra

o TALK o LISTEN

O rewcrte Lights to indicate that the 3585 is in the Remote control mode. This mode can be
entered only via the HP-IB.
(When the 3585 is in Remote, all front-panel functions except the LINE
switch, the DISPLAY controls, the Tracking Generator AMPLITUDE
control and the LOCAL key are disabled. Pressing any - key
{except or ) or rotating the Continuous Entry control
will cause the beeper to sound and the message, ‘‘HP-1B REMOTE SET”’

to appear on the CRT screen.)

Returns the 3585 to Local and reenables all front-panel functions. An HP-1B
Local Lockout will disable until a remote Return To Local command is
given, or the LINE switch is turned off and then back on.

(Pressing during an HP-IB Local Lockout causes the beeper to
sound and the message, “HP-IB LOCAL LOCKOUT”’ to appear on the
CRT screen.)

O LT Lights to indicate that the 3585 is addressed to listen.**
O Lights to indicate that 3585 is addressed to talk.
O = Lights to indicate that the 3585 is generating an HP-IB Service Request.

*HP-IB operation is fully described in Section III, Part 2.

**The LISTEN or TALK light will remain on (even in Local) until the 3585 is unaddressed via the HP-IB or is turned off
and then back on.
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‘ AUTOMATIC CALIBRATION

One of the major features of the 3585 is its ability to calibrate automatically, thus eliminating the
need for external calibration adjustments. The purpose of Automatic Calibration (Auto. Cal.) is to
compensate for minor amplitude and frequency offsets that are normally present in the instrument’s
analog section. It is also used to compensate for frequency drift in the Tracking Generator to insure
that the Tracking-Generator frequency is always within + 1 Hz of the analyzer’s tuned frequency. The
Automatic Calibration is performed by the 3585°s Central Processor, in conjunction with the Track-
ing Generator and a highly accurate internal calibration source.

During each Auto. Cal. cycle, the output of the internal calibrator is switched into the Terminated in-
put channel and a 50Q or 75Q dummy load is switched across the Terminated input to maintain the pro-
per input termination. Amplitude errors appearing at the Reference Level and Center Frequency or
Manual frequency are then minimized or eliminated by the adjustment of internally-programmable
parameters such as the local-oscillator frequency, IF gain and video level. Attenuator errors, and any
residual amplitude errors that cannot be adjusted out, are stored in memory as Auto. Cal. constants
and are corrected mathematically.

The following is a list of common questions and answers concerning the 3585°’s Automatic Calibra-
tion feature. A review of this list should provide you with sufficient information to use the instrument:

QUESTION:
. When does the Automatic Calibration take place?
ANSWER:

a. About 0.2 seconds after the instrument is turned on and at two-
minute intervals, thereafter.

b. About two seconds after is pressed, or immediately after
the instrument is preset by remote control.

¢. Whenever the Center Frequency, Manual frequency, Resolution
Bandwidth or IMPEDANCE setting is changed.

(During front-panel operation, the calibration occurs
about two seconds after the parameter is changed or im-
mediately if the instrument is in the Manual mode. In
Remote, the calibration is performed immediately after
the parameter is changed. These parameter-initiated
calibrations are inhibited when the Center Frequency or
Manual frequency is lower than 150 kHz. Changing the
Manual frequency by Continuous Entry does not initiate
a calibration.)

. d. The operator can force an Automatic Calibration at any time by

entering

RECALL TRACE A LCca on
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QUESTION:

How does the operator know that a calibration is being performed?
ANSWER:

The ““CALIBRATING’’ message appears on the CRT screen.
QUESTION:

What will happen if the instrument is unable to calibrate properly?
ANSWER:

The beeper will sound and a Calibration Error Code, e.g., ‘“CALIBRA-
TION ERROR 03°°, will appear on the CRT screen.

(Calibration Error Codes are defined in the 3585 Service
Manual.)

QUESTION:

What should the operator do if a calibration error occurs?
ANSWER:

The recommended procedure is as follows:

a. First, write down the Calibration Error Code and the control set-
tings that are currently being used.

(This information may be of help to the service technician
if the condition is intermittent.)

b. Deactivate and then store the current instrument state in
Register 1 by entering

SAVE TRACE A Leasrrond
c. Press :

1. If a Calibration Error Code appears on the screen
and/or the beeper sounds, the instrument is either
defective or in need of adjustment. Contact a
qualified service technician or return the instrument
to -hp- for service or repair.

2. If presetting does not produce a Calibration Error

Code or ‘‘beep’’, return to the original control set-

tings by entering . (If the instrument
MECALL TRACE & [

wcEron

does not calibrate automatically, force a calibration

by entering )

e oned
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If a Calibration Error Code does not appear, the
original error was probably the result of a transient
or other nonrepeatable phenomenom; in which case,
you may continue to use the instrument. Keep in
mind, however, that the problem may return. If the
calibration error is repeatable, there is definitely
something wrong. Again, contact a qualified service
technician or return the instrument to -hp-.

QUESTION:
How long does it take to perform an Automatic Calibration?
ANSWER:

The Automatic Calibration time ranges from about 0.1 second to 10 seconds,
depending primarily on the Resolution Bandwidth setting. Narrow
bandwidths require longer settling times and, therefore, take longer to
calibrate.

The initial calibrations that take place after turn on usually take the longest,
because there are no previous calibration constants to use as references.
Calibration time is also longer during the instrument’s warmup cycle since
the circuit parameters are continually changing.

QUESTION:

Does a successful Automatic Calibration verify that the 3585 meets its
published specifications?

ANSWER:

No. Instrument performance must be tested using the Performance Test pro-
cedures outlined in Section IV of this manual. A calibration error is usually a
definite indication that something is wrong; but the absence of a calibration
error does not begin to verify that the 3585 meets its specifications.

A successful Automatic Calibration is, of course, a good sign that the 3585
is operating properly. However, the corrections that are made during an
Automatic Calibration are relative to the instrument’s own internal calibra-
tion source which could conceivably be out of tolerance. Also, the
Automatic Calibration system has no way of testing specified parameters
such as noise and distortion levels, spurious responses, scale linearity and fre-
quency response - all of which are important to the overall performance of
the instrument.
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QUESTION:

Does Automatic Calibration compensate for full-span frequency response
deviations and vertical scale errors?

ANSWER:

No. The Automatic Calibration applies only to the Reference Level
amplitude at the Center Frequency or Manual frequency.

The calibration is performed at the Center Frequency or Manual frequency if
that frequency is 150 kHz or higher. Otherwise, the calibration is performed
at 150 kHz. Since the 3585°s response is extremely flat in the 20 Hz to 150
kHz range, the calibration at 150 kHz applies to all Center or Manual fre-
quency settings within that range. For measurements at frequencies other
than the Center or Manual frequency and amplitudes other than the
Reference Level, the Frequency Response and Amplitude Linearity specifica-
tions must be added to the Reference Level and Marker accuracy specifica-
tions.

QUESTION:
Is the CRT graticule calibrated?
ANSWER:

No.

For analyzers with lines etched on the face of the CRT, the calibration system
has no way of associating any particular displayed point with the grid pattern.
The correlation between the frequency and amplitude of a displayed point is
determined entirely by the CRT trace alignment which is not specified. To obtain
the specified amplitude and frequency, you must make your measurements using
the tunable marker rather than the CRT graticule.

For analyzers with a displayed grid pattern, the circuits generating the grid dis-
play are not referenced to those creating the trace pattern. Again, it is a matter
of alignment which is not specified.

QUESTION:
Is the High-Impedance (1 MQ) input calibrated?
ANSWER:

Not completely. The Automatic Calibration is performed through the Ter-
minated input channel, regardless of which input is being used. The High-
Impedance input channel itself is not calibrated, but all circuitry following
the input channel is calibrated in the normal manner. Since the calibration is
performed through the Terminated input channel, the Terminated input pro-
vides higher amplitude accuracy than the High-Impedance input.
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QUESTION:

Can the operating parameters be changed during an Automatic Calibration
cycle?

ANSWER:

Yes; but only from the front panel. Remote entries are inhibited during
Automatic Calibrations. Changing the Center Frequency, Manual fre-
quency, Resolution Bandwidth or IMPEDANCE setting will abort an
Automatic Calibration cycle that is currently in progress. A new calibration
will be initiated about two seconds after the parameter is changed.

QUESTION:

Does an Automatic Calibration inhibit measurements and interrupt the fre-
quency sweep?

ANSWER:

Yes. During an Automatic Calibration cycle, all measurements and all instru-
ment functions such as Auto. Range are inhibited and the frequency sweep is
stopped. However, the Auto. Cal. will not interrupt a frequency sweep
unless the Sweep Time is 22 seconds or longer or the calibration is initiated
by a change in parameters. If a Noise-Level calculation is in progress when a
normal Auto. Cal. cycle is initiated, the calibration is held-off until the Noise
Level measurement is complete.

QUESTION:
How can the Automatic Calibration be disabled?

ANSWER:

Automatic Calibration can be disabled by pressing (or remotely entering)
It can be reenabled by pressing or enter-
ing a

LV TR e

(When the Auto. Cal. is disabled, the ‘“‘CALIBRATION DIS-
ABLED”’ message is displayed in place of the ““CALIBRATING”’
message, each time a calibration cycle would normally occur.)
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QUESTION:
When should the Automatic Calibration be disabled?
ANSWER:

There are three cases where it may be necessary or desirable to deactivate the
Automatic Calibration system:

a. During nonrepeatable real-time measurements where an Auto.
Cal. interrupt would cause vital information to be lost.

b. To save time when remotely entering a string of parameters that
would cause successive calibrations to occur, it is generally
preferable to deactivate the Auto. Cal., enter the parameter str-
ing and then reactivate the Auto. Cal. to force a calibration.

c¢. When making X-Y recordings using the rear panel VIDEO OUT-
PUT or IF OUTPUT. (These outputs go to their full-scale levels

during calibrations.)

The 3585°s accuracy specifications apply for only two minutes after an
Automatic Calibration cycle. If it is necessary to operate with the calibration
disabled, always force a calibration before deactivating Auto. Cal. and try to
maintain a two-minute calibration interval during your measurement.



REAR PANEL
REAR-PANEL FEATURES
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00
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~~LINE
2 AN
O O AC Line Input Connector: Accepts power cord supplied with instrument.
~~FUGE
AC Line Fuseholder.
~_~VOLTAQGE
SELECTOR
E Line Voltage Selector Switch.

HP-IB Connector: Used to interface the instrument with the Hewlett-Packard In-
terface Bus (HP-IB) for remote operation. Remote operation is described in Sec-
tion III, Part 2.

Supplies a 10 MHz + 1 x 10-7 per month sinusoidal frequency reference from an
internal crystal oscillator, located in a temperature-controlled oven. The output is
ac coupled and the output impedance is 50 ohms. The nominal output level is
+10 dBm/50 ohms. The output is disabled during the oven’s warmup cycle. To
use the internal Oven Reference, this output must be connected to the EXT REF
IN jack.
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EXT REF IN
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This input allows the 3585°s master oscillator to be phase locked to the internal
Oven Reference or an external frequency standard. The input is ac coupled and
the input impedance is 50 ohms. The frequency of the reference signal applied to
this input must be 10 MHz or any subharmonic down to 1 MHz (+ 5 ppm), and
the amplitude must be within the range of 0 dBm to + 15 dBm (50 ohms).
Dynamic range performance will be degraded unless the phase noise and spurious
content of the reference signal is < -110 dBc (1 Hz) referred to 10 MHz at a 20 Hz
to 1 kHz offset.

To use the internal Oven Reference, connect this BNC-to-BNC jumper between
the OVEN REF OUT connector and the EXTERNAL REF IN connector.

Supplies a 10 MHz square wave that is phase locked to the reference frequency ap-
plied to the EXTERNAL REF IN connector. When the internal Oven Reference is
used, the frequency accuracy is 10 MHz + 1 x 10~7 per month. The output is
transformer coupled, the output impedance is 50 ohms and the nominal output
revel is + 20 dBm/50 ohms. This reference output can be used to phase lock an ex-
ternal signal source or another analyzer to the 3585°s frequency reference.

This output is taken from a voltage divider which connects directly to the output
of the 3585°s final IF filter. The output signal is a 350 kHz (nominal) sine wave,
whose amplitude is linearily proportional to the amplitude of the input-signal
com=ounent to which the 3585 is tuned. The output is ac coupled and the output
mpedance is approximately 450 ohms. When the signal amplitude is equal to the
Reference Level and the Reference Level is +10 dB to — 56 dB relative to the
Range setting, the full-scale IF output level ranges from approximately 247 mV
rms (—12.0 dBV) to 157 mV rms(— 16.0 dBV), depending on the internal IF gain
setting. The IF gain settability is limited to 4 dB steps and, because of the variable
offsets that are introduced by the Automatic Calibration system, the IF gain and
full-scale IF output level is not always the same for a given Reference Level set-
ting. The full-scale IF output level will vary (over a 4 dB range) as a function of
Reference Level, Range, Impedance and Resolution Bandwidth. Before using the
IF Output in a critical measurement application, select the required operating
parameters, force an Automatic Calibration and then measure the full-scale IF
output level.

The IF Output can be used to drive an external detector (e.g., a voltmeter or wave
analyzer) to obtain a linear video output which, in turn, can be used for audio monitor-
ing in radio surveillance applications, or applied to the vertical input of a storage
~scilloscope or X-Y recorder for application requiring a linear amplitude scale. The IF
Output can also be connected to a true rms voltmeter for making rms noise-level
measurements.

(The 3585 ’s equivalent noise bandwidth is approximately 1.2 times the 3 dB
bandwidth established by the Resolution Bandwidth setting. The 3 dB band-
width has a specified tolerance of +20% and must, therefore, be measured
to obtain accurate resuits.)



REAR PANEL

NOTES

1. The IF Output goes to its full-scale level (270 mV to 190 mV) during
Automatic Calibration cycles.

2. The Video Output level is + 10 Vdc during Automatic calibrations.

3. If the video amplitude is more than ten divisions below the Reference
Level, the Video Output will go negative. Maximum negative output levels
are typically as follows:

Display Qutputs

dB/DIV | Maximum Negative OQutput

10 - 0.5 Vdc
5 —10.5 Vdc
2orl —13.5 Vdc

Supplies a dc output voltage (prior to peak detection and digitizing) that is pro-
portional to the ‘A’ Trace video amplitude on the CRT screen. The Video Out-
put is scaled to one volt per division, and the nominal output level ranges from
+ 10.0 Vdc at the Reference Level to 0.0 Vdc at ten divisions below the Reference
Level. The output resistance is 1 kilohm, nominal. The output is diode clamped to
+ 15 Vdc and is internally fused at 62 mA, N.B.

The Video Output can be applied to an external analog-to-digital converter or digital
voltmeter to obtain higher amplitude resolution than is provided by the CRT readouts.
When connected to a high-impedance headset or amplifier through a coupling capac-
itor, it can be used to monitor the audio on an amplitude-modulated carrier. (Since the
video amplitude is logarithmic, the audio obtained from the Video Output is quite dis-
torted although intelligible enough for some monitoring purposes.

The DISPLAY outputs allow all of the CRT information to be displayed on an auxiliary CRT

monitor.

Output Level Output Resistance  Protection
(nominal) (nominal)
OVito +1 Vdc 1 kilohm diode clamped to +15 Vdc;
internally fused at 62 mA,
N.B. °
 §
Beam Off: —0.5 Vdc* 47 ohms diode clamped to ground and
Beam On: +4.3 Vdc +5 Vdc; internally fused at
62 mA, N.B.

*The ““Z”’ output is strictly a beam off/on function; there is no intensity modulation.
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CHAPTER 2
BASIC OPERATING PROCEDURES

This chapter describes a basic six-step procedure for making swept signal-analysis measurements using
-the 3585 . Additional topics include:

Special Measurement Techniques
Improving Noise-Free And Distortion-Free Dynamic Range
Amplitude Frequency-Response (Network Analysis) Measurements Using the Tracking Generator

SIX STEP OPERATING PROCEDURE
Most signal-analysis measurements can be made in six easy steps:
I. Press .
2. Select the desired input and connect the signal source.
3. Adjust the frequency parameters to obtain the desired frequency display range.

4. If necessary, adjust the Resolution Bandwidth and/or Video Bandwidth parameters to
obtain the required sensitivity, resolution and display smoothing.

5. Select amplitude display units and, if necessary, adjust the Reference Level.
6. Measure frequency and amplitude of on-screen responses using the tunable Marker.

The detailed aspects of each step are given in the following paragraphs.

STEP 1: Press

The function provides a convenient starting point for nearly all measurements. Presetting forces
all parameters to their turn-on states and initiates an Automatic Calibration cycle. The preset opera-
tion does not erase portions of memory in which the *‘B’’ Trace, control settings and calibration con-
stants are stored. '

REF -25.0 dBm MARKER 20 000 00D.0 Hx
10 d4B/DIV RANGE -25.0 dBm  -87.1 dBm
With full span, zero re-
sponse may mask low-
frequencysignals.  }----1 ittt Rttt tleieind Coliniet-Suletialy ity ettt it Sl
CENTER 20 000 00O.0 Hz SPAN 4D 000 000.0 Hz
RBW 30 KHz VBW 30 KHz ST .2 SEC

CRT Display After (no input signal)
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REF LVL
a0 TRACK

In the preset state, the @ and @ functions are activated and the 50-ohm Terminated input is
-
selected. Both Range and Reference Level are initially preset to + 30 dBm. (With no signal applied to

REF LVL

the input, the instrument automatically downranges to —25 dBm.) With rm‘[-;j activated, the
M

Reference Level is coupled to Range and, therefore, remains equal to the Range setting.

Presetting establishes a full 0 Hz to 40 MHz Frequency Span with a Center Frequency of 20 MHz and a
0.2-second continuous sweep. This provides a broad ‘‘instant’’ view of the entire spectrum which, in
most cases, will allow you to quickly locate and ‘‘zoom-in’’ on the major signals of interest. The peak
detection system that is used in the 3585 insures that the peak of any response that protrudes through
the noise is retained and displayed at a point on the CRT trace. Therefore, if a response is present
anywhere in the span, you will be able to see it unless it is masked by the analyzer’s zero response which
appears at 0 Hz. If the signal that you wish to measure is lower than about 300 kHz, the full span may
not provide the resolution needed to separate it from the zero response. This situation can be quickly

remedied by simply decrementing the Stop Frequency (with Iy! ) until the signal becomes
distinguishable. e l ]

The Resolution Bandwidth and Video Bandwidth parameters are preset to 30 kHz and the Sweep Time
is preset to 0.2 seconds. These Bandwidth and Sweep Time settings are the preferred or ‘‘optimum”
settings for the full 40 MHz span. Once these settings are established, the function (also
activated by ) will automatically set the Resolution Bandwidth and Video Bandwidth to main-
tain proportional resolution and display smoothing as the Frequency Span is narrowed. It will also
automatically adjust the Sweep Time according to the Frequency Span and Bandwidth settings to
maintain the maximum-calibrated sweep rate. This convenient coupling arrangement allows the
operator to initially concentrate on adjusting the frequency parameters to obtain the desired frequency
display range. Once the frequency parameters have been set, the Bandwidth and Sweep Time
parameters can be individually adjusted to meet specific requirements and, where necessary, the coupl-
ing can be deactivated. The UNCAL indicator, located in the RBW, VBW, ST control block, lights

whenever the manually-selected sweep rate is too fast to maintain calibration.

If you require specific Bandwidth and Sweep Time settings, you may, of course, select them at the
onset of the measurement. In most cases, however, it is best to start out using the automatic settings
and then make any fine adjustments needed to obtain the required results.
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STEP 2

Input Selection

‘ STEP 2: Select the desired input and connect the signal source.

Input Selection

oy ?l[ JII

HIGH-IMPEDANC.E INPUT: ac ‘,@ . Do TERMINATED INPUT: Provides

coupled; Input impedance is e e 50 Q or 75 Q dc-coupled ter-
1 MQ, shunted by < 30 pF. M 2001 s0750 mination.

Tonllse the Terminated input, select the desired terminating impedance by pressing the or
IMPEDANCE key. ( automatically activates the Terminated input and selects the 50

ohm termination.) The IMPEDANCE key will light to indicate that the Terminated input is activated;

the TERMINATED light, directly below the IMPEDANCE key, will light to indicate that the input is

‘ terminated. The TERMINATED light also indicates the impedance to which the instrument is

automatically calibrated for dBm measurements (i.e., dBm/50 Q or dBm/75 Q).

To use the High-Impedance input:

a. Select the desired calibration impedance by pressing {0 | OR ([l o_]] .

(The calibration impedance is the impedance to which the instrument is automatically calibrated
for dBm measurements; i.e., dBm/50 Q or dBm/75 Q. For measurements in dBV or volts, the IM-
PEDANCE setting is arbitrary.)

b. Activate the High-Impedance input by pressing i

3on

The - (o) key will light to indicate that the High-Impedance input is activated. The or
i ] key will go out but the 50 @ or 75 @ TERMINATED light will stay on to indicate the
calibration impedance and also to indicate that the Terminated input is terminated with a 50 Q or

75 @ dummy load.
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STEP 2

Connect Signal Source

The Terminated input is dc coupled. Peak (combined ac/dc) input levels
exceeding =+ 13 volts will activate the protection circuit but may still damage
the input circuitry. *

RF input levels exceeding +5.25 V peak at the High-Impedance input may
damage the input circuitry (see Chapter 4. for details). The peak (combined
ac/dc) input level applied to the High-Impedance input must not exceed
+ 42 volts.

Connect The Signal Source To The Selected Input

AUTO

With (“::E activated, the 3585 will automatically select the proper Range according to the

REF LVL
TRACK

amplitude of the ac input signal. With @ also activated, the Reference Level will automatically
change in 5 dB increments along with the Range setting. Since the Reference Level was initially set
equal to the Range with , it will remain equal to the Range until it is manually changed. Unless
the input-signal level is well below — 25 dBm, this will automatically place the largest input-signal com-

ponent at or near the top of the screen.

REF LVL
TRACK AUTO

With -[L___T___]Jl activated, Reference Level

automatically set equal to RANGE. Largest input-
signal response at or near top of screen.

sets RANGE automatically according to
input-signal amplitude.

REF S.0 dBm MARKER 20 000 000.0 H=z

10 dB/D1V RANGE S.0 dBm ~36.9 dBm

.......... S | S e T L R R Dl

'CENTER 20 000 000.0 Ha SPAN 40 _000_000.0 H=z
RBW 30 KHz  VBW 30 KHz ST .2 SEC

Input Signal Applied

*When the Protection circuit is activated, the Terminated input opens and the 50 2 or 75 Q TERMINATED light goes out. To
reset the Protection Circuit, disconnect the signal source and then press any of the IMPEDANCE keys.
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STEP 3

Adjust Frequency Parameters

‘ STEP 3: Adjust the frequency parameters to obtain the desired frequency display range.

FREQUENCY SPAN
REF . O_dBm MARKER 1 000 00C.0 Hz
0 4B/DIV RANGE .0 doBm .0 oBm

i
[
[il

\

} .
| I [ .
CENTER 1 000 000.0 Hz SPAN 100 000.0 H=z
RBW 1 KH=z VBW 30D Hz ST 1.0 SEC
START CENTER STOP
FREQUENCY FREQUENCY FREQUENCY

There are two basic methods for setting the frequency display range:

1. Enter Center Frequency and Frequency Span
OR

2.  Enter Start Frequency and Stop Frequency
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STEP 3

Center Frequency Entries

Entering Center Frequency and Frequency Span

Center Frequency and Frequency Span entries are generally used to display and measure a specific
component within the input-signal spectrum or to examine a group of closely spaced signals such as a
modulated carrier and its side frequencies; IM distortion products, noise sidebands, etc.

Center Freguency

The first step is to set the Center Frequency so that the major signal of interest is in the center of the
screen. This can be done using any of three entry methods:

1. Marker/Counter Entry:

Marker Entry: With activated, set the Marker to the peak of the signal of in-

terest with . Then, press . (This sets the Center Frequency equal to the
Marker frequency.)

Counter Entry: Because of the limited frequency resolution and accuracy of the
Marker, a response that has been moved to the center of the screen by Marker Entry
may move off center as the Frequency Span is narrowed. This effect can be avoided by
using the COUNTER function:

REF .0 dBm COUNTER 1 000 000.1 Hz REF .0 dBm COUNTER 1 GO0 000.1 H=
10 dB/D1V RANGE .0 dBm -4.6 dBm 10 48/D1V RANGE .0 dBm -5.6 dBm
T T
. :
' ]
1
1
]
]
]
]
1
]
1
] ]
1 ]
[ ]
] ]
CENTER 20 000 000.0 H=z SPAN 40 000 000.0 H=x CENTER 1 000 000. 1 H=x SPAN 40 000 000.0 Hx
RBY 30 KH=z VBY 30 KHz ST .2 SEC RBW '30 KHx VBY 30 KMz ST .2 SEC

MARKER COUNTER
a. With m and lml' activated, set the Marker b. Press .
at least 20 dB above the noise fioor on the skirt (or (This sets the Center Frequency equal to
peak) of the response that is to be moved to the the “COUNTER'’ frequency.)
center of the screen. Allow time for the
““COUNTER’’ reading to appear in the top-right
corner of the screen.

(The *“COUNTER’’ reading indicates the
true signal frequency at the peak of the
response on which the Marker is posi-
tioned.)
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STEP 3

Center Frequency Entries

. 2. Continuous Entry

Activate - then move signal of interest to center of screen with . Continuous
Entry resolution is 0.1% of Frequency Span;i.e., 40 kHz fora40 MHz Span.

3. Numeric Entry: EEEE
Center Frequency is settable within the range of 0 Hz to 40.1 MHz with 0.1 Hz resolution.

NOTES

1. If the frequency of the signal to be measured is lower than about 300 kHz,
the full Span will not provide the resolution needed to separate that signal
from the zero response on the CRT screen. To improve the resolution,
simply decrement the Stop Frequency ( sl (O ) until the signal
becomes distinguishable.

2. With a 40 MHz Frequency Span, a Center Frequency change greater than
— 0.1 Hz will set the Start Frequency lower than 0 Hz; and a change greater
than + 100 kHz will set the Stop Frequency higher than 40.1 MHz. When the
Start or Stop frequency limit is exceeded the ‘‘out of range” portion of the
CRT trace is blanked and the “SWEEP SPAN LIMITED’’ message appears
on the screen. This effect can be ignored since the limited sweep span condi-

‘ tion will be corrected when the Frequency Span is narrowed in the following
step.
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STEP 3

Frequency Span Entries

Frequency Span .

Once the signal has been moved to the center of the screen, the Frequency Span can be narrowed to
display the frequency range of interest above and below that signal. As the Frequency Span is nar-
rowed, the Resolution Bandwidth and Video Bandwidth settings are automatically narrowed to main-
tain proportional resolution and noise averaging; the Sweep Time is automatically adjusted to main-
tain the maximum-calibrated sweep rate.

NOTE
Changing the Frequency Span changes the displayed frequency range sym-
metrically about the Center Frequency and, therefore, does not affect the
Center Frequency setting. Frequency Span refers to the total displayed Jre-
quency range; divide by 10 to determine Frequency Span per division.
The Frequency Span can be narrowed using either of two methods:
1. StepEntry: [F“&,‘:‘j‘ [Q
Steps change the Frequency Span to the next valueinal, 2, 5, 10 sequence.

. aees
2. NumerlcEntry: i

Frequency Span is settable within the range of 0 Hz t0 40.1 MHz with 0.1 Hz resolution.

REF .0 dBm COUNTER 1 000 0CO. 1 Hz REF .0 dBm MARKER 1 000 00C0.1 Hz .
10 d4B/DIV RANGE .0 dBm -5.6 dBm 10 dB/D1V RANGE .0 dBm -5.8 dBm .

[ ' n
% | [\
' A

'ﬁ [i 5

[\ 7+ N\ 1A
\ / |\ WAR

Iy 2 }
¥

=

-t = -4 -4

I

i

-
—
—

;

1 000 00O. 1 Hx SPAN 40 000 00O.0 Hx CENTER 1 00O 000.1 M= SPAN 20 000.0 Hx
RBY 30 KHx VBY 30 KHz ST .2 SEC RBW 300 Hx VBY 1 KHx ST .8 SEC
a. Signal in center of screen with limited sweep b. Frequency Span narrowed about Center fre-
span. quency to obtain required resolution. RBW,
VBW and ST parameters are set automat-
ically.

(Observe that the peak of the response is

skewed slightly off center. This frequency

skew, caused by sweep dynamics, can be .
minimized by increasing the Sweep Time.) .
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STEP 3
Start/Stop Entries

Entering Start and Stop Frequencies

Start and Stop frequency entries provide a convenient way to display a specific range of frequencies.
For example, a Start Frequency of 5 kHz and a Stop Frequency of 55 kHz can be used to fully display
the fundamental through fifth harmonics of a 10 kHz signal:

REF .0 dBm MARKER 10 000.0 Hz
10 dB/D1V RANGE .0 dBm -4.4 dBm
T
1 i
|
l
1
\ [
1
1
I
- B R S N
\ 1
I
1] | | |
1
|
- '
1
START S 000.0 Hz STOP 5SS 000. 0 H=z
RBW 300 Hx VBW 1 KHz ST 1.2 SEC

Prefacing the Start Frequency or Stop Frequency automatically displays the Start and Stop frequencies
in place of Center and Span. The Start and Stop frequencies will continue to be displayed until Center
Frequency, Frequency Span or CF Step Size is prefaced; Center Frequency is changed by Marker or

- . . SINGLE -
Continuous Entry; a Manual frequency is entered or or is pressed.

FULL SWEEP

Changing the Start Frequency and/or Stop Frequency changes both the Center Frequency and the Fre-
quency Span. The 3585 will automatically calibrate at the Center Frequency and will automatically
set the Resolution Bandwidth, Video Bandwidth and Sweep Time according to the Frequency Span.*

Start and Stop frequencies can be entered three ways:

1. NumericEntry: ||5%%%| OR | #&| esus

The Start Frequency and Stop Frequency parameters are settable within the range of 0 Hz
to 40.1 MHz with 0.1 Hz resolution. '

2. StepEntry: {s=lt OR fj#xi| 1| (O

Steps change the Start Frequency or Stop Frequency such that the Frequency Span is at
the next valueinal, 2, 5, 10 sequence.

3. Offset Entry:

Offset entries allow you to quickly set Start and Stop frequencies or ‘‘zoom in’’> on a
signal of interest using the Marker. :

*|f the Center Frequency is lower than 150 kHz, the calibration is performed at 150 kHz.
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STEP 3
Start/Stop Entries

Example Offset Entry*

REF .D dBm OFFSET .0 Hz REF .0 dBm OFFSET 800 000.0 Hz
10 dB/D1V RANGE .0 dBm .0 dB 10 dB/DlV RANGE .0 dBm 2.3 db

i i

| i

| |

1 1

] 1

! 1

1 1

| 1
_—-——_--—————-———-'——————1—————-—'--"-' - em wme = - —~———————1———i-—- _— e | - - —

!

‘ |

CENTER 20 000 000.0 H=z SPAN 40_000 000.0 Hx  CENTER 20 000 000.0 Hz SPAN 40 000 00C.0 Hz
RBW 30 KHz  VBW 30 KHz ST .2 SEC RBY 30 KHz  VBW 30 KHz ST .2 SEC
a. Set the Marker to the desired Start (or Stop) b. Setthe Marker to the desired Stop (or Start)

Frequency with O . Frequency with Q .
Activate and then press .

REF .0 dBm OFFSET 800 000.0 Hz
10 dB/DI1V RANGE .0 dBm -7.9 dB
i
|
g |
T
)
—— e - - e o = —— —1—-————4-————-——-——-
|
1E|
)
1
® | *
!
T
|

START 8 800 000.0 H=z STOP 10 400 000. 0 H=z
RBY 3 KHz VBW 10 KHz ST .2 SEC

c. Press

(This sets the Start and Stop frequencies equal to the left and right
Marker frequencies, respectively; and sets the Frequency Span equal
to the "OFFSET’’ frequency displayed in top-right corner of screen.
Note that the Markers can be placed at either end of the Spa;n. Press-
ing automatically displays ‘*'START"’ aﬁd *STOP’ '*in place of
"*CENTER’' and “'SPAN"’.)

*After entering Start and Stop frequencies with Offset to Span, deactivate Offset so that the Marker readout will indicate ab-
solute frequency and amplitude.
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STEP 4
Adjust RBW

STEP 4: If necessary, adjust the Resolution Bandwidth (RBW) and/or Video Bandwidth (VBW) parameters to
obtain the required sensitivity, frequency resolution and display smoothing.

Resolution Bandwidth

The Resolution Bandwidth settings that are selected automatically generally provide adequate resolu-

tion and a good aspect ratio. However, the automatic RBW settings may not provide the noise-free

dynamic range required for your specific measurement or the resolution needed to separate closely

spaced signals within the selected frequency span. To improve the sensitivity and frequency resolution,

simply narrow the RBW one or two steps by pressing @’ . (Narrowing the RBW one step
reduces the noise level by about 4.5 dB.) When the RBW is narrowed, the Sweep Time will

automatically increase to maintain absolute calibration.

NOTE

COUPLED
TO sPaN

With activated, VBW is coupled to RBW. Therefore, a change in the
RBW setting will also change the VBW setting. Changing the VBW does not

affect the RBW.

REF -2.8B dBm MARKER 1 000 000.0 H=x REF -2.8 dBm MARKER § 000 000.0 H=z
10 dB/D1V RANGE .0 dBm -5.1 dBm 10 d4B/D1V RANGE .0 dBm -5.8 dBm
A
[\
/ |
]
[ 1\
]
/]
I S A 1 O
A 1 N -
[ v T\ ‘
]
! \‘L :
] I
' | . Ly
] ]
I . ]
CENTER 1 000 000.0 Hxz SPAN S5 000.0 Hz CENTER 1 000 000.0 Hz SPAN S 000.0 H=z
RBY 100 H:e VBW 300 Hz ST 4.0 SEC RBY 10 = VBY 30 H=x ST 100 SEC

Closely spaced signals in 5 kHz Span unresolved
with 100 Hz RBW {automatically selected).

Signals resolved by narrowing RBW to 10 Hz (two
steps); VBW tracks RBW; ST increases to 100
seconds to maintain absolute calibration.
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STEP 4
Adjust VBW

Video Bandwidth .

The Video Bandwidth (VBW) settings that are selected automatically provide a minimum amount of
video filtering. To measure low-level signals that are near the noise floor, it is generally necessary to
narrow the VBW at least one or two steps below the automatic setting. This can be done by pressing
or by Numeric Entry. The most effective video filtering is obtained when the VBW is
10% to 1% of the Resolution Bandwidth. Narrowing the VBW automatically increases the Sweep

Time.
REF .0 dBm MARKER 1 000 000.1 Hz REF .0 dBm z
10 dB/DIV RANGE .0 dBm -5.8 dBm 10 dB/DIV RANGE .0 dMBtRKER ' ogoz Ogg' PH
n
f:\ [\
[ [
I
N A AN
S I SO | 5 SR SR S W Y ) ) SpUG JRS AR SR IS (U i WSS SV AL WS SOUp ') N g g
' ]
J\/:\\l\ A e AL T
VV Lv./ 'R [ 1\ ERAWAR .
: |- Y
] - [}
[} ]
CENTER 1 00O OOO.1 Hx SPAN 20 000.0 Hz CENTER 1 000 0OOO. 1 Hz SPAN 20 000.0 Hz
RBW 300 Hz VYBY 1 iOtx ST .8 SEC RBY 300 H=x VBY 3 Hx ST B9.6 SEC : .
Low level harmonics masked by noise with 1 kHz Narrowing VBW to 3 Hz (1% of RBW) reduces the
VBW (automatically selected). noise variations, making it easy to see the low-

level harmonics. (This also increased the Sweep
Time and eliminated the frequency skew.)

NOTES

1. To measure impulse noise, the Video Bandwidth must be equal to or
wider than the Resolution Bandwidth.

2. When measuring random noise spectral density using the 3585 NOISE
LVL function, the Video Bandwidth setting is arbitrary. (The 3585. inter-
nally selects the 100 Hz VBW during its noise measurement routine.)

3. To measure the rms value of the average noise appearing on the CRT, the
VBW must be narrowed to 1% of the Resolution Bandwidth (or narrower).
Add +2.5 dB to the displayed average noise level to compensate for the
instrument’s log converter and average-responding detector.
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STEP 5
Select Amplitude Display Units

‘ STEP 5: Select amplitude display units and, if necessary, adjust the Reference Level.
Select Amplitude Display Units
At this point, the Reference Level, Range and Marker amplitude are displayed in dBm/50 ohms or

dBm/75 ohms, depending on the calibration impedance you selected in Step 1. If you wish to make
measurements in dBV or rms volts:

1. Convert the readouts to dBV by pressing [( “‘{ECE'C“J [ o

2. Convert the readouts to rms volts by pressing [l

NOTES
1. Converting the Reference Level readout to volts does not redefine the ver-
tical scale. The 3585 vertical scale is always in logarithmic units of ‘‘dB”’
relative to the Reference Level; the 3585 does not have a linear scale.
Reference Level voltage settability is limited to 0.1 dB (approximately 1%).

REFERENCE
EL

2. Pressing [r e returns the readouts to “‘dBm’’ or *“dBV’’.

REF -5.2 dBm MARKER 1 000 0O00.1 Hz
10 dB/D1V RANGE .0 dBm -5.2 dBm

®
==

—
s
|

\:&
P N N
1
i

_'_"_'_YL\T'

[11

ﬁ\_________

\

z
vauvme e

]

[}
1
\ I |
GW'( "
d [
1
t
t
CENTER 1 00O 000.1 Hx SPAN 20 000.0 Hz
RBW 300 Hz VBW 30 Hx ST 7.0 SEC

OR | ™= = j

Displays REF, RANGE and Marker amplitude in “‘dBm’’ (50 Q or 75 Q).

REF —-18.2 dBv MARKER 1 000 DO00. 1 Hz REF 123 aV MARKER .
10 dB/D1V RANGE -13.0 dBv -18.2 dBv 10 dB/DIV RANGE 224 aV ! 10330 3\90 T

N - n
M | i

REFERENCE Mz r
' LEVEL I o8y LEVEL
Lad voLT

Displays REF, RANGE and Marker amplitude Displays REF, RANGE and Marker amplitude in rms
in “dBV’' (1 Vrms = 0 dBV). voits.
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STEP 5

Adjust Reference Level

Reference Level Adjustment

The 3585 Reference Level is settable from 100 dB below the RANGE setting to 10 dB above the
RANGE setting (0.1 dB resolution). The ability to adjust the Reference Level makes it possible to
move any response within the 110 dB adjustment range to the top of the screen for measurement.
There are two major reasons for doing this:

1. The amplitude accuracy at the top of the screen is substantially better than it is at lower
levels.

2. Signals at the top of the screen can be expanded vertically by reducing the Vertical Scale
(dB/DIV) setting. Vertical expansion improves the amplitude resolution and accuracy.

Also, with a narrow Resolution Bandwidth the noise level may be so low that it is below the bottom
line of the CRT graticule. By lowering the Reference Level, the noise floor and any low-level signals
can be moved onto the screen for measurement.

For general-purpose measurements where optimum amplitude accuracy is not required, the Reference
Level is normally adjusted so that the peak of the largest response to be measured is at the top of the
screen. This minimizes scale errors within the measurement range being used and provides maximum
vertical display range. For applications requiring high amplitude accuracy, the individual signals of
interest are moved to the center of the screen (by adjusting the Center Frequency) and are then moved
to the top of the screen by adjusting the Reference Level. The most accurate point on the CRT display
is the Reference Level at the Center Frequency or Manual frequency (i.e., the frequency at which the
Automatic Calibration is performed).

NOTES

Points on the CRT trace will not respond to a change in Reference Level (or
any other parameter) until they are updated by the frequency sweep. For this
reason, it may be beneficial to adjust the Reference Level before making
RBW/VBW adjustments that will increase the Sweep Time.

Lowering the Reference Level (rotating @ CCW) moves low-level
signals closer to the top of the screen. '

The Reference Level can be set equal to the RANGE at any time by simply
turning “wmee  off and then back on.

)
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STEP 5

Adjust Reference Level

. The Reference Level can be adjusted using any of four different techniques:

1. Continuous Entry:
REF LVL

Activate {{o] and move the signal of interest to the top of the screen using the-

Continuous Entry control . Continuous Entry resolution is 0.1 dB.

2.  Marker Entry:

MARKER '
With activated, set the tunable Marker to the peak of the response that is to be
moved to the top of the screen; and then press . (This sets the Reference Level equal
to the Marker amplitude.)

3. Step Emry:[ «geee |OR "iﬂ [@J o]

Steps change Reference Level by 5% of amplitude display range; i.e., 5dB, 2.5dB, 1 dB
or 0.5 dB,depending on Vertical Scale setting.

. L ] [ [ 111}
4. Numeric Entry: "‘{E'JEE“I gggg OR L‘ﬁg! HH

Settability is 100 dB below Range to 10 dB above Range, 0.1 dB resolution.

Vertical Expansion

Reducing the Vertical Scale (dB/DIV) setting expands the vertical scale downward from the Reference
‘ Level. Vertical expansion improves the amplitude resolution on the CRT trace and also improves the
Marker amplitude resolution and accuracy.

The 3585A has four Vertical Scale settings; 10 dB, 5 dB, 2 dB and 1 dB per division. With ten vertical
divisions, these settings provide a display range of 100 dB, 50 dB, 20 dB or 10 dB, respectively:

Vertical Display Marker Ampiitude Reference Level
Scale Range Resolution Accuracy Degradation®
10dB/DIV 100dB 0.1dB +0.1dB
5dB/DIV 50dB 0.05dB +0.1dB
2 dB/DIV 20dB 0.02dB none
1dB/DIV 10dB 0.01dB none

*When the Marker is at the top of the screen, the Marker amplitude accuracy is equal
to the Reference Leve! accuracy. When using the 10 dB/DIV or 5 dB/DIV Vertical
Scale setting, add +0.1 dB to the Reference Level (and Marker) amplitude accuracy
specification.

The Vertical Scale setting can be changed two ways:

1. Step Entry: L s8/miv a O

. Steps select next available setting.

2.  Numeric Entry: /o1 HHH

Enter specific setting. (Entries that select unavailable settings are not accepted.)
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STEP 5

Vertical Expansion

Here is a technique for moving a signal of interest to the top of the screen and expanding it vertically:

REF -20.0 dBm

MARKER 20 070.1 Hz

10 dB/DI1V RANGE -20.0 dBm -80.8 dBm

REF —80.8 dbm=

10 d4B/D1V

MARKER 20 070.1 Hz
RANGE -20.0 dBm -81.0 dBm

\

/

I\
[

|
A
\

] __\(.___

B s Beid wldh ittt o

|
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|
|
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|
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|
t
!
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I
1
|
|
[
|

Al /

§
\
\
)

CENTER 20 070C. 1
RBW 300 Hz

Hz SPAN 25 000.0 Hz
VBW 30 Hz ST 8.8 SEC

MARKER

a. Set Marker to peak of signal with

\

C.

REF -80.8 dBm

1 dB/DIV RANGE -20.0 dBm

CENTER 20 070.1 H

SPAN 25 000.0 Hz

z
RBY 300 Hzx VBW 30 Hz ST 8.8 SEC

b. Move signal to top of screen by pressing

MR —e=-
REF L -

(This could also be done by Con-
tinuous, Step or Numeric Entry.)

MARKER 20 070. 1
-B81.01 dBm

Hz

(
|
h|-~-~F--1-
U

\

\.

CENTER 20 070.1 Hz

RBYW 300 Hz VB¥ 30 Hx ST 8.8 SE

SPAN 25 000.0 H=z

Reduce the Vertical Scale with

C

.meJ {&Jlor by Numeric Entry.

(Observe that ‘‘MARKER’’ amplitude readout now has two fractional
digits. With 1 dB/DIV, Marker amplitude resolution is 0.01 dB.)

NOTE

Signals that are above the Reference Level will overdrive the display as
shown. This will not damage the instrument nor degrade its performance.
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STEP 6

Measurements

‘ STEP 6: Measure frequency and amplitude of on-screen responses using the tunable Marker.

Absolute Measurements

MARKER

With |@} activated, set the tunable Marker to the point of interest on the CRT trace using the Con-
tinuous Entry control O . Read the absolute frequency and amplitude directly from the

““MARKER?” readout in the upper right-hand corner of the screen.

Precise Frequency Measurement Using The Counter

The Marker’s frequency resolution and accuracy is limited by the point-by-point display and sweep
dynamics. To precisely measure the frequency of a signal that is producing a response, use the
COUNTER function:

1. Set the Marker at least 20 dB above the noise floor on the skirt (or peak) of the response to
be measured.

2. Activate ; allow time for the COUNTER reading to appear in the upper right-hand
corner of the CRT screen. (The COUNTER reading does not appear until the frequency
sweep passes through the Marker frequency.)

3. The COUNTER reading indicates the true signal frequency at the peak of the response on.
which the Marker is positioned. The Marker does not need to be at the peak of the
response.

REF -20.0 dBm MARKER 10 020 000.0 Hz REF -20.0 dBm COUNTER 10 035 000. 0 Hz
10 dB/DIV RANGE -20.0 dBm  -21.0 dBm 10 dB/DIV RANGE -20.0 dBm  -21.0 dBm
i 2
| |
1 1
t |
| |
[ 1
N | !
CENTER 10 000 00C.0 Hz SPAN 20_000 000.0 Hz CENTER 10 000 0O00.0 Hz SPAN 20 000 000.0 Hz
RBY 30 KHz  VBW 30 KHz ST .8 SEC RBW 30 KHz  VBW 30 KHz ST .8 SEC

a. Peak of 10.035 MHz response displayed at b. ‘“COUNTER’ frequency readout indicates
10.02 MHz point on CRT trace as indicated true frequency at peak of response.
by “MARKER’’ frequency readout.
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STEP 6

Optimizing Amplitude Accuracy

NOTES

1. The “COUNTER’’ amplitude readout indicates the Marker’s amplitude
on the CRT trace which is not necessarily the amplitude at the peak of the
response. To measure the peak amplitude of a response, the Marker must be
set to the peak of that response.

2. The counting operation, performed each time the frequency sweep passes
through the marker frequency, will sometimes produce dynamic ‘‘glitching’’
on the skirt of the response whose frequency is being counted. This does not
affect the frequency or amplitude accuracy.

3. To-obtain accurate, stable Counter readings, the Marker must be at least
20 dB above the noise floor and at least 20 dB above any unresolved signal
that is inside the IF filter skirts.

4. While the Marker is being tuned, the Counter is inhibited and the readout
displays the “MARKER’ frequency and amplitude. When the Marker
becomes stationary, the “COUNTER’ reading reappears after the fre-
quency sweep passes through the Marker frequency.

Optimizing Amplitude Accuracy

To measure the absolute amplitude of a response with high accuracy, perform the following steps:

a. Move the response to the center of the screen by adjusting the Center Frequency.

b. Increase the Sweep Time two steps by pressing Ol O

¢. Move the Response to the top of the screen by adjusting the Reference Level.

d. Reduce the Vertical Scale to 1 dB/DIV with [[ aB/0Iv

e. Set the Marker to the peak of the response and observe the amplitude reading.

3-2-18
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STEP 6

Relative Frequency And Amplitude Measurements

The 3585 OFFSET function can be used to measure the relative frequency and amplitude between
any two points on the CRT trace.

EXAMPLE: Measure the frequency and amplitude of AM sidebands relative to the carrier:

REF -S5.2 dBm OFFSET .0 Hz REF -5.2 dBm OFFSET 4 000.0 Hz
10 dB/DIV RANGE .0 dBm .0 dB 10 dB/D1V RANGE .0 dBm -31.1 dB

o s

\ [13 1/ [\

i A TR o A g

CENTER 1 000 000.1 Hz SPAN 20 000.0 Hz CENTER 1 000 00OC. 1 Hz SPAN 20 000.0 Hz
RBW 300 Hz VBW 30 Hz ST 7.0 SEC RBW 300 Hz VBYW 30 Hz ST 7.0 SEC
a. First, set the Marker to the peak of the carrier b. Set the Marker to the peak of the upper (or
MARKER OFFSET
with O . Then activate and lower) sideband with O . (A stationary
press . marker remains at the carrier frequency.) The

""OFFSET'" reading indicates the frequency
and amplitude of the sideband relative to the

carrier.*

NOTE

The ‘‘OFFSET’’ amplitude is always displayed in “‘dB’’. It cannot be
displayed in volts.

*Modulation percentage can be calculated by: 200 x log -' (dB/20). Where: ‘“dB’’ = amplitude of one sideband
relative to carrier.
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STEP 6

Offset Counter Measurements

The COUNTER function can be used in conjunction with the OFFSET function to very accurately

measure the frequency difference between two signals.

EXAMPLE: use the Counter to precisely measure the frequencies of the AM sidebands relative to the
carrier. (This is a more accurate version of the AM measurement given in the preceding example.)

REF -5.2 dBm
10 d8/DIV

OFS CNTR .0 Hx
RANGE .0 dBm .0 dB

REF -5.2 dB
10 dB/DIV

‘OFS CNTR 4 003.5 Hz
RANGE .0 dBm -31.1 dB

=

=
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e
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]
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~
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1

]
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3

\/

b 4
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[
RN PR SR SN QNI ORI I S -
/"//-/‘
]
]
|
\J\

CENTER 1 000 0QO0.1 H
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SPAN 20 000.0 Hx

REW 300 Hx  VBY 30 Hx ST 7.0 SEC

MARKER COUNTER

With and actived, set the Marker

to the peak of the carrier with O . Allow
time for the *“COUNTER’’ reading to appear in

the top-right corner of the screen. Then acti-

vate and press .

{The "“COUNTER’” reading indicates the

true absolute carrier frequency. Press-

ingstores the ““COUNTER’’ reading

in the Offset Register.)

—

i o

]
U (NP SSPUG Y SIS R
]

CENTER 1 000 0OO.1 H=

SPAN 20 000.0 H=z

RBYW 300 Hz VBW 30 Hzx ST 7.0 SEC

Set the Marker to the peak of the upper {(or
lower) sideband with O . Allow time for

" the ““OFS CNTR’’ reading to appear. As indi-

cated by the ‘‘OFS CNTR'' reading, the true
difference frequency is 4,003.5 Hz as oppos-
ed to the 4,000.0 Hz reading obtained in the

preceding example.

(The ‘OFS CNTR’’ reading indicates the dif-
ference between the carrier frequency in
the Offset Register and the counted fre-
qguency of the upper sideband.)



STEP 6

‘ Measure Signals In “dB" Relative To Reference Level Using Display Line

EXAMPLE: Measure harmonics in ‘‘dB’’ relative to the fundamental:

REF -4.5 dBm MARKER 1 260 000.0 H=z REF ~4.5 dBm DISPLAY LINE -38B.3 dB
10 dB/DIV RANGE .0 dB8m -4.5 dBm 10 dB/D1V RANGE .0 dBm
l I
+ — t
1 i
4 L
[} |
] L
1 [
I }
[ ]
[} 1
QPR | § M ¢ R B e R e e b - —=pi=-=-=-H--d-t-F-—q-m=H -t b - 4
[} |
; |
4 $

prws B daadhe aaia b amad [y .
N" Ay v et Yo Y sbagd

START SO0 000. 0 Hz STOP 10 000 000.0 Hz START 500 000.0 Hz STOP 10 000 000. 0 Hz
RBY 10 KHx  VBW 1 KHx ST 3.0 SEC RBW 10 KHx  VBW 1 KHx ST 3.0 SEC
MARXER DSPL LINE
a. Set Marker to peak of fundamental with b. Activate . Set Display Line to peak of
. Move fundamental to top of screen by harmonic to be measured with Q . The
pressing . ““DISPLAY LINE’’ readout indicates the har-
. . monic’'s amplitude in ‘‘dB’’ relative to the fun-

damental; i.e., the Reference Level.

NOTE

DISP UNE

When is activated, the Marker disappears from the screen and the
“DISPL:A;/ LINE’’ amplitude is displayed in place of the “MARKER*’ (or
other) reading in the upper-right-hand corner of the screen. Pressing the
Display Line key clears the Display Line and its readout Jrom the
screen; but it does not return the Marker to the screen. To restore the Marker

and its readout, activate or or or press .
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SPECIAL MEASUREMENT TECHNIQUES

Set the Marker to the point of interest on the noise floor. Activate and allow time for the noise
level (“‘dBm (1 Hz)’’, ““dBV (1 Hz)”’; or V¥ Hz”) to appear in place of the Marker amplitude in the
upper right-hand corner of the screen. The noise level reading indicates the rms random noise spectral

SPECIAL MEASUREMENT TECHNIQUES

NOISE LVL

Measure Random Noise Spectral Density Using The Function

REF .0 dBm MARKER 1 00S 000.0 Hz
10 d8/D1V RANGE .0 <Bm -103 dBm (1Hz)

|
\

____________________ \__-

W

CENTER 1 000 000.0 H= SPAN S0 000.0 Hz
RBW 300 Hz VBY 30 Hz ST 17.4 SEC

NOISE LVL

density at the Marker, normalizedtoa 1 Hz noise power bandwidth.
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NOTES

1. When the analyzer is sweeping, the sweep stops at the Marker frequency
to permit the noise reading to be calculated. While the noise reading is being
calculated, the suffix of the current amplitude or noise level reading is
displayed brighter than normal. At the end of the noise calculation, the
sweep resumes and the suffix returns to normal brightness to indicate that a
valid noise level reading is available. The noise measurement time varies
from approximately 0.3 seconds to 33 seconds, depending on the RBW set-
ting. Narrow bandwidths require longer measurement periods.

2. The noise being measured must be random noise. The NOISE LVL func-
tion cannot be used to measure impulse noise or other signals containing
discrete, phase-coherent frequency components.

3. To obtain accurate noise level readings, the RBW must be narrow enough
to resolve a relatively flat portion of the noise spectrum.

4. The requirements for using the NOISE LVL and COUNTER functions
are conflicting-If the Marker is on the noise, the Counter will not operate
properly; if the Marker is on a signal, the noise reading will be inaccurate.
Therefore, deactivate the COUNTER when using the NOISE LVL function
(and vice-versa).

5. Changing the Marker frequency or any of the frequency or amplitude
parameters will abort the noise calculation (if any) currently in progress.



SPECIAL MEASUPEMENT TECHNIQUES

NOISE LVL

Measure Signal-To-Noise Ratio Using The - And .Functlons

REF -5.0 dBm OFFSET .0 Hz
10 dB/DIV RANGE -S5.0 dBm .0 dB

\
|
|
1 |
______“________jﬁ*_____.____-_-__d
[

CENTER 10 020 000.2 Hz SPAN SO 000.0 Hz
RBW 300 Hz VBW 30 Hz ST 17.4 SEC

MARKE R OFFSETY
a. Setthe Marker to the peak of the signal with Q Activate
and press . ‘

REF -5.0 dBm OFFSET S 000.0 Hz
10 dB/DIV RANGE -5.0 dBm =100 dB(iH=>

L __J{*_____”____-_.__J

W

CENTER 10 020 000.2 H=x SPAN SO 000.0 Hx
RBW 300 Mz VBW 30 Hz ST 17.4 SEC
b. Set the Marker to the point of interest on the noise floor with . Ac-

tivate and wait for the “dB (1 Hz) reading to appear.

(The “*dB (1 Hz) reading indicates the rms noise spectral density at
the Marker in a 1 Hz bandwidth relative to the carrier amplitude.)
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SPECIAL MEASUREMENT TECHNIQUES

Step CF Measuring Harmonic Distortion

Step The Center Frequency To Measure
Equally Spaced Portions Of The Spectrum

Pressing {r“%:g’"::“ J !LG_] OR !@ changes the Center Frequency in steps equal to the Center Fre-

quency Step Size. The Center Frequency Step Size is settable within the range of 0 Hz to 40.1 MHz
with 0.1 Hz resolution. It can be changed by Marker/Offset Entry, Step Entry or Numeric Entry:

Marker/Offset: -'] Sets CF Step Size equal to the current Marker,
Zerer Counter, Offset or Manual frequency
(whichever is being displayed).

Step Entry: ifg‘é_] r@ Qw Changes CF Step Size to next valueina 1, 2,
5, 10 sequence.

Numeric Entry: HH Selects a specific step size; 0 Hz to 40.1 MHz,
0.1 Hz resolution.

The ability to step the Center Frequency makes it possible to survey a wide frequency range in sequen-
tial pieces with high resolution. This is particularly useful for close-in observation of equally-spaced
signals such as distortion products, modulation side frequencies, communication channels, etc. Here
are some examples:

Measuring Harmonic Distortion

REF -S5.0 dBm COUNTER 2 543 601.2 H=z REF -5.0 dBm COUNTER 2 543 601.2 Hz
10 dB/DIV RANGE -5.0 oBm -5.3 oBm 10 dB/01V. RANGE -S.0 dBm -5.3 dBm
__________ 1 | (R VA SV NSO U I S SRR PR A TN (SRR NN AU AR AU NS PSP
|
START 500 000, 0 Hx STOP 10 OO0 000.0 H=x CENTER 2 S43 601.2 Hz _STEP 2 543 601.2 ta
REW 10 KHz  VBY 3 KHz ST 1.0 SEC RBY 1D KHz  VBW 3 KHz ST 1.0 SEC
a. Set the Marker to the peak of the fundamental b. Move the fundamental to the center of the
MARKER
with . Move the fundamental to screen by pressing (or by numerically
the top of the screen by pressing . setting the Center Frequency equal 1o
COUNTER :
Activate {:o }to precisely measure the fun- “COUNTER'’). Set the Center Frequency Step
damental frequency. Size equal to the fundamental frequency li.e.,

“*COUNTER"’ frequency) by pressing or

by Numeric Entry.
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SPECIAL MEASUREMENT TECHNIQUES

Measuring Harmonic Distortion

REF -5.0 dBm COUNTER 2 543 601.2 Hz
10 dB/DIV RANGE ~S.0 dBm -5.3 dBm

i
i [ p
- |

e e

ViV

T : HA
CENTER 2 543 601.2 H=z SPAN 100 000.0 Hz
RBW 1 KHz VBW 300 Hz ST 1.0 SEC

c. Narrow the Frequency Span about the Center Frequency to obtain the re-
quired resolution. If necessary, reposition the Marker to the peak of the
response.

(Due to the changes in Bandwidth and Sweep Time, the response may
have moved slightly off center.)

If you wish to measure the succeeding harmonics in ‘‘dB’’ relative to the

T
fundamental, activate and press .
(OFF SE'

NOTE
If the harmonics to be measured are not at least 20 dB above the noise, deac-
. COUNTER
tivate {E}
REF -5.0 dBm OFS CNTR 2 543 601.2 Hz REF -5.0 dBm OFS CNTR 5 087 202.3 H=z
10 dB/D1V RANGE -S5.0 dBm -55.8 dB 10 dB/D1V RANGE -5.0 dBm -62.7 dB
}
T
) | : |
S 087 202. 4 Hx SPAN 100 000.0 H=z CENTER 7 630 803.6 Hx I SPAN 100 000.0 H=z
RBW 1 KH=z VBY 300 H=x ST 1.0 SEC RBW 1 KH= VBW 300 H=z ST 1.0 SEC
Second Harmonic Third Harmonic

d. Press L plENTER @J to display and measure succeeding Harmonics.

(If desired, individual harmonics can be moved to the top of the screen
by pressing . Also, the VBW can be narrowed to obtain better

noise averaging.)
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SPECIAL MEASUREMENT TECHNIQUES

Measuring Modulation Side Frequencies

Measuring Modulation Side Frequencies

A 100 kHz span displays a 1 MHz carrier that is amplitude modulated by a signal whose frequency is
approximately 10 kHz. The display shows the carrier and the upper and lower sidebands, containing
the fundamental modulation side frequencies and their harmonics.

REF .0 dBm MARKER 1 000 000.3 Hz
10 dB/D1V RANGE .0 dBm ~3.0 dBm

il
L
IR

SHE

IHVARERARY

, L ]
W W

:

CENTER 1 000 000.3 H= SPAN 100 000. 0 Hx
RBW 1 KH=z VBY 3 KH=z ST .8 SEC

T
i
'
'
.
‘
‘
v
v
v
i
'
'

To individually measure the modulation side frequencies and harmonics with high resolution: .

REF .0 dBm OFS CNTR .0 H=z
10 dB/01V RANGE .0 dBm .0 dB

]
---------- Bl e

VARERARVII
Wi )

Ll T e |

CENTER 1 000 0OO0O0. 3 Hx SPAN 100 000.0 H=
RBY 1 KH=z VBY 3 KHz ST .8 SEC

ER COUNTER

a. Set the Marker to the peak of the carrier with . Activate

to precisely measure the carrier frequency. Store the carrier frequency and

OFFSET

amplitude in the Offset Register by activating and pressing .
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SPECIAL MEASUREMENT TECHNIQUES

Measuring Modulation Side Frequencies

REF .0 dBm OFS CNTR 8 9S6.7 Hz
10 J48/D1IV RANGE .0 dBm -12.0 4B
-

!

L \

\

i

1]
Y

-
L

i
|
|

-
Il VI
i Fiu

Set the Marker to the peak of the upper {or lower) side frequency. The
““OFS CNTR’" (Offset Counter) reading indicates the difference between
the carrier frequency in the Offset Register and the counted side frequency
on which the Marker is positioned. The amplitude readout indicates that the
side frequency is 12 dB below the carrier.

Set the Center Frequency Step Size exactly equal to the ‘“OFS CNTR’’ fre-

OFS

quency by pressing £ ; or by Numeric Entry.

A oFs
—3TEr

REF .0 dBm OFS CNTR 9 856. 7 Hz
10 4B/DIV RANGE .0 dBm -12.0 dB

----- SEiEeEss

WA
WL VL
W VW W

B
SPAN 100 000.0 Hz
ST .8 SEC

1 000 9S8.7 Hx
RBY 1 KHz VBY 3 KHz

Mﬂa the upper side frequency to the center of the screen by pressing
{This sets the Center frequency exactly equal to the absolute Counter
frequency.)

COUNTER

D i =)
eactivate @

(The Counter is no longer needed and some of the higher order har-
monics are too near the noise to be measured with the Counter.)
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SPECIAL MEASUREMENT TECHNIQUES

Measuring Modulation Side Frequencies

REF -15.2 dBm OFFSET 9 957.5 Hz
10 d4B/D1V RANGE .0 dBm -12.0 &B

[
/i)
[\

_______________ \

A / \, A
i |

.CENTER 1 008 85B.7 H SPAN S00.0 Hx
RBW 10 Hx VBV 10 H=x ST 15.8 SEC

d. Narrow the Frequency Span about the Center Frequency to obtain the re-
quired resolution. Due to the change in Bandwidth and Sweep Time, the
response may be skewed slightly off center, making it necessary to reposi-
tion the Marker. With the marker set to the peak of the response, move the
response to the top of the screen by pressing . If you wish to
measure succeeding harmonics in ‘‘dB’’ relative to the fundamental (rather

than the carrier) press .

REF -40.7 dBm OFFSET 18 914.3 Hz REF -54.2 dBm OFFSET 29 371 0 Hz
10 «B/DIV RANGE .0 dBm -37.8 10 &B/D1V RANGE .0 dBm

i | A
A\ m
R ER

................ e ) P o s e e

CENTER 1 010 913. 4 Hx STEP 9 956.7 Hx CENTER | 020 970.1 Hs £Pensa.7 Hx
RBW 10 H=z vBW 10 H=x ST 15.8 SEC RBYW 10 H= veW 10 H= ST 15.8 SE
Second Harmonic Third Harmonic

CENTER . . .
e. Press FeSUENCY lG to display and measure succeeding harmonics.

e

If desired, press to move each response to the top of the screen

for measurement.
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IMPROVING DYNAMIC RANGE

Overdriving

IMPROVING THE NOISE-FREE AND DISTORTION-FREE
DYNAMIC RANGE

NOTE

The following procedures for improving the noise-free and distortion-
free dynamic range are intended primarily for use with the Terminated
input. The distortion characteristics of the High-Impedance input vary
according to the specific Range setting that is being used and, therefore,
do not conform to the distortion characteristics referred to in these pro-
cedures. The procedure for overdriving to improve the noise-free
dynamic range can be applied to the High-Impedance input at frequen-

cies above 200 kHz. (At lower frequencies, the noise-vs.-Range
characteristics of the High-Impedance input vary as a function of fre-
quency and source resistance.)

Overdrive To Improve Noise-Free Dynamic Range

When measuring the low-level spurious components or noise of an external source, it is sometimes
beneficial to decrement the Range one or two steps below the optimum (automatic) setting. This over-
drives the input circuitry (OVERLOAD light on) and increases the internal distortion; but it also im-
proves the internal signal-to-noise ratio, making it possible to measure low-level signals that would
otherwise be affected by the analyzer’s internal noise.

Overdriving will not damage the instrument as long as the input-signal level is below the maximum in-
put level printed on the front panel. The 3585 is designed to permit the inputs to be overdriven up to
12.3 dB above the Range setting.

Decreasing the Range one step (5 dB) increases the internal signal level by 5 dB and provides a cor-
responding 5 dB increase in the signal-to-noise ratio.

In the 12.3 dB overdrive region (Terminated input), the internal distortion increases predictably as a
function of the internal signal level. A 5 dB increase in the internal signal level will increase the internal
second-harmonic and second-order IM distortion by about 5 dB; and will increase the third-harmonic
and third-order IM distortion by about 10 dB. The overdrive mode can be used to /ocate low-level
distortion products; but it must not be used to measure distortion since the analyzer’s internal distor-
tion may significantly contribute to the measurement.
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Overdriving

Example Of Overdriving
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REF 3.2 dBm OFFSET 99 000.0 H=z
10 4B/DIV RANGE S.0 dBm -B7.S dB

............... S
H
[\

L S

CENTER 20 000 000. 0 Hx SPAN 300 000.0 H=z
RBW 1 KHz VvB¥W 10 Hz ST 93.8 SEC

With RANGE set to +5 dBm, low-level spurious responses masked by the
analyzer’'s internal noise and the noise of the external source are difficult to see
and measure even with a narrow VBW.

NOTE
Nrhatx
To keep the signal at the top of the screen, deactivate @ before chang-
ing the Range setting. If downranging causes the noise to drop below the bot-
tom of the screen, it will be necessary to lower the Reference Level to display
the noise and the low-level responses. This will not affect the overdrive
measurement.

REF 3.2 dBm OFFSET 98 000.0 Hz
10 4B/D1IV RANGE -5.0 dBe -80.2 dB

......................... \
|
\

__{ x

CENTER 20 000 000.0 H=z SPAN 300 GD0. 0 H=z
RBW 1 KH=x VBW 10 H=z ST 93.8 SEC

Decrementing the RANGE to — 5 dBm (10 dB) reduces the internal noise level
by 10 dB, providing a substantial improvement in the signal-to-noise ratio. The
low-level spurious responses are still near the noise level of the external source;
but the analyzer’s internal noise is no longer contributing to the measurement.

Because of the decrease in noise, the relative amplitude of the response being
measured is about 3 dB Jower than it was previously. If downranging increases
the amplitude of a response (with respect to the signal) that response is a
distortion product.
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Underdriving

Underdrive To Optimize Distortion-Free Dynamic Range

Downranging increases the internal signal level and improves the signal-to-noise ratio at the cost of
higher distortion. Upranging, on the other hand, decreases the internal signal level and decreases the
internal distortion but also decreases the signal-to-noise ratio.

By initially selecting a narrow Resolution Bandwidth and compatible Video Bandwidth to reduce the
noise, the distortion-free dynamic range can be optimized by simply upranging until the distortion pro-
ducts being measured either remain at a constant amplitude (with respect to the fundamental or driving
signal) or converge with the noise:

a. If the relative amplitude of a distortion product does not change significantly when the Range is
incremented, the measurement is free of internal distortion.

b. If upranging causes the relative amplitude of a distortion product to decrease, internal distortion
is contributing to the measurement. If a distortion product disappears in the noise and the
Resolution Bandwidth is already set to 3 Hz, nothing more can be done to reduce the noise; but
the measurement at least reveals that the distortion is below the noise level.

Example Low-Level Distortion Measurement *

REF .0 dBm OFFSET 10 020.0 Hz
10 dB/DIV RANGE .0 dBm -85.7 d8

A ;

/ \ bl Al B LT L s
AN
/ \
/ \ \

CENTER IS5 000.0 Hz SPAN 20 000. 0
RBW 300 Hz VBY 3 Hz ST 68.8 SEC

a. A 20 kHz Span displays the fundamental and low-level second harmonic of
a 10 kHz signal source whose specified second harmonic distortion is 90
dB below the fundamental. As indicated by the “OFFSET" reading,
however, the harmonic appears to be only 85.7 dB down. The 3585 ‘sin-
ternal second harmonic distortion is specified to be at least 80 dB below
the signal; so, in this case, internal distortion could be contributing to the
measurement. One way to find out is to ‘‘zoom-in’’ on the second har-
monic, narrow the Span and Bandwidth and then increment the Range to
optimize the distortion-free dynamic range.

*This same measurement could be made much more efficiently using the 3585 ’s ‘“‘Manual mode’’ which is described in the
following chapter. The techniques illustrated in this example can be used in the Manual mode and can also be applied when
making IM distortion measurements. Internal distortion is generally not a concern unless you are measuring second or third
harmonic distortion that is more than 80 dB below the fundamental; second-order IM products that are more than 70 dB
below the larger of the two driving signals; or third-order IM products that are more than 80 dB below the larger of the two
driving signals.
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Underdriving

REF .0 dBm OFFSET 10 020.0 Hz
10 dB/DIV RANGE -5.0 dBm -82.7 dB

.......... {\+
I |

/ \ i

/ N A

- poy
CENTER 15 000. 0 Hz SPAN 20 0O0C. 0 Hz
RBW 300 Hz VBW 3 Hz ST 89.6 SEC

REF LVL
TRACK

b. Downranging one step (with @_,' deactivated) decreases tne internal

noise level and increases the interna! second-harmonic distortion making it
easy to pinpoint the second-harmonic response.

REF -80.0 dBm OFFSET 10 044.8 Hz
10 dB/DIV RANGE ~5.0 dBm -83.2 dB
"'4P~\‘i\\
// N
MA
/NMWV N B "W“‘""th
CENTER 20 D44.8 Hx SPAN 100.0 Hx
RBY 10 Hx VBW 1 Hz ST 31.4 SEC

c. Second-harmonic response moved to center of screen and displayed with
100 Hz Span and 10 Hz RBW. Reference Level lowered to — 60 dBm to
display signal and noise in upper portion of CRT screen.

(The 3 Hz RBW would provide a lower noise level; but the 10:1

RBW/VBW ratio, unobtainable with the 3 Hz RBW, provides better
noise averaging.)
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Underdriving

~80. B DFFSET 10 D44.8 Hx - -
6 dB/BTW""" RANGE .0 cbw -87.8 06 aarniv " RaNGE 5.0 e oy
ATV .V, Yl SR R U1 Y L s MY T T Y N
CENTER 20 044.8 Hx SPAN 100.0 Hx CENTER 20 D44, 8 Hz SPAN 100.0 Hx
ROY 10 Mz VBY 1 Hx ST 31.4 SEC RBY 10 Mz VEY 1 Hx ST 31.4 SEC
REF -60.0 dBm OFFSET 10 044.8 H=z
10 4B/DIV RANGE 10.0 dBms -95.0 dB

..................................................

CENTER 20 044.8 H=x SPAN 100.0 H=z
RBW 10 H=x

VBY 1 H=x ST 31.4 SEC

Incrementing the Range decreases the harmonic’s amplitude, indicating
that internal distortion is contributing to the measurement.

As shown in the figures, the second harmonic finally converged with
the noise when the Range was incremented to + 10 dBm. With the
signal buried in noise, it was impossible to obtain an exact reading.
However, the average noise level at that point was about 97 dB below
the fundamental; so we were able to conclude that the harmonic was
at least 97 dB down and certainly well-within its 90 dB specification.
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AMPLITUDE FREQUENCY-RESPONSE MEASUREMENTS
USING THE TRACKING GENERATOR

Tracking Generator

The 3585 TRACKING GENERATOR output supplies a 20 Hz to 40.1 MHz sinusoidal output signal
whose frequency follows or *‘tracks’’ the swept or manually-tuned frequency of the instrument. The
frequency accuracy of the Tracking Generator output signal is +1 Hg, relative to the instrument’s
tuned frequency. Amplitude flatness is 0.7 dB over the 20 Hz to 40.1 MHz frequency range. The
Tracking Generator output is dc coupled; its output imepdance is 50 ohms; and the return loss is
>20 dB. When terminated in a 50-ohm load, the Tracking Generator output level can be adjusted
from approximately — 11 dBm/50 € to 0 dBm/50 © using the front panel AMPLITUDE control. (The
output level cannot be programmed remotely.)

AMPLITUDE Control: Adjusts Tracking Generator
output level.

“[- 4 @/

mnuxzu )
LINE LTmacxlms ENERATOR

\

TRACKING GENERATOR Output: Female BNC
connector; dc coupled, output impedance is 50
ohms.

vvvvvvvvv

& >CAU'I’ION 3

A A A AAAAAAAA

The TRACKING GENERATOR output is dc coupled. Peak (combined
ac/dc levels exceeding + 0.1 volts applied to this output will affect the bias of
the output amplifier and prevent it from operating properly. Peak input
levels exceeding + 3 volts may damage the output circuitry.
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TRACKING GENERATOR

Closed-Loop Measurements

The tracking generator frequency can be offset up to 5 kHz above or below the analyzer’s tuned frequency
using the Tracking Generator Offset mode. (More information exists under “Test Modes” in Chapter 9.)
This mode is used as described in the following procedure:

oW

the instrument or pressing (blue) Offset again.

Closed-Loop Measurement Configuration

The 3585

Tracking Generator output can be used to

response measurements as typified by this setup:

Press (blue) Offset; toggles the tracking generator feature on and off.
Set the CF Step Size to the desired frequency offset (0 to 5 kHz with 0.1 Hz resolution).
Force a calibration by pressing (blue) Cal On (under the 4 key in the numeric keypad).

make ‘‘closed-loop’

After completing your measurement, deactivate the Tracking Generator Offset Mode by presetting

amplitude frequency-

HEWLETY " -
[ R o g s SwEER MARKER | CONTINUOUS ENTAY T
- SWEERING MARKER COUNTER  MOISE VL  SIGTRACK  OFFSET O uncar
° ) g ) { D
! C o o o e o coumeo s
- v (8 I{ ") J, TO SPAN Bw =OLD PRESET
CON SINGLE ENTR Nt A ) —_—
—_— e — Man swEES e~ S N
N | MANUAL ! fr—T—T 7 4 \ ';E; /r?p__‘ ’/m J,
R ,L——’msm.“—’ PR et S o P O | e oo
TN woges o6
—_— a4 entay
race = | o e ———y
° sﬁ:‘éu bt 'fgiu :is v vg)eo { syscsv
wewa  wEwD At e S ey
Pecena TN e 1} 1 o
| LOTALIMT
warOw Al s Lt \ e
STORE v / T f—ﬁu-cv N} (f—“c, N
A8 ° il ° g LSETUR b MARKER
(L DR R e [ S ey &
Bea e O - OFF CLEar sETUP d VIEW
ERTRY INPUT
— = R e TN
° J CENTER W Tsraee - o 5 il O overioao
FREQUENC FREQ ~ .
(— . v .
R N I e et Ane e
= e s e S S S e s P
Prgra s e s - .
é‘ssi, ‘"ssﬁf( Ewg: . Led - = [«] il S S Jr
Lo N B Sy ) S 7 on-ost
_/ Conmdtamontowes) "
m———— e [y i (e ) e
Tanee 1 meeeence 0 REC . T = -
P18 STATUS TRIGGER SAVE LEVE. S < . 2 - g b 1
) e ) e e e e e Ve
— . , e, =y R
Qremore O FREEAUN  UNE £xt SAVE TRACE & rogron SeeeronIpeieoir) o "o
Jreemuy e | fx —_——— T TR N e e e | | == e e
Locas ° ) o YRECAL | o PSR o . - e
) : : v
m O wx OusTEN b el ‘;“_m_‘:‘ S e 3 TERMIMATED
Loeca mact I
A L S P N =N = =
o [ { W \ (@) 7\ (7~ 7 ) ‘ /
0O & e @ @ \, / { @) @ L%
= = . = =
, 0 s
IPLITUDE rolem) INTENSITY FOXUS ASTIG PROBE " 2v Py MAX 13V Pr
UNE Z;h&qanou - £XT TRIGGER \ OISPLAY MM poweR o 300" e
*
50-Ohm Output
Use either Input,
depending on your
DEVICE UNDER specific impedance
TEST i ts.*
IN ouT requirements.

*External impedance matching networks and/or terminations may be required.
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TRACKING GENERATOR

Closed-Loop Measurements

In the closed-loop configuration, the 3585 functions as a network analyzer for measuring the
amplitude-vs.-frequency characteristics of two-port networks such as filters, amplifiers, mixers, at-
tenuators, etc. The network or device to be characterized is inserted between the Tracking Generator
output and the Terminated or High-Impedance input. The Tracking Generator output then serves as
an excitation source or “stimulus’’ for the network under test and the 3585 measures the response.
As the analyzer's frequency is swept or manually tuned over the band of interest, the amplitude varia-
tions introduced by the network are measured and retained on the CRT, vielding an amplitude-vs.-
frequency plot of the network.
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REF .0 dBm OFFSET 10 140 000.0 H=z
10 dB/DIV RANGE .0 dBm -60. 0 dB

__________ R S

"""""""" N/

PR S R s o

RN N

START 8 00C 000. 0 Hx STOP 20 000 000. 0 H=z
RBW 30 KH=z vBw 300 Hz ST .2 SEC

A frequency sweep from 8 MHz to 20 MHz displays the stopband response of a
9 MHz low-pass filter.

NOTE

When making swep! frequency response ineasurements, always deactivate

auTo AUTO
RA RENGE

the EE:?T Sunction. (With o activated, the instrument automatically
] —

upranges and downranges in response 1o the amplitude variations introduced

by the Tracking Generator and network under test.)
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General Device Characterization

‘ General Measurement Procedures

The following are general procedures for making two basic types of amplitude frequency-response
measurements:

1. General Device Characterization:

For general-purpose measurements where the device or network (e.g., a filter) exhibits
relatively large amplitude variations and the frequency response deviations of the 3585 and
Tracking Generator are insignificant.

2. Insertion Loss and Flatness Measurements:
To precisely measure the insertion loss (or gain) and flatness characteristics of a device by sub-
tracting the analyzer’s frequency response deviations from the measurement using the “A-B”’
TRACE function.

General Device Characterization

a. Press . Select the desired input impedance and activate the Input that is to be used for
measurements. Enter the desired Start and Stop frequencies.

b. If you wish to adjust the Tracking Generator output level before connecting the device or net-
. work to be tested, proceed as follows; if not, go to Step c.

AUTO

1. Increment the Range to 0 dBm with |[r] O . Leave the function deactivated.

2. To set the Tracking Generator level in dBV or volts, pressf ®&&™ v ” or |

3. Connect the Tracking Generator output (externally terminated if necessary) to the Input that
is to be used for measurements.

4. Using the Tracking Generator AMPLITUDE control, set the Tracking Generator output to
the desired level. (The level can be read directly from the ‘“MARKER’’ amplitude readout in
the upper right-hand corner of the CRT screen.)

MARXER B
¢. With , set the Marker to a frequency that will produce the maximum output level of
the device or network under test.

1. Press .

2. Insert the device or network to be tested between the Tracking Generator output and the In-
put that is to be used for measurements. (Use external impedance matching networks and/or
terminations if required.)

AUTO

3. With activated, allow the instrument to automatically select the appropriate Range

setting. (At this point, you may also adjust the Tracking Generator AMPLITUDE control to
‘ obtain the required signal level as indicated by the “MANUAL’’ amplitude readout.)

AUTO

4. Deactivate the function.
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General Device Characterization

d. Activate the @ or SWEEP function. After a complete frequency sweep has been
made, the network’s response curve will be displayed on the CRT. You may then use the tunable
Marker to measure the response in absolute units of dBm, dBV or rms volts; or use the OFFSET
function to measure the relative frequency and amplitude between any two points on the curve.
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CONT SINGLE

OPERATING HINTS

REF LvL
TRACK

1. To improve the noise-free dynamic range, deactivatel @ and
downrange two steps (if possible) from the Range that was selected
automatically. If you are only interested in observing the stopband of a
filter’s response, you may reactivate % and continue to downrange all
the way to —25 dBm. (The OVERLO,?EJindicator will light to indicate that
the input is being overdriven and that the instrument will no longer meet its
distortion specifications. During network-analysis measurements, however,
the analyzer does not ‘‘see’’ internal oc external distortion products. As long
as the input is not overdriven to the point where excessive amplitude com-
pression occurs in the region you wish to observe, the effects of overdriving
are totally beneficial. Excessive amplitude compression begins to occur when

the input level is greater than 12.3 dB above the Range setting.)

2. To further improve the noise-free dynamic range, narrow the Resolution
Bandwidth and, for good noise averaging, set the Video Bandwidth to 1% of
the RBW.

3. For network-analysis measurements, the Sweep Time can be substantially
reduced from the automatic setting without degrading performance. The
“optimum’’ Sweep Time must be determined empirically:

a. Sweep one time across the spectrum using a relatively slow sweep rate.
b. Store the trace in “‘B’’ by pressing

c. While visually comparing the ‘A’ Trace to the stored ‘B’ Trace,

decrease the Sweep Time with O ] until the ““A’’ Trace begins

to show signs of amplitude compression and/or frequency skew (ignore

the UNCAL light). Then, increase the Sweep Time one step with




TRACKING GENERATOR

General Device Characterization

4. When the RBW is 3 kHz or less and the Sweep Time is 3.8 seconds or longer,
the frequency sweep is interrupted at 1 MHz intervals to permit the instrument’s
local oscillator to be reprogrammed. These interruptions cause phase discon-
tinuities in the tracking generator output. (More information exists under “Single
Loop Mode” in Chapter 9.) This effect can be avoided by selecting Single-Loop
Mode during the measruement setup:

® Press (blue) Res BW; toggles single-loop mode on and off.

® To deactivate the Single-Loop Mode after the measurement is complete, press
(blue) Res BW again.

5. When the 3585 automatically calibrates, the Terminated input is inter-
nally switched to a 50-ohm or 75-ohm dummy load. During this switching
operation, the input is open for an instant during which the stored energy in
a resonant circuit may produce a voltage transient that is large enough to
“trip>’ the internal protection circuit. When the protection circuit is ac-
tivated, the input opens and the yellow TERMINATED light goes out. To
reset the protection circuit, disconnect the signal source and then press any of
the IMPEDANCE keys.
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Insertion Loss/Flatness Measurements

Insertion Loss And Flatness Measurements

Procedure 1: Insertion loss (or gain) and flatness of unity-gain networks.

The following procedure can be used to very accurately measure the insertion loss/gain and flatness of
unity-gain ( + 5 dB) networks such as 1:1 passive or active probes, buffer stages and unity voltage gain
power amplifiers.

a. Press i)l .

1.

2.

3.

Select the desired input impedance and activate the Input that is to be used for
measurements.

Increment the Range to 0 dBm with . Leave deactivated.

Enter the desired Start and Stop frequencies.

b. Connect the Tracking Generator output (externally terminated if necessary) to the Input that
is to be used for measurements.
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4.

S.

With en/o1v J] Ol , reduce the Vertical Scale to 1 dB/DIV.

Set the Marker to the frequency that you wish to use as the reference frequency for your
measurement. (This is typically the Start Frequency.)

Using the Tracking Generator AMPLITUDE control, set the Tracking generator output to
the desired level as indicated by the “MARKER’’ amplitude readout. (The level can be set in
dBm, dBV or volts, whichever is the most convenient.)

Store the trace in ‘‘B’’ by pressing .

VIEWB

If you do not want to display the ‘‘B’’ Trace, deactivate the function.

Insert the network to be tested between the Tracking Generator output and the Input that is to be
used for measurements. (Use external impedance matching networks and/or terminations if re-
quired.) )

1.

2.

Activate the function. (Leave activated.)

With the “A-B” function activated, the frequency response deviations of the 3585 °’s

Tracking Generator and input channel (stored in ‘‘B’’) are subtracted from the network’s
response that is currently being written into ‘“A’’. The ““A-B”’ Trace, referenced to the mid-
dle horizontal line on the CRT graticule, indicates the insertion loss (or gain) of the network
as a function of frequency. The amplitude of the ‘“A-B*’ Trace, displayed only in “dB”’,
can be read directly from the “MARKER”’ readout. To measgistthe Sflatness of the response

curve, set the Marker to the reference frequency; activate . press G and then
tune the Marker to the specific frequencies of interest. L) ==
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Insertion Loss/Flatness Mieasurements

‘ Procedure 2: Precise flatness measurements for amplifiers and attenuators.

a. Press

1. Select the desired input impedance and activate the Input that is to be used for measurements.

2. Enter the desired Start and Stop frequencies.

3. Set the Tracking Generator AMPLITUDE control fully counterclockwise. (If a specific
drive level is required, set the Range to 0 dBm; connect the Tracking generator output to the
3585 Input and then adjust the AMPLITUDE control for the desired level as indicated by
the ““MARKER’’ amplitude readout.)

b. 1. For Amplifiers:

ENTRY

With [_Gi , manually select the Range that is to be used for measurements. (Select a
Range that is high enough to accommodate the maximum output level of the amplifier.)

2. For Attenuators:

With @[ , set the range to —20 dBm.

. c. Connect the Tracking Generator output (externally terminated if necessary) to the Input that is to

be used for measurements.

1. Adjust the Reference Level so that the response curve is within the top one or two divisions
of the CRT graticule.*

d8/01v

2. With O“ , reduce the Vertical Scale according to the maximum expected
peak-to- peak flatness variations of the amplifier or attenuator to be tested:

Maximum
Flatness Variation Vertical Scale
10 dB 1 dB/DIV
20 dB 2 dB/DIV
50 dB 5 dB/DI1V

3. Adjust the Reference Level so that the response curve is on the screen, preferably about mid-
screen.

4. Store the trace in “‘B’’ by pressing . If you do not want to display the ‘“B’’ Trace,

deactivate a ‘
'

‘ REF LvL
ZEIN

* A convenient way to adjust the Reference Level for this application is with & . If the Tracking Generator
output is not terminated in 50 ohms, the signal level may be higher than 10 dB above the RANGE setting, in which
case there will not be enough Reference Level adjustment range to move the response curve onto the screen. To cor-
rect this situation, increment the RANGE one or two steps.
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Insertion Loss/Flatness Measurements

d. Insert the amplifier or attenuator to be tested between the Tracking Generator output and the In-
put that is to be used for measurements. (Use external impedance matching networks and/or ter-
minations if required.)

1.

For Amplifiers:

If you wish to adjust for a specific output level, set the Marker to the frequency of interest

with ; and adjust the Tracking Generator AMPLITUDE control and/ or
amplifier gain to obtain the required level as indicated by the ‘.‘MARKER” amplitude
readout. Adjust the Reference Level as required to maintain an on-screen display. (The in-
put may be overdriven up to 12.3 dB above the Range setting; so if the OVERLOAD in-

dicator lights, you may ignore it.)
For Attenuators:

To adjust for a specific output level, set the Marker to the frequency of interest with

MARKER

; and adjust the Tracking Generator AMPLITUDE control and/or exter-
nal attenuation to obtain the required level as indicated by the ‘“MARKER’’ amplitude

readout. Adjust the Reference Level as required to maintain an on-screen display.
OR

If the attenuator under test can withstand an 11 dB increase in the drive level and the output
level is irrelevant, rotate the AMPLITUDE control fully clockwise. Adjust the Reference
Level to maintain an on-screen display.

(Increasing the drive level will improve the signal-to-noise ratio; the OVERLOAD light may
be ignored. If the attenuator’s response curve is noisy, narrow the VBW to obtain good
noise averaging and, if necessary, narrow the RBW to improve the noise-free dynamic
range. As indicated in the preceding ‘“‘OPERATING HINTS”, the Sweep Time can be
decreased from the automatic setting without degrading performance.)

f. Adjust the Reference Level so that the response curve is about mid-screen or otherwise aligned as
closely as possible with the ‘‘B’’ Trace. (This is done so that the ‘*A-B’’ trace will initially appear
about mid-screen.)

g. Activate the TRACE function (leave activated).
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If necessary, adjust the Reference Level so that the entire response curve is on the screen.

2. To measure the flatness of the response curve, set the Marker to the reference frequency

with ; activate , press and then tune the Marker to the specific fre-

quencies of interest with @ .



CHAPTER 3
OPERATION IN THE MANUAL MODE

b

The purpose of this chapter is to familiarize you with the 3585 ’s ‘““Manual mode’’ and the various
manipulative sequences that can be used to set the Manual frequency and perform real-time amplitude
and frequency measurements.

Introduction To The Manual Mode

Most spectrum analyzers have a ‘‘manual sweep”” mode which allows the operator to deactivate the
frequency sweep and manually tune the analyzer’s frequency with a knob or frequency dial. Not-
withstanding, the 3585 also has a ‘‘Manual mode’’ which provides this same basic capability. Unlike
traditional instruments, however, the 3585 has synthesizer tuning, automatic calibration, and
Marker/Counter functions which greatly enhance the useability of the Manual mode. In fact, the
Manual mode adds a complete new dimension to the 3585 ’s operating capabilities. Once you become
familiar with it, you will find that it is one of the most efficient ways to use the instrument; whether
you are operating from the front-panel or remotely programming via the HP-IB.

In the Manual mode, the 3585 functions as a tunable receiver or ‘‘selective voltmeter’’ which can be
set to any frequency within the Frequency Span. The frequency to which the analyzer is tuned in the
Manual mode is referred to as the ‘“‘Manual frequency’’. The Manual frequency can be manually tuned
or ‘“‘swept’’ using the Continuous Entry control; but more importantly, it can also be entered
numerically with 0.1 Hz resolution; it can be incremented or decremented in user-defined steps using
the STEP keys; or it can be set using the instrument’s tunable Marker. The ability to precisely set the
Manual frequency allows you to make real-time, high-resolution measurements at the specific frequen-
cies of interest without waiting for a frequency sweep.

Responses retained on

REF .0 d MANUAL 5 000 000.0 H
screen after Manual mode 1% ds/nxem RANGE .0 dBm - -04.6 dBm
measurement appear as r
vertical lines: !

Fundamental/k

pemm- JEPRY (RS ARSI EPIHPIE QDU SHPRN PP P Y SR

When prefaced, Manual ®

frequency displayed herex @ A
\_ 4 \;j

]
STEP 1 000 000.0 H=z
ST 434 HR -

W

S 000 000.0 Hz
RBW 10 H=z VB¥W 1 Hz
Low-Level harmonics of 1 MHz signal quickly measured with narrow band-

width by stepping Manual frequency. Fifth harmonic is 94.6 dB beiow fun-
damental. '
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INTRODUCTION TO MANUAL MODE

One point on the CRT trace is used to represent the Manual frequency. That point is referred to as the
“‘Manual measurement point’’. The Manual measurement point is continuously updated to reflect the
real-time signal amplitude within the analyzer’s passband at the Manual frequency. When the Marker
is at the Manual measurement point, the Manual frequency and real-time signal amplitude can be read
directly from the ‘“MANUAL”’ readout which appears (in place of the “MARKER"’ readout) in the
upper right-hand corner of the CRT screen.

Narrowing the Resolution Bandwidth increases the selectivity, making it possible to separate signals
that are closely spaced in frequency. This also reduces the internal noise level which, in turn, improves
the analyzers sensitivity or ability to discern low-level signals. Narrow bandwidths require slow sweep
rates and are impractical to use when sweeping over a wide frequency range. In the Manual mode,
however, the analyzer can be quickly tuned to the exact frequencies of the signals that you wish to
measure. Narrow bandwidths can be used to resolve and precisely measure any signals within the
analyzer’s dynamic range and Frequency Span.

Another important advantage of the Manual mode is that it provides a substantial improvement in
amplitude measurement accuracy. In the Manual mode, the 3585 automatically calibrates at the
Manual frequency rather than the Center Frequency of the Span.* This virtually eliminates frequency
response errors that are normally encountered when the instrument is sweeping. The Manual mode
also eliminates amplitude compression (and frequency skew) caused by sweep dynamics.

*When the Manual frequency is lower than 150 kHz, the Automatic Calibration is performed at 150 kHz.
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MANUAL KEY FUNCTIONS

Manual Key Functions

The Manual mode can be selected by pressing the key, located in the SWEEP control block; or

MAN SWEEP

by activating the function, located in the MARKER/CONTINUOUS ENTRY control block.

Pressing either key initially sets the Manual frequency equal to the current Marker frequency. The in-
CONT S INGLE

strument will remain in the Manual mode until the or SWEEP function is activated

or Hp'.:‘és'é‘}} is pressed.

MANUAL SWEEP key:

a.

pressing or activating

J SWEEPL

O SWEEPING

T SINGLE ENTRY

ool

")

MANUAL Entry key:

Selects Manual mode and automatically ac-
WAN SWEEP

tivates

Prefaces Manual frequency, enabling it to be
changed by Step Entry or Numeric Entry.

Sets the Manual frequency equal to the cur-
rent Marker frequency.*

Selects Manual mode and sets Manual fre-
quency equal to current Marker frequency.*

Couples the Continuous Entry Control to the
Manual frequency to permit manual frequency
tuning. Once the instrument is in the Manual

mode, this function can be deactivated by
pressing the Continuous Entry key or by

MARKER OFF
activating or any of the other Con-

tinuous Entry functions. Any of the
MARKER/CONTINUOUS ENTRY functions

can be used in the Manual mode.

Ry

MAN SWEEP \ ON -OFF
- CHEIEE
Iy wnors  oF
&3
NETL  NOTA

*If the instrument is already in the Manual mode and the Marker is at the Manual measurement point on the CRT trace,
will not change the Manual frequency.
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MANUAL MEASUREMENT POINT

The Manual Measurement Point

The CRT trace is a point-by-point plot consisting of 1,001 equally spaced points. In the Manual mode,
one of the points on the trace must be used to represent the Manual frequency. That point is referred
to as the ‘‘Manual measurement point’’.

With 1,001 equally-spaced points, the frequency spacing between points is equal to the Frequency
Span divided by 1,000. For example, if the Frequency Span is 40 MHz, the frequency spacing between
points is 40 MHz/1,000 = 40 kHz. Therefore, if the Frequency Span is 40 MHz and the Start Frequen-
cy is 0 Hz, there will be points at 0 Hz, 40 kHz, 80 kHz, 120 kHz, etc.

Since the Manual frequency is settable anywhere in the Span with 0.1 Hz resolution, the Manual fre-
quency may either correspond to the frequency of a specific point or be between two points. For in-
stance, the Manual frequency could be set to exactly 40 kHz, corresponding to the 40 kHz point; or it
could be set to 49,123.4 Hz which is between the 40 kHz and 80 kHz points. When the Manual fre-
quency corresponds to the frequency of a specific point, that point automatically becomes the Manual
measurement point. When the Manual frequency is between two points, the Manual measurement
point is typically the first point to the left of the Manual frequency.

The Manual measurement point on the Current (‘‘A’’ or *“A-B’’) Trace displays the real-time input-
signal amplitude at the Manual frequency. The Manual measurement point is the only point on the
trace that will reflect a change in the signal amplitude. It is updated at the CRT refresh rate of approx-
imately 60 times per second.

REF .0 dBm MANUAL 22 000 000.0 H=z REF .0 dBm MANUAL 22 039 998.8 H=z
10 dB/DIV RANGE .0 dBm -. 2 dBm 10 dB/DIV RANGE .0 dBm ~16.1 dBm
T T
1 1
I )
1 4
! 1
1 1
| 1
1 1
] [}
t 1
B e B e e et ot ke sk . T R R B R s it chatte
' ]
i i
'S 1
1 }
1 1
) L}
1 1
] 1
t 1

22 000 000.0 H=x SPAN 40 000 000.0 H=z MANUAL 22 039 988.8 Hx SPAN 40 000 000.0 H=z
RBW 30 KHz VBW 30 KHz ST .2 SEC RBW 30 KHz VBW 30 KHz ST .2 SEC

With a O Hz to 40 MHz Span, the points on the CRT trace are 40 kHz apart, and
there are points at 22,000,000.0 Hz and 22,040,000.0 Hz. The Manual fre-
quency within the range of 22,000,000.0 Hz to 22,039,999.9 Hz is
represented by the point at 22,000,000.0 Hz. The amplitude of the point
changes according to the real-time input-signal amplitude at the Manual fre-
quency.

The Manual Measurement Point
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SETTING THE MANUAL FREQUENCY

. Setting The Manual Frequency
The Manual Frequency can be set using any of five entry methods:

a. Marker Entry:

MARKER ENTRY

Set the Marker to the desired Manual frequency with {{o }} O . Then, press or ac-
tivate . Marker frequency resolution is 0.1% of the Frequency Span.

b. Marker To Center Frequency:

Pressing sets the Center Frequency equal to the Marker, Counter or Manual frequency
(whichever is being displayed). If the Center Frequency is set equal to the Manual frequency, the
Manual frequency does not change; but the Manual measurement point appears in the center of
the screen. If the Center Frequency is set equal to the Marker or Counter frequency, the Manual
frequency is automatically set equal to the Center Frequency.

c. Step Entry: @ *

Changes Manual Frequency in steps equal to the Center Frequency Step Size. CF Step size is set-
table within the range of 0 Hz to 40.1 MHz with 0.1 Hz resolution.

MAN SWEEP

. d. Continuous Entry: [[o_}} O

Continuous adjustment of Manual frequency; used primarily for fine tuning to the peak of a
response. As the frequency is manually tuned, the Marker dot jumps from point-to-point along
the horizontal axis and deflects vertically to indicate the signal amplitude at the Manual frequen-
cy. The resulting trace is plotted and retained on the CRT screen.

Continuous Entry resolution is approximately 3% of the RBW or 0.1% of the Frequency Span
(whichever is smaller). Maximum resolution is 0.1 Hz.

ENTRY

e. Numeric Entry: H+-H

Manual frequency is settable to any frequency within the Frequency Span with 0.1 Hz resolution.
Maximum Span is 0 Hz to 40.1 MHz.

*The Manual frequency can also be stepped by stepping the Center Frequency. This technique is described later in the
chapter.
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SETTING THE MANUAL FREQUENCY

Marker

NOTES

1. Changing any of the frequency parameters (i.e., Start, Stop, Center or
Span) will automatically change the Manual frequency. The Manual
measurement point does not move when the frequency parameters are chang-
ed. Therefore, a change in the frequency parameters redefines the frequency
of the Manual measurement point and produces a corresponding change in
the Manual frequency. (When the Manual frequency is equal to the Center
Frequency, a change in Frequency Span will not affect the Manual frequen-
cy.)

2. Changing the Manual frequency by Marker, Step or Numberic entry in-
itiates an Automatic Calibration cycle. The calibration is performed im-
mediately after the change is made at the new Manual frequency. (These
calibrations are inhibited when the Manual frequency is lower than 150 kHz.
Manual tuning by Continuous Entry does not initiate a calibration cycle.)

3. When the Manual frequency is changed by Marker, Step or Numeric en-
try, the Marker immediately moves to the new Manual measurement point.
However, an amplitude reading is not taken until the end of the Automatic
Calibration cycle and the instrument’s internal settling period. Settling times
range from about 25 milliseconds to 2.5 seconds, depending on the RBW and
VBW settings. (Narrow bandwidths require longer settling times.)

4. When the Manual frequency is prefaced, the highlighted “MANUAL"”’
frequency is displayed in place of “CENTER”’ or ““'START” in the lower
left-hand corner of the CRT screen. This allows the operator to display the
Manual frequency along with the Marker, Counter, Offset or Display Line
information which may be displayed in place of the Manual frequency in the
upper right-hand corner of the screen.

The Marker

ENTRY MAN SWEEP
Pressing @ and/or actlvatmg - (o J} automatically sets the Manual frequency equal to the current
Marker frequency (i.e., the frequency of the point on which the Marker is positioned; not the Counter
frequency). When the Manual frequency is changed, the Marker either moves to the new Manual
measurement point or, if the Manual measurement point does not change, remains at the same point
on the CRT trace. In either case, the Marker is always at the Manual measurement point immediately

following a change in the Manual frequency.

When the Marker is at the Manual measurement point and the COUNTER, OFFSET and NOISE LVL
functions are deactivated, the “MANUAL?”’ readout in the upper right-hand corner of the screen in-
dicates the Manual frequency and the real-time signal amplitude within the passband established by the

Resolution Bandwidth setting.
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NOTE
: *
The CRT trace at the Manual measurement point is updated at the CRT
refresh rate of approximately 60 times per second. However, the
“MANUAL’’ amplitude readout is updated at a much slower rate of about
five readings per second. This slower rate permits the operator to visually
capture the amplitude variations of an unstable signal.



SETTING THE MANUAL FREQUENCY
Marker

REF .0 dBm MARKER 10 000 G00. 0 Hz
10 dB/DIV RANGE .0 dBm -5.0 dBm

L .

SN PR I RN AURLORNPN R QU SR R

t

1
I
|
]
1

CENTER 20 000 000.0 Hz SPAN 40 000 000.0 Hz
RBW 30 KHz VBW 30 KHz ST .8 SEC

Marker at peak of 10.02 MHz response. During frequency sweep, peak
displayed at 10.00 MHz point as indicated by *“MARKER’’ readout.

REF .0 dBm MANUAL 10 000 000.0 Hz
10 &B/01V RANGE .0 dBm =12.0 dBm
[ T
t
1
Il
|
|
1
1
[
|
B s il = Y S P.SEUN IR S D S —

10 000 000.0 Hx SPAN 40 000 000.0 H=z
RBW 30 KHz VB¥W 30 KHz ST .8 SEC

ENTRY MAN SWEEP

Pressing or selects Manual mode and sets Manual frequency equal
to Marker frequency. ““MANUAL’’ readout in top-right corner indicates Manual
frequency and real-time signal amplitude at Manual frequency. (The true fre-
quency of the signal is 10.02 MHz rather than 10.00 MHz. To measure its
peak amplitude, the Manual frequency must be fine tuned to 10.02 MHz. This

can be done with )
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SETTING THE MANUAL FREQUENCY
Independent Marker Tuning

Iindependent Marker Tuning

Once the desired Manual frequency has been selected, the Marker can be independently tuned
with and . When the Marker is moved away from the Manual measurement point, the
readout reverts to “MARKER?”’ to indicate the Marker’s frequency and amplitude on the CRT trace.
The Manual measurement point continues to be updated to reflect the signal amplitude at the Manual
frequency; but the CRT trace is not updated at the Marker frequency. The Marker amplitude readout
indicates the Marker’s amplitude on the trace that is retained on the CRT and may, therefore, be total-
ly unrelated to the input-signal amplitude. When the Marker is moved back to the Manual measure-
ment point, the readout returns to *“MANUAL’’ to indicate the Manual frequency and amplitude.

MARKER

To quickly tune to a signal of interest in the Manual mode, activate and set the Marker to the ap-

ENTRY

proximate frequency using . Then press or activate I@i to set the Manual frequency
equal to the Marker frequency. Fine tune to the peak of the signal with . Here is an example:

REF .0 dBm MANUAL 10 010 000.0 Hz REF .0 dBm MARKER 20 000 000.0 Hz
10 dB/DIV RANGE .0 dBm -5.0 dBm 10 &B/DIV RANGE .0 dBm ~100.0 dBm
i X
' |
1 : |
1 1
| 1
1 1
t I
t )
SR SR [P N VPR UNOUULYNPRpN NP S Sy S SR SR (Y (S PR N s (S N g
[} [}
H i
i [}
1 1
i 1
1 |
[l ]
[} ]
MANUAL 10 010 00O.0 Ha SPAN 40 000 O0O0.0 Hz MANUAL 10 010 000.0 Hx SPAN 40 000 000.C Hz
RBW 30 KHx VBW 30 KHz ST .2 SEC RBY 30 KHz VBY 30 KHz ST .2 SEC
a . Measure Fundamental. b. Move Marker to approximate frequency of
second harmonic with 2=t
(m);
REF .0 dBm MANUAL 20 000 000.0 Hz REF .0 dBm MANUAL 20 020 000.0 Hz
10 dB/DIV RANGE .0 dBm -64.6 dBm 10 dB/DIV RANGE .0 dBm -58.2 dbm
‘ ‘ |
1 5
1 [}
1 i
] I
{ 1
1 [}
JURPN SRS RPN SO R NS Sy, (U R R S U Y (N T [ S SN S S
t
20 000 000.0 Hx SPAN 40 000 000.0 Hzx MANUAL 20 020 000.0 Hx SPAN 40 000 000.0 Hz
RBW 30 KHz VBW 30 KHx ST .2 SEC RBW 30 KHz VBW 30 KHz ST .2 SEC
ENTRY MAN SWEEP
c . Press ‘@ or activate to set Manual d. Fine tune to peak of second harmonic
frequency equal to Marker frequency. response with )

3-3-8



MEASUREMENTS

Offset Measurements

The function can be used in the Manual mode to measure the relative frequency and amplitude
between two signals. For example, to measure the amplitude of a harmonic in ‘“‘dB’’ relative to the
fundamental: :

REF .0 dBm OFS MAN .0 Hz
10 d8/01V RANGE .0 dBm .0 dB

r

..... kil ALttt EEE T EEPEY PEEEE PPEEE

STEP 1 000 000.0 H=x
ST 6 250 HR

RBV1 lﬁzm szkv 1 Hx
a. Tune to the peak of the fundamental.
Set the CF Step Size equal to the fundamental (i.e., Manual) frequency by
pressingor by Numeric Entry.
MR OF8
- §TEP
OFFSEY

Activate and then press .

(This stores the current Manual frequency and amplitude in the Offset

Register.)
REF .0 dBm OFS MAN 1 000 000.0 H=z
10 dB/0DIV RANGE .0 dBm -62.3 dB
MANUAL 2 OO0 000.0 Hx STEP 1 OO0 00Q. 0 H=
RBY 10 M= VBW 1 Hz ST 8 250 HR

ENTRY

b. Step to the second harmonic by pressing l[“”‘—“‘*]l a

(A stationary Marker remains at the peak of the fundamental
response; i.e., the point where pressed. The “OFS MAN"’ (Off-
set Manual) readout indicates the difference between the current
Manual frequency and the frequency in the Offset Register. The
amplitude readout indicates the harmonic’s amplitude in ‘“dB’’ relative
to the amplitude in the Offset Register which, in this case, is the

amplitude at the peak of the fundamental response.)
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&5 MEASUREMENTS

Using The Counter In The Manual Mode

When the instrument is in the Manual mode and the function is activated, the ‘““COUNTER”’
frequency is displayed in place of the “MANUAL”’ or “MARKER”’ frequency in the upper right-
hand corner of the CRT screen. Counter readings are updated continuously at a rate proportional to
the Counter period.

NOTES

1. If you wish to display the Manual frequency and Counter frequency

simultaneously, preface the Manual frequency by pressing . The
highlighted Manual frequency will then appear in the lower left-hand corner

of the CRT screen.
MAN SWEEP MARXER

2. Tuning the Manual frequency or Marker with or and s

overrides the Counter, causing the readout to display “MANUAL” or
“MARKER”’. When the tuning stops, the frequency of the input signal
about the Manual or Marker frequency is counted and then the
“COUNTER’’ frequency reappears in place of “MANUAL’ or
“MARKER”’.

There are two basic ways to make Counter measurements in the Manual mode:
a. At the Manual frequency with the Marker at the Manual measurement point.

b. At the Marker frequency with the Marker independently tuned away from the Manual measure-
ment point. '

Marker At Manual Measurement Point

When the Marker is at the Manual measurement point, the Counter reading indicates the absolute fre-
quency of the input-signal component about which the analyzer is tuned. To obtain an accurate, stable
counter reading, the signal amplitude at the Manual measurement point must be at least 20 dB above
the noise and at least 20 dB above any unresolved signal that is inside the IF filter skirts.

To accurately measure the amplitude of a signal in the Manual mode, the Manual frequency must be
set almost exactly equal to the frequency of that signal. This is particularly important when a narrow
Resolution Bandwidth is being used. For instance, if the Resolution Bandwidth is 3 Hz, and the
Manual frequency is +1.5 Hz away from the signal, the amplitude reading will be about 3 dB too low.
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MEASUREMENTS

. One convenient way to precisely tune to the peak of a response is to first set the Manual frequency ap-

proximately equal to the signal frequency, measure the signal frequency using the Counter and then set
the Manual frequency equal to the Counter frequency. This can be done by Numeric Entry or by simp-
ly pressing .* In many cases, a relatively wide Resolution Bandwidth can be used to quickly
locate, count and tune to the signal of interest. Once the analyzer is tuned to the true signal frequency,

the Resolution Bandwidth can be narrowed to obtain the required resolution and sensitivity.

REF -25.0 dBm COUNTER 11 025 600.1 Hz REF -25.0 dBm COUNTER 11 025 600.1 Hz
10 4B/D1V RANGE -25.0 dBm -789.9 dBm 10 d8/D1V RANGE -25.0 dBm ~70.0 dBm
- T T T T '
: i 5
! H P
} ]
H I i
: ; | ' _ j
} |
3 | :
_________ TI____. —mpmm e m—— = -——-----—--------—---4I L Y e EEEE B Rt LR it Rtk et bl ataieds

MANUAL 11 000

000. 0 Hx SPAN 40 000 000.0 Hz MANUAL 11 025 SPAN 40 000 000.0 Hx
RBW 30 KHz VBY 30 KHz ST .2 SEC

>S 600. 1 Hx
RBW 3 Hz VBW 10 Hz ST 2 469 HR

. Signal quickly located and counted using 30 kHz Manuat frequency set equal to Counter frequency;

RBW. signal measured with 3 Hz RBW.

Tuning To The Peak Of A Response Using The Counter

Another technique that can be used to quickly tune to the peak of a response is:

[

. Set the Manual frequency approximately equal to the signal frequency.

COUNTER

. Activate to accurately measure the signal frequency.

o

(2]

. Press to set the Center-Frequency Step Size equal to the Counter frequency.
MICR OFS

d. Set the Manual frequency to 0 Hz Numeric Entry.

ENTRY

. Press [ || .

o

*In the Manual mode, the key sets the Center Frequency equal to the absolute Marker, Counter or Manual frequency
(whichever is being displayed). It also sets the Manual frequency equal to the Center frequency and places the Marker at the
Manual measurement point. Therefore, if the Counter function is activated, the Manual frequency is set equal to the Counter
frequency and is displayed at the Center Frequency point on the CRT screen.
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MEASUREMENTS

Marker Not At Manual Measurement Point

When is activated and the Marker is tuned away from the Manual measurement point (us-
ing ), the instrument’s frequency tuning internally alternates between the Manual fre-
quency and the Marker frequency. At the Manual frequency, the Manual measurement point on the
CRT trace is updated to reflect the real-time input-signal amplitude. At the Marker frequency, the
CRT trace is not updated; but the analyzer does actually sample the input signal to obtain a valid, real-
time Counter reading. If a sufficiently large input-signal response is detected at the Marker frequency,
the Counter reading will accurately indicate the frequency of the signal that is producing the response.
If there is no input-signal response at the Marker frequency or if the response is too near the noise or is

mixed with another signal, the Counter reading will be unstable.

The independent Marker tuning and Counter feature provides a convenient was to count the frequen-

cies of input-signal responses without waiting for successive frequency sweeps. One way to use this

feature is to first sweep one time across the input-signal spectrum so that the signals of interest are

displayed on the CRT. Then, select the Manual mode (the Manual frequency is arbitrary), activa-
wancn cowren

te |o and { o]} and tune the Marker to the peaks of the responses that you wish to measure us-
ing . (Do not disconnect the input signal or change the amplitude or frequency parameters.) As

long as the input-signal spectrum is the same as when the trace was plotted, the real-time Counter
readings will indicate the true frequencies of the responses on which the Marker is positioned. The
amplitude readout will accurately indicate the Marker’s amplitude on the stored CRT trace; but since
the trace is not updated at the Marker frequency, the amplitude readout will not reflect any real-time
changes in the input-signal amplitude.

REF .0 dBm COUNTER 9 304 400.0 Hz
10 4B/D1V RANGE .0 dBm ~65. 0 dBm

9 328 000.0 Hz SPAN S0 000.0 Hz
RBYW 100 Hz vBW 300 Hz ST 10.0 SEC

Signals of interest can be quickly measured .in Manual mode using

MARKER

@ and .
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MEASUREMENTS

Offset Counter Measurements

OFFSET COUNTER
The {@ function can be used in conjunction with the {@} function to count the frequency dif-
ference between two signals. For example, to count the difference between a modulated carrier and its
upper sideband:

REF .0 dBm OFS CNTR 1 234.5 H=z
10 dB/DIV RANGE .0 dBm -33.0 dB
-
i
[i]
NEHE
............... / /\ \-- ----4 Suspected harmonic response
-
RYERYA L~
VL
1 000 010.0 Hax SPAN 10 OUO.IO Hz
RBW 100 Hz VB¥W 10 H=z ST 31. 4 SEC

Set the Marker to the peak of the carrier response with [—ﬁ—_]} .

ENTRY MAN SWEEP

Select the Manual mode by pressing [wwal or activating |@].

COUNTER

Activate !ol to count the carrier frequency.

OFFSET

Activate and then press &) .

(This stores the counted carrier frequency in the Offset Register.)

MARKER

Activate and set the Marker to the peak (or skirt) of the upper side frequency. The *“OFS
CNTR” (Offset Counter) reading indicates that the difference frequency is 1.2345 kHz.

A close examination of the swept display (above) reveals the presence of what appears to be a har-
monic response at about 1.2 kHz above the upper side frequency. It may be a harmonic or it may be a
noise spike. One way to tell for sure is to narrow the RBW and VBW and measure it in the Manual
mode. This could be done by setting the Marker to the peak of the apparent harmonic, narrowing the
Bandwidth and fine tuning with “@t and . However, this would be a rather tedious process
especially if the ‘‘response’” turns out to be a noise spike. A faster, more accurate way to tune to the
harmonic frequency is to set the Step Size equal to the modulating frequency indicated by the ““OFS
CNTR”’ reading and increment the Manual frequency to the second harmonic. The procedure is as

follows:
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MEASUREMENTS

REF -33.1 dBm DFS MAN .0 Hx

10 dB/DIV RANGE .0 dBm .0 dB

MANUAL 1 001 234.5 Hx SPAN 10 000.0 H=z
RBY 10 H=z VBW 1 Hz ST 52.0 MIN

a. With the Marker still at the peak of the upper side frequency, set the CF
Step Size equal to the difference frequency by pressing

{This sets the Step Size equal to the “‘OFS CNTR"’ reading.)

Press .

(This sets the Center Frequency and Manual frequency equal to the
absolute Counter frequency; i.e., the upper side frequency.)

Clear the trace by pressing )
Narrow the RBW and VBW to the desired settings.

Move the response to the top of the screen by pressing .

COUNTER

Deactivate .

{The Counter is no longer needed and the harmonic is too low in level
to be measured with the Counter.)

Press .
(This allows the harmonic to be measured in ‘*dB’’ relative to the up-
per side frequency rather than the carrier.)

REF -33.1 dBm OFS MAN 1 234.5 H=z
10 dB/D1V RANGE .0 dBm -S1i.1 dB
1 002 408.0 Hx SPNIOOO0.0H:
RBY 10 H=x VBW 1 Hx ST S2.0

b. ‘Step to the second harmonic by pressing ﬁ O

(The harmonic is definitely present and is 51.1 dB below the fun-
damental.)
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MEASUREMENTS

Using The Noise Level Function

NOISE L¥L
In the Manual mode with the -{@]- function activated, noise readings are repetitively calculated and
updated at a rate proportional to the Noise measurement time. Noise measurement times range from
approximately 0.3 seconds (30 kHz RBW) to 33 seconds (3 Hz RBW). While a noise reading is being
calculated, the suffix of the current amplitude or noise level reading is disptayed brighter than normal.
At the end of each noise calculation, there is a time delay of approximately 0.5 seconds during which
the readout is updated and the suffix returns to normal brightness to indicate that a valid noise reading
is available. The CRT trace at the Manual measurement point is also updated during this 0.5 second
period. The trace is not updated during a noise calculation.

Noise level readings are displayed in place of the Manual or Marker amplitude in the upper right-hand
corner of the CRT screen. They are displayed in the same units as the Reference Level; i.e., ““dBm
(Hz)’, ““dBV(Hz)”’ or ‘“V {T{z”. Offset noise level readings are displayed in ‘‘dB (Hz)’’. The noise
level readings indicate the absolute (or relative) rms random noise spectral density at the Manual or
Marker frequency, normalized to a 1 Hz noise power bandwidth.
NOISE LVL COUNTER

The function operates in much the same manner as the function. It can be used with the
Marker at the Manual measurement point or with the Marker tuned away from the Manual measure-
ment point:

a. When the Marker is at the Manual measurement point, noise readings are calculated according to
the real-time input-signal amplitude at the Manual frequency.

b. When the Marker is not at the Manual measurement point, noise readings are based on the real-
time signal amplitude at the Marker frequency. At the end of each noise calculation, the CRT
trace is updated at the Manual measurement point; but the trace is not updated at the Marker fre-
quency. In the absence of a noise reading, the Marker readout will indicate the Marker’s
amplitude on the CRT trace which may be totally unrelated to the real-time signal amplitude from
which the noise readings are calculated.
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MEASUREMENTS

Noise Measurement Techniques

Absolute noise-level meaurements can be performed by simply setting the Manual frequency or

Marker to the frequency of interest and activating the @ function.

OFFSET

The function can be used in conjunction with the function to measure signal-to-noise
ratio. Here is an example: :

REF .0 dBm OFS MAN .0 Hz
10 d48/D1V RANGE .0 dBm .0 dB
! : I
1 000 000. 0 H=x SPAN 4 SO0 000. 0 Hx
RBY 10 Hz vBw 1 Hz ST 6 250 HR

OFFSET

a. Tune to the peak of the signal. Activate and then press .

REF .0 cliem OFFSET 148 000.0 H=x

10 dB/0D RANGE .0 dBm ~116 dB (1Hz)
1 000 O00. 0 Hx SPAN 4 SO0 000.0 Hx
RBY 10 H=z VBY 1 H=z ST 8 250 HR

MARKER

b. Activate and set the Marker to the noise measurement frequency

with
NOISE LYL

Activateand allow time for the “dB’’ (1 Hz)’’ reading to appear.

(The ‘OFFSET’’ frequency readout indicates the difference between
the current Manual frequency stored in the Offset Register and the
Marker frequency. The ‘“dB (1 Hz)'' reading indicates the rms random
noise spectral density (at the Marker) in a 1 Hz bandwidth relative to
the signal amplitude in the Offset Register.)
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STEP MANUAL FREQUENCY
Measuring Equally-Spaced Signals

Step The Manual Frequency To Measure Equally Spaced Signals

Pressing @ OR l O; changes the Manual frequency in steps equal to the Center Fre-

quency Step Size. The Center Frequency Step Size is settable within the range of 0 Hz to 40.1 MHz
with 0.1 Hz resolution. It can be changed by Marker/Offset Entry, Step Entry or Numeric Entry:

Marker/Offset: =53 Sets CF Step Size equal to current Manual,
Marker, Counter or Offset frequency
(whichever is being displayed).

CF ‘_] . .
Step Entry: @ D@J lJ Changes CF Step Size to next valueina l, 2, 5,

10 sequence.

sass
sfee || aues
SI2E

B Selects specific step size; 0 Hz to 40.1 MHz, 0.1
Hz resolution.

Numeric Entry:

The ability to step the Manual frequency makes it possible to quickly measure equally spaced signals
within a specific frequency span. This is especially useful for individually measuring the harmonic
components of a complex signal over a wide frequency span or for measuring low-level harmonic
distortion products in a narrow bandwidth to maximize the noise-free dynamic range. Here are some
examples:

Measuring Equally-Spaced Signals Over A Wide Frequency Span

REF 5.0 dBm MARKER 8 740.0 H=z
10 4B/D1V RANGE 5.0 dBm -.1 dBm

Wi‘l._l uﬁ AT

CENTER 202 S00. 0 H=z SPAN 3GS 000.0 H=z
RBW 1 KH=z VBW 100 Hz ST 12.4 SEC

A single sweep over a 395 kHz Span displays the harmonic components of a 10 kHz triangle waveform.

With the Resolution Bandwidth set to 1 kHz, many of the low-level even harmonics are too near the
noise floor to be measured accurately. In the Manual mode, the harmonics can be individually

measured using a narrow bandwidth.

3-3-17



STEP MANUAL FREQUENCY
Measuring Equally-Spaced Signals
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To individually measure the harmonics in the Manual mode, proceed as follows:

REF 5.0 dBm COUNTER 10 002. 1 Hz
10 d48/D1V RANGE S.0 dBm -1.0 dBm

..........................

Mg, lll

Wl ) i u W
; SPAN 385 000.0 Hz
12 EC

0 740.0 Hx
RBW 1 KHz VBYW 100 H=z ST . 4 S

MARKER

Set the Marker to the peak of the fundamental with (o )} Q .

ENTRY MAN SWEEP
Select the Manual mode by pressing or activating .

COUNTER

Activate {@]. to precisely measure the fundamental frequency.

REF S.0 dBm OFS MAN .0 Hz
10 dB/D1V RANGE 5.0 dBm -0 dB

MANUAL 10 002.3 H= STEP 10 002.1 M=z
RBW 10 H=z VOW 1 Hz ST 34.2 HR

Set the Manual frequency exactly equal to the Counter frequency by
Numeric Entry.

Set the CF Step Size equal to the Counter frequency by pressing or
by Numeric Entry.

COUNTER

Deactivate .

Narrow the RBW to reduce the internal noise level. For good video averag-
ing, set the VBW to 10% (or narrower) of the RBW.

(Narrowing the RBW one step reduces the internal noise level by
about 4.5 dB.)

To measure the succeeding harmonics in ‘'dB’’ relative to the fundamental,

activate and press D .



REF -.2 dBm
10 dB/D1V

OFS MAN .0 H=z
RANGE 5.0 dBm 0 4B

STEP MANUAL FREQUENCY
Measuring Equally-Spaced Signals

CENTER 202 S00. 0 Hz
RBW 10 Hz

c. Clear the trace by pressing |[®¢* |

VBW 1 Hz

SPAN 385 000.0 Hz

ST 34.2 HR

Move the fundamental to the top of the screen by pressing .

(The trace is no longer needed so it is best to clear it from the screen.
If you wish to retain the trace on the screen, you may omit the clear
operation. If the trace is needed for future reference, store itin *‘B’’ by

OFS MAN 370 077.7 Hz
dB

REF -.2 dBm OFS MAN 10 002.1 H=z REF -.2 dBm
10 d4B/DIV RANGE S.0 dBm -64.9 dB 10 48/D1V RANGE S.0 dBm -68.8
i i r'Y
SPAN 385 000.0 H=x 380 070. 96 Hx SPAN 385 000.0 H=x=
ST R RBW 10 H=z VEW 1 H=x ST 34.2 HR

AL 20 D04.2 Hx
RBW 10 Hz VBW 1| Hz 34.2 H

Second Harmonic

ENTRY

d. Press m <

-...38th Harmonic

to display and measure succeeding harmonics.
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STEP MANUAL FREQUENCY

Measuring Harmonic Distortion

Measuring Low-Level Harmonic Distortion

REF .0 dBm COUNTER 1 234 S67.D H=z
10 dB/D1V RANGE .0 dBm .0 dBm

__________________________________________________

EENT%RB'B 1'/;5(3(“0:00. Ov!g: e SPAN ssngonggéo Hx

A single sweep with a 10 kHz RBW clearly shows the second and third harmonics of a 1.2 MHz signal.
The fifth harmonic is visible but near the noise floor and the fourth harmonic is well below the noise.
Narrowing the RBW to 10 Hz will reduce the noise by about 30 dB, enabling the fourth harmonic to be
measured. All five harmonics can be quickly measured with a 10 Hz RBW by stepping the Manual fre-
quency.

Here is the procedure:

REF .0 «Bm OFS MAN .0 H=x
10 d48/D1V RANGE .0 dBm .0 dB

..... e ) e T bt LT

1 234 S87.0 Hx STEP 1 234 567.0 H=z
RBY 10 H=x VBW 1 Hz ST S64 HR
MARKER
a. Set the Marker to the peak of the fundamental with .

ENTRY MAN SWEEP

Select the Manual mode by pressing or activating .

COUNTER

Activate to precisely measure the fundamental frequency.

Set the Manual frequency equal to the Counter frequency by Numeric En-
try.

r_ﬂi
Set the CF Step Size equal to the C%ﬂl;\c"c‘er frequency by pressing @ or
by Numeric Entry; then, deactivate . -

Narrow the RBW to 10 Hz and the VBW to 1 Hz.

OFFSEY

Activate and press .
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STEP MANUAL FREQUENCY

Measuring Harmonic Distortion

. NOTE

When measuring second and third harmonic distortion products that are
more than 80 dB below the fundamental; or IM distortion products that are
more than 70 dB below the larger of the two driving signals, increment the
RANGE to optimize the distortion-free dynamic range (see Chapter 2, Page
31). In this particular example, the second and third harmonics are well
above the analyzer’s internal distortion level.

REF .0 dBm OFS MAN 3 703 701.0 Hzx
10 dB/0D1V RANGE .0 dBm -85.2 dB
1
4 938 268.0 Hx SPAN 6 S00 000.0 H=z
RBW 10 H= VBW 1 Hz ST 564 HR

. b. Clearthe trace by pressing .

Step the Manual frequency to measure individual harmonics by press-
ing ENTRY l{}J

(The fourth harmonic is 95.2 dB below the fundamental.)
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STEP MANUAL FREQUENCY

Measuring Harmonic Distortion

After measuring a signal in the Manual mode, it is sometimes desirable to ‘‘zoom-in’’ on that signal
and observe it with a frequency sweep. To accomplish this:

a.

b.

Step the Manual frequency to the signal of interest.

Move the signal to the center of the screen by pressing {E‘?{f

. Narrow the Frequency Span about the Center Frequency to obtain the desired frequency display

range (and a reasonable Sweep Time).

. If necessary, lower the Reference Level to display the signal in the upper portion of the

CRTscreen (or press E{:, to move the signal to the top of the screen).

CO"

. Activate the [ or SWEEP function.

REF -S55.2 dBm OFFSET 3 703 701.0 Hz
10 d48/D1V RANGE .0 dBm -95.2 dB

W .......... R P oS . ----Mm .....

4 G908 208.0 Hs SPAN 100.0 H=
RBY 10 Hx vVBW 1 Hz ST 83.2 SEC

Fourth harmonic of 1.2 MHz signal measured in Manual mode (preceding ex-
ample) moved to center of screen and displayed with 100 Hz Span. Reference
Level lowered to -55.2 dBm to display the signal and noise on the CRT screen.
(With the Reference Level at its original setting of O dBm, the noise is below the
bottom graticule line and is not displayed.)

Other harmonics can be moved to the center of the screen and displayed in the same span by simply in-
crementing or decrementing the Center Frequency. The Center Frequency steps are equal to the
Manual frequency steps.

For example: REF -55.2 dBm OFFSET 4 838 268.0 Hz
~75.3 dB
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10 d8/D1V RANGE .0 dBm

“"W;‘“/ ...................... \:\:& ..... ———-

6 172 835. 0 Hx SPAN 100. 0 H=z
RBY 10 H=z VBW 1 Hz ST 63.2 SEC

{[ FREGUENCY ]] “Q displays the fifth harmonic-after a 63.2-second frequency sweep.




STEP CF

Measuring Harmonic Distortion

Step The Manual Frequency By Stepping The Center Frequency

A change in the Center Frequency produces a corresponding change in the Manual frequency.
Therefore, if the Center Frequency is changed, the absolute Manual frequency will also change; but
the difference between the Manual frequency and the Center frequency will remain the same. For in-
stance, if the Manual frequency is initally set equal to the Center Frequency and the Center Frequency
is changed by 1 kHz, the Manual frequency will also change by 1 kHz and will remain in the center of
the screen.

The Manual frequency can be stepped within the limits of the selected Frequency Span; but the Center
Frequency can be stepped within the range of 0 Hz to 40.1 MHz regardless of the Frequency Span. By
setting the Manual frequency equal to the Center Frequency (or vice-versa) and stepping the Center
Frequency, you can measure equally spaced signals over the entire frequency range of the instrument
with any arbitrary Frequency Span.

To illustrate the concept of stepping the Center Frequency to measure equally spaced signals in the
Manual mode, we will give two examples. The first is a repeat of the harmonic distortion measurement
previously made by stepping the Manual frequency. The second example shows a very rapid technique
for measuring the intermodulation (IM) distortion products of two closely spaced signals.

Measuring Harmonic Distortion By Stepping The Center Frequency

REF .0 dBm COUNTER 1 234 567.0 Hz
10 dB/D1V RANGE .0 dBm .0 m

CENTER 20 000 000.0 M=z SPAN 40 00D 000.0 Hx
RBW 30 KHz VBW 30 KHz ST .2 SEC

a. Startwith a full Span by pressirig ;:ggg} .

MARKER

Set the Marker to the peak of the fundamental with {0 J}

(If the fundamental is masked by the zero response, decrement the
Stop Frequency until the fundamental response is distinguishable.)

COUNTER

Activate to precisely measure the fundamental frequency.
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STEP CF

Measuring Harmonic Distortion

REF .0 dBm COUNTER 1 234 567.0 Hz
10 d4B/D1V RANGE .0 dBm .0 dBm

CENTER 1 284 567.0 H=x .STEP 1 234 S87.0 Hx
RBW 30 KHz VBW 30 KHz ST .2 SEC

b. Set the Center Frequency equal to the Counter frequency by press-

ing .

o)
Set the CF Step Size equal to the Counter frequency by pressing .

xR OFS
—STER

REF .0 dBm OFS MAN .0 Hx
10 dB/D1V RANGE .0 dBm .0 dB
1 234 567.0 H= SPAN 40 000 000.0 H=x
RBW 10 Hx VBW 1 Hx ST 3 472 HR

ENTRY MAN SWEEP

c. Select the Manual mode by pressing [fwwa)) or activating .

{This sets the Manual frequency equal to the Marker frequency which,

after , is equal to the Center Frequency.)

Clear the Trace by pressing [cti‘"i .
Narrow the RBW to 10 Hz and the VBW to 1 Hz.

(The 3 Hz RBW would provide a lower noise level than the 10 Hz
RBW. In this case, however, the 10 Hz RBW provides adequate sen-
sitivity and further allows a 10:1 RBW/VBW ratio. This gives better
noise averaging than the 3:1 ratio that would be obtained with a 3 Hz
RBW.} .

COUNTER

Deactivate {1—]] . ’
To measure the harmonics in ‘‘dB’’ relative to the fundamental, activa-

te and then press X
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STEP CF

Measuring Harmonic Distortion

REF .0 dBm OFS MAN 1 234 567.0 Hz
10 d8/D1V RANGE .0 dBm -57.5 dB

[

L

STEP | 234 S67.0 H=x
ST 3

2 489 134.0 Hx
RBW 10 Hz VBW 1 Hz 472 HR

d. Press [ FREGUENCT }J [@] to measure the second harmonic.

(The "“OFS MAN’’ (Offset Manual) frequency readout indicates the
difference between the fundamental frequency stored in the Offset
Register with and the current Manual frequency.)

REF .0 dBm OFS MAN 2 468 134.0 Hz REF .0 dBm OFS MAN 3 703 701.0 Hz
10 dB/D1vV RANGE .0 dBm -62.7 dB 10 d8/D1V RANGE .0 dBm -95.2 d8
_______________ U SUURVEDIN SUDNNDIN MR AUV (ORI SUp B e st sl DT L TEyuryn PR EPRPIUY SNNSEpY QPN
CENTER 4 @38 288.0 Hx STEP 1 234 567.0 Hx
CENTER 3 703 701.0 Hx STEP 1 234 S67.0 Hz
REW 10 Mz vBY 1 Hx ST 3 472 HR RBW 10 Hz VBY 1 Hx ST 3 472 HR
Third Harmenic Fourth Harmonic

e. Press to measure succeeding harmonics.

(Starting with ., an experienced operator can measure all five
harmonics in less than one minute using this procedure.)
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STEP CF

Measuring IM Distortion

Stepping The Center Frequency To Measure IM Distortion Products.

REF 12.5 dBm MARKER 1 000 002.2 Hz REF 12.S5 dBm MARKER 1 000.0 Hz
10 dB/DIV RANGE 20.0 dBm 12.6 dBm 10 dB/DIV RANGE 20. 0 dBm -38. 2 dBm

]

ANEA

AEA)
1]

A

\ / \ /
V \

SV Y R ] et N N/ | L
CENTER 1 0DO 505.0 Hzx SPAN 7 980.0 Hz START 500.0 H=z STOP 2 SO0, 0 Hz
RBW 100 Hx  VBW 1 Hz ST 249 SEC REW 100 Hx  VBW 1 Hz ST 82.8 SEC
Driving Signals and Odd-Order IM Distortion Second and Fourth-Order IM Distortion Products.
Products.
Figure A Figure B

A 249-second sweep (Figure A) displays the odd-order (i.e., 3rd, 5th and 7th) IM distortion products
generated by a high-frequency amplifier that is driven by two 12.6 dBm signals. The signals are about 1
kHz apart; the lower driving frequency is | MHz and the upper driving frequency is about 1.001
MHz.

Another frequency sweep (Figure B) displays the even-order (i.e., 2nd and 4th) IM products which ap-
pear at 1 kHz and 2 kHz, respectively.

The total time required to complete the IM distortion measurement with two frequency sweeps (coun-
ting setup time, etc) is about seven minutes. In the Manual mode, however, the IM distortion products
can be individually measured in about 2.5 minutes starting from full Span. Here is the procedure:

REF 20.0 dBm MARKER 20 000 000.0 Hz
10 dB/DIV RANGE 20.0 dBm ~54.9 dBm

[T RO S S B

-

N

CENTER 20 000 000.0 H=z SPAN 40 000 000.0 Hz
RBW 30 KH=z VBW 30 KHz ST .2 SEC

a. Startwith a full Span by pressing ([eI)] -

(The full span and 30 kHz RBW does not provide the resolution need-
ed to separate the two closely spaced signals; so they appear as one
response.)
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C.

REF 20.0 dBm

STEP CF

Measuring IM Distortion

MARKER 1 000 00C. 0 Hz

10 4B/D1V RANGE 20. 0 dBm 12. 5 dBm
]
1 000 000.0 Hx SPAN 40 000 000.0 H=z
RBYW 30 KHx VBY 30 KHz ST .2 SEC

b. Setthe Marker to the peak of the large response with @ .

Move the response to the center of the screen by pressing .

REF 20.0 dBm MARKER 1 000 000.0 Hz
10 d4B/01V RANGE 20.0 dBm 11.6 dBm
I L 1

i v V.
=
CENTER 1 000 000.0 H=z R SPAN 10 000.0 Hx
RBW 100 Hz VvBW 300 H=z ST 2.0 SEC

Narrow the Frequency Span {with
two driving signals.

“’ FREQUENCY
SPAN
J

'y )Jjust enough to resolve the
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STEP CF

Measuring IM Distortion

REF 20,0 dB OFS CNTR 1 001 0 Hz
106 dB/D1V RANGE 20.0 dBm

!
!
il

____________________ ]l\/\

YWERARW!
\/ 1
Y ‘\W
CENTER 1 OO0 000.0 STEP
RBW 100 H=z

1 001.0 Hx
VBV 300 H=z ST 2.0 SEC

ENTRY

MAN SWEEP
d. Select the Manual mode by pressing or activating {[ o ]

{This sets the Manual frequency equal to the Marker frequency which
is near the peak of the 1 MHz driving signal.)

COUNTER

signal on which the Marker is positioned

OFFSET

Actlvate.to precisely measure the frequency of the lower driving
Actlvate . and then press Jiéf";s‘;‘

_ {This stores the counted frequency of the lower driving signal in the
Offset Register.)

Activate l |'and set the Marker to the peak of the upper driving signal
with .

(The ‘“OFS CNTR’’ (Offset Counter) reading indicates the difference
between the frequency of the lower driving signal in the Offset
Register and the counted frequency of the upper driving signal.)

€3

;Y

- ey
-arer

Set the CF Step Size equl to the difference frequency {i.e., ’'OFS CNTR"’
frequency) by pressing {



STEP CF

Measuring IM Distortion

REF 12.6 dBm OFS MAN .0 H=z

10 dB/D1V RANGE 20.0 dBm .0 dB

] [

i

1

CENTER 1 001 001.0 Hx STEP 1 001.0 H=
RBW 10 Hz VBW 1 Hz ST 52.0 MIN

e. Press @ .

(This sets the Center Frequency and Manual frequency equal to the
absoiute Counter frequency which is the frequency of the upper driv-
ing signal.)

Clear the trace by pressing ““f“' ! .

Narrow the RBW and VBW to the desired settings.

Move the response to the top of the screen by pressing .

COUNTER

Deactivate .

Toinsure an accurate offset reference, press )

REF 12.6 dBm OFS MAN 1 001.0 Hz REF 12.6 dBm OFS MAN 3 003.0 Hz
10 oB/DIV- RANGE 20.0 dBm  -57.5 dB 10 dB/DIV RANGE 20.0 dBm  -85.5 B
............... UERD SR PRI NN IR PRI S SRS EORROOt APUOUOS GO SRR SRV ERRON SR SRS SO
)
1 002 002.0 Hx STEP 1 001.0 Hx CENTER 1 004 004.0 Hx STEP 1 001.0 Hx
RBY 10 Hzx vBY 1 Hz ST S2.0 MIN RBW 10 Hz VBY 1 Hx ST S2.0 MIN

Third Order ..Seventh Order

[f j} “ O j
f. Increment the Center Frequency ({ EouE _—Jj) to individually mea-
sure the odd-order IM products in the region above the upper driving signal.

{Since the IM distortion products are the same on both sides of the
driving signals, it is not normally necessary to measure both sides. If
desired, however, the distortion products below the lower driving
signal can be measured by decrementing the Center Frequency.)
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STEP CF

Measuring IM Distortion

REF 12.65 oBm OFS MAN -1 000 000.0 Hz REF 12.6 dBm OFS MAN -998 989.0 Hz
10 dB/DIV RANGE 20.0 dBm ~S0.7 d&8 10 dB/D1V RANGE 20.0 dBm -86.3 dB
T ' 1 - H
- T s bt ot —
: ! :
: T
- — b -
i ; : - 1.
— T !
| 1 H
:, -------------------- 'r--_-.‘ ---------- po---pe--=f---=4  [TTTTYTICCTTOCC R it i RSP SN SN (I P

CENTER 1 001.0 H=z STEP 1 001.0 H=z

2 002.0 Hx
RBW 10 Hz VBW 1 Hz ST 52.0 MIN RBW 10 H=z VBW 1 Hz

Second Order Fourth Order

g. Setthe Center Frequency to O Hz by Numeric Entry.

Press r PREGUENCY O ” to measure the even-order IM products.
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CHAPTER 4
INPUT AND RANGE FUNCTIONS

This chapter describes the 3585 °’s two input channels and the Impedance, Range and Reference-Level
Track functions located in the INPUT control block.

Q ® © ®

L]

)

M

C-C-J(

750
.0
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INPUTS

INPUTS

The 3585 has two input channels:

Terminated (50 Q or 75 )
High Impedance (1 MQ <30 pF)

E
f ™0 50! 750 1

CHCIC)

I TERMINATED I

HIGH-IMPEDANCE

INPUT Do
e [T reRmINATED

INPUT

The inputs are mutually exclusive and, therefore, cannot be used simultaneously.
NOTE

To avoid crosstalk interference between input channels, it is good practice to

disconnect the signal source from the input that is not being used; i.e., if you
are using the Terminated input leave the High-Impedance input disconnected
and vice-versa. (Interchannel isolation typically ranges from about 104 dB at

20 Hz to 85 dB at 40.1 MHz.)

Both inputs are single ended (unbalanced) and, to minimize ground-loop problems, the outer shells of
the female BNC input connectors are connected to a special measurement ground which is isolated at
low frequencies. The isolation is provided by a low-resistance saturable-core inductor connected bet-

ween measurement ground and chassis ground.

Do not, under any circumstances, attempt to float the outer shells of the in-
put connectors above chassis ground.
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TERMINATED INPUT

. Terminated Input

. e L /IMPEDANCE keys activate Terminated input and
o e i select 50 Q or 75 Q termination.
=n]en]en)
TERMNATED TERMINATED lights indicate that input is ter-
minated in 50 Q or 75 @ (normal or dummy load)

R —— and also indicate the impedance to which the in-
é-{fn strument is calibrated for dBm measurements.
Lights go out when protection circuit activated

{input open).

The Terminated input provides a 50-ohm or 75-ohm (+ 1 ohm) resistive termination. The dc-coupled
terminating resistance is rated at one watt; specified return loss is >26 dB.*

ECAUTION3

The Terminated input is dc coupled. Peak (combined ac/dc) input levels ex-
ceeding + 13 volts will activate the protection circuit but may still damage the

input circuitry.

50

@ Sy
To use the Terminated input simply press l o | OR | o | .

The IMPEDANCE key will light to indicate that the Terminated input is activated; the TER-
MINATED light, located directly below the IMPEDANCE key, will light to indicate that the input is
terminated. The TERMINATED light that is on indicates the impedance to which the instrument is
automatically calibrated for dBm measurements; i.e., dBm/50 Q or dBm/75 Q.

Input Open When O ovemorn
Protection Cir- ﬁ] enmy
(o]

cuit Activated.

e T

A

@ L=
™ / : Input
> -0 Attenuator ¢ p To Input
;} ~ (DC-Coupled) Buffer
. \
input Switched To s 1a Coup.mg
Dummy Load During OR Capacitor
Auto. Cal. Or When ! DC-Coupled
High-impedance Input Terminating

N ]
Activated. 500 OR 75Q Resistance

' Dummy Load

Terminated Input Channel

*When the input is terminated in a dummy load, the return loss is typically > 20 dB.
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TERMINATED INPUT

Overvoltage Protection

The Terminated input channel is equipped with an over-voltage protection circuit which automaticaily
opens the input when the peak (combined ac/dc) input level exceeds + 13 volts.* When the protection
circuit activates, the yellow 50 Q or 75 @ TERMINATED light goes out, indicating that the input is no
longer terminated. (The IMPEDANCE key light stays on.) With the Terminated input open, the in-
strument cannot respond to the input signal. Consequently, the OVERLOAD light will go out and
with the AUTO RANGE function on, the instrument will automatically downrange to —25 dBm.

To reset the protection circuit:

a.

b.

Remove the overload by disconnecting the signal source or reducing the input level.

Press any of the IMPEDANCE keys (including the one currently activated) or press .

Things To Note Or Observe

a.

b.

The terminating impedance is not displayed on the CRT.

When the dc input voltage is greater than ten times the RANGE setting, the first two amplitude
readings after an Automatic Calibration cycle will be incorrect.

. When the dc input voltage is greater than 100 times the RANGE setting, the 3585 will not

calibrate properly. (‘“‘CALIBRATION ERROR 03’’ will appear on the CRT screen.)

. When the 3585 automatically calibrates, the Terminated input is internally switched to a 50 Q@ or

75 @ dummy load. This switching operation, occurring at the beginning and end of each calibra-
tion cycle, opens the input for an instant in time causing the input level to increase. The resulting
transients do not normally affect the 3585 but they may affect other instruments connected to
the signal source in parallel with the 3585 . (With a large input-signal level, the transients could
potentially activate the protection circuit; but this does not normally occur.)

. The 3585 Automatic Calibration system operates through the Terminated input channel

regardless of which input is being used. The Terminated input, therefore, provides much higher
amplitude accuracy than the High-Impedance input. The Terminated input channel also has
lower noise and distortion than the High-Impedance input; so it should be used whenever op-
timum accuracy and dynamic range is required. Signal sources having output impedances other
than 50 Q or 75 9 can be connected to the Terminated input through an impedance matching net-
work or high-impedance probe. ‘ '

*13 volts peak = 9.19 Vrms = +19.27 dBV = +32.28 dBm/50 @ = +30.52 dBm/75 O
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HIGH IMPEDANCE INPUT

High Impedance Input

Before activating the High-Impedance input, use
these keys to select the desired calibration im-
pedance for dBm (50 Q or 75 Q) measurements.

When the High-Impedance input is activated, the
50 @ or 75 @ TERMINATED light stays on to in-
dicate calibration impedance. The Terminated in-
put is deactivated but is terminated with a 50 Q or
75 @ dummy load.

Activates High-Impedance input; deactivates Ter-
minated input and 50 Q or 75 @ IMPEDANCE key.

The High-Impedance input is ac coupled and has an input impedance of 1 megohm ( + 3%) shunted by
less than 30 pF. It is intended for general-purpose measurements where optimum amplitude accuracy
and dynamic range is not required. The input can be used directly for in-circuit probing of low-
frequency devices; it can be bridged across a terminated transmission line or it can be externally ter-
minated to match the output impedance of a specific signal source. The 1 megohm 30 pF input im-
pedance is compatible with several high-impedance ’scope probes such as the -hp- Model 10040A.

§CAUTION3

RF input levels exceeding those listed in Table 1 may damage the input cir-
cuitry. The peak (combined ac/dc) input level applied to the high-Impedance
input must not exceed *42 volts.

To use the High-Impedance input:

80

300
a. Select the desired calibration impedance by pressing OR . (The calibration im-

pedance is the impedance to which the instrument is automatically calibrated for dBm
measurements; i.e., dBm/50 Q or dBm/75 Q. For measurements in dBV or volts, the IM-
PEDANCE setting is arbitrary.)

M0

b. Activate the High-Impedance input by pressing .

Mn 80

a0
The key will light to indicate that the High-Impedance input is activated. The or

key will go out but the 50 Q or 75 @ TERMINATED light will stay on to indicate the calibration im-
pedance and also to indicate that the Terminated input is terminated with a 50 @ or 75 @ dummy load.
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HIGH IMPEDANCE INPUT

Overvoitage Protection

The High-Impedance input channel is protected by passive circuitry which does not require resetting.
As indicated on the 3585 front panel, the High-Impedance input will withstand peak (combined
ac/dc) input levels up to +42 volts.* However, high-level, high-frequency signals applied over a long
period of time may damage the input circuitry. To avoid this possibility, the RF signal level applied to
the High-Impedance input must not exceed the maximum ac input levels listed in Table 1. The dc in-
put level must be such that the peak input level does not exceed +42 volts.

Table 1. Maximum ac Input Levels (High-impedance Input).

Maximum ac
Frequency Range Input Level
dc to 5 MHz +42 V peak
5 MHz to 10 MHz +21 V peak
10 MHz to 20 MHz +10.5 V peak
20 MHz to 50 MHz +5.25V peak

CAUTION: Input levels exceeding those
listed in this table may damage the input cir-
cuitry.

NOTE

When the dc input voltage is greater than ten times the RANGE setting, the
first two amplitude readings after an Automatic Calibration cycle will be in-
correct.

PROBE POWER JACK

The PROBE POWER jack supplies power for high-impedance 1:1 active probes such as the -hp-Model
1120A 500 MHz AC Probe, which is recommended for use with the 3585 . The voltage outputs are
+15 Vdc and —12.6 V dc, with a maximum current of 150 mA. To preserve the ground isolation
feature when an active probe is used, the ground terminal of the PROBE POWER jack is connected to
the same isolated measurement ground as the outer shells of the BNC input connectors.

*42 volts peak = 29.69 V rms = 29.45 dBV = 42.46 dBm/50 8 = 40.70 dBm/75 1.
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INPUT
© overoan

AUTO REF VL
ENTRY TRACK

COHE9C)

RANGE

RANGE

OVERLOAD indicator lights when ac input-signal
level greater than Range setting. Distortion
specifications are met only when OVERLOAD
light out.

ON -OFF

AUTO RANGE function sets Range automatically
according to amplitude of ac input signal. Press to

activate; press again to deactivate.

—REF LVL TRACK function couples Reference Level

to Range. To set Ref. Level equal to Range, turn
off and then back on.

RANGE Entry key deactivates AUTO RANGE func-
tion and prefaces Range parameter enabling it to
be manually changed using STEP keys.

The Range setting determines the maximum ac signal level that can be applied to the Input (i.e., the in-
put currently activated) without overdriving the input circuitry.

The 3585 has a total of twelve Range settings; — 25 dBm to + 30 dBm, selectable in 5 dB increments.

The Range can be set automatically using the AUTO RANGE feature or it can be manually in-
cremented or decremented (in 5 dB steps) using the STEP keys. The Range cannot be set by Numeric

Entry.

Range Readout

The selected RANGE setting appears in the top middle portion of the CRT screen. It is displayed in
dBm (50 Q or 75 Q), dBV or rms volts, corresponding to the units in which the Reference Level (REF) is
displayed. Even though the Range setting is displayed on the CRT screen, Range information is not
normally needed to make measurements with the 3585 .

REF .0 dBm
10 4B/D1V

RANGE .0 dBe

REF -13.0 dBv
10 d4B/D1V

RANGE -13.0 dBv

REF 224 mV
10 dB/D1V

=V
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RANGE

Range Settings For Terminated Input .

When the Terminated input is activated, the Range settings are defined in dBm/50 ohms or dBm/75
ohms, depending on the terminating impedance:

50-0HM 75-0HM

OVERLOAD LEVEL OVERLOAD LEVEL
RANGE r 1 r 1
{dBm)} {dBv)* (RMS VOLTS) (PK VOLTS) {dBv)* (RMS VOLTS) {PK VOLTS)
+30.0 +16.99 7.08 V 10.01V +18.75 8.68V 12.27 V
+25.0 +11.99 3.98V 5.63V +13.75 4.86V 6.87 V
+20.0 + 6.99 2.24 V 317V + 8.75 2.74 V 3.87V
+15.0 + 1.99 1.25V 1.77 V + 3.75 1.54V 2,18V
+10.0 - 3.01 708 mV 1.00v - 1.26 868 mV 1.23V
+ 5.0 - 8.01 398 mv 563 mV - 6.25 486 mV 687 mV
+ 0.0 -13.01 224 mV 317 mV -11.25 274 mV 387 mV
- 5.0 -18.01 125 mV 177 mV -16.25 154 mV 218 mV
-10.0 —23.01 70.8 mV 100 mV -21.25 86.8 mV 123 mV
-15.0 -28.01 39.8 mV 56.3 mV —26.25 48.6 mV 68.7 mV
-20.0 -33.01 22.4 mV 31.7 mV -31.25 27.4 mV 38.7 mV
-25.0 -38.01 12.5 mV 17.7 mV -36.25 15.4 mV 21.8 mVv

*On the CRT display, the ‘dBV’’ Range settings are rounded off to the nearest 0.1 dB; e.qg.,
+16.99d8V = +17.0 dBV

Range and Overload Levels (Terminated Input) : ‘

Range Settings For High-impedance Input

When the High-Impedance input is activated, the Range settings are defined in dBV (1 V.rms = 0
dBV), corresponding to cardinal points on the dBm/50-ohm scale:

T OVERLOAD LEVEL |
RANGE .
(dsv)* (dBm/50 OHMS) (dBm/75 OHMS]}* {RMS VOLTS) (PK VOLTS)
+16.99 +30.0 +28.24 7.08 Vv 10.01 V
+11.99 +25.0 +23.24 3.98V 5.63V
+ 6.99 +20.0 +18.24 2.24V 3.17V
+ 1.99 +15.0 +13.24 1.25 V 1.77 V
- 3.01 +10.0 + 8.24 708 mV 1.00V
- 8.01 + 5.0 + 3.24 398 mV 563 mV
-13.01 + 0.0 - 1.76 224 mV 317 mV
-18.01 - 5.0 - 6.76 125 mV 177 mV
-23.01 -10.0 -11.76 70.8 mV 100 mV
-28.01 -15.0 -16.76 39.8 mV 56.3 mV
-33.01 -20.0 -21.76 .22.4 mV 31.7 mV
-38.01 -25.0 -26.76 12.5 mV 17.7 mV
*On the CRT display, the Range settings in dBV and dBm/75 Q are rounded off to the nearest ‘
0.1 dB. ,

Range and Overload Levels (High-Impedance Input)
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RANGE

Auto Range Operation

AUTO
RANGE

Pressing OR ‘E]] activates the Auto Range funcggn. Unless you specifically override the

Auto Range function by pressing or deactivating [%—G_E] ~, the 3585 will automatically select
the proper Range according to the amplitude of the ac input signal. (The Auto Range circuitry is ac
coupled and, therefore, will not respond to a dc input.) The Range that is selected automatically is
typically the lowest Range that can be used without overdri‘ving the input circuitry and is referred to as
the ““optimum’’ Range setting. For single-tone measurements at the Terminated input, the optimum
Range setting will provide at least 80 dB of distortion-free dynamic range. Since the Range is set
automatically and Range information is not needed to make measurements, the Range setting can
generally be ignored.
Manual Ranging

To manually change the Range setting:
ENTRY STEP

Press then @ OR

ENTRY

Pressing deactivates the Auto Range function and prefaces the Range parameter. An ‘“‘UP”’ step
increases the Range by 5 dB; a “DOWN?”’ step decreases the Range by 5 dB. Step entries do not ter-
minate the entry sequence; so the Range can be stepped any number of times without being reprefaced.
Attempts to step above the highest Range or below the lowest Range will cause the beeper to sound and
the error message, ‘‘OUT OF RANGE”’ to appear on the CRT screen.

QUESTION: _
Since the Range can be set automatically, why have the manual Range capability?

ANSWER:
Two reasons:

1. While the Auto. Range feature is very convenient and certainly a rare com-
modity on a spectrum analyzer, it is not practical for all measurement applica-
tions. For example, auto-ranging cannot be used when measuring intermittent
signals or signals that are slowly varying about the Auto. Range threshold.
Also, for in-circuit probing applications, it is generally preferable to set the
Range manually rather than wait for the instrument to auto. range each time
the probe is moved to a different node.

2. The ability to manually change the Range setting makes it possible to optimize
the dynamic range according to the type of measurement being performed.
When measuring the low-level spurious components or noise of an external
source, it is often beneficial to decrement the Range one or.two steps below
the optimum setting. This overdrives the input and increases the internal
distortion; but it also improves the signal-to-noise ratio, nsaking it possible to
measure low-level signals that would otherwise be buried in noise. Upranging
from the optimum setting increases the internal noise level but decreases the
internal distortion. By upranging and then narrowing the Resolution Band-
width to reduce the noise, the operator can optimize the distortion-free
dynamic range for low-level distortion measurements.

3-4-9



OVERLOAD INDICATOR

Overload Indicator

Whenever the ac input-signal level is greater than the Range setting, the instrument will uprange
(AUTO RANGE on, Range < + 30 dBm) or the OVERLOAD indicator will light. An Overload in-
dication simply means that the input circuitry is being overdriven and the internal distortion levels may
be higher than specified. As long as the input-signal level does not exceed the maximum input levels
listed on the front panel, the inputs may be overdriven up to 12.3 dB above the Range setting. Over-
driving improves the signal-to-noise ratio (at the cost of higher distortion) and is a very effective way to
optimize the noise-free dynamic range for low-level measurements that are not affected by internal
distortion.

Things To Note Or Observe

a. The Auto Range function cannot be used in cases where the amplitude of the input signal varies
slowly above and below the Auto-Range threshold. This commonly occurs during swept frequen-
cy response measurements with the 3585 Tracking Generator.

b. It is normal for the OVERLOAD indicator to flash on and off as the 3585 upranges and
downranges in search of the proper Range setting.

c¢. The OVERLOAD indicator (and Auto Range function) is controlled by a broadband ac-coupled
detector which responds to the composite ac input-signal level. (It does not respond to a dc in-
put.) The OVERLOAD indicator lights (and/or the instrument upranges) when the input-signal
level exceeds the Range setting by approximately + 0.2 dB. When the input signal is in this + 0.2
dB region, the input circuitry is slightly overdriven and, for this reason, the instrument may not
meet its distortion specifications- even though the OVERLOAD light is off. When making distor-
tion measurements that could be affected by the analyzer’s internal distortion, be sure that the
composite ac input-signal level is equal to or lower than the Range setting indicated by the
‘“RANGE"’ readout. Do not rely on the OVERLOAD light as an indication that the distortion
specifications are met.

d. The 3585 has an internal limiting system which prevents the Reference Level from being set
lower than 100 dB below Range or higher than 10 dB above Range. When the Reference Level is
not coupled to the Range (REF LVL TRACK deactivated), this system will operate in reverse to
prevent the Range from being set lower than 10 dB below the Reference Level or higher than 100
dB above the Reference Level. Attempts to exceed these limits (either manually or automatically)
will cause the beeper to sound and an error message to appear on the CRT screen.
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TRACK

REFERENCE LEVEL TRACK FUNCTION o)

The Reference Level is the absolute amplitude represented by the top horizontal line of the CRT
graticule. The 3585 Reference Level is settable from 100 dB below RANGE to 10 dB above RANGE
with 0.1 dB resolution. By adjusting the Reference Level, any response within the 110 dB range can be
moved to the top of the screen for measurement. *

REF LvL
TRACK

The l@, function couples the Reference Level to RANGE. Thus, as the Range is changed (either
automatically or manually), the Reference Level changes in corresponding 5 dB increments. The
coupling does not operate in reverse; i.e., changing the Reference Level does not affect the Range.

When the REF LVL TRACK function is activated, the Reference Level changes in 5 dB steps along
with the Range, no matter what the current Reference Level setting happens to be. However, the
primary purpose of the coupling system is to initially set the Reference Level equal to the Range so that
the veﬁtiocal display range is compatible with the input-signal level.

REF LvL
RANGE TRACK

The and E_] functions are automatically activated when the key is pressed at the
beginning of a measurement. Range and Reference Level are both preset to + 30 dBm; but with no in-
put signal, the instrument automatically downranges to — 25 dBm. With the REF LVL TRACK func-
tion activated, the Reference Level changes along with the Range; so it also drops to —25 dBm. When
the signal source is initially connected to the Input, the instrument either remains on the —25 dBm
Range or automatically upranges, depending on the input-signal amplitude. In either case, the
Reference Level remains equal to the Range. With Range and Reference Level both set according to
the input-signal amplitude, the vertical display range is automatically taylored to display the input-
signal responses; and, in most cases, the largest response is at or near the top of the screen ready for
measurement. In some cases, the noise level will be so low that the noise floor is entirely off screen. The
Reference Level coupling does not compensate for this effect; but it does insure that the largest input-
signal responses are on the CRT screen. Low-level signals that are below the display range can be mov-
ed onto the screen by lowering the Reference Level.

Once you have adjusted the frequency parameters to display the signals of interest, you may in-
dependently adjust the Reference Level to move individual responses to the top of the screen for
measurement and/or vertical expansion. It is not necessary to deactivate the REF'LVL TRACK func-
tion when adjusting the Reference Level. The REF LVL TRACK function will not affect the Range
setting; nor will it interfere with the adjustment of the Reference Level. As long as the Range setting re-
mains constant, the REF LVL TRACK function will not change the Reference Level.

After adjusting the Reference Level to measure one signal, it is often convenient to reset the Reference .
Level equal to the Range so that another signal can be quickly located and moved to the top of the
screen for measurement. The Reference Level can be set equal to the Range at any time by simply turn-
ing the "m&  function off and then back on.

For certain types of measurements, it is desirable to manually uprange or downrange without changing
the Reference Level. For example, if you are measuring the low-level spurious components of a large
signal, you may wish to leave the signal at the top of the screen and downrange one or two steps to im-

prove the signal-to-noise ratio. To accomplish this, first deactivate "hatrt and then decrement the

Range with . @

*The various Reference Level entry methods are outlined in Chapter 5 and are also described in the Basic Operating Pro-
cedure given in Chapter 2.
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CHAPTER 5

MAJOR OPERATING PARAMETERS AND ENTRY FUNCTIONS

This chapter is intended to familiarize you with the 3585 ’s major operating parameters, their entry
functions and the basic sequences for changing parameter values using the Step keys and the
Number/Units keyboard.

THE MAJOR PARAMETERS

The 3585 has twelve major operating parameters:

Amplitude

Frequency

Bandwidth

—Range
Reference Level (REF)
| Vertical Scale (dB/DI1V)

[ Frequency Span (SPAN)

Center Frequency (CENTER or CF)
Start Frequency (START)

Stop Frequency (STOP)

Manual Frequency (MANUAL)

| Center-Frequency Step Size (STEP)

Resolutiion Bandwidth (RBW)

Video Bandwidth (VBW)

Sweep Time (S.T.)

overload level
top line of CRT graticule
amplitude display range

displayed frequency range
center frequency of span
lowest frequency of span
highest frequency of span
manual frequency tuning
frequency increment for Cen-
ter and Manual frequency
steps

frequency selectivity and sen-
sitivity
noise averaging or ‘‘smoothing”’

sweep rate

To efficiently operate the 3585 , the operator must have a basic understanding of these operating
parameters and the various entry methods that can be used to change their values.
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OVERVIEW OF ENTRY METHODS

Overview Of Entry Methods .

More than 60 percent of the keys on the 3585 front panel are dedicated to entering and controlling
the major operating parameters. There are six different methods through which the parameters can be
entered or adjusted:

Entry Method Description Parameters
Automatic/Coupled With @ activated, Range is set automatically. Range
With "< activated, Reference Level is coupled Reference Level

to Range and, therefore, changes automatically
along with Range.

With Cﬁb activated, RBW and VBW are set auto- | RBW, VBW, ST
matically as a function of Frequency Span; Sweep
Time is automatically adjusted to maintain calibra-

tion.
Step Entry Change in steps using STEP keys: |Gl OR l{} I All Parameters
Numeric Entry Set value exactly using Number/Units keyboard: EEEE All Parameters
*%%% | except Range
Continuous Entry Adjust using Continuous Entry control: Reference Level
Center Frequency
Manual Frequency ’ ‘
Marker Entry: Single key (e.g., {@i } sets parameter equal to Reference Level
current Marker amplitude or Marker/Counter Center Frequency
frequency. CF Step Size
Offset Entry Singie key (e.g., ) sets parameter equal to Frequency Span
Offset frequency; i.e., the difference between the Start and Stop
current Marker/Counter frequency and Marker/ CF Step Size

Counter frequency at which pressed.

The Automatic/Coupled functions are automatically activated when the key is pressed at the
beginning of a measurement. With these functions activated, the operator simply selects the desired in-
put and impedance, connects the signal source and then adjusts the frequency parameters to display
the signals of interest. During this process, the Range, Reference Level, RBW, VBW and Sweep Time
parameters are set automatically. The settings that are selected automatically are not necessarily the
best settings for your particular measurement; but they always provide a convenient starting point
from which the parameters can be individually adjusted to obtain the required result.
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PARAMETER DEFINITIONS

Parameter Definitions

The remainder of this chapter is devoted to defining the major operating parameters and describing the
general Step Entry and Numeric Entry sequences. The Automatic/Coupled functions are described in
Chapters 4 and 7; the Continuous, Marker and Offset entry functions are described in Chapter 8.

Amplitude Parameters

Overload
Level
REF .0 dBm MARKER 1 000 000.0 H=z
10 dB/0D1V RANGE .0 dBm .0 dBm
Reference A
Level Izl
dB/DIV { / ‘\ Vertical
: Display
-------------------- --/—é-\-—---------------- ----{  Range
CENTER 1 000 000.0 Hz SPAN 100 000.0 H=z
RBW 1 KH=z VBW 300 H=z ST 1.0 SEC

Amplitude Parameters

Range. The Range setting determines the maximum ac signal level that can be applied to the input
without overdriving the input circuitry.

Settability: twelve settings; — 25 dBm to + 30 dBm, 5 dB steps
Entry Methods:

AUTOMATIC STEP

AUTO

5 [0

i
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PARAMETER DEFINITIONS

Reference Level (REF). The Reference Level, represented by the top horizontal line of the CRT
graticule, is the calibrated absolute amplitude to which the Marker amplitude readings are referenced
and is also the amplitude value about which the vertical scale is expanded. The amplitude display range
extends from approximately 0.23 divisions above the Reference Level to 10 divisions below the
Reference Level.

For operating purposes, the Reference Level can be thought of as the absolute amplitude to which the
top line of the CRT graticule is calibrated. It is important to note, however, that the CRT graticule is
not internally generated; so there is absolutely no way for the 3585 to actually calibrate to the top
graticule line. The correlation between the Reference Level amplitude and the trace amplitude at the
top graticule line depends entirely on the CRT trace alignment which is not specified. To obtain the
specified amplitude accuracy, you must make your measurements using the instrument’s tunable
Marker, rather than the CRT graticule. The Marker amplitude accuracy is relative to the Reference
Level accuracy: When the Marker amplitude reading is equal to the Reference Level, the Marker ac-
curacy is equal to the Reference Level accuracy. When the Marker amplitude is not equal to the
Reference Level, the Marker accuracy is determined by the Reference Level Accuracy and Amplitude
Linearity specifications. '

The Reference Level is settable from 100 dB below RANGE to 10 dB above RANGE with 0.1 dB
resolution. It can be entered and displayed in dBm, dBV or rms volts. The ability to adjust the
Reference Level allows you to move the signals of interest to the top of the screen where they can be
measured with Reference Level accuracy and/or expanded vertically by reducing the Vertical Scale
(dB/DIV) setting. Low-level signals that are below the display range can be moved onto the screen by
lowering the Reference Level. This is an important capability because it allows you to utilize the

analyzer’s full dynamic range which may easily exceed 100 dB when a narrow Resolution Bandwidth is
used.

Settability: 100 dB below RANGE to 10 dB above RANGE; 0.1 dB resolution.
Entry Methods:

COUPLED TO STEP NUMERIC CONTINUOUS MARKER
RANGE

STEP
REF _LvL

EH
5t

REFERENCE
LEVEL

1
D
Q

g
g

STEP

= O (Of ©or s
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PARAMETER DEFINITIONS

Vertical Scale (dB/DIV). The vertical axis of the CRT graticule has ten major divisions and is
calibrated in ‘‘dB’’ relative to the Reference Level. (The 3585 does not have a linear scale.) Each ma-
jor division represents 10 dB, 5 dB, 2 dB or 1 dB, depending on the Vertical Scale (dB/DIV) setting.
The 10 dB/DIV setting provides a display range of 100 dB, enabling both large and small signals
(within the analyzer’s dynamic range) to be observed simultaneously. The 5 dB, 2dB and 1 dB settings
expand the vertical scale downward from the Reference Level. This improves the amplitude resolution
(the 2 dB and 1 dB settings also improve accuracy) but limits the display range to 50 dB, 20dB or 10
dB, respectively. Signals that are above the Reference Level will overdrive the display; but this will not
damage the instrument or degrade its performance. Signals that are below the display range can be
moved onto the screen by lowering the Reference Level.

Settability: four settings; 10 dB, 5 dB, 2 dB or 1 dB per division
Entry Methods:

STEP NUMERIC

STEP
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PARAMETER DEFINITIONS

Frequency Parameters

-~ Frequency Span

REF .0 dBm MARKER 1 00O 000.0 Hz
10 dB/DIV RANGE .0 dBm .0 dBm

__________________________________________________

ENTER 1 000 000.0 H=z SPAN 100 00OC.C Hz
RBW 1 KHz VBW 3(|0 H=z ST 1.0 SEC
Start Center Stop
Frequency Frequency Frequency

Frequency Parameters

Frequency Span (SPAN). Frequency Span (sometimes called ‘‘scan width’’) is the portion of the
analyzer’s frequency range that is displayed on the horizontal axis of the CRT and is the frequency
range over which the instrument can be swept or manually tuned.

Settability: 0 Hz to 40.1 MHz; 0.1 Hz resolution
Entry Methods:

STEP NUMERIC OFFSET

STEP

=] [

Center Frequency (CENTER or CF). The Center Frequency, represented by the middle vertical line of
the CRT graticule, is the frequency at which the Frequency Span is centered and the frequency about
which the horizontal axis is expanded.

[{OH or i a)

Settability: 0 Hz to 40.1 MHz; 0.1 Hz resolution
Entry Methods:

STEP NUMERIC| CONTINUOUS { MARKER

STEP

P08 | ®mo | &

t
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PARAMETER DEFINITIONS

Start Frequency (START). The Start Frequency, represented by the first vertical line on the left-hand
side of the CRT graticule, is the lower frequency limit of the Frequency Span and the frequency at
which the sweep begins.

Stop Frequency (STOP). The Stop Frequency, represented by the right-most vertical line of the CRT
graticule, is the upper frequency limit on the CRT trace. (The 3585 sweeps 0.1% of the Frequency
Span past the Stop Frequency. The positive peak video amplitude in that 0.1% region is displayed at
the Stop Frequency point on the CRT.)

Settability (Start and Stop): 0 Hz to 40.1 MHz; 0.1 Hz resolution
Entry Methods:

STEP NUMERIC | OFFSET

STEP

E or (1) (0] _Q_]] or §i

Manual Frequency (MANUAL). The 3585 has a ‘““Manual’’ mode in which the electronic frequency
sweep is disabled and the 3585 functions as a tunable receiver or ‘‘tunable voltmeter’’ which can be
set to any frequency within the selected Frequency Span. The frequency to which the analyzer is tuned
in the Manual mode is referred to as the ‘‘Manual’’ frequency. The Manual mode provides a conve-
nient way to make real-time amplitude measurements at the specific frequencies of interest without
waiting for a frequency sweep.

Settability: any frequency within the Frequency Span; 0.1 Hz resolution.
Entry Methods:

STEP NUMERIC CONTINUOUS

STEP

WAN SWEEP

B = @ |0

Center Frequency Step Size (STEP).The Center Frequency and Manual frequency can be incremented
or decremented using the STEP keys. The Center-Frequency Step Size parameter sets the Center-
Frequency and Manual-Frequency step size.

Settability: 0 Hz to 40.1 MHz; 0.1 Hz resolution
Entry Methods:

STEP NUMERIC | MARKER/OFFSET
STEP

%) [o) [O] or i

SI1ZE
MKR OFS
- STEP
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PARAMETER DEFINITIONS

Bandwidth And Sweep Time Parameters

ENTRY METHODS (RBW, VBW and ST)

AUTOMATIC
(COUPLED TO SPAN) STEP NUMERIC
— ENTRY ) STEP

J DEE () [0) w

Resolution Bandwidth (RBW). The Resolution Bandwidth setting determines the 3 dB bandwidth of
the final IF filter which, in turn, establishes the frequency selectivity of the instrument. Narrowing the
Resolution Bandwidth improves the analyzer’s ability to separate or “‘resolve’’ signals that are closely
spaced in frequency; and it also lowers the noise level which improves the sensitivity and noise-free
dynamic range. Narrow bandwidths increase the analyzer’s response time and, therefore, require slow
sweep rates.

Wide Resolution Bandwidths are generally used with wide frequency spans for spectrum surveillance
and fast, broadband signal analysis. Narrow bandwidths and narrow spans are used for detailed ex-
amination of individual responses, distortion products, modulation sidebands, noise sidebands, close-
in spurious responses, etc. The 3585 ’s nine Resolution Bandwidth settings make it easy to separate
and measure signals regardless of their frequency spacing.

Settability: nine settings; 3 Hz to 30 kHz; 1, 3, 10 sequence

REF .0 dBm MARKER 1 000 000.0 H=z
1 4B/D1V RANGE .0 dBm . 00 dBm
f L~
g' A N
3dB N\
RBW N

REF .0 dBm MARKER 1 GO0 O0C.0 Hsx

16 dBoDTv RANGE .0 dBm 0 dBm 4 H N
i / \
\

]
] .

T / \

pEa , Y

7 / N\

\
1 A i
[ i | CENTER 1 000 000.0 Hz SPAN 2 000.0 Hz
CENTER 1 00O 00D. 0 Ha SPAN_ 100 000. 0 Ma RBY 1 KHz VBW 300 H=z ST 6.4 SEC
REY 1 WMz VBY 200 W= ST 1.0 SEC

Resolution Bandwidth
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PARAMETER DEFINITIONS

Video Bandwidth (VBW). The Video Bandwidth setting determines the 3 dB bandwidth of the in-
strument’s post-detection video filter which averages or “‘smooths out’’ the noise appearing on the
CRT. Narrowing the Video Bandwidth reduces the pcak noise variations on the CRT display, making
it easier to discern low-level responses that are near the noise floor. The video filtering is the most ef-
fective when the Video Bandwidth is 10% 1o 1% of the Resolution Bandwidth. Narrowing the Video
Bandwidth increases the analyzer’s response time, making it necessary 1o sweep at a slower rate to

maintain amplitude calibration.

Settability: ten settings; 1 Hz 1o 30 kHz; 1, 3, 10 sequence

REF -SS.0 dBm
10 dB/DIV

RANGE -25.0 dBm

- -7 T T

30 kHz

oo S VBW

) ) ;\\\1OOH2

VBW

3

i
|
L I

I I

START 1 000 000.0 Hz
RBW 10 KH=z

VBY 100 Hz ST 122 SEC
Narrowing VBW improves noise averaging.

STOP 40 000 000.0 Hz

Video Bandwidth

Sweep Time (ST). The Sweep Time setting determines the sweep rare in Hertz per second:

Frequency Span (Hz)

Sweep Rate (Hz/sec) =

Sweep Time (seconds)

Due to internal processing requirements, a frequency sweep may be interrupted (i.e., stopped and
restarted) more than 40 times before it finally reaches the Stop Frequency. Because of these interrup-
tions, the total time required to sweep across the Span may be noticeably longer than the Sweep Time
setting. The Sweep Time setting determines the time that is actually spent sweeping; it does not include

time delays caused by sweep interruptions.

Settability:

0.2 sec 10 99,999.8 sec with 0.2-sec resolution;

100,000 sec to 999,999 sec with 1-sec resolution

(Minimum sweep-rate limit is 0.1 Hz/sec for 30 kHz and 10 kHz
RBW: 0.005 Hz/sec for all other RBW settings. Sweep Time
can be stepped up to 59,652 hours; i.e., 6.81 years.)
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ENTRY KEYS

ENTRY KEYS

Each of the twelve major parameters has a dark brown ENTRY key which, when pressed, activates or
‘““prefaces’’ that parameter, enabling it to be changed using the STEP keys or the Numeric Entry keys.
Only one parameter can be prefaced at a time and the parameter that is prefaced (if any) is displayed
brighter than the other parameters on the CRT.

ENTRY

ENTRY

] /. n SWEEP
» aw TIME

;:gg "
@__ ENTRY
e e of6 =
Eow o= ||EIE @8
I
E%©.9 ©@ © @O
) = WES W

ENTRY Key Locations

REFERENCE oREF .0 dBm MARKER 1 000 000.0 H=z
LEVEL 10 d8/DIV RANGE .0 dBm .0 dBm

Prefaced Parameter “ I '
can be changed by Ll ;
STEP l \

(D) on EE — --------- /\i ............... 4:
QJ - // \\ ;

CENTER 1 000 000.0 Hz N SPAN 100 000. O Hz
RBW 1 KHz VBW 300 Hz ST 1.0 SEC
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ENTRY KEYS
Unprefacing

NOTES

1. The Range setting can be changed using the STEP keys; but it cannot be
entered numerically. The “‘RANGE’’, REF and amplitude readouts can be
converted from ““dBm’’ to ““dBV’’ (or vice-versa) by entering =

Or ENTRY -
4
% ]

2. The Reference Level parameter has two Entry keys:

to enter and/or display the Reference Level in dBm
o or dBV.

lnsr } to enter and/or display the Reference Level in rms
LEVEL
VoLt volts.

The “RANGE”’ and amplitude readouts are displayed in the same units as
the Reference Level.

Unprefacing .

The parameter that is currently prefaced can be unprefaced by:

a.

b.

Prefacing a different parameter.

e

Pressing an appropriate Suffix key. (e.g., will unpreface Sweep Time but will not un-
preface a frequency, amplitude or bandwidth parameter.)

i~ |._[P [ ors )
. Pressing a Marker/Offset Entry key: @

WA OF8
--STEP

. Pressing OR (=) OR (==} OR OR @

SAVE TRACE A PECALL YRACE &

. Activating % will unpreface “RANGE”’.

3-5-11



PARAMETER READOUTS

The parameter readouts display the current values of the operating parameters and also, the digits that
are entered during a Numeric Entry sequence. Any of the twelve major parameters can be displayed on

PARAMETER READOUTS

the CRT; but only eight can be displayed simultaneously:

The parameters appearing in Lines 1, 2 and 4 are always displayed. Line 3 displays the pertinent fre-

EaE
voLT

LINE 1 _REF .0 dBm

LINE 2__—10 dB/DIV

ENTRY

RANGE .0 dBm

CENTER
FREQUENCY

.................... ————

@

LINE 3 _CENTER 20 000 000.0 Hz SPAN 40 000 000.0 Hz [ eneguener |
LINE 4 RBW 30 KHz  VBW 30 KHz ST .2 SEC M|

I
aw

SWEEP
TIME

Parameter Readout Locations

quency parameters defined by the operator’s entry:
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5 OR (&) OR

FREQUENCY
SPAN

OR [#2~)| Displays '‘CENTER’" and ""SPAN'":

[, || OR

CENT%R 20 000 00C. 0 Hz'

BW 30 KHz

vBw 30

SPAN 40 000 000.Q H=x
KHz ST .2 SEC

START
FREQ

sTOP

OR rreolt QR

|| displays ‘“START'' and ‘‘STOP'":

START .0 Hz STOP 40 000 000.0 H=z
RBW 30 KHz VBY 30 KH=z ST .2 SEC
STEP
Uj RTER
1] OR o83 GU IO displays ““CENTER' and ““STEP'':

CENTER 20 000 000.0 Hz
RBW

30 KHz

VBW 30 KHz ST .2 SEC

STEP 1 ODg.O Hz




PARAMETER READOUTS

‘ When the Manual frequency is prefaced, the “‘MANUAL’’ frequency is displayed in place of
“CENTER” or ““START"":*

MANUAL 20 00O 000.0 Hz SPAN 40 000 000.0 H=z
RBW 30 KH=z VBW 30 KHz ST .2 SEC

OR
ENTRY '
DISPLAYS g
MANUAL 20 000 000.0 Hz STOP 40 000 000.0 H=z
RBW 30 KHz VBW 30 KHz ST .2 SEC
OR

STEP 1 000.0 H=z

MANUAL 20 00O
ST .2 SEC

000. 0 Hx
RBW 30 KHz VBW 30 KHx

When the “MANUAL?”’ entry is terminated, the display reverts to ““CENTER’’ and ‘““‘SPAN’’:

. Suffix

== NUMBER  {,owed by ?'-'nl OR ::,,,,5] OR || @ || displays "CENTER’' and ''SPAN"’

{Optional)

*When the Marker is at the Manual frequency point on the CRT trace and the COUNTER, OFFSET and DISPL LINE
functions are deactivated, the Manual frequency is also displayed in the upper right-hand corner of the screen (whether

or notitis prefaced).
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STEP ENTRIES

imirslraie

Glala

STEP ENTRIES

STEP
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D.--

=
ey
=200 0000

STEP

The STEP keys increment o) or decrement || the value of the parameter that is prefaced.

Step sizes are as follows:

STEPKEYS @

Range

Vertical Scale (dB/DIV)
Resolution Bandwidth (RBW)
Video Bandwidth (VBW)

Steps select next available setting. Example:
() 4%

selects next narrower RBW setting

Reference Level (REF)

Steps change Reference Level by 5% of amplitude
display range;i.e., 5dB, 2.5dB, 1dBor 0.5 dB,
depending on Vertical Scale setting

Frequency Span (SPAN)
CF Step Size {STEP)

Steps change SPAN or STEP to next internally-
defined cardinal setting; 22 settings; O Hz to
40 MHz, 1, 2, 5, 10 sequence

Start Frequency (START)
Stop Frequency (STOP)

Steps change START or STOP such that Frequency
Span is at next cardinal setting

Center Frequency (CF)
Manual Frequency (MANUAL)

Steps change CF or MANUAL frequency by
amount equal to CF Step Size

Sweep Time (S.T.)

G doubles Sweep Time

O’ divides Sweep Time by two

Each press of a STEP key produces a single step. Step entries do not terminate the entry sequence.
Therefore, once a parameter has been prefaced it can be stepped up or down any number of times

without being reprefaced.

Steps that would cause a parameter to go out of limits will not be accepted; i.e., the parameter will not
change, the beeper will sound and an error message (typically ‘¢‘OUT OF RANGE”’) will appear on the

CRT screen.
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NUMERIC ENTRIES
Entry Sequence

NUMERIC ENTRIES

EIEE]

NUMBER/UNITS [ 4 ] @ =
KEYBOARD Corom oot rer ) ""Units’’ (Suffix)

e [ JG][E)

OCE=]lE |
EEDE G
=2EBE

= & sess pLlg T
U == OO
““Number’’
Keys

Numeric entries permit the operator to set the parameters to the exact values that are needed to make a
specific measurement. While all of the major operating parameters (except Range) can be entered
numerically, Numeric entries are used primarily to set the frequency parameters such as Center Fre-
quency and Frequency Span or Start and Stop.

Numeric Entry Sequence.

Numeric entries require three steps:

ose l ‘
E kHz H1
aae

(1) PREFACE (2) NUMBER {3) SUFFIX

Example:

CENTER gzl -
(_Freaey ! l l@‘ ki ] sets Center Frequency to 10 MHz.

Leeerond
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NUMERIC ENTRIES
- Entry Sequence

Decimal Point And Leading Zeros

The NUMBER portion of the entry may contain a decimal point . If it does not, the decimal is
understood at the end of the number. Leading zeros (if entered) are ignored.

Corrections
The only way to correct the NUMBER portion of a Numeric Entry is to repreface the parameter by
again pressing the ENTRY key. Pressing the ENTRY key at any time during the entry sequence erases

the digits that have been entered and returns the current value to the screen.

Multiple Changes

Numeric entries (unlike Step entries) terminate the entry sequence. You must, therefore, repreface the
parameter each time a Numeric Entry is required.

Negative Entries

Reference Level (dBm or dBV) is the only parameter (except Range) that has negative values. The
““minus’’ sign | _J] is ignored for all other parameters.

The Number/Units keyboard does not have a ‘‘plus’’ (+) sign. Therefore, if a minus sign is not
entered, positive polarity is assumed. The minus sign is usually entered at the beginning of the number;
but it can be entered between numeric digits or at the end of the number. (No matter where the minus
sign is entered, it is automatically placed at the beginning of the number.)

The polarity of a Reference Level entry can be reversed (i.e., positive to negative OR negative to
positive) at any time during the entry sequence by pressing the [j] key.

_J
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NUMERIC ENTRIES

Free-Entry Format

. Free Entry Format

The 3585 uses a ‘“‘free-entry’’ format which allows you to make Numeric entries in the units that are
most convenient:

Frequency and Bandwidth entries can be madein ‘‘Hz"’, “’kHz’" or *"MHz"’
Example:

A Frequency of 10 MHz can be entered as 10,000,000.0 Hz, 10,000
kHz or 10 MHz.

A Bandwidth of 30 kHz can be entered as 30,000 Hz, 30 kHz or
0.03(000) MHz.

eer Il entries canbe madein V', "mV’’ oruV

LEVEL |
voLT

Example:

A Reference Level of one millivolt can be entered as 0.001 V, 1.00 mV or
999 4V (3-digits maximum; 999 pVis rounded to 1 mV.)

entries can be made in ‘'dBm’’ (50 Q or 75 Q) or "*dBV'* (1 Vrms

. = 0 dBV)
d8/D1V ” entfies can be made in ”dB”, udBmH or udBV“ .

(Vertical Scale is defined in **dB’’ per division; the suffix is arbitrary.)
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NUMERIC ENTRIES

Display Units

During the Numeric Entry sequence, the digits that are entered are displayed on the CRT. However,
when the suffix key is pressed, the entry is displayed in standard, internally-defined units which may

Display Units

differ from the units in which the entry was made:

*Reference Level voltage settability is limited to 0.1 dB (approximately 1%). When a Reference Level voltage is entered, the
3585 converts that entry to *“‘dBV’’, sets the Reference level accordingly and then reconverts the ‘dBV”’ setting to volts and
displays the resuit. Because of this settability limitation and the rounding-off process that is used in the conversion routine,

REFERENCE )
settings are displayed in “"dBm’’ or “*dBV"’ (as entered) with 0.1

dB resolution. Entries containing two fractional digits (0.0X dB) are
rounded off to 0.1 dB. If an entry contains more than two fractional digits,
only the first two fractional digits are accepted; the remaining fractional
digits are ignored.

'Lﬁﬁt‘ settings are displayed in “'V'’, “mV"’, “uV' or 'nV’’ (Table 1}.*

"W'V' settings are displayedin *'dB’’ with 1 dB resolution.

All frequency parameters are displayed in “'Hz"’ with 0.1 Hz resolution.
‘“Hz’’ entries containing more than one fractional digit are automatically
truncated to 0.1 Hz resolution (maximum frequency resolution is 0.1 Hz).

[@ and @ settings 300 Hz and narrower are displayed in "'"Hz’’;
settings 1 kHz and wider are displayed in ‘‘kHz"’.

Sweep Time is displayed in seconds (SEC), minutes (MIN) or hours (HRS)
asoutlinedin Table2. (Sweep Time is entered in seconds; the display
conversion to minutes or hours does not affect the entry; e.g., a Sweep
Time of 2000.0 sec [3.33 minutes] is displayed as 3.3 minutes but the
actual Sweep Time is 2,000.0 sec.}

the Reference level voltage that is finally displayed may differ slightly from the voltage that you entered.
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Table 1.

Reference Level Volts Display.

NUMERIC ENTRIES

REF LEVEL

DISPLAY

0.125uV101.00pVv*
1.00uVto1.00mV*
1.00mVto1.00V*
1.00Vt027.3V

125nVto 1,000 nV
1.00pVto 1,000uV
1.00mVto 1,000 mV
1.00Vt027.3V

*These transition points are not well defined; e.g., 1.00 V will
sometimes be displayed as 1,000 mV and other times as
1.00V, depending on how it is processed internally.

Dispiay Units

Table2. Sweep Time Display.
Sweep Time Disp. Units Disp. Resolution
0.2sect099.8 sec SEC 0.2 SEC
100.0secto 999.8 sec SEC 1 SEC
1,000.0sect05,999.8 sec MIN C.1 MIN
6,000.0secto 359,999 sec HR 0.1 HR
360,000sect0214,748,160sec* HR 1HR

*Maximum Numeric Entry is 999,999 seconds but Sweep Time can be in-
cremented to maximum value shown using STEP keys.
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NUMERIC ENTRY CONSTRAINTS

Numeric Entry Constraints

General

Entries that exceed the upper or lower limit of a parameter are not accepted; i.e., the parameter does
not change, the beeper sounds and an error message (typically ‘““OUT OF RANGE”’) appears on the
CRT screen. If the “‘out of range’’ entry is the result of pressing the wrong suffix key (e.g., *“MHz”’ in-
stead of ‘‘kHz’’), the entry can be completed by simply pressing the correct suffix key. If the
NUMBER portion of the entry is unacceptable, you must either repreface the parameter and enter a
valid number or, if the number is too small, add digits to the entry. (Digits may be added without
reprefacing.)

There is also a limit to the number of digits that can be entered for a given parameter (leading zeros,
decimal point and minus sign are not counted as digits). Attempts to enter more than the maximum
number of digits cause the beeper to sound and the error message, ““TOO MANY DIGITS’’ to appear
on the CRT screen. This occurs before the suffix key is pressed and, therefore, does not affect or ter-
minate the entry. The digit entry that produces the error message is not accepted; but preceding digits
are retained, and if they constitute a valid entry, they are accepted when the suffix key is pressed.

Limits are as follows:
MAX.
PARAMETER LOWER LIMIT UPPER LIMIT DIGITS
Reference Level (dBm/dBV}* 100 dB below Range 10 dB above Range 4
Reference Level Volt* 100 dB below Range 10 dB above Range 3
Vertical Scale 1dB 10dB 2
Frequency Span** OHz 40.1 MHz 9
Center Frequency* * OHz 40.1 MHz 9
Start Frequency* ** OHz 40.1 MHz 9
Stop Frequency™* ** OHz 40.1 MHz 9
Manual Frequency Start Frequency Stop Frequency. 9
CF Step Size OHz 40.1 MHz 9
Res. Bandwidth 3Hz 30kHz 5
Video Bandwidth 1 Hz 30 kHz 5
Sweep Time 0.2 sec see following text 6
*Reference Level entries that exceed the lower limit produce the error message, ““REF <100 dB
BELOW RNG’’; entries that exceed the upper limit produce the error message; ‘‘REF > 10 dB OVER
RANGE"".
* *Whenever the Center Frequency and Frequency Span settings are such that the Start Frequency is
below O Hz or the Stop Frequency is above 40.1 MHz, the *’out of range’’ portion of the CRT Trace is
blanked and the message, ‘'SWEEP SPAN LIMITED’’ appears on the screen.
** *|f the Start Frequency entry is higher than the current Stop Frequency, the Stop Frequency is
automatically set equal to the Start Frequency. Conversely, if the Stop frequency entry is Iovyer than
the current Start Frequency, the Start Frequency is set equal to the Stop Frequency.
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NUMERIC ENTRY CONSTRAINTS

. Vertical Scale, RBW and VBW

The Vertical Scale (dB/DIV), RBW and VBW parameters have a limited number of discrete settings.
To numerically set the value of these parameters, you must enter a specific setting that is available:

dB/DIV RBW VBW
10 dB 30 kHz 30 kHz
5 dB 10 kHz 10 kHz
2 dB 3 kHz 3 kHz
1 dB 1 kHz 1 kHz
300 Hz 300 Hz
100 Hz 100 Hz
30 Hz 30 Hz
10 Hz 10 Hz
3 Hz 3 Hz
1 Hz

Vertical Scale entries other than those listed or entries containing a decimal point will not be accepted;
i.e., the setting will not change, the beeper will sound and the message, *‘/DIV = 1;2;5;10 ONLY”’
will appear. Attempts to enter more than two digits will cause the beeper to sound and the “TOO
MANY DIGITS” message to appear. The first two digits will be accepted if they constitute a valid en-
try.

‘ The RBW and VBW settings listed can be entered with up to five digits using the free-entry format. At-
tempts to enter more than five digits will cause the beeper to sound and the ““TOO MANY DIGITS”
message to appear. Entries other than those listed will not be accepted; i.e., the setting will not change,

the beeper will sound and the error message, ‘‘1;3;10 STEPS ONLY’’ will appear.

Sweep Time

The maximum Sweep Time that can be entered (Numeric or Step) is determined by the Resolution
Bandwidth and Frequency Span settings:

Resolution Bandwidth | Minimum Sweep Rate | Maximum Sweep Time(sec)
30kHzor 10kHz 0.1 Hz/sec 10 x Freq. Span (Hz)
3kHzthru3Hz 0.005 Hz/sec 200 x Freq. Span (Hz)

Entries exceeding the maximum Sweep Time limit will not be accepted; i.e., the Sweep Time will not
change, the beeper will sound and the error message, “SWEEP RATE TOO SMALL”’ will appear on
the CRT.

Sweep Time is settable from 0.1 seconds to 99,999.8 seconds with 0.2-second resolution and from
100,000 seconds to 999,999 seconds with 1-second resolution. Attempts to enter more than six digits
will cause the beeper to sound and the “TOO MANY DIGITS’’ message to appear on the CRT. The
first six digits will be accepted if they constitute a valid entry.

. Fractional entries can be made only in 0.2-second steps; i.e., 0.2, 0.4, 0.6 or 0.8 seconds. Fractional en-
tries that are not in 0.2-second steps will be accepted; but when the suffix key is pressed, the fractional
digit will automatically be incremented by 0.1 second and the error message, ‘‘S.T. IN .2 SEC STEPS”’
will appear on the CRT.
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CHAPTER 6
CRT DISPLAY AND TRACE FUNCTIONS

This chapter describes the 3585’s CRT display, the DISPLAY adjustments, the graphic traces and
TRACE functions and the alphanumeric readouts.
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INTRODUCTION AND OVERVIEWS

The 3585’s screen displays two graphic traces of amplitude versus frequency information as well as marker
and display-line information, measurement data, alphanumeric readouts of operating parameters, and a
variety of messages indicating status, failures, and errors. All of the information appearing on the screen
can be simultaneously displayed on an auxiliary monitor connected to the rear-panel display outputs. Most
of this information may be plotted on an HP-GL plotter connected to the rear-panel HP-IB connector. See
Chapter 1 for more information concerning the display and plotting.

Remote Capabilities

The graphic traces and alphanumeric readouts appearing on the CRT screen can be remotely transmit-
ted to an external device via the HP-IB. As an added feature, the CHT can be used to display
externally-generated graphics and alphanumeric messages that are input from the HP-IB. Details con-
cerning these remote display capabilities are included in Part Two of Section III.
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OVERVIEW

Display Controls

The DISPLAY controls, aligned horizontally along the bottom recess of the front panel, affect both
the graphic and alphanumeric display presentations:
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@

INTENSITY

©

FOCUsS

@ l

ASTIG

©,

ROTATION

Controis the brightness of the graphic traces and alphanumeric readouts. The
display is blanked when the control is in the OFF (full CCW) position. The inten-
sity is internally limited; so you may select any comfortable setting without danger
of burning the CRT face. The INTENSITY control does not affect the graticule
illumination.

Set the FOCUS control to midrange. Adjust the ASTIG (Astigmatism) control for
the sharpest trace possible and then adjust the FOCUS control for the sharpest
trace possible. Iterate between the ASTIG and FOCUS controls until optimum
adjustment is obtained.

Adjust for proper display alignment.



OVERVIEW

. Overview of Traces and Trace Functions

The 3585’s graphic traces are digitally-stored, point-by-point plots consisting of 1,001 equally spaced
points. The points are difficult to see because they are interconnected by straight lines generated by the
instrument’s Display Processor. There are two trace memories, ‘“‘A’’ and ‘‘B’’, in which two complete
1,001-point traces can be stored. The traces can be viewed separately or simultaneously using the

@ and @ keys:
a. The Current (‘“°‘A’’ or ‘“A-B”’) Trace:

As the analyzer’s frequency is swept, digitized video samples are stored in Trace
Memory “A’’. With the function activated, the contents of Trace Memory
“A’’ are written onto the CRT screen at a rapid, flicker-free rate to produce the Cur-
rent Trace. The Current Trace is the only trace that is updated by the frequency sweep
or in the Manual mode. When the @ function is activated, the ““B’’ Trace is sub-
tracted from the current ‘A’’ Trace to produce the ‘A-B’’ Trace which is used for

trace comparisons.

b. The ““‘B”’ Trace:

‘ If the active trace is needed for future reference, it can be copied to trace B (with Store
A-»B) or any of ten trace registers (with (blue) Save Trace A). Trace B can be displayed at
any time by pressing the View B key.

Displays Current (‘‘A”’ or ‘“‘A-B’’) Trace that is stored in Trace Memory ‘‘A”’.

Bl

(Automatically activated by or by deactivating (=] ; press to
deactivate, press again to activate.)

CLEAR Erases Trace Memory ““A’’ and clears Current Trace from CRT screen. Resets
and rearms continuous sweep; terminates single sweep.

— Non-destructively transfers Current Trace to Trace Memory ‘‘B’’. Automatically
= activates @

Displays trace that is stored in Trace Memory ‘‘B”’.

(Automatically activated by or deactivating (-] ; press to deac-
tivate, press again to activate.)
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OVERVIEW

MAX HOLD

3-64

Subtracts trace B from trace A and stores it in the trace A memory register (which con-
tinues to be displayed).This represents the amplitude of trace A relative to trace B.
The A—B trace is referenced to the middle graticule line (0 dB).

The A—B trace reference (0 dB) may be changed from the center line through the use
of the Display Line. Turn on the Display Line and move it the position chosen for the
new reference. Then press (blue) A—B. This command does not change any display in-
formation active when it is executed; only subsequently displayed graphics and text
are affected. This value is saved and recalled with the instrument state. The A~B
reference is reset to the middle graticule line by Instrument Preset.

(Press to activate; press again to deactivate.)

Updates the amplitude at each point in the A trace memory only if the current video
sample is higher in amplitude (more positive) than the sample that is already stored.
As a result, the current trace retains the maximum positive video amplitude that oc-
curs over successive frequency sweeps or at the manual measurement point.

(Press to activate; press again to deactivate.)



OVERVIEW

. Marker Overview

Markers are simply intensified dots that appear at discrete points on the display traces. There are three
markers that can be displayed:

1. Tunable Marker:

The tunable marker can be moved along the trace by activating the marker and turning the
knob, to measure the frequency and amplitude at any point on the trace. The marker’s frequency
and amplitude values are displayed in the upper right-hand corner of the display. The marker
can also be used in conjunction with the marker functions to perform offset measurements,
counter and noise level measurements, and change parameter values. In the manual mode, the
marker automatically tracks the manual frequency to provide a direct reading of the manual

frequency and signal amplitude.

2. Stationary (Offset) Marker:

When the Offset function is active, a stationary marker dot appears at the point on the displayed
trace representing the Offset Marker reference; the point from which the tunable marker’s
amplitude and frequency are measured. This point is selected by moving the tunable marker to
the point chosen for the offset reference and pressing the Enter Offset key.

3. Sweep Marker:

When the instrument is sweeping and the sweep time is one second or larger, a sweep marker
appears on the current trace to indicate the position of the frequency sweep. The sweep marker
jumps from point-to-point along the trace, but the actual frequency sweep is continuous rather
than incremental.
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GRAPHICS

Graticule

THE GRAPHIC PRESENTATION

Display Graticule

The graphic traces are displayed on a standard CRT graticule, having ten horizontal divisions and ten
vertical divisions. The dashed graticule lines are the center axes. The horizontal axis represents ab-
solute frequency; the vertical axis represents the absolute amplitude of the ‘““A” or ““B” Trace or, on
the ““A-B”’ Trace, the amplitude of Trace ‘A’ relative to Trace ‘‘B’’.

Frequency
X

The graticule aspect )
ratio (Y/X) = 1:1.66 [ Saind taliniet Al Rt bt Grininh Sunih Sk il Y Amplitude

CRT Graticule
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GRAPHICS

Horizontal

Horizontal Axis

As the analyzer’s frequency is swept, the Current Trace is plotted from left-to-right across the CRT
screen. The first vertical line on the left-hand side of the display graticule represents the Start Fre-
quency, the middle vertical line represents the Center frequency and the right-most vertical line
represents the Stop Frequency.

The frequency range between the Start Frequency and the Stop Frequency is the Frequency Span. The
Start Frequency Stop Frequency, Center Frequency and Frequency span parameters are all settable
within the range of 0 Hz to 40.1 MHz with 0.1 Hz resolution. Whenever the Center Frequency and Fre-
quency Span settings are such that the Start Frequency is lower than 0 Hz or the Stop Frequency is
higher than 40.1 MHz, the sweep span is automatically limited and the out-of-range portion of the
Current Trace is blanked. This causes the “SWEEP SPAN LIMITED’’ message to appear on the CRT
screen.*

. KER . REF .0 dBm MARKER 40 100 000.0 Hz
TEZB%??” RANGE .0 ah:a’.\..R . o_;;s dBm 10 4B/D1V RANGE .0 dBm -75.1 dBm
SWEER SPAN LIMITED SWEER SPAN LIMITED

............................. N T

..... }----}----L---- GNPy N UPIPINY JISIPIPI PRI PR

P,

.0 Hx PAN 40 .0 H CENTER 40 100 000. 0 Hzx SPAN 40 000 000. 0 H=z
RBW %0 KHz VBW 30 Kst s?o.o zosggc = RBW 30 KHz VBW 30 KH=x ST .2 SEC
Out of Limited Limited Out of
-20 MMz Range 0 Hz Span 20 MHz 20.1 MHz Span 40.1 HMz Range 80.1 MHz

With Center Frequency of O Hz and Span of With Center Frequency of 40.1 MHz and Span of
40 MHz, sweep span is limited to 20 MHz; out-of- 40 MHz, sweep span is limited to 20 MHz; out-of-
range region below O Hz is blanked. range region above 40.1 MHz is blanked.

Limited Sweep Span

*The “SWEEP SPAN LIMITED’’ message remains on screen for about 5 to 10 seconds and then disappears.

A limited sweep span condition will erase the ‘‘out of range’” portion of a Current Trace that is retained on screen after a
single sweep has terminated.
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GRAPHICS
Vertical

Vertical Axis .

The vertical axis is calibrated in logarithmic units of ‘‘dB’’ relative to the Reference Level which is
represented by the top graticule line. The vertical display range extends from approximately 0.23 divi-
sions above the top graticule line to 10 divisions below the top graticule line. Amplitude accuracy is not
specified in the region above the Reference Level. However, the accuracy in that region is
typically + 0.5 dB with respect to the Reference Level accuracy.

Maximum
0.23-Division
Overrange*

Reference

L
evel —LdB/DIV

Calibrated
Display
Range** |-o-cboco_locoofo--. (PR WIS (A QU RN

*0.23 divisions = 2.3 dB, 1.15 dB, 0.46 dB or 0.23 dB; depending on the Vertical ‘
Scale (dB/DIV) setting. Amplitude accuracy is unspecified in this overrange region.

* *The CRT graticule is not actually calibrated. ‘'Calibrated’’ display range refers to the
display range in which the Marker amplitude accuracy is specified.

Vertical Display Range

Vertical Scale

The 3585 has four Vertical Scale (dB/DIV) setting: 10 dB, 5 dB, 2 dB and 1 dB per division. The
10 dB/DI1V setting provides a vertical display range of 100 dB; however, the Marker amplitude ac-
curacy is specified only in the top 90 dB portion of that range. The 5 dB, 2 dB and 1 dB per-division
settings expand the vertical scale downward from the Reference Level. This improves the amplitude
resolution, but limits the display range to 50 dB, 20 dB or 10 dB, respectively. The 1 dB and 2 dB per-
division settings provide a 0.1 dB improvement in the Reference Level (and Marker) accuracy.

Signals that are higher than 0.23 divisions above the Reference Level will overdrive the display, but will
not damage the instrument or affect the amplitude accuracy within the cali.brated display range.
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GRAPHICS
Digital Storage

Introduction To Digital Storage

Spectrum analyzers require some form of display storage to retain the slowly scanned graphic trace
information on the CRT. In traditional spectrum analyzers, this is accomplished by the use of a
“‘storage CRT”’ in which the trace is retained by the phosphor or a storage mesh located behind the
CRT face. Nevertheless, modern spectrum analyzers such as the 3585 use a digital storage technique
in which discrete samples of the analyzer’s detected video output are converted to binary numbers and
stored in a digital memory. The digital memory containing the stored trace is then scanned at a fixed
rate and its contents (after being reconverted to analog) are written onto the CRT. The major advan-
tages of digital storage are:

a. Digital storage permits the use of a standard oscilloscope CRT. Standard CRT’s are rugged
and relatively inexpensive to replace.

b. Display adjustments are not required when the frequency and sweep parameters are changed.
The digitally stored trace is displayed at a fixed rate independent of Sweep Time.

¢. The INTENSITY and FOCUS controls have the same effect as those on a regular oscilloscope.
Once they are set they do not need to be readjusted. Also, the trace intensity can be set to any
level with out danger of burning the CRT face. Digital storage provides a bright, crisp, flicker-
free presentation; there is no blooming or display ambiguity.

d. A trace that is stored in a digital memory can be retained and displayed indefinitely...as long as
the instrument is turned on.

e. In amicroprocessor-based system such as the 3585 , traces that are digitally stored can also be

digitally processed to perform trace arithmetic and provide special trace functions that would
not otherwise be available.
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GRAPHICS
Digital Storage

The Digital Storage Concept

Digitized Digitally Recoastructed
Anatyzer Video Analyzer Stored Video Response
[ ] T e T
INPUT
- I CRT Display
Analog TRACE

DISPLAY
PROCESSOR

: RFIF 0
Sections 3

MEMORY

-————
' Vidso 1

' Output &, Rear Pane!
L = —— —J4 Connector

Data Updated a1

The above figure is a simplified block diagram showing the main signal path from the Input connector
to the CRT display. The RF and IF sections of the analyzer comprise a swept superhetrodyne receiver
whose output is a dc voltage that is logarithmically proportional to the input-signal amplitude. This dc
voltage or ‘‘video response’” is applied to the Analog-to-Digital (A/D) Converter where it is peak
detected, sampled and transferred to the Trace Memory at a rate proportional to the Sweep Time.

The Trace Memory, in which the digitized video samples are stored, has 1,001 storage locations or
«addresses’’. After a frequency sweep has been made, each address contains a 10-bit binary number
representing the video amplitude at a specific frequency point on the CRT trace. Since each address
represents a specific frequency point and the binary number in a given address represents the video
amplitude at that point, the Trace Memory, in effect, contains a point-by-point plot of the amplitude-
vs.-frequency display.

The entire CRT display (including alphanumerics) is typically updated or ssrefreshed’’ every 17
milliseconds or approximately 60 times each second. This provides a flicker-free presentation that is
totally independent of Sweep Time.

At some point during each CRT refresh period, the Trace Memory is cycled through its 1,001 addresses
in synchronism with a horizontal sweep generated by the Display Processor. During this sequence, the
binary numbers that are read out of the Trace Memory are converted to dc voltages. If these dc
voltages were applied directly to the vertical deflection system, the graphic trace would appear as a
series of dots on the CRT screen. To avoid this situation, the Display Processor, which contains a
variable-slope line generator, draws lines between the dots to provide a fully reconstructed display. As
a result, the trace that is written onto the CRT screen consists of 1,001 discrete points, connected by
1,000 straight-line vectors.
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Frequency Resolution

One inherent drawback associated with a point-by-point spectral display is that its frequency resolu-
tion is limited according to the number of points on the trace and the frequency spacing between them.
This effect is particularly noticeable when using the 3585 ’s tunable Marker: As the Marker frequency
is varied with , the Marker dot jumps from point-to-point along the trace and the
“MARKER” readout indicates the frequency and amplitude at each point. Since the Marker cannot
be set between two points, its frequency resolution is limited by the resolution of the point-by-point

display.

With 1,001 equally-spaced points, the frequency spacing between points is equal to the Frequency
Span divided by 1,000 or 0.1% of the Frequency Span. Two signals whose frequency spacing is less
than 0.1% of the Frequency Span cannot be separated on the CRT trace even when a narrow Resolu-
tion Bandwidth is used:

In Figure A, for example, the Fréquency Span is 40 MHz and the frequency
spacing between points is 40 MHz/1,000 = 40 kHz. Although there is only
one response appearing on the trace, there are actually two input signals.
One is -6.00 dBm at 10.00 MHz and the other is 0.00 dBm at 10.035 MHz.
The Resolution Bandwidth is set to 1 kHz which is narrow enough to fully
resolve both signals. Because of the limited display resolution, however, the
two signals appear as one response. Also, because of the positive peak detec-
tion described in later paragraphs, the amplitude of the response is equal to
the larger of the two signals (0 dBm, 10.035 MHz); but is displayed at the
10.00 MHz point.

REF S.0 dBm MARKER 10 000 000.0 H=zx
10 &B/D1V RANGE S.0 dBm .0 dBm

I T

.......... R e e N R T Y|

e il oo plertsiviadn i s Ak

CENTER 20 000 000.0 Hz SPAN 40 000 000.0 Hx
RBW 1 KHz VBY 3 KHz ST 80.0 SEC

Because of limited display resolution with 40 MHz
SPAN, two signals 35 kHz apart appear as one
response even with 1 kHz RBW.

Figure A.
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Amplitude Resolution

Narrowing the Frequency Span decreases the frequency spacing between
points on the CRT trace and, therefore, improves the frequency resolution.
As shown in Figure B, a 1 MHz Span provides the resolution needed to com-
pletely separate the two signals.

REF 5.0 dBm MARKER 10 035 000.0 Hz
10 dB/O1V RANGE 5.0 dBm .0 dBm

I I 5 ]

--------------- R e i b ik it il il Dt

CENTER 10 000 000.0 Hz SPAN 1 000 000. 0 Hz
RBW 1 KHz VBW 3 KHz ST 2.0 SEC

A 1 MHz SPAN provides the display resolution
needed to fully separate and measure the two
signals.

Figure B.

Amplitude Resolution

The video amplitude at each point on the CRT trace is represented by a 10-bit binary number. This
means that the total vertical display range is represented by 2!¢ or 1,024 discrete amplitude values,
referred to as ‘‘display units’’. The display range within the top and bottom graticule lines contains
1,001 display units; while the overrange region above the top graticule line contains an additional 23
display units.

With 1,001 display units in ten vertical divisions, each major division represents 100 display units. The
amplitude resolution is, therefore, equal to the dB/DIV Vertical Scale setting divided by 100. For
instance, if the Vertical Scale is 10 dB/DIV, the amplitude resolution is 10 dB/100 = 0.1 dB. Similarly,
if the Vertical Scale is 1 dB/DIV, the amplitude resolution is 1 dB/100 = 0.01 dB.
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Peak Detection

The 3585 must be able to display and accurately measure the peak amplitude of any response that can
be resolved on the CRT screen. This presents a problem because the CRT trace is a point-by-point plot
in which the points appear at fixed frequencies that do not necessarily correspond to the frequencies of
the responses whose peaks must be displayed. For example, if the F requency Span is 40 MHz and the
Start Frequency is 0 Hz, there will be points at 0 Hz, 40 kHz, 80 kHz, 120 kHz, 160 kHz, 200 kHz, etc.
However, the peaks of the responses that the operator wishes to measure could be between any of these
points: '

For instance, a 70 kHz input signal containing odd and even harmonics
would produce responses at 70 kHz, 140 kHz, 210 kHz, 280 kHz, 350 kHz,
etc. But with a 40 MHz Span, only one of these responses (280 kHz) would
peak at a discrete point on the CRT trace. The peaks of the remaining
responses would be clipped by the straight lines that are drawn between
points. Moreover, a very narrow response occurring between two points
would be missed entirely and would not appear on the trace.

To eliminate this potential problem, the 3585 uses a technique called ‘‘positive peak detection’’.
With positive peak detection, the digitized video samples that are stored in the Trace Memory repre-
sent the positive peak video amplitude that occurs during each segment of the frequency sweep. This
means that each point on the CRT trace represents the positive peak video amplitude in the region
between it and the following point:

For example, if the points are 40 kHz apart, the 40 kHz point represents the
positive peak video amplitude in the region between 40 kHz and 80 kHz; the
80 kHz point represents the positive peak video amplitude in the region
between 80 kHz and 120 kHz, etc.*

With this technique, any resolved response that even raises its head above the noise is retained and
displayed at a discrete point on the CRT trace, regardless of the frequency spacing between points. If
there are points at 40 kHz and 80 kHz, a response that peaks at 70 kHz will not be missed but it will ap-
pear at the 40 kHz point. If the instrument’s tunable Marker is then set to the peak of that response,
the amplitude readout will accurately indicate the peak amplitude, although the frequency readout will
indicate 40 kHz.

The negative frequency offset caused by peak detection is of little consequence since the frequency of a
response can be precisely measured using the 3585 COUNTER function. Also, the frequency resolu-
tion and accuracy of the CRT trace and Marker can be improved by narrowing the Frequency Span.
For instance, if the Span were narrowed from 40 MHz to 20 MHz, the points would be 20 kHz apart
and the peak of a 70 kHz response would appear at the 60 kHz point rather than the 40 kHz point.

*Only 1,000 of the 1,001 Trace Memory addresses are filled by the time the frequency sweep reaches the Stop Frequency. To
obtain a sample for Trace Memory address 1,001 (i.e., the Stop Frequency point on the trace), the 3585 sweeps 0.1% of the
Frequency Span past the Stop Frequency. Thus, the amplitude of the Stop Frequency point on the CRT trace represents the
positive peak video amplitude in the 0.1% region above the Stop Frequency.
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Peak Detection And Sweep Dynamics

Peak detection introduces a negative frequency offset on the CRT trace, but this effect is often

counteracted by the positive frequency skew caused by sweep dynamics:

In some cases, the positive frequency skew caused by sweep dynamics is just enough to override the

When the 3585 is sweeping rapidly, the response of the IF filter delays the
arrival of the responses that are applied to the A/D Converter. Positive
responses that arrive too late to be displayed at one point are retained by the
peak detection circuit and displayed at the following point. Consequently,
they appear at a higher frequency on the CRT trace.

When the analyzer is sweeping at the maximum-calibrated rate, the positive
frequency skew is approximately 33% of the Resolution Bandwidth setting.

The frequency skew is inversely proportional to Sweep Time; e.g., a factor of
four (two step) increase in Sweep Time will reduce the frequency skew by a
factor of four.

negative frequency offset caused by peak detection:

3-6-14

In the following figure, the instrument is sweeping at the maximum
calibrated rate and the Marker is set to the peak of a response whose true fre-
quency is 20.035 MHz. This response would ordinarily peak at the 20.00
MHz point; but because of the positive frequency skew, the peak is displayed
at the 20.04 MHz point as indicated by the ‘‘MARKER”’ frequency readout.
Since 20.04 MHz is closer to 20.035 MHz than 20.00 MHz, the frequency
skew in this particular case is improving the frequency accuracy:

REF .0 dBm MARKER 20 040 000.0 Hz
10 dB/D1V RANGE .0 dBm -.2 dBm

..... R S T N S L Lt T TN TR

CENTER 20 000 000.0 Hz SPAN 40 000 000. 0 Hzx
10 KHz VBW 30 KHz ST .8 SEC

With optimum Sweep Time, 20.035 MHz response is skewed to the right and

displayed at the 20.04 MHz point on the CRT trace.
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In the next figure, the Sweep Time has been increased by a factor of four to
minimize the frequency skew. As a result, the peak of the 20.035 MHz
response is displayed at the 20.00 MHz point. From an accuracy standpoint,
this effect could also work in reverse. For instance, a 19.065 MHz response
could be skewed over to the 20.00 MHz point during a fast sweep and then
move back to the 19.06 MHz point when the Sweep Time is increased.

REF .0 oBm MARKER 20 000 0O0C. 0 Hz
10 4B/D1V RANGE .0 dBm .0 dBm

......................... B el it LT A NS R

PR [ W YT
Liasias i » g

o

CENTER 20 000 000.0 H=z SPAN 40 000 000.0 Hz
RBW 10 KHz VBW 30 KHz ST 3.2 SEC

Sweep Time increased two steps to minimize frequency skew. Because of peak
detection, 20.035 MHz response is now displayed at the 20.00 MHz point.

(Increasing the Sweep Time also minimized the amplitude compression,
causing the signal amplitude to increase by 0.2 dB.)

Sweep dynamics also cause amplitude compression:

When the analyzer is sweeping rapidly, the IF and video filters do not have
enough time to fully respond to the rapid changes in amplitude that occur as
the sweep passes through a signal. This compresses the signal’s response,
causing it to appear at a slightly lower level on the CRT screen. When the
instrument is sweeping at the maximum-calibrated rate, the worst-case
amplitude compression is about 0.2 dB. Amplitude compression can be:
minimized by increasing the Sweep Time; or it can be completely eliminated
by using the Manual mode.

NOTE

The effects of peak detection are negligible in the Manual mode. During
Manual mode operation, the Trace Memory address that represents the
Manual measurement point is updated every 200 microseconds; but the
Manual measurement point is only updated every 17 milliseconds (i.e., the
CRT refresh rate). While the peak detector is not disabled in the Manual
mode, it is reset after each 200-microsecond sample and does not have the
opportunity to accumulate the maximum positive amplitude that occurs over
a significant time interval.
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Effects Of Peak Detection And Time Interval

Each point on the CRT trace represents the positive peak video amplitude in a region that is equal to
0.1% of the Frequency Span. Similarly, each point also represents the positive peak video amplitude
for a time interval that is equal to 0.1% of the Sweep Time. When the analyzer is sweeping over a
response whose amplitude is stable, the amplitude of the video signal changes according to the slope of
the response which, in turn, is strictly a function of frequency. Thus, the trace that is plotted is
independent of the time interval. Because of the positive peak detection, however, any positive excur-
sions that occur as a function of time, such as transients and noise spikes, are retained on the CRT
trace. Increasing the Sweep Time increases the time interval for each point on the trace and, therefore,
increases the probability that a transient will appear on the trace. For instance, a trace that is plotted
over as ten-hour period is more susceptible to transients than a trace that is plotted over a 0.2-second
period.

Peak Detection And Noise

The effects of peak detection and time interval are particularly noticeable when the analyzer is sweep-
ing over random noise:

a. Because of the positive peak detection, only the positive noise peaks are displayed. In the
absence of negative peaks, the average value of a random noise signal on the CRT screen
appears to be significantly higher than it actually is. To illustrate this, the following figure
shows a side-by-side comparison of the same noise level plotted with and without peak detec-
tion. As indicated by the “DISPLAY LINE’ amplitude, the average value of the peak-
detected noise appears to be about 4.6 dB higher than that of the non peak-detected noise:

- - REF -42.6 dBm DISPLAY LINE -60.0 dB
TSQJE‘:? <Bm RANGE -zs_%ls;%';” LINE -5S5.4 dB 10 dB/DIV RANGE -25.0 dBm
T S O T T cedeeadacccd peemeepeee- I T R L L S e it EEEEE SEELY
NTER 20 . H SPAN S00 000.0 H CENTER 20 000 0CC. 0 Hz SPAN S00 000.0 Hz
N 20 v Ve 30 K= ST .2 SEC RBW 30 KHz  VBW 30 KMz ST .2 SEC
Noise With Peak Detection Noise Without Peak Detection
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b. Narrowing the Video Bandwidth averages the noise before it reaches the peak detector and,
therefore, minimizes the effects of peak detection. In the following figure, the VBW has been
narrowed to 1% of the RBW to obtain good noise averaging. The true average values of the
peak-detected and non peak-detected noise signals are approximately the same:

~-42.6 dB DISPLAY LINE -60.0 dB REF -42.6 dBm OISPLAY LINE -60.0 dB
TngB/SIV " RANGE -25.0 dBm 10 dB/01V RANGE -25.0 dBm
..... N S R SIS SN SIS S S A ISR SR USRS USRI SRR SR SRS SR (N (N
AR i napin oy S mat e oan Mg B 0 _am ek 2 Ao h o M Sad b it ) b e e ey g ot LAna v
CENTER 20 000 000.0 H: SPAN S00 000.0 H CENTER 20 0OCO 00O0.0 H=z SPAN SO0 000. 0 Hz
%BH 30 KHz VB':”J H=z ST .2 SEC * RBW 30 KHz YBY 300 Hz ST .2 SEC

Average Peak-Detected Noise

Average Non Peak-Detected Noise

c. Increasing the Sweep Time increases the time interval which, in turn, gives the random noise a
greater opportunity to reach a maximum positive value at each point on the CRT trace. For
this reason, the level of a noise signal that is plotted with insufficient video filtering will appear

to increase as a function of Sweep Time:

REF -35.0 dBm

10 dB/D1IV RANGE -25.0 dBm

............... R R,

e R et Lt L T pe pRpEpap.

weep Time 40 Seconds

; y - \Sweep Time 0.4 Seconds

CENT%R 20 000 000.0 Hz

BW 3 KHz VBW 10 KHz

SPAN 1 000 000.0 Hz
ST 40.0 SEC

3-6-17



GRAPHICS

Peak Detection/Time Interval

d. The effects of Sweep Time can be minimized by narrowing the Video Bandwidth to 1% of the
Resolution Bandwidth (or narrower). In the following figure, the both traces were plotted with
a 40-second Sweep Time. The upper trace, showing the effects of peak detection, was plotted
with a VBW or 10 kHz. The lower trace, showing an apparent 10 dB decrease in the noise level,
was plotted with a VBW of 30 Hz:

REF -35.0 dBm

10 dB/DI1V RANGE -2S5.0 dBm
[
i
e ]
NN A N S S R SR SR B S
! |
T VBW = 10 kHz
~~BW = 30 Hz
CENTER 20 000 000.0 Hz SPAN 1 000 000.0 Hz
RBW 3 KHz VBY 30 Hz ST 4Q.0 SEC

Both Traces

Measuring Noise

Random noise can best be measured using the 3585 NOISE LVL function described in Chapter 8, or
by using the Manual mode to minimize the effects of peak detection. To measure the rms average noise
level in the Manual mode, set the VBW to 1% of the RBW for good video averaging and add + 2.5 dB
to the “MANUAL” amplitude readout. (This +2.5 dB includes a 1 dB correction for the
instruments’s average responding detector and a 1.5 dB correction for the log converter.)

‘Where necessary, the approximate average noise level can be measured from the CRT trace using the
following procedure:

a. Set the Video Bandwidth to 1% of the Resolution Bandwidth or narrower. (Narrow the Fre-
quency Span to minimize Sweep Time.)

b. Igndring the UNCAL indicator, decrement the Sweep Time until the displayed noise level no
longer decreases. (The spectrum shape of the noise should be gradually changing, not abrupt,
allowing the analyzer to follow it well.)

c. Set the Marker to the point of interest on the noise floor.
|

d. .Add +2.5dBto the “MARKER’’ amplitude reading to determine the rms value of the average
noise.
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TRACE FUNCTIONS
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*The digitized video response is transferred to Trace Memory ‘A’ via the in-
strument’s Central Processor. The Central Processor performs the ‘’A-B’‘ and
‘““Max Hold’’ functions.

Functional Overview of Trace Memories and Trace Functions

VIEW A

The “A"” Trace And Function

As the analyzer’s frequency is swept, the trace that is generated is digitized and stored in Trace
Memory ‘“A’’ and is, therefore, referred to as the *‘A’’ Trace. The ‘“A’’ Trace is also called the *“‘Cur-
rent Trace’’ because it is the trace that is currently being generated and is the only trace that is updated
by the frequency sweep or in the Manual mode.

When the VIEW A function is activated, the contents of Trace Memory ““A’’ are written onto the CRT

screen at the CRT refresh rate. When the VIEW A function is deactivated, the ‘““A’’ Trace is not
displayed; but it is still generated, retained in memory and updated by the frequency sweep.

CLE,
Clear A Function
The CLEAR A function erases Trace Memory “‘A”’, causing the Current Trace to appear as a straight

line at the bottom of the CRT screen. It does not affect Trace Memory ‘‘B’’. Pressing the CLEAR A
key will reset and rearm a continuous sweep and will terminate a single gweep.
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Storing and Viewing Traces

Display Memory. Traces may stored in display memory (registers A and B, commonly referred to as
“trace A” and “trace B”") or in trace memory registers (0—9). The display memory used to hold trace A is
the most often used because this is where all active measurement information is displayed. If Continuous

Sweep is active, display register A is updated at the rate of 1/(Sweep Time).

Trace Memory.. Trace Memory registers 0—9 are used to store measurement data. These may be used to
store data converted from trace A display data for later access. The conversion process uses the currently-
active values of reference level and scale to create values in dBV (or dB, if A—B is the data being saved)

STORE
A-8

[Ty

Data may be copied from trace B to trace A with the (blue) B—>A function.

Data in display register B may be displayed by pressing the View B key. While trace B
is displayed, the light in the center of the key is illuminated. Trace B may be removed
from the display by pressing the View B key again. While trace B is displayed, trace A
may be removed from the display by pressing View A. Turning off a trace display does

not erase the data in the display register.
NOTES

1. Trace information stored in display memory register A is constantly overwrit-
ten if Continuous Sweep is active. If you copy a trace from B to A with the (blue)
B—»A function you should probably select Single Sweep first or the data will be
overwritten by the next measurement sweep.

2. Whenever the center frequency and frequency span settings cause the start fre-
quency to be less than zero or the stop frequency to be greater than 40.1 MHz, the
sweep span is limited and the “out of range” portion of the trace is blanked. The
blanking is accomplished by erasing portions of register A. If trace A is being
preserved by not sweeping (Single Sweep is active) and the frequency parameters
are changed such that part of the trace becomes “‘out of range,” that portion of data
in register A will be erased.

3. To make a measurement on display register data, the frequency span and cen-
ter, reference level, and scale must be the same as when the data was taken.

which is stored in one of the ten registers.
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To save or recall a trace, press the (blue) Save Trace A key or the (blue) Recall Trace B
key (respectively), and one numeric digit key (0-9) in the entry section.

SAVE TRACE A

NOTES

1. Data is stored in trace memory with no indication of what frequency span is
active. Therefore, the start and stop frequencies or center and span frequencies
must be tracked independently. The span should be returned to the value active
when the trace was stored before recalling a stored trace.

2. Do not confuse trace memory registers 0—9 with instrument state registers 0-9.

Data (trace information) in trace A may be copied into trace B by pressing Store A—B.
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Trace Identification

The two traces are displayed at the same intensity; so it is sometimes difficult to determine which one is
““A’’ and which one is ‘““B’’. When in doubt, the operator can, of course, turn off the *‘B’’ Trace, iden-
tify the ‘“A”> Trace and then turn the ‘““B’’ Trace back on. There are, however, some other
distinguishing features that should be noted:

a. When the analyzer is sweeping and the Sweep Time is one second or longer, a sweep marker dot
appears on the Current (‘““A”’ or “‘A-B’’) Trace to indicate the position of the frequency sweep.
When the Sweep Time is less than one second, the sweep marker is not displayed; but the Cur-
rent Trace will normally exhibit amplitude variations as it is updated by the frequency sweep.
The “‘B”’ Trace, totally unaffected by the frequency sweep, will not change.

b. When both traces are being displayed, the instrument’s tunable Marker will appear on the Cur-
rent Trace rather than the ““‘B’’ Trace.

¢. When the analyzer is sweeping or in the Manual mode, the Current Trace will respond to a
change in operating parameters as it is updated by the frequency sweep or at the Manual
measurement point. The ‘‘B’’ Trace is not affected by the operating parameters.

MAX HOLD

The Maximum Hold Function

When the MAX HOLD function is activated, the Current Trace retains the maximum positive video
amplitude that occurs during successive frequency sweeps or at the Manual measurement point. This
function is useful for observing maximum peak noise or for plotting the frequency drift or positive
amplitude drift of a signal over a period of time. In the following figure, for example, the ‘A’’’ Trace
with MAX HOLD displays the frequency drift of a signal during the warmup period of the signal
source.

REF -10.0 dBm OFFSET -2 650.0 Hz
10 &4B/D1V RANGE -10.0 dBm .0 dB

— I

Trace plotted with MAX
HOLD shows frequency
drift of signal source dur-
ing its 5-minute warmup.

]
|
|
ol 711 ]

CENTER 1 000 000. 0 H=z SPAN S0 000.0 H=z
RBW 300 Hz VBW 1 KHz ST 1.2 SEC

As indicated by the ‘‘OFFSET’’ readout, the signal source has a negative fre-
quency drift of 2,650 Hz.
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The “A-B" Function

When the function is activated, the 3585 initially subtracts the contents of Trace Memory “B”’
from Trace Memory ‘“A’’ and writes the difference into Trace Memory ‘“A’’. As a result, the ““A”’
Trace is instantly transformed into ‘“A-B’’. This subtraction process continues as Trace Memory “A”’
is updated by the frequency sweep or by the video samples that are taken at the Manual frequency. The
*“A-B”’ Trace, therefore, becomes the Current Trace whose amplitude is equal to the ‘‘dB difference”’
between the ‘“A’’ Trace that would ordinarily be displayed and the stored ‘“B’’ Trace.

The “A—B” trace is referenced to 0 dB, normally represented by the middle horizontal line on the display
graticule. The position of the 0 dB reference line may changed by activating the display line, positioning it
at the desired reference position, and pressing the blue shift key followed by the A—B key (this function is
not labeled in blue below the A—B key).

Marker amplitude readout
REF .0 dBm MARKER 20 000 o‘og)..z/ indicates  “"A-B”" Trace
10 dB/DIV RANGE .0 dBm 0 4B amplitude in dB relative to

: the O dB reference.

When the ““A”’ and ‘'B"’ :
Traces are identical, the H
*’A-B’’ Trace appears as a
straight line at the O dB
level.

* O dB Reference

B’ Trace em——e 1

CENTER 20 000 000.0 Hz I SPAN 40 000 000.0 H=z
RBW 30 KHz VBW 30 KHz ST .2 SEC

The "A-B” Trace

If the A and B traces are identical, the A—B trace appears as a straight line at the 0 dB level. Positive varia-
tions from the 0 dB reference indicate that the amplitude of trace A is larger than that of trace B. The
amplitude of the A~B trace may be read from the marker read out in dB.

The ““A-B’’ function will operate whether or not the VIEW A function is activated. However, the
VIEW A function must be activated to display the *“A-B’’ Trace. Since the ‘°A-B’’ Trace is stored in
Trace Memory ‘“‘A’” and there is no other Trace Memory in which to store the *‘A’’ Trace, the ““A”’
and ‘“A-B”’ Traces cannot be displayed simultaneously. The ‘‘B’’ Trace is independent of the ‘“A-B”’
function, and can be turned on or off using the VIEW B key.

When the operator deactivates the ‘“A-B’’ function, the 3585 adds the ‘‘B’’ Trace to the ‘“A-B”’

Trace and stores the sum (B + A - B = A) in Trace Memory “‘A’’. Thus, the *“A’* Trace is instantly
returned to the screen.
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' NOTES

1. To maintain proper display correlation when the ““A-B’’ function is used,
the Start Frequency, Stop Frequency, Reference Level and Vertical Scale set-
tings must be the same for the “A°’, “B’’ and ‘“‘A-B’’ Traces.

2. An ““A-B” Trace that exceeds the vertical display range will cause Trace
Memory ““A”’ to overflow. If an overflow condition exists when the “4-B*’
Junction is deactivated, the ‘A’ Trace that returns to the screen (i.e., B
+ (A-B)) will be distorted. This effect is of little consequence when the
analyzer is sweeping rapidly since the ““A’’ Trace will be full y restored after a
sweep has been made. However, if the analyzer is sweeping slo wly or is not
sweeping, the distorted ““A’’ Trace will remain on the screen until it is Sinally
updated by the frequency sweep or cleared from memory.

Applications For “A-B"

The ““A-B”’ function is useful for any application requiring trace comparison. The two most common
applications are:

a. To correct for the frequency response (flatness) variations of the 3585A and its Tracking
Generator when measuring the amplitude frequency-response of an external device.

For this application, the 3585 Tracking Generator output is connected directly to the Input
that is to be used for measurements. The 3585 is then swept across the spectrum of interest

. and the resulting plot, showing the flatness variations of the 3585 , is stored in ‘‘B’’. Next, the
device to be characterized is inserted between the Tracking Generator output and 3585 Input
and its resonse is plotted using the ‘‘A-B’’ function so that the analyzer’s response in “‘B’’ is
subtracted from the measurement. (Procedures for making flatness measurements are given in
Chapter 2.)

b. To simplify the comparison of a test response to a standard response that is stored in *‘B’’.

This is particularly useful for production-line applications where a number of networks (e.g.,
filters) are to be adjusted for identical frequency-response characteristics. For this application,
the response of a ‘‘production standard’’ network is plotted and stored in “‘B’’. The response
of the network under test is then plotted with ‘“A-B’’ and the network is adjusted so that the
“A-B’’ Trace is a straight line.

REF 7.0 dB OFFSET 39 000 000.0 H
T B/DIV"  RANGE .0 dbe -. B! dBew—————— Offset function used to

- measure flatness variation
on ""A-B’’ Trace.

-r-

The ‘“A-B’’ Trace show
the amplitude flatness of ~t— — _— o]
the device under test.

—t . .
Analyzer’s response in
. ‘‘B’" subtracted from
measurement.
START 1 000 000.0 H=z STOP 40 000 000.0 Hz
BW 3 KHz VBW 10 KHz ST 2.2 SEC

Flatness Measurement With A-B
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Functions That Interact With “A-B”

Note the following:
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MAX HOLD

a. The and functions have the same effect on the ‘‘A-B’’ Trace as they do on the

‘“A’ Trace.

b . An ““A-B’’ Trace can be stored in ‘‘B’’ by pressing ; but the result may be confusing:

1 . If the ““A-B’’ Trace is stored in ‘‘B”’ while the instrument is sweeping, the “‘B”
Trace will be a duplication of the current ‘‘A-B”’ Trace; and the *“A-B’’ Trace,
when updated by the frequency sweep, will become A - (A-B) = A-A + B. Thus,
the “‘A-B’’ Trace will be a reproduction of the original ‘‘B’’ Trace that changes
according to the difference between the current ‘“‘A’” Trace and the previous ‘““A”’
Trace.

2 . If the analyzer is not sweeping, the ‘‘B”’ Trace will be a duplication of the ““‘A-B”’
Trace and the ‘“A-B’’ Trace will not be affected.

It is important to note that an “‘A-B’’ Trace that has been stored in ‘“B’’ cannot be
measured directly with the Marker because the amplitude readout will indicate the
Marker’s absolute amplitude on the ‘‘B’’ Trace. This can be counteracted by set-
ting the Marker to the 0 dB reference point on the “B” (i.e. stored ‘“A-B’’) Trace,
activating the OFFSET function and pressing the ENTER OFFSET key.

. When the analyzer is sweeping or in the Manual mode, the COUNTER function will operate

with the ‘““A-B’’ Trace. The “COUNTER” frequency reading, however, applies only to the
current ‘A’ Trace which is not displayed.

_The 3585 NOISE LVL function will not operate when the ‘‘A-B’’ function is activated.

. The DISPL LINE function will operate with the ‘‘A-B’’ Trace; but the Display-Line amplitude

is displayed in dB relative to the rop graticule line rather than the middle graticule line to which
the *“A-B”’ Trace is referenced. »

. The OFFSET function can be used to make relative measurements on the ‘‘A-B’’ Trace; but it

must be used with care: The 3585 is designed to inhibit Offset measurements between the
«“A-B’ Trace and the ‘A’ or *‘B’’ Trace. Valid Offset measurements can be performed on the
““A-B’* Trace only when the Offset is entered and measured on that trace.

_ All other instrument functions will operate in the normal manner; but remember that a change

in operating parameters will affect the current <A Trace but will not affect the stored ‘‘B”’
Trace and will, therefore, change the definition of the ‘‘A-B” Trace.



READOUTS

ALPHANUMERIC READOUTS

The alphanumeric readouts that appear on the CRT screen can be divided into three main catagories:
a . Parameter Readouts:
Current values of pertinent operating parameters.
b . Frequency and Amplitude Readout:

1 . Marker, Counter or Manual frequency; Marker or Manual amplitude; Offset fre-
quency and amplitude.

2 . Display-Line amplitude.
¢ . Operating Messages:
. Status messages
. Entry requests

. Operator error messages
. Calibration error codes

W N -

Parameter Readouts

The 3585 has eight parameter readouts which are used to display the current values of the pertinent
operating parameters. The parameter that is prefaced is displayed brighter than the other parameters:

refaced parameter, displayed brighter than
others, can be changed by Step Entry or Numeric
Entry.
Line

MARKER 1 000 000.0 H=
. .0 dBm
Line 2

.0 dBm
/10 dB/01V RANGE .0 dBm

i
|
|
/

..... / \

[ i
[\

| I

Line S\CENTER 1 000 000.0 Hx SPAN 100 000. 0 Hz
Line - RBW 1 KHz VBY 300 Hz ST 1.0 SEC
“CENTER"’ ‘““SPAN"’ Parameters in Lines 1, 2 and 4
or or are always displayed.
“START" “STOP” Line 3 displays pertinent fre-
or or quency parameters, defined by
“MANUAL"’* *STEP” the operator’s entry.

*The Manual frequency is displayed here only when it is prefaced. The Manual frequency
may also be displayed on the frequency readout in the upper right-hand corner of the
screen.
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READOUTS

Frequency And Amplitude Readout

The frequency and amplitude readout, located in the top-right corner of the CRT screen, displays
measurement data obtained using the Marker, Counter, Manual, Offset and Display-Line functions:

a. Allfrequency readings (absolute and relative) are displayed in *‘Hz’* with 0.1 Hz resolution.

b. Absolute amplitude readings are displayed in dBm (50Q or 75Q), dBV or rms volts, correspon-
ding to the units in which the Reference Level (and Range) is displayed.

1. Absolute noise level readings are displayed in dBm (1 Hz), dBV (1 Hz) or \/mz

2. The resolution for dBm and dBV amplitude readings is 0.1 dB, 0.05 dB, 0.02 dB"
or 0.01 dB, depending on the Vertical-Scale setting; i.e., 10dB, 5dB, 2dBor 1 dB-

per-division, respectively.
3. The resolution for voltage readings is limited to approximately 0.1 dB or 1%.

c. Relative (Offset, ‘“A-B”’ or Display-Line) amplitude readings are displayed in dB. Resolution is
0.1dB, 0.05dB, 0.02dB or 0.01 dB, depending on the Vertical Scale setting.

“MARKER’’ readout indicates
Marker's absolute frequency
and amplitude.

REF .0 dBm MARKER 1 D00 000.0 Wz ——— FrEQUENCY
10 d&B/DIV RANGE .0 dBm O Bmee ]
Amplitude

B
fi
[
[i]

I S Iy SR .--/.;.\_- RSO QUPEPEN PN PR

[ i
i\

CENTER 1 000 000. 0 H=x SPAN 100 000.0 H=z
RBY 1 KHz VBW 300 Hz ST 1.0 SEC
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. Readouts and Readout Priority

READOUTS

Any one of seven different readouts can be displayed in the top-right corner of the screen. The various
readouts and their priorities are as follows:

a. Display Line Amplitude:

Whenever the function is activated, the “DISPLAY LINE’’ amplitude (in dB

relative to the Reference Level) is displayed in place of all other readouts.

b. Frequency/Amplitude Readouts:

Readout Readout
Priority ( deactivatad) ( activatod) Displayed When:
1 ““COUNTER"’ “*OFS CNTR" and () activated, Counter trig-
{Offset Counter) gered by frequency sweep or in Manual
mode, Marker or Manual frequency not
being changed*
ConTER L]
2 ““MANUAL"’ “*OFS MAN"’ and/or deactivated, instru-
(Offset Manual) ment in Manual mode and Marker at
Manual measurement point on CRT trace;
or whenever Manual frequency is being
. changed.
3 “MARKER’’ "*OFFSET"’ requirements for ‘“Counter or ‘’Manual’’
readout are not met.
*Counter readings are momentarily inhibited when operating parameters are changed and also during Automatic
Calibrations. During these periods, the readout reverts to the next lower priority.

NOTES

1. Once the Display Line function has been activated, the display line remains on
the screen until the Display Line (blue) Clear key is pressed , the instrument is
Ppreset, or power is cycled. If power-up option 3 is active, the display line is saved
as part of the instrument state in register 0 when the power is turned off and
recalled when power is turned on.

2. The Display Line function can be deactivated by pressing the (blue) Off key of
by activating any of the other Continuous Entry functions. When Marker or
Manual Sweep is activated, the display line remains on the screen, but the dis-
play line readout is replaced by the frequencylamplitude recdout. Once the display
line readout is replaced, it does not reappear until the display line function is reac-
Hvated,

3. Pressing the Display Line (blue) Clear key deactivates the Display Line func-
ton (if it is active) and clears the Display Line and its readout from the screen. If
the display line readout is displayed when the Clear key is pressed, the readout

will go blank and remain blank until Marker of Manual Sweep is activated or the
instrument is preset,
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READOUTS

Frequency/Amplitude Readout Definitions
a. “MARKER”
Frequency:

Absolute Marker frequency on CRT trace; i.e., the frequency of the point on
which the Marker is positioned.

Amplitude:

On “‘A”’ or ““B”’ Trace: Marker’s absolute amplitude
On ““A-B”’ Trace: Amplitude of ““A’’ in dB relative to ‘‘B’’ at Marker setting.

b. “MANUAL”
Frequency: Current Manual frequency.
Amplitude:
On ““A’’ Trace: Real-time absolute amplitude at Manual frequency.
On ‘B’ Trace: Marker’s absolute amplitude on ‘‘B’’ Trace.

On ““‘A-B’’ Trace: Real-time amplitude at Manual frequency in dB relative to
corresponding point on ‘“B’’ Trace.

c. “COUNTER”
1. Instrument Sweeping:
Frequency:
Absolute frequency of the signal causing the response on which the

Marker is positioned. (Counter readings apply only to the “A”
Trace which is not displayed when ‘‘A-B’’ is activated.)

Amplitude:

On “‘A’’ Trace: Absolute amplitude at Marker setting.
On “A-B” Trace: Amplitude of ‘“A’’ in dB relative to “B” at
Marker setting.
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2.

In Manual Mode:

Marker At Manual Frequency:

Frequency: Absolute frequency of signal detected at Manual fre-
quency.

Amplitude:

On ‘A’ Trace: Real-time absolute amplitude at Manual
frequency.

On ““A-B’’ Trace: Real-time amplitude at Manual frequency
in dB relative to corresponding point on ‘‘B’’ Trace.

Marker Not At Manual Frequency:

Frequency: Absolute frequency of input-signal response detected
at Marker frequency.

Amplitude:

On ““A”’ Trace: Marker’s absolute amplitude on the CRT
trace.

On ““A-B” Trace: Amplitude of ““A’’ relative to “‘B”’ at
Marker setting.

d. “OFFSET”

READOUTS

Current “MARKER”’ frequency and amplitude relative to frequenéy and amplitude
in Offset Register.

e. “OFSMAN”’ (Offset Manual)

Current “MANUAL”’ frequency and amplitude relative to frequency and amplitude
in Offset Register. .

f. ‘““OFSCNTR” (Offset Counter)

Current ““COUNTER” frequency and amplitude relative to frequency and amplitude
in Offset Register.
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READOUTS

Operating Messages

Operating messages are internally-generated, single-line messages that appear in the upper middle por-
tion of the CRT screen. These messages, indicating instrument status, entry requests, Operator errors
and calibration error codes, provide a valuable ‘‘human interface’’ between the 3585 and the
operator.

Status Messages
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“CALIBRATING”’

Displayed for the duration of each Automatic Calibration cycle to let the operator know that a
calibration is taking place.

““CALIBRATION DISABLED”’
Displayed in place of ““CALIBRATING’’ message when Automatic Calibration is disabled.
“BEEPER DISABLED”’
Displayed for about 10 seconds after operator initially disables beeper.
“SWEEP SPAN LIMITED”’
Appears for 5 to 10 seconds when Center Frequency and Frequency Span parameters are set so
that the Start Frequency is lower than 0 Hz or the Stop Frequency is higher than 40.1 MHz.
The ‘‘out of range”’ portion of the Current Trace is blanked.

“HP-IB REMOTE SET”’

Displayed when the instrument is in Remote and any of the front panel keys except
or is pressed or the Continuous Entry control is rotated. (The key is com-

pletely ignored when the instrument is in Remote.)

“HP-IBLOCAL LOCKOUT”’
Displayed when key pressed and instrument is in HP-IB Local Lockout mode.
“INSTR. TEST MODE XX’

Displayed continuously (except dufing Auto. Cal.) when instrument is in a Test Mode. Test
Modes 01 through 19 can be activated from the front panel and deactivated by press-
ing . These Test Modes and all other Test Modes can also be selected with internal swit-
ches. If pressing does not clear a ““Test Mode’’ readout, have a qualified service techni-

cian check to be sure that the internal Test Mode switches are in the off position.



READOUTS

. “LOCAL OSC. UNLOCKED"’

Displayed when any of the instrument’s main phase-locked loops becomes unlocked. It is nor-
mal for this message to be displayed momentarily when the instrument is first turned on; and
also when the internal Oven Reference is enabled about ten minutes after turn on or when an
external frequency reference is initially connected. QOutside of these three normal conditions,
the appearance of this message usually indicates an internal failure. However, before sending
your instrument in for repair, check to be sure that the BNC-to-BNC jumper is securely con-
nected between the rear-panel OVEN REF OUT and EXT REF IN connectors; or, if you are
using an external frequency reference, be sure that your reference source is properly connected
and is supplying the correct frequency and amplitude (i.e., 10 MHz or any subharmonic down
tol MHz;0dBmto + 15 dBm/50ohms).

The local oscillator loops will lock with no signal applied to the EXT REF IN connector.
However, if the applied signal is intermittent or out of tolerance, the loops will not operate
properly.

“COUNTER FAILURE”’

COUNTER

Displayed when activated and internal Counter failure is detected.

“LIMIT TEST ON”
“LIMIT TEST PASS”
. “LIMIT TEST FAIL”

Indicates status of the Limit Test Function. “ON” is displayed until the end of the first sweep
when the limit test is run and the message changes to either “PASS” or “FAIL.”

Entry Requests

“ENTER REG. NUMBER”’

This message appears when the operator presses the Save or Recall. It remains on the screen
until a register number (0 through 9) is entered, the knob is rotated, or any front-panel key is
pressed. Entries other than Instrument Preset or digits 0 through 9 terminate the entry
sequence and display the “REGISTER UNDEFINED’’ message.

“ENTER TST #2?” -

Displayed when operator initiates instrument test mode entry sequence by pressing (blue) 6. To
select a test mode, the operator then enters a two-digit number (i.e., 01 through 19). After
receiving the test mode number the message appears as “ ENTER TST#XX PRESET.” The
operator then presses Instrument Preset to activate the selected test mode.

NOTE

The Instrument Test Modes, used primarily for adjustments and
troubleshooting, are fully defined in the 3585 Service Manual.
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Operator Error Messages

If the operator attemts to make an ‘‘illegal’’ entry or initiate a sequence that the 3585 is incapable of
executing, the beeper will sound and one of the following error messages will appear on the CRT

screen:
ERROR MESSAGE

“OUT OF RANGE”

“TOO MANY DIGITS”

“REF < 100 dB BELOW RANGE”’

“REF > 10 dB OVER RANGE”

““1;3;10 STEPS ONLY”’

“/DIV = 1;2;5;10 ONLY”’

“S.T. IN .2 SEC STEPS”
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CAUSED BY:

Entries that exceed the upper or lower limit of a parameter.
(Applies to all parameters except Reference Level and
minimum sweep rate limit.)

Attempts to enter more than the maximum number of
digits for a given parameter. The digit that produces the
error message is not accepted; but preceding digits are re-
tained and will be accepted if they constitute a valid entry.

Attempts to set the Reference Level lower than 100 dB
below the RANGE setting; or attempts to set the RANGE
higher than 100 dB above the Reference Level.

Attempts to set the Reference Level higher than 10 dB
above the RANGE setting; or attempts to set the RANGE
lower than 10 dB below the Reference Level.

Numeric entries that attempt to select unavailable RBW or
VBW settings; RBW settings are 3 Hz thru 30 kHz; VBW
settings are 1 Hz thru 30 kHz - 1, 3, 10 sequence.

Numeric Vertical Scale (dB/DIV) entries other than 1 dB,
2 dB, 5 dB or 10 dB.

Numeric Sweep Time entries containing a fractional digit
other than 0.2, 0.4, 0.6 or 0.8. (Sweep Time is settable in
0.2 second steps. Illegal fractional digits are accepted;
but, when the suffix key is pressed, the fractional digit is
automatically incremented by 0.1 second and the error
message appears on the screen. The beeper does not
sound.)



ERROR MESSAGE

“SWEEP RATE TOO SMALL”’

“USE STEP KEYS ONLY”

“ENTRY MODE UNDEFINED”’

“REGISTER UNDEFINED”’

““COUNTER OUT OF LIMIT”

Calibration Error Codes

READOUTS

CAUSED BY:

Sweep Time entries that produce a sweep rate slower than
0.1 Hz/sec (30 kHz and 10 kHz RBW) or 0.005 Hz/sec.

Attempts to set RANGE by Numeric Entry.

Pressing a STEP key or Number/Units key without first
prefacing a parameter.

Pressing G2 or followed by any key other
than or digits through @

Pressing when “COUNTER” frequency reading is
higher than 40.1 MHz.

During each Automatic Calibration cycle, the 3585 performs a comprehensive algorithm in which
frequency and amplitude offsets are measured and corrected and many of the instrument’s functional
capabilities are verified. If, for any reason, the 3585 is unable to successfully complete an Automatic
Calibration, the beeper will sound and a Calibration Error Code (e.g., ““CALIBRATION ERROR
03°*) will appear on the CRT screen. There are 33 Calibration Error Codes, all of which are fully de-
fined in the 3585 Service Manual. The calibration errors are quite explicit and will often lead the ser-
vice technician directly to the source of trouble.
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CHAPTER 7
BANDWIDTH AND SWEEP TIME COUPLING

This chapter describes the operation of the Bandwidth and Sweep-Time coupling system, controlled by
the keys located in the RBW-VBW-ST control block.

° S ABW -vEw-ST
ocoo S O wea
oo g TO SPAN n'.!&p PRESET
T aa]ucnlam
oCooo0000 oo e
— oCoDn00000 5o et 5
o . ooo o0 0ooo ©B5% s :
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O ’ ﬂ Q‘J and EEEE entry functions are described.in Chapter 5.
oses

OVERVIEW

TO SPAN

Time according to RBW, VBW and Frequency Span.

(Automatically activated by [357)) ; press to deactivate, press again to reactivate.)

wew Couples RBW to Frequency Span, couples VBW to RBW; automancally adJusts Sweep

RES
Bw _+OLD

Prevents RBW and VBW from changing as a function of Frequency Span.

(Press to activate; press again to deactivate.)

eeser - Restores “‘optimum’’ RBW, VBW and Sweep Time settings. If activated, restores
optimum VBW and Sweep Time; but does not affect RBW.

Owen 1 ights when manually-selected sweep rate is too fast to maintain calibration.
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INTROUDUCTION TO COUPLING

INTRODUCTION TO COUPLING

Mechanical coupling is commonly used in spectrum analyzers to permit two or more parameters to be
simultaneously adjusted with one control knob. For those who are unfamiliar with the concept of

coupling, a typical coupled control is described in Figure 1.

The 3585 Bandwidth and Sweep Time coupling system is electronic rather than mechanical. As such,
it performs the same basic function as a mechanical system, but it provides greater flexibility and more

precise control.

O FREQ SPAN/DIV ..-1)
0 RESOLUTION BW | MHZ
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OPTIMUM v PuLL 10
- UNCOUPLE

Arrows aligned for op-
timized coupling.

The above photograph shows a typical coupling arrangement found on the
front panel of a spectrum analyzer. On this particular analyzer, the large dial
controls the Frequency Span, and the small concentric knob controls the
Resolution Bandwidth. When the small knob is pushed all the way in, it is
mechanically linked or ‘‘coupled’’ to the Frequency Span dial. Thus, as the
operator adjusts the Frequency Span, the Resolution Bandwidth is set
automatically. When the small knob is pulled all the way out, the coupling is
disengaged so that the two parameters can be adjusted individualily.

When the arrow on the Resolution Bandwidth dial is aligned with the arrow on
the Frequency Span dial, the Resolution Bandwidth is set to what is considered
to be the optimum bandwidth for the selected Frequency Span. Thus, if the
arrows are aligned when the coupling is engaged, the coupling selects the op-
timum Resolution Bandwidth for each Frequency Span setting.

Optimized coupling provides excellent results for many applications. Where
necessary, however, the Resolution Bandwidth can be adjusted about the
optimum setting to improve the sensitivity and selectivity or to expand a
response. Once the adjustment has been made, the coupling can be reengaged
to maintain proportional resolution as the Frequency Span is varied. When the
arrows are not aligned, the coupling is said to be “‘slipped”’.

Figure 1. Mechanical Coupling.




OPTIMIZED COUPLING

. OPERATION WITH OPTIMIZED COUPLING

COuUPLED
10 SPaN

Tombegin a measurement, the operator normally presses @! . This activates , deactivates
Bw HOLO
and sets the Frequency Span to 40 MHz. It also presets the Resolution Bandwidth (RBW) and
Video Bandwidth (VBW) to 30 kHz and the Sweep Time to 0.2 seconds. These Bandwidth and Sweep
Time settings are the preferred or ‘‘optimum’’ settings for the full 40 MHz Span. Once these settings

are established, the Bandwidth and Sweep Time coupling is considered to be ‘‘optimized’’. With op_

COuUPLED
JO SPaN

timized coupling, the @ function automatically selects the optimum RBW and VBW settings as a
function of Frequency Span; and automatically adjusts the Sweep Time to maintain the maximum-
calibrated sweep rate. The ‘‘optimum’> RBW, VBW and Sweep Time settings are not necessarily the
best settings for your particular measurement. They are, however, suitable for many general-purpose
measurements and they always provide an excellent starting point from which the parameters can be

individually adjusted to obtain the required results.
Changing Parameter Values

. As described in Chapter 5, the RBW, VBW and Sweep Time settings can be changed by Step Entry or

Numeric Entry. It is not necessary (or desirable) to deactivate the function when adjusting the
RBW, VBW or Sweep Time settings. The coupling system will allow you to select any available RBW,
VBW, ST combination. It will then (if possible) maintain the relationships that you have established.
With optimized Sweep Time coupling, the operator can freely select the desired RBW and VBW set-

tings; the Sweep Time is automatically adjusted to maintain the optimum sweep rate.

PRESET

Preset Key | )

The PRESET key automatically restores the optimum RBW, VBW and Sweep Time settings. This pro-
vides a convenient way to reoptimize the coupling without presetting the entire instrument or in-
dividually adjusting the Bandwidth and Sweep Time parameters. Operation is as follows:

COUPLED
a. The PRESET key is operative whether or not the function is activated.

RES
Bw HOLD

b. If the function is activated, the PRESET key will restore the optimum Video Bandwidth
(relative to RBW) and Sweep Time; but it will not change the RBW setting.

DETAILED ASPECTS OF OPERATION

COUPLED . ?
. The function controls two independent but interactive coupling systems:

a. Bandwidth Coupling
b. Sweep Time Coupling
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BANDWIDTH COUPLING

Bandwidth Coupling

COUPLED
T0 SPaN

With the function activated, the Video Bandwidth (VBW) is coupled to Resolution Bandwidth
(RBW); and Resolution Bandwidth is coupled to Frequency Span. Operation is as follows:

a. Changing the RBW automatically changes the VBW.* (Changing the VBW does not change the

RBW.)

b. The RBW is set automatically as a function of Frequency Span; i.e., narrowing the Span narrows

the RBW. Since the VBW is coupled to RBW, it also changes as a function of Frequency Span.
(Again, the coupling does not operate in reverse; changing the RBW and/or VBW does not
change the Frequency Span.)

The optimum RBW and VBW settings are listed in Table 1.

The optimum RBW settings maintain a good aspect ratio and generally provide adequate resolution
and sensitivity. However, the most suitable RBW setting must ultimately be selected by the operator.

The optimum VBW settings are the narrowest settings that can be used without increasing the Sweep
Time. For good video filtering, the VBW should be narrowed to at least 10% of the RBW setting.

Slipped Bandwidth Coupling

Changing the RBW and/or VBW, in effect, ‘‘slips’’ the Bandwidth coupling. Operation with slipped
coupling is as follows:

3.7-4

a. The Resolution Bandwidth changes according to the Frequency Span as outlined in Table 1. The

relationship between the operator’s RBW setting and the optimum RBW setting is automatically
maintained. For example, if the operator narrows the RBW two steps from the optimum setting,
the coupling system (where possible) automatically sets the RBW two steps below optimum when
the Frequency Span is changed. The coupling system will not attempt to force the RBW to go
below 3 Hz or above 30 kHz. Therefore, if the Frequency Span is narrowed to the point where the
RBW would go below 3 Hz, the RBW will remain 3 Hz. This does not alter or reoptimize the
coupling. The coupling system will remember that the RBW should be a given number of steps
below optimum and will automatically restore that relationship when the Frequency Span is
widened.

. The Video Bandwidth changes according to the RBW as shown in Table 1. (Note that the VBW

does not change when the RBW is changed from 30 kHz to 10 kHz or vice-versa.) The relation-
ship between the operator’s VBW setting and the optimum VBW setting is automatically main-
tained. Again, the coupling system will not attempt to force the VBW to go below 1 Hz or above
30 kHz; but it will remember the number of steps above or below the optimum setting and restore
that relationship when the limit is no longer exceeded.

*Except when RBW is changed from 30 kHz to 10 kHz and vice-versa.



SWEEP TIME COUPLING

Table 1. Optimum RBW/VBW Settings.

Frequency Span Optimum RBW Optimum VBW
OHzto 199.9 Hz 3Hz 10 Hz
200.0 Hz to 999.9 Hz 10Hz 30 Hz
1,000.0 Hz to 4,999.9 Hz 30Hz 100 Hz
5,000.0 Hz to 19,899.9 Hz 100 Hz 300 Hz
20,000.0 Hz to 99,999.9 Hz 300 Hz ' 1 kHz
100,000.0 Hz to 499,999.9 Hz 1 kHz 3 kHz
500,000.0 Hz to 1,999,999.9 Hz 3kHz 10 kHz
2,000,000.0 Hz to 9,999,999.9 Hz 10 kHz 30 kHz
10,000,000.0 Hz to 40,100,000.0 Hz 30 kHz 30kHz

RES
Bw _HOLD

Resolution Bandwidth Hold Function.

RES
BW HOLD

The function inhibits the RBW coupling and, therefore, prevents the RBW (and VBW) from

COUPLED
TO SPAN

changing as a function of Frequency Span. (As long as is activated, VBW remains coupled to
RBW.) When the RBW HOLD function is activated, the RBW and VBW settings can still be changed
by Step Entry or Numeric Entry; but they will not change automatically and the RBW will not change
when the PRESET key is pressed.

Sweep Time Coupling

10 SPAN

With the function activated, the optimum Sweep Time is mathematically calculated according
to the Frequency Span, RBW and VBW settings:

Widening the Frequency Span or narrowing the RBW and/or VBW increases
the Sweep Time.

(The coupling does not operate in reverse; changing the Sweep time does not
affect the Frequency Span, RBW or VBW.)

With optimized Sweep Time coupling, the Sweep Time is (where possible) automatically adjusted to
maintain the maximum-calibrated sweep rate. The minimum Sweep Time is 0.2 seconds. If the
maximum-calibrated sweep rate is such that the Sweep Time would be less than 0.2 seconds, the Sweep
Time is automatically set to 0.2 seconds.

When the instrument is sweeping at the maximum-calibrated rate, the amplitude compression is ap-
proximately 0.2 dB and the Frequency skew is about 33 percent of the RBW setting. This dynamic er-
ror can be reduced by a factor of four by increasing the Sweep Time two steps from the optimum set-
ting. If the Sweep Time is decreased below the optimum setting, the UNCAL indicator will light to in-
dicate that the instrument is sweeping too fast to maintain calibration.
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SWEEP TIME COUPLING

Slipped Sweep Time Coupling

Changing the Sweep Time by Step or Numeric Entry ‘‘slips’’ the Sweep Time coupling. Operation with
slipped coupling is as follows:

a. When the Sweep Time is changed by Step Entry, the coupling system simply remembers the
operator’s setting in steps above or below the optimum setting and automatically maintains that
relationship.

b. When the Sweep Time is changed by Numeric Entry:

1. The operator’s Sweep Time setting is retained until the Frequency Span, RBW or VBW setting
ischanged.

2. When the Frequency Span, RBW or VBW setting is changed, the coupling system converts the
operator’s Sweep Time to an integral number of steps above or below the optimum setting and
maintains that relationship.

Since each Sweep Time step (as in a Step Entry) either multiplies or divides the Sweep Time by
2, the Sweep Time selected by the coupling system will always be 2N times the optimum setting.

The following formula is used to convert the operator’s Sweep Time setting to an integral
number of steps above or below the optimum setting:

N =logsS
Where: ‘
N (rounded off) = integral number of steps above or below
optimum Sweep Time

S = Operator’s Sweep Time
Optimum Sweep Time

Peculiarities of Slipped Sweep Time Coupling (Numeric Entry)

If the operator’s numeric Sweep Time entry is such that *‘S’’ is not an integral power of 2, the number
““N”* will be a decimal or mixed number and will, therefore, be rounded off to the nearest whole
number of steps. As aresult, the following peculiarities may be observed:

a. If the operator’s Sweep Time entry is less than one half step above or below the optimum setting,
the optimum Sweep Time will be restored when the Frequency Span, RBW or VBW is changed.
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SWEEP TIME COUPLING

. b. If the operator’s Sweep Time is not an integral number of steps above or below the optimum
Sweep Time, a change in Frequency Span, RBW or VBW may not produce a proportional change
in Sweep Time:

Example:

Decreasing the RBW by a factor of 10 normally increases the Sweep Time by a factor of 100.
However, if the optimum Sweep Time is 0.8 seconds and the operator enters a Sweep Time of 2
seconds and then decrements the RBW by a factor of 10, the Sweep Time will change to 160
seconds rather than 200 seconds. Since 2 seconds is not an integral number of steps above 0.8
seconds, the coupling system, in this case, converts the operator’s entry to 1.6 seconds (0.8 X 2)
which, when multiplied by 100, yields a Sweep Time of 160 seconds.*

c. If the operator enters a Sweep Time, changes the Frequency Span, RBW or VBW and then
returns to the original settings, the Sweep Time selected by the coupling system may differ from
the operator’s original entry.

Example:

Continuing with the preceding example-if the Sweep Time is 160 seconds and the RBW is return-
ed to its original setting, the Sweep Time will change to 1.6 seconds rather than the operator’s en-

. try of 2 seconds.

d. When the Frequency Span, RBW or VBW setting is changed, the operator’s Sweep Time will be
converted to an integral number of steps above or below the optimum setting even if the optimum
setting does not change. Consequently, the Sweep Time may increase when it would be expected
to decrease.

Example 1:

If the optimum Sweep Time is 2 seconds and the operator enters a Sweep Time of 3 seconds and
increments the VBW, the Sweep Time will increase to 4 seconds. With optimized bandwidth
coupling, increasing the VBW does not change the optimum Sweep Time. In this case, the op-
timum Sweep Time remained 2 seconds but, in response to the VBW change, the operator’s
Sweep Time was converted to one step above optimum.

Example 2:

If the optimum Sweep Time is 0.2 seconds and the operator enters a Sweep Time of 10 seconds,
holds the bandwidth and narrows the Frequency Span, the Sweep Time will increase to 12.8
seconds. Narrowing the Frequency Span (with bandwidth constant) normally decreases the Sweep
Time. In this case, however, the optimum Sweep Time cannot go below 0.2 seconds (minimum
3585 Sweep Time) so the coupling system converted the operator’s Sweep Time to an integral
number of steps above 0.2 seconds. Due to the rounding off process, a Sweep Time of 10 seconds
converts to six steps above 0.2 seconds which is 12.8 seconds. A Sweep Time of 8 seconds,

. however, would be converted to 5 steps above 0.2 seconds and the Sweep Time would decrease to
6.4 seconds.

*To demonstrate this, press and decrement the RBW one step to obtain a Sweep Time of 0.8 seconds.
Then, enter a Sweep Time of 2 seconds and decrement the RBW two steps.
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CHAPTER 8
MARKER/CONTINUOUS-ENTRY FUNCTIONS

The Marker/ Continuous Entry control block contains the Continuous Entry control (knob) and the control
keys for 18 special operating functions. While these special functions are not essential for basic instrument
operation, they allow you to make measurements faster and with greater accuracy.

AN MARKER / CONTINUOUS ENTRY SR,
COUNTER NOISELVL 8IGTRACK  OFFSET

CKE-_RJI——{ )
o

o4
NEXT
PEAK

NEXTR

ocg caag -
o 2000aqag ocoa
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DISP LINE
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OVERVIEW

Continuous Entry control: continuous adjustment of Marker frequency, Manual
frequency, Reference Level, Center Frequency or Display Line; depending on
which Continuous Entry function is activated.

Deactivates Continuous Entry function that is currently activated.

oFF

Couples Continuous Entry control to the instrument’s tunable Marker to permit
the Marker to be moved from point-to-point along the CRT trace.

Selects Manual mode; sets Manual frequency equal to current Marker frequency;

couples Continuous Entry control to Manual frequency to permit manual fre-
quency tuning.
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OVERVIEW

Couples Continuous Entry control to Reference Level for continuous Reference
Level adjustment. Resolution is 0.1 dB.

Couples Continuous Entry control to Center Frequency to permit Center Fre-
quency tuning. Resolution is 0.1% of Frequency Span or 0.1 Hz.

Places horizontal Display Line on CRT screen; couples Continuous Entry control
to Display Line for adjustment of Display-Line amplitude. Display Line readout
indicates Display-Line amplitude in ‘‘dB’’ relative to the Reference Level.

Deactivates function (if activated); clears Display Line from CRT screen,
but does not reset Display Line or change its amplitude.

Precisely measures the frequency of the response on which the marker is
positioned. Marker must be at least 20 dB above noise and 20 dB above any
unresolved signal that is inside the IF filter skirts.

Provides direct readout of rms random noise spectral density (at the Marker or
Manual frequency) normalized to a 1 Hz noise power bandwidth. All correction
factors are included in the internal noise-measurement routine.

Signal Tracking finds a signal peak near the marker and moves it to the center of the
display. It continues to locate a nearby peak and center it, such that if the peak chan-
ges frequency, the new peak is centered, until tracking is deactivated. The frequency
span must be nonzero and the sweep must be continuous.

Displays difference between frequency in Offset Register and current Marker,
Counter or Manual frequency; and ‘‘dB’’ difference between amplitude in Offset
Register and current Marker amplitude.

Stores current (absolute) Marker, Counter or Manual frequency and Marker

amplitude in Offset Register. (Operative only when = activated.)

Sets Center Frequency equal to current (absolute) Marker, Counter or Manual
frequency (whichever is being displayed); and sets Marker to Center-Frequency
point on CRT trace.

Sets Reference Level equal to current (absolute) Marker amplitude, indicated by
“MARKER”’ or “MANUAL” readout.

Sets Frequency Span equal to displayed Offset frequency; i.e., the difference be-
tween the frequency in the Offset Register and the current Marker, Counter or

OFFSEY

Manual frequency. (Operative only when function activated.)

Sets Center Frequency Step Size (also Manual frequency step size) equal to current
Marker, Counter, Manual or Offset frequency (whichever is being displayed).

Peak Search moves the marker to the largest trace value on the display. If more than
one peak has the same value, the marker moves to the peak at the lowest frequency.
Other keys which support Peak Searching are Next Peak, Next Left and Next Right.



DETAILED ASPECTS OF OPERATION

The following discussion is divided into two parts:

a. Continuous Entry Functions
b. Marker Functions

The Continuous-Entry functions are described first to provide background information for the various
Marker functions. '

CONTINUOUS ENTRY FUNCTIONS

Continuous Entry

Functions \

T~

Continuous Entry
Control

Continuous Entry Control

The Continuous Entry control has the physical appearance and ‘‘feel’’ of an ordinary analog poten-
tiometer. Nevertheless, it is actually a digital device called a ‘‘Rotary Pulse Generator’’ or “‘RPG’’. As
the Continuous Entry knob is rotated, the RPG generates electrical impulses which, depending on the
direction of rotation, either increment (CW) or decrement (CCW) the value of the function or
.parameter that is under Continuous Entry control. The increment size is internally regulated to main-
tain comfortable sensitivity and adequate resolution for the parameter being adjusted.

Continuous Entry Function Keys

The Continuous Entry control (knob) allows the user to make parameter changes in a analog fashion, as op-
posed to numeric keypad entry or stepping values up or down. Rotating the knob may either increment (CW)
or decrement (CCW) the value of the selected function or parameter. The increment size is regulated to
maintain comfortable sensitivity and adequate resolution for the parameter being adjusted.

The Continuous Entry function keys are aligned vertically along the left-hand edge of the Marker/Con-
tinuous Entry control block. Only one of these keys can be activated at a timéd, and the key that is active
determines the parameter of function to which the knob control is coupled. The (blue) Off key (under the
Enter Offset key) deactivates the knob so that inadvertent rotation doesn’t change the selected parameter.
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Marker Function

With the MARKER function activated, the Continuous Entry control is coupled to the instrument’s
tunable Marker. The tunable Marker, whose frequency and amplitude appears in the upper right-hand
corner of the CRT screen, can be used to directly measure the absolute frequency and amplitude of any
point on a displayed trace. The Marker can also be used in conjunction with the various
Marker/Manual functions to perform relative (Offset) measurements, Counter and Noise Level

measurements and change parameter values.

REF 10.0 dBm MARKER 10 000 000.0 Hz
10 4B/01V RANGE 10.0 dBm 8.9 dBm

'
'
T

..... R N 2 ot BT ERE DD

CENTER 20 000 000.0 H=z SPAN 40 000 00C.0 Hz
RBW 30 KH=z VBW 30 KH=z ST .2 SEC

Measure absolute frequency and amplitude of on-screen responses with

O -
The tunable Marker is simply an intensified dot which appears on the CRT trace. As long as the
DISPL LINE function is deactivated, the Marker dot is displayed whether or not the MARKER func-

tion is activated.
Marker Trace Priority and Amplitude Display Units

The Marker appears on the trace that is selected by the TRACE function keys:
a. With activated, the Marker is displayed on the Current (‘‘A’’ or ‘‘A-B*”) Trace.

b. With activated and deactivated, the Marker appears on the ‘‘B** Trace.

When the Marker is on the ““A”’ or *“B’’ Trace, its absolute amplitude is displayed in the same units as
the Reference Level; i.e., dBm, dBV or rms volts. When the Marker is on the ‘“A-B’’ Trace, its
amplitude, displayed only in dB, indicates the amplitude of Trace ‘A’ relative to Trace “‘B’’.

NOTE

When using the Marker to measure the frequency and amplitude of a stored
trace (i.e., the ‘“‘B’’ Trace or an ‘““A”’ or ““4_B’’ Trace that is retained on the
CRT screen), the Start Frequency, Stop Frequency, Reference Level and
Vertical Scale settings must be the same as they were when the trace was
originally plotted. If different settings are used, the Marker’s frequency and
amplitude will not correspond to the true frequency and amplitude of the
points on the stored trace.
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Marker Amplitude Resolution and Accuracy

When the Marker amplitude is displayed in dBm, dBV or dB, the amplitude resolution is 0.1 dB,
0.05 dB, 0.02 dB or 0.01 dB, corresponding to the Vertical Scale setting (i.e., 10 dB, 5dB, 2 dB or
1 dB per-division, respectively).

When the Marker amplitude is displayed in volts, the amplitude resolution is limited to approximately
0.1 dB or 1%. This limitation is the result of the rounding off process that is used in the mathematical
conversion from dBV to volts.

The Marker amplitude accuracy is determined by the Reference Level Accuracy and Amplitude
Linearity specifications listed in Table 1-1. When the Marker amplitude reading is equal to the
Reference Level, the Marker amplitude accuracy is equal to the Reference Level accuracy which in-
cludes frequency response, Range and scale errors. When the Marker amplitude is not equal to the
Reference Level, the Amplitude Linearity specification must be added to the Reference Level Accuracy
specification to determine the Marker accuracy.

Marker Frequency Resolution and Accuracy

The Marker frequency resolution is limited to 0.1% of the Frequency Span (Frequency Span divided
by 1,000). This is equal to the frequency spacing between the points on the CRT trace. As the Marker
frequency is tuned, the Marker dot jumps from point-to-point along the trace and the Marker readout
indicates the frequency and amplitude at each point.

The peak detection system that is used in the 3585 insures that the peak of any response is displayed
at a point on the CRT trace. However, the frequency of the point at which the peak is displayed, may
differ from the true peak frequency. This limitation can be overcome by:

a. Usingthe COUNTER function.
b. Narrowing the Frequency Span to improve the Marker’s frequency resolution and accuracy.

c. Using the Manual mode to improve the frequency resolution.

The Marker frequency accuracy is:
+0.2% of Span + RBW

This worst-case specification reflects the maximum error that will be ‘encountered when using the
Marker to measure the frequency of a signal. The specification includes a potential Marker error of
+0.2% of the Frequency Span (i.e., 2 points on the CRT trace) plus a dynamic error equal to the
Resolution Bandwidth (RBW) setting. The Marker error accounts for any frequency drift within the
instrument and frequency errors caused by the limited Marker resolution and the effects of peak detec-
tion. The dynamic error accounts for frequency offsets caused by sweeping. This specification is
somewhat conservative: When the instrument is sweeping at the optimum (maximum-calibrated) rate,
the frequency offset or ‘‘skew’’ is typically about 33 percent of the RBW setting. This frequency skew,
directly proportional to sweep rate, can be reduced by a factor of four by increasing the Sweep Time
two steps from the optimum setting.
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MAN SWEEP

Manual Sweep Function

The MAN SWEEP function can be activated by pressing the key or the key (located in
SWEEP block). Pressing either key deactivates the Continuous Entry function that is currently
activated; and also deactivates the CONT or SINGLE Sweep function, selects the Manual mode and
sets the Manual frequency equal to the current Marker frequency. The MANUAL Entry key prefaces
the Manual frequency, enabling it to be changed by Step Entry or Numeric Entry. The MAN SWEEP
key couples the Continuous Entry control to the instrument’s frequency control system to permit
manual frequency tuning.

Once the Manual mode has been selected, the instrument remains in that mode until the CONT or
SINGLE Sweep function is reactivated. Reactivating the CONT or SINGLE Sweep function deac-
tivates the MAN SWEEP function and automatically activates the MARKER function.

When operating in the Manual mode, you may deactivate the MAN SWEEP function by pressing the
OFF key or by activating a different Continuous Entry function. (Any of the Continuous Entry func-
tions can be used in the Manual mode.) However, the MAN SWEEP function will automatically be
reactivated when you preface the Manual Frequency.

Manual Sweep Resolution

The Manual frequency tuning is incremental; but, unlike the normal Marker tuning, the Manual fre-
quency resolution is not limited by the resolution of the point-by-point display. The frequency resolu-
tion for the MAN SWEEP function is approximately 3 percent of the Resolution Bandwidth (Table 1)
or 0.1% of the Frequency Span (whichever is smaller). Maximum frequency resolutionis 0.1 Hz.

Table 1. Manual Tuning Increments {as determined by RBW setting)

Resolution Bandwidth Increment Size
30kHz 1 kHz
10kHz 300Hz

3 kHz 100 Hz

1 kHz 30Hz
300H:z 10Hz
100 Hz 3 Hz
30Hz 1Hz
10Hz 0.3Hz
3Hz 0.1Hz

As the Manual frequency is tuned by Continuous Entry, the Marker dot jumps from point-to-point on
the horizontal axis and deflects vertically to indicate the real-time signal amplitude at the Manualt fre-
quency. The resulting trace is plotted (and retained) on the CRT screen. The Manual frequency and
amplitude can be read directly from the ““MANUAL”’ readout which appears in place of the Marker
readout in the upper right-hand corner of the CRT screen. Manual frequency tuning does not initiate
.an Automatic Calibration cycle.

REF LVL

Reference Level Function

With the REF LVL function activated, the Reference Level can be manually adjusted from 100 dB
below RANGE to 10 dB above RANGE using the Continuous Entry control. Continuous Entry
resolution is 0.1 dB for all Vertical Scale (dB/DIV) settings. '
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. Center Frequency Function

The CF function couples the Continuous Entry control to the Center Frequency, enabling the Center
Frequency to be manually tuned within the range of 0 Hz to 40.1 MHz. The tuning increments are in-
ternally set to 0.1% of the Frequency Span; maximum Center-Frequency resolution is 0.1 Hz. When
the Center Frequency is changed by Continuous Entry, the instrument automatically calibrates
approximately two seconds after the change is made.

Display-Line Functions

When the DISPL LINE function is initially activated, a horizontal Display Line appears at the bottom
of the CRT screen; and the Display-Line amplitude, in dB relative to the Reference Level, is displayed
in place of the ““MARKER’’ or other readout in the upper right-hand corner of the screen. With the
DISPL LINE function activated, the Display Line can be positioned anywhere on the vertical scale us-
ing the Continuous Entry control. The adjustment range and amplitude resolution is determined by the
Vertical Scale setting:

VERTICAL SCALE DISPL LINE DISPL LINE
SETTING RANGE RESOLUTION
10 dB/DIV 100dB 0.1 dB
5dB/DIV 50dB 0.05dB
2 dB/DIV 20dB 0.02dB
. 1 dB/DIV 10dB 0.01 dB

The Display-Line function is particularly useful for harmonic distortion measurements where the fun-
damental is first moved to the top of the screen and the Display Line is then used to measure the har-
monics in dB relative to the fundamental. This application is illustrated and described in Chapter 2.

NOTE
None of the Marker functions will operate when DISPL LINE is activated.

Display Line Retained On Screen

Once the Display Line has been position, it remains on the screen until the (blue) Clear key is pressed or
the instrument is preset. You may, therefore, deactivate the display line function and use any of the other
continuous entry functions without disturbing the display line setting.

‘When the Display Line is displayed, its amplitude readout may be overwritten by other information, depend-
ing on the selection of continuous entry functions.

1. If the display line function is deactivated by pressing Ref Lvl, CF, or (blue) Off, the display line
readout continues to be displayed until the (blue) Clear key is pressed or the Marker or Man Sweep
function is activated.

. 2. When the Marker or Man Sweep function is activated, the Marker or Manual information is dis-
played in place of the display-line readout. The display-line readout does not reappear until the dis-
play line function is reactivated.
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Changing the Vertical Scale setting will not change the Display-Line position; but it will redefine the
Vertical scale and change the Display-Line amplitude reading. For instance if the Vertical Scale is set to
10 dB/DIV and the Display Line is seven divisions below the Reference Level, the Display-Line
amplitude will be —70.0 dB. If the Vertical Scale is then changed to 1 dB/DIV, the Display-Line

amplitude will become —7.00dB.

The Display Line is strictly a display function and is totally unaffected by a change in the Reference
Level or TRACE functions.

NOTE

When the A—B trace is displayed, the display-line amplitude reference is the top
graticule lie. The A—B trace reference, however, is (usually) the middle graticule
line.

Clearing The Display Line

When the display-line (blue) Clear key is pressed, the display line is cleared from the display, but its amplitude
value is not erased until the instrument is preset or turned off. 1 Thus, when the display line function is reac-
tivated, the display line reappears at the same amplitude as when the (blue) Clear key was pressed.

Clearing the Display Line does not reactivate MARKER or any of the other Continuous Entry func-
tions. The Marker and its readout will not reappear on the CRT screen until the MARKER or MAN

SWEEP function is activated or the instrument is preset.

1 The display line is retained as part of the instrument state if power-up option 1 or 3 is selected. If 3 is selected, the
display line will be active when you power up (if t was active when power was turned off).
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MARKER FUNCTIONS

‘’Marker’’ Functions
I
] 1

MARKER / CONTINUOUS ENTRY WEENNGENGVE
COUNTER NOISEWVL  SIGTRACK  OFFSET

) &N, &N, &N

ENTER

NOTES

MARKER MAN SWEEP

1. As indicated by the lines between the ; and ‘‘Marker”’ func-

tion keys, the ‘“Marker’’ functions operate in conjunction with the tunable
Marker and in the Manual mode. However, the ‘“‘Marker’’ functions are

operative whether or not the or Sfunction is activated.

2. None of the ‘“Marker’’ functions will operate when the JSunction is
activated.

COUNTER NOISE LVL

3. The {E} andfunctions operate only when the instrument is
sweeping or in the Manual mode. They will not operate after a single sweep
has terminated. (All other functions remain operative after a single sweep.)

4. The and Sunctions are operative only when the Junc-

tion is activated.

Marker Function Keys

The ‘“Marker’’ function keys are aligned horizontally in two rows along top of the MARKER/CON-

NOISE LVL OFFSEY

TINUOUS ENTRY control block. The {%‘} ; ; and keys are ‘“OFF-ON’’ functions;

i.e., press once to activate, press again to deactivate. None of these functions are activated by . .

The remaining keys are momentary-contact functions; e.g., pressing sets the Reference Level

equal to the Marker amplitude.
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Counter Function

The Marker frequency accuracy is limited by the display resolution and sweep dynamics. To overcome
this limitation, the COUNTER function can be used to precisely measure the frequency of the signal
that is producing the response on which the Marker is positioned.

To use the COUNTER function, the operator simply sets the Marker at least 20 dB above the noise on
the skirt or peak of the response to be measured. The ‘“‘COUNTER”’ frequency, displayed in place of
the Marker frequency, very accurately indicates the true signal frequency:

REF .0 JdBm COUNTER 1 234 567.8 Hz

10 dB/D1V RANGE .0 dBm ~39. 9 dBm

SR, G S § S IR SR @ ........................

START .0 Hz STOP S 000 000.0 H=z
RBW 10 KHz VBW 30 KHz ST .2 SEC

The ‘“COUNTER’’ readout indicates the true signal frequency which applies to
the peak of the response on which the Marker is positioned. (Note that the
amplitude readout indicates the Marker amplitude rather than the peak
amplitude.)

Counter Accuracy
The specified frequency accuracy of the Counter is:
+0.3 Hz = 1 x 10-7 per month of counted frequency.
This specification applies only when the Marker is at least 20 dB above the noise and 20 dB above any
unresolved signal that is inside the IF filter skirts. When an external frequency reference is used, the

frequency accuracy of the external reference can be substituted for the internal Oven Reference time
coefficient (i.e., = 1 x 10-7 per month) in the Counter accuracy specification.
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‘ Requirements For Use

To properly use the COUNTER function, the following conditions must exist:

a.

b.

The COUNTER function must be activated.
The DISPL LINE function must be dectivated.

The instrument must either be sweeping or be in the Manual mode.

(The Counter will not operate after a single sweep has terminated.)
The VIEW A Trace function must be activated.

(The Counter reading applies only to the Current (‘°‘A’’ or ‘“‘A-B’’) Trace. A counter
reading cannot be obtained when the ‘“B’’ Trace is displayed by itself and Counter
measurements cannot be performed on the ‘‘B’’ Trace.)

To obtain an accurate, stable Counter reading, the Marker must be at least 20 dB above the
noise and 20 dB above any unresolved response.

(If the Marker is between responses or too near the noise, the Counter reading will be
unstable and, in some cases, completely erroneous.)

NOTES

1. When the instrument is sweeping, the counting operation that is per-
Jormed during each sweep will sometimes produce dynamic ‘‘glitching’’ on
the response being measured. This effect is normal and it does not degrade
the accuracy of the frequency or amplitude readout.

2. Unstable Counter readings may be encountered in cases where a small
response is masked by the skirt of a large response. With the Marker posi-
tioned on what appears to be the skirt of a single response, the Counter
reading fluctuates as it tries to capture the average frequency of the two
responses. If the small response is well hidden, this effect may appear as a
Counter malfunction; but it is actually a benefit since it can reveal the
presence of a response that might not otherwise be detected. (The responses
can be separated and measured individually by narrowing the Resolution
Bandwidth.)

Measurement Techniques

The COUNTER function can be used three ways:

a.

o -

C.

With the instrument sweeping.
In the Manual mode with the Marker at the Manual frequency point on the CRT trace.

In the Manual mode with the Marker independently tuned away from the Manual frequency.
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Instrument Sweeping

When the instrument is sweeping, the Counter is triggered each time the sweep passes through the
Marker frequency. When the sweep reaches the Marker frequency, the sweep stops (for 0.25 to 0.6
seconds) to permit the frequency to be counted. At the end of the counter period, the sweep resumes
and the ““COUNTER”’ frequency is displayed in place of the Marker frequency.

The “COUNTER?”’ frequency continues to be displayed and updated by each frequency sweep until
the Marker is moved. While the Marker is being tuned, the readout indicates the ‘“‘MARKER"’ fre-
quency to assist the operator in locating the response to be measured. When the Marker becomes sta-
tionary, the Marker frequency continues to be displayed until the sweep again passes through the
Marker frequency and a new ‘“‘COUNTER’’ reading is generated.

During a single sweep, the Counter reading is generated or updated when the sweep passes through the
Marker frequency. The “COUNTER”’ reading continues to be displayed after the sweep has ter-
minated. However, once the Marker is moved, the display reverts to ‘‘MARKER” and a Counter
reading cannot be obtained until another sweep is made.

During swept measurements, the time required to obtain a counter reading depends largely on the Sweep
Time value. Once the counter has been triggered by the frequency sweep, the actual counting operation
takes anywhere from 0.25 seconds to 0.6 seconds, depending on the frequency difference between the marker
and the peak of the response being measured. When the marker is on the noise floor where accurate read-
ings cannot be obtained, the sweep is delayed by approximately 0.5 seconds while the counter tries to cap-
ture the frequency of the random noise.

Manual Mode*

In the Manual mode, Counter measurements can be performed: at the Manual frequency or at the
Marker frequency with the Marker independently tuned away from the Manual frequency point. One
major advantage of the Manual mode is that Counter measurements can be made in ‘“‘real-time’’
without waiting for a frequency sweep. The Counter is triggered continuously at a rate proportional to
the Counter period. Again, the Counter period varies from approximately 0.25 seconds to 0.6 seconds,
depending on the frequency difference between the Marker and the peak of the response being
measured.

*See Chapter 3 for details concerning the use of the Counter in the Manual mode.
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Marker To Center-Frequency Function

Pressing the key sets the Center Frequency equal to the current absolute Marker, Counter or
Manual frequency; and automatically moves the Marker dot to the Center-Frequency point on the
CRT trace. This function provides a quick and easy way to move a signal of interest to the center of the
screen where it can be measured more accurately and/or expanded horizontally (by narrowing the
Span) to observe close-in spurious responses, noise sidebands, etc.

NOTES

1. The Jfunction remains operative when the OFFSET function is
activated; but the Center frequency is always set equal to the absolute
Marker, Counter or Manual frequency:

Offset Readout CF Set Equal to

“OFFSET” absolute Marker frequency
“OFSCNTR’>  absolute Counter frequency
“OFSMAN”’ absolute Manual frequency

2. In the Manual mode, the function sets the Center Frequency and
Manual frequency equal to the ““COUNTER”’ frequency (if COUNTER
activated); or the ““MARKER "’ frequency if the Marker is not at the Manual
measurement point.

3. Pressing when the “COUNTER”’ frequency reading is higher than
40.1 MHz will cause the beeper to sound and the message, ‘“COUNTER
OUT OF LIMIT”’ to appear on the CRT screen. This error message simply
indicates that the Center-Frequency entry cannot be accepted because it is
higher than 40.1 MHz; it does not indicate a Counter malfunction.
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USE

REF -25,0 dBm
10 dB/01V

COUNTER 1 234 500.0 Hz
RANGE -25.0 dBm =74.2 dBm

AND TO QUICKLY ZOOM-IN ON A SIGNAL OF INTEREST:

REF -25.0 d
10 dB/DIV

m COUNTER 1 234 S00.0 Hz
RANGE -25.0 dBm -52.0 dBm

Y O S,

................... ———-

SRR NI RN NS (gt B ST Y=y TR S (R P

¢

CENTER 20 000 000.0 Hz SPAN 40 000 000.0 Hz
RBW 30 KHz VBW 30 KHz ST .2 SEC

MARKER COUNTER

a. Withm and Eactivated, set Marker on
skirt or peak of response; allow time for
““COUNTER’’ reading to appear.

REF -52.0 dBm
10 d4B/D1V

COUNTER 1 234 S00.0 Hz
RANGE -25.0 dBm =51.9 dBm

CENTER 1 234 500.0 Hz SPAN 40 000 000.0 Hz
RBW 30 KHz VBW 30 KHz ST .2 SEC

b. Move response to center of screen by
pressing .

(This sets Center Frequency equal to
““COUNTER’’, and automatically
places Marker at Center-Frequency
point.)

REF -52.0 dBm

COUNTER 1 234 SO0.
10 dB/D1V S00.0 Hx

RANGE -25.0 dBm -S2.6 dBm

\

/i

[\

VAN

..... R T LTS T Y TN = -

/ \

] ey -----.--7.----; ..... Y-“-'--"—---. .....

CENTER 1 234 S00.0 Hx SPAN 40 000 000. 0 H=
RBW 30 KHz VBW 30 KHz ST .2 SEC

c. Move response to

pressing .

top of screen by
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RBY 10 Hz VBY 30 Hz ST 10.0 SEC
d. Narrow Frequency Span to obtain

required resolution.

{The response is skewed slightly off
center due to sweep dynamics.)



Marker To Reference Level Function

Pressing the key sets the Reference Level (top graticule line) equal to the current absolute
Marker amplitude on the CRT trace. This function allows you to very rapidly move a response to the
top of the screen where it can be measured with higher amplitude accuracy and/or expanded vertically
by reducing the Vertical Scale (dB/DIV) setting. The procedure for using the function is as
follows:

a. Set the Marker to the desired Reference Level amplitude on the CRT trace or to the peak of a
response that is to be moved to the top of the screen.

b. Press .

c. Ifdesired, expand theresponse vertically with| o .

Effect Of Scale Errors

When a low-level response is moved to the top of the screen using the function, the peak of the
response may arrive at a point slightly above or below the top graticule line. This effect is caused by
non-linearity in the vertical scale:

For example, if the Reference Level is set to 0 dBm, a response whose peak

amplitude is -65.0 dBm could, under worst-case conditions, measure

-64.0 dBm. Pressing (with the Marker set to the peak of the response)

would set the Reference Level to -64.0 dBm, causing the response to move to

the top of the screen. At that point, however, the worst-case scale error is

only +0.5 dB; so the peak of the -65.0 dBm response would appear

somewhere between -64.5 dBm and -65.5 dBm, which is below the 64.0 dBm

Reference Level. Because of this potential error, the amplitude of a full-scale

response should always be read from the Marker readout, not the Reference

Level readout.
Functional Capabilities

The function will operate with the instrument sweeping, in the Manual mode or after a single
sweep has terminated. No matter which trace the Marker is on, the function sets the Reference
Level equal to the absolute Marker amplitude. Keep in mind, however, that a stored trace is totally
unaffected by the Reference Level or any other parameter. A response that is on a stored trace cannot
be moved to the top of the screen. When the instrument is sweeping, points on the CRT trace will
reflect a change in the Reference Level only as they are updated by the frequency sweep. In the Manual
mode, the Manual measurement point is the only point on the trace that is updated and is, therefore,
the only point that will reflect a change in the Reference Level.
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A response whose peak is above the Reference Level can be moved down to the top graticule line using ‘
the function; but this capability is limited:

The Marker’s amplitude range extends approximately 0.2 divisions above the

Reference Level.* If the peak of a response is within the Marker’s amplitude

range, that peak can be moved down to the top graticule line by press-

ing one time. On the other hand, if the peak is above the Marker’s

amplitude range, pressing will merely increment the Reference Level in

0.2-division steps. Since it may take dozens of steps to finally move the peak

of a high-level response onto the screen, it is generally preferable to incre-

ment the Reference Level using the STEP keys or adjust it with the Con-

tinuous Entry control.

#0.2 divisions = 2 dB, 1 dB, 0.4 dB or 0.2 dB; depending on the Vertical Scale setting.
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Offset Function

The OFFSET function can be used to measure the relative frequency and amplitude between any two
points within the measurement range of the instrument. It can also be used with the function for
making signal-to-noise ratio measurements and with the and @ functions to set the Fre-
quency Span and Center-Frequency Step Size.

Basic Offset Measurements

The primary purpose of the OFFSET function is to provide an easy way to measure the relative fre-

quency and amplitude between two points on a given trace. The procedure for making this basic Offset
measurement is as follows:

REF -52.0 dBm OFFSET .0 H=x
10 d8/D1V RANGE -2S.0 dBm .0 d8

............... h ]f T f\
L O o o

CENTER 1 234 S00.0 Hx SPAN 10 000.0 H=x
RBW 100 Hzx VBW 30 Hz ST 8.4 SEC

MARKER
a. Set the Marker to the desired reference point with . Acti-
vate and then press .

(This stores the ‘MARKER’’ frequency and amplitude in the Offset
Register.)

REF -52.0 dBm OFFSET 1 440.0 H=z
10 dB/01V RANGE -25.0 dBm -33.3 dB

i
|

[i\
\

..... /\ / \ ]L\

CENTER 1 234 S00.0 H=zx SPAN 10 000. 0 Hz
RBY 100 H=z VBY 30 Hx ST 8.4 SEC

b. Set the Marker to the point of interest on the trace and observe the ‘’OFF-
SET'" reading.
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Offset Readings

When the key is pressed, the Marker’s frequency and amplitude is stored in the instrument’s
Offset Register. The frequency and amplitude in the Offset Register is then algebraically subtracted
from the current Marker reading to produce the ‘“‘OFFSET’’ reading. The ‘“OFFSET’’ reading,
therefore, indicates the Marker’s current frequency and amplitude relative to the frequency and
amplitude in the Offset Register.

Offset readings are displayed in place of the normal Marker readings in the upper right-hand corner of
the CRT screen. The Offset frequency is displayed in ‘‘Hz’’ with 0.1 Hz resolution; the Offset
amplitude is displayed in *‘dB’’ (it cannot be displayed in volts). Offset amplitude resolution is 0.1 dB,
0.05 dB, 0.02 dB or 0.01 dB, corresponding to the Vertical Scale setting.

The Stationary Marker

When the tunable Marker is moved away from the reference point (i.e., the point where {]
pressed), a stationary marker dot remains at that point. The stationary marker normally provides a
convenient visual indication of the Offset reference, but it can be deceiving:

a. The stationary marker appears at the point on the CRT trace that represents the frequency in
the Offset Register. However, the amplitude of the stationary marker is determined entirely by
the amplitude of the frace on which it is displayed. As long as the trace amplitude does not
change, the stationary marker will provide an accurate indication of the reference amplitude. If
the amplitude of the trace changes, however, the amplitude of the stationary marker will also
change and will no longer represent the reference amplitude.

Offset amplitude readings are calculated according to the amplitude that is in the Offser
Register and are totally unaffected by the amplitude of the stationary marker dot.

b. When the tunable Marker is on the skirt of a response and the COUNTER function is ac-
tivated, the ““COUNTER” frequency readout indicates the frequency at the peak of the
response. When the ENTER OFFSET key is pressed, the ““COUNTER’’ frequency is stored in
the Offset Register and the stationary marker appears at the peak of the response. However,
the amplitude that is stored in the Offset Register is the amplitude of the. tunable Marker,
rather than the peak amplitude indicated by the stationary Marker.

When entering Offsets using the COUNTER function, always set the tunable Marker to the
peak of the response; unless you are making special measurements where it is necessary to store
a specific Marker amplitude.
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Stationary Marker Not Needed To Make Offset Measurements

Since Offset readings are calculated according to the reference parameters that are stored in the Offset
Register, valid Offset readings can be obtained whether or not the stationary marker is on the screen.
For example, the display in Figure A shows the spectral components of a 10 MHz square wave. With
the Offset reference set to the peak of the fundamental and the tunable Marker set to the peak of the
third harmonic, the ‘““OFFSET’’ reading indicates the frequency and amplitude of the third harmonic

relative to the fundamental.

In Figure B, the Center Frequency and Span have been changed so that only the third harmonic is
being displayed. Even though the stationary marker is no longer on the screen, the ““OFFSET”’ reading
still indicates the frequency and amplitude of the harmonic relative to the fundamental frequency and

amplitude in the Offset Register.

REF 10.0 dBm
10 dB/DIV

OFFSET 20 000 0C0.0 Hz

RANGE 10.0 dBm -16.2 dB

_____ -———

N I fedecccdaanad

CENTER 20 000 000.0 Hz
RBW 30 KHz

SPAN 40 000 000[.:0 Hz

VBW 30 KHz ST .2 SE!

""OFFSET" reading indicates frequency and amplitude of third harmonic

relative to 10 MHz fundamental.

Figure A.

REF 10.0 dBm
10 dB/D1V

FFSET 20 000 000.0 Hz

0l
RANGE 10.0 dBm -16.2 dB

...............

..... -

30 000
RBW 30 KH=z

000.0 Hz
VBW 30 KHz

SPAN 10 OGO 0O0O0. D Hz
ST .2 SEC

Stationary Marker no longer displayed; but *‘OFFSET’’ reading still indicates
frequency and amplitude of third harmonic relative to fundamental frequency

and amplitude in Offset Register.

Figure B.
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Offset Entry Techniques

When the instrument is first turned on or is pressed, the Offset Register is automatically set to
0 Hz and 0 dBV. Offsets can be entered only when the OFFSET function is activated. Once an Offset
has been entered, it is retained in the Offset Register until a different Offset is entered or until the in-
strument is preset or turned off.

When the key is pressed, the amplitude that is stored in the Offset Register is one of the follow-

ing:
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a. The absolute Marker amplitude on the CRT trace.

b. The absolute real-time amplitude at the Manual frequency.

(When the instrument is in the Manual mode and the Marker is at the Manual
measurement point on the CRT trace.)

A-8

When the |o[ ‘"TRACE function is activated, two amplitude values are stored in the
Offset Register:

1. The ““dB’’ amplitude of the ‘‘A-B>’ Trace at the Marker or Manual fréquency
(whether or not the ‘“A-B’’ Trace is being displayed).

2. The absolute amplitude of the “‘B”’ Trace at the Marker setting.

The ““A-B’’ amplitude is used as the Offset reference only when the ‘‘A-B’’ Trace is displayed.
If the Marker is on the B>’ Trace (i.e., the ‘B>’ Trace is displayed by itself) or, if the A-B
function is deactivated after the Offset is entered and the Marker appears on the *“A’” Trace,
the “‘B’’ Trace amplitude automatically becomes the Offset reference. For this reason, you
cannot enter an Offset on the ‘‘A-B’’ Trace and make an Offset measurement between ‘““A-B”’
and “B’’ or ‘“A-B”’ and ‘“‘A”’.

Once an Offset has been entered with the A-B function activated, the instrument will (until it is
preset) continue to store two amplitude values each time the ENTER OFFSET key is pressed:

When the Marker is on the ““A”" Trace, the ‘‘A”’ and ‘‘A-B’’ amplitude values are
stored in the Offset Register.

When the Marker is on the “‘B’’ Trace, the *‘B’’ and ‘‘A-B’’ amplitude values are
- stored in the Offset Register.

Offset measurements on the ““A-B’’ Trace are relative to the ‘“A-B’’ Offset reference and Off-
set measurements on the ““A’’ or ‘B’ Trace are relative to the absolute ‘“‘A”’ or ‘“‘B’’ Offset
Reference. This completely inhibits Offset amplitude measurements between the ‘““A’” or “B”’

Trace and the “‘A-B’’ Trace.
: N



‘ The frequency that is stored in the Offset Register is the absolute ‘“MARKER”’, ““COUNTER”’ or
“MANUAL” frequency, depending on which functions are currently activated. Entry techniques are
as follows:

a. With COUNTER deactivared:

1. Set the Marker to the desired reference frequency with O ; acti-

OFFSET

vate and then press .

(This sets the Offset Reference equal to the “MARKER”’ frequency and
amplitude. This technique can be used with the instrument sweeping, in
the Manual mode or after a single sweep has terminated.)

OFFSET

2. Set the Manual fequency to the desired reference point, activate and then
press . '
(The Marker automatically tracks the Manual frequency tuning. Press-
ing sets the Offset Register equal to the current “MANUAL”’ fre-

quency and amplitude.)

b. With COUNTER activated:

. 1. Set the tunable Marker or Manual frequency so that the Marker is at the peak of
the response that is to become the reference. Activate and then

press .

(When is pressed, the ‘““COUNTER”’ frequency is stored in the Off-
set Register and the stationary marker appears at the peak of the response.
However, it is the amplitude of the runable Marker that is stored in the
Offset Register.)
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0ffset Measurement Techniques

When the instrument calculates an Offset reading, it doesn’t care how the offset was entered. It simply
subtracts the frequency and appropriate amplitude value in the Offset Register from the current
Marker, Manual or Counter reading. You may, therefore, enter an offset using any one of the tech-
niques previously described and then make your offset measurement using the same technique or a dif-
ferent technique:

a. With COUNTER deactivated:
1. Set the Marker to the point of interest on the displayed trace with -[uf] ,
and observe the ““OFFSET"”’ reading. - O

(The “OFFSET”’ readout indicates the current Marker frequency and
amplitude relative to the frequency and amplitude in the Offset Register.
This technique can be used when the instrument is sweeping, in the
Manual mode or after a single sweep has terminated. It can also be used to
measure offsets on the ‘‘B’’ Trace.)

2. Set the Manual frequency to the point of interest and observe the “‘OFS MAN”’
(Offset Manual) reading.

(The ““OFS MAN”’ readout indicates the current Manual frequency and
amplitude relative to the frequency and amplitude in the Offset Register.)

b. With COUNTER activated:

1. Set the Marker or Manual frequency so that the Marker is at the peak of the
response to be measured. Observe the ““OFS CNTR” (Offset Counter) reading.

(The “OFS CNTR”’ readout indicates the Counter frequency and Marker
amplitude relative to the frequency and amplitude in the Offset Register.
If the Marker is not at the peak of the response, the frequency reading will
apply to the peak; but the amplitude reading will apply to the Marker set-
ting.)

REMINDER

The Counter will operate only when the instrument is sweeping or in the
Manual mode. To obtain accurate, stable counter readings, the Marker (or
real-time amplitude at Marker frequency) must be at least 20 dB above the
noise and 20 dB above any unresolved response. The Counter cannot be used
to enter or measure offsets on a stored trace.
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Offset Trace Priority and Offsets Between Traces

Offset measurements can be performed on the Current (‘*‘A”’ or ‘“A-B’’) Trace, the “‘B’’ Trace or
between the ‘‘A”’ Trace and the ‘“‘B’’ Trace. As previously described, Offset amplitude measurements
cannot be performed between the ‘“A-B’’ Trace and the ‘A’ or ‘“B”’ Trace:

VIEWA
a. With activated, the Marker appears on the ‘A’ or ““‘A-B’’ Trace, thus enabling offsets
to be entered and/or measured on that trace.

b. With activated and deactivated, the Marker appears on the ‘‘B’’ Trace, allowing

offsets to be entered and/or measured on that trace.
NOTES

1. When entering or measuring offsets on a stored trace (i.e., the ‘‘B’’ Trace
or a Current Trace that has been retained on the CRT), be sure that the Start
Frequency, Stop Frequency Reference Level and Vertical Scale settings are
the same as they were when the trace was originally piotted.

(If the frequency or amplitude parameters differ from the ones that
were used when the trace was plotted, the Marker’s absolute frequency
and amplitude will not correspond to the displayed trace and, in most
cases, errors will be encountered in the QOffset measurement.)

2. Do not store an ‘‘A-B’’ Trace in “‘B’’ and attempt to measure offsets
between the stored ‘“A-B’’ Trace and a different trace.

(When the ““A-B’’ Trace is displayed in ‘‘B’’, the Marker amplitude
reading, from which the Offset reading is calculated, is the absolute
Marker amplitude on the “‘B’’ Trace; not the relative amplitude
between ““A’’ and “‘B’’. Measurements between a stored ‘““‘A-B’’ Trace
and a different trace are normally meaningless. Valid offset
measurements can be performed on a Current or stored ‘‘A-B’’ trace as
long as the Offset is entered and measured on that trace.)
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Offsets can be measured between traces ‘“‘A’’ and ‘“B’’; but on/y when both traces represent absolute
frequency and amplitude. While relative amplitude measurements can be made between Traces ““A’’
and ‘B’ using the “A-B’* TRACE function, the “‘A-B*’ function is applicable only when the fre-
quencies of the two traces correspond. The OFFSET function can be used to measure the relative fre-
quency and amplitude between any two points on the two traces, regardless of their frequency relation-
ship. General procedures for measuring offsets between Traces “A’ and “B”’ are as follows:

a. To measure a point on ‘A’ relative to a point on “B”’ (i.e., ““‘A” - “B”’):
1. With VIEW B activated and VIEW A deactivated, set the Marker to the desired
reference point on Trace ‘‘B”, activate OFFSET and then press ENTER OFF-
SET.

2. With the VIEW A function activated (A-B function deactivated), set the Marker
to the point of interest on the ‘A’ Trace and observe the offset reading.

REMINDER
When entering or measuring offsets on the ‘B’ Trace, be sure the Start Fre-
quency, Stop Frequency, Reference Level and Vertical Scale settings are the
same as they were when the trace was originally plotted.

b. To measure a point on “’B’’ relative to a point on ‘A’ (i.e., “‘B”’ - “A”’):

1. With VIEW A activated (A-B deactivated), set the Marker to the desired reference
point on Trace ““A’’, activate OFFSET and then press ENTER OFFSET .

2. With VIEW B activated and VIEW A deactivated, set the Marker to the point of
interest on Trace ‘‘B*’ and observe the offset reading.

3-8-24



Offset To Span Function

The Offset to Span function permits the operator to set the Start and Stop frequencies of the Span
using the Marker, Counter or Manual function . This feature is particularly useful for narrowing the
Span to magnify portions of the spectrum or for “‘zooming-in’’ on a particular response. The basic
procedure for using the Offset to Span function is as follows:

MARKER

a. Set the Marker to the desired Start (or Stop) Frequency with O

OFFSET

b. Activate and then press .
c. Set the Marker to the desired Stop (or S.art) Frequency and press .

The Offset to Span function is operative only when the OFFSET function is activated. Pressing
the {E;i.?} key sets the Frequency Span equal to the ‘““OFFSET”’, *‘OFS MAN?”’ or ‘“‘OFS CNTR”’ fre-

quency, whichever is currently being displayed. The Start and Stop frequencies are set equal to:

Readout Start/Stop

“OFFSET”’ frequency in Offset Register and current
Marker frequency.

““OFS MAN”  frequency in Offset Register and current
Manual frequency.

““OFS CNTR” frequency in Offset Register and current
Counter frequency.

The Start Frequency is automatically set equal to the lower of the two frequencies.
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Operation In Manual Mede And With Counter

General procedures for using the Offset to Span function in the Manual mode and with the Counter
are as follows:

a. In the Manual mode:

1.

2.

3.

4.

Set the Manual frequency to the desired Start Frequency (or Stop Frequency).
Activate the OFFSET function and press the ENTER OFFSET key.

Set the Manual frequency to the desired Stop Frequency (or Start Frequency).

Press ;

b. With the Counter:

1.
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With the COUNTER function activated, set the tunable Marker or Manual fre-
quency so that the marker dot is at least 20 dB above the noise floor on the skirt of
the response whose peak is to become the Start (or Stop) Frequency.

Allow time for the Counter reading to be updated. Activate the OFFSET function
and press the ENTER OFFSET key.

If the Stop (or Start) Frequency is at the peak of a response, leave the COUNTER
function activated; if not, deactivate the COUNTER function.

If the COUNTER function is activated: Set the tunable Marker or Manual fre-
quency so that the marker dot is at least 20 dB above the noise floor on the skirt of
the response whose peak is to become the Stop (or Start) Frequency. Allow time

for the Counter reading to be updated and press .

If the COUNTER function is deactivated: Set the tunable Marker or Manual fre-
quency to the desired Stop (or Start) Frequency and press .



. Marker-Offset To Step Function

Pressing the key sets the Center Frequency Step Size equal to the frequency that is currently

MKR OFS
- STEP

being displayed in the upper right-hand corner of the CRT screen:
Readout Center Frequency Step Size

“MARKER”’ current absolute Marker frequency.

“COUNTER”’ absolute frequency at peak of response on which
the Marker is positioned.

“MANUAL‘ the frequency to which the analyzer is tuned in the
Manual mode.

““OFFSET”’ difference between current Marker frequency and
frequency in Offset Register.

““OFS CNTR”’ difference between current Counter frequency and
frequency in Offset Register.

‘““OFS MAN”  difference between current Manual frequency and
frequency in Offset Register.

. The Center Frequency or Manual frequency can be incremented or decremented in steps equal to the
Center-Frequency Step Size using the STEP keys. The ability to step the Center or Manual frequency
allows you to quickly and easily measure signals that are equally spaced in frequency; and the Marker-
Offset to Step function provides a very convenient way to enter the step size. Procedures for using the
Marker-Offset to Step function are included in Chapters 2 and 3.
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NOISE LVL

Noise Level Function

Random noise spectral density measurements can be performed with almost any analyzer having good
sensitivity, a well-defined selectivity characteristic and a narrow-band video filter. However, the nor-
mal procedures for making these measurements require time-consuming calculations and a con-
siderable amount of painstaking effort on the part of the operator. With the 3585 NOISE LVL func-
tion, all of the work is done automatically. The operator simply sets the tunable Marker to the point of
interest on the noise to be measured, activates the NOISE LVL function and observes the noise density
reading which appears in place of the Marker amplitude in the upper right-hand corner of the CRT
screen:

REF 20.0 dBm MARKER 20 850.0 H=z

10 dB/DIV RANGE 20.0 dBm -37.8 dBm (1H2)

............... -2 __-_4:.-_-- SRRV DRRPNIN PRI

START .0 Hz STOP 150 000.0 H=z
RBW 1 KHz VBW 300 Hz ST 1.6 SEC

Noise level *’'dBm (1 Hz)’’ reading in top-right corner of screen indicates rms
random noise spectral density at Marker, normalized to a 1 Hz noise power

bandwidth.
I;CAUTION
[

To avoid damaging the instrument, the noise power applied to the Ter-
minated input must not exceed 1 watt; and the broadband noise level applied
to the High-Impedance input must not exceed 3.7V rms.

3-8-28



WHAT RANDOM NOISE SPECTRAL DENSITY IS:

A complex random noise signal theoretically consists of an infinite number of
frequency components, each contributing an infinitesimal amount to the total
power. This implies that if random noise were to be measured with an analyzer
having an infinitesimal bandwidth, the noise reading would be zero at all fre-
quencies. Going to the other extreme, a signal having an infinite number of
components would have an infinite bandwidth and, therefore, infinite power.
Since all physical systems have finite bandwidths, these two extremes are
never encountered. However, the theory does reveal something about the
nature of noise and permits one to conclude that it is possible to measure a
finite quantity of random noise that is directly proportional to the measurement
bandwidth.

In physics, the term ‘‘density’’ is used to describe quantity per unit volume,
unit area or unit length. In exactly the same way, the term is applied to noise
theory to describe the quantity of noise (i.e. power) per unit of bandwidth.

We know that we cannot truly measure the noise power at a specific frequen-
cy; but we can, using a narrow band spectrum analyzer, measure the average
value of the total noise power quantized within its bandwidth. If we choose a
Resolution Bandwidth setting that is narrow enough to resolve a flat portion of
the noise power spectrum, we can safely assume that the average noise power
(in watts) is directly proportional to the analyzer's noise power bandwidth.*
We can, therefore, divide the total noise power by the analyzer’s noise power
bandwidth to determine the noise density per unit of bandwidth. By repeating
this measurement at various points throughout the spectrum of interest, we
can plot the noise power density as a function of frequency to graphically show
the power density spectrum.

*The analyzer’s noise power bandwidth is the ideal rectangular filter bandwidth having the same
power response as the actual gaussian-shaped filter. in the 35685 , this is approximately 1.2 times
the true 3 dB bandwidth established by the Resolution Bandwidth setting.
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Requirements For Use

To properly use the NOISE LVL function, the following conditions must exist:

NOISE LVL

Thefunclion must be activated.

The DISPL LINE function must be deactivated.

The VIEW A Trace function must be activated, and the A-B function must be deactivated.

(Noise measurements can be performed only on the ““A” Trace.)

The instrument must either be sweeping or be in the Manual mode.

(Noise readings cannot be obtained after a single sweep has terminated.)

The noise being measured must be random noise.

The Resolution Bandwidth must be narrow enough to resolve a relatively flat portion of the
noise spectrum.

The external noise being measured must be equal to or greater than the analyzer’s internal
noise.

(A practical limit of sensitivity is about 10 dB above the analyzer’s noise level.)

The 3585 Noise Readout

The 3585 NOISE LVL function provides a direct reading of the rms random noise spectral density (at
the Marker), normalized to a 1 Hz bandwidth. Absolute noise level readings are displayed in the same
units as the Reference Level; i.e., dBm, dBV or rms volts. Readings in ‘‘dBm (1 Hz)”’ indicate the
noise power density in dB relative to one milliwatt across the 50-ohm or 75-ohm terminating im-
pedance. Readings in ‘“‘dBV (1 Hz)” indicate the random noise magnitude in dB relative to one volt
rms i.e., 1V rms = 0dBV (1 Hz). Readings in ‘‘volts yfﬁz” simply indicate the rms noise voltage in a

1 Hz bandwidth.

Relative (Offset) noise-level readings are always displayed in *‘dB (1 Hz)”’ relative to the amplitude in

the Offset Register.
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Random noise power (in watts) is equal to the voltage squared divided by the
resistance. When working with arbitrary impedances, however, it is common
practice to assume a resistance of one ohm and use voltage squared as the
unit of power. Random noise spectral density is usually specified in terms of
power or voltage squared per unit of bandwidth. Readings in *“dBV’’ (and
dBm) are proportional to voltage squared and can, therefore, be correctly ex-
pressed as ‘““dBV per hertz”’ and written ““dBV/1 Hz”’ or, as on the 3585
readout, ‘‘dBV (1 Hz)’’. In practice, it is also common to work with the rms
noise voltage. Given the noise power density in V2/Hz, we can take the
square root of the quantity to obtain ‘‘volts per root Hz”’ which is commonly
written *‘V yHz”’. This again is simply a way of expressing the quantity of
random noise voltage in a 1 Hz bandwidth.



How Noise Readings Are Calculated

To calculate a random noise spectral density reading, the 3585 first takes one hundred independent,
real-time amplitude readings at the Marker frequency. It then computes the average of the one hun-
dred readings, adds correction factors to compensate for the response of theinstrument’s average-
responding detector and log converter, and finally normalizes the result to a 1 Hz noise power band-

width.

Noise Measurement Time

To obtain one hundred statistically independent amplitude readings, the instrument must allow ade-
quate settling time between each reading. Settling time is determined primarily by the Resolution
Bandwidth setting.* Narrowing the Resolution Bandwidth increases the instrument’s response time
and, therefore, increases the time required to obtain a noise reading. Approximate noise measurement

times are as follows:

Resolution Noise Measurement
Bandwidth Time
30kHz 0.3 sec.
10kHz 0.3 sec.
3kHz 0.3 sec.
1kHz 0.3 sec.
300Hz 0.3 sec.
I00Hz 1.1 sec.
30Hz 3.3 sec.
10Hz 11 sec.
3H:z 33 sec.

*The time between samples must be equal to or greater than the reciprocal of the equivalent bandwidth established by the

RBW and VBW settings. During a noise measurement, the 3585

time is unaffected by the VBW that is selected by the operator.

internally selects the 100 Hz VBW; so the measurement
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Noise Measurement Accuracy

A noise reading is a statistical estimate of the random noise spectral density, based on the average of
one hundred independent samples. A precise measurement of the true random noise density would
theoretically require an infinite number of samples and thus, an infinite averaging period. Fortunately,
however, the average of a reasonable number of samples yields results that are sufficiently accurate for
practical purposes. Statistical theory indicates that the confidence level in an average is proporitonal to
the square root of the number of samples. Thus, the average of one hundred samples is ten times better
than a single sample. :

The result obtained with a finite number of samples differs from the true value and the error itself is a
random variable. For this reason, we cannot specify an exact amount of error; but we can, knowing its
probability distribution, determine the probability of it being within certain limits. Based on the nor-
mal gaussian probability distribution, we can state (with 95% confidence) that the composite noise
measurement accuracy is equal to the specified Marker amplitude accuracy = 1.3 dB. It is important to
note that the composite noise level includes both the external noise to be measured and the analyzer’s
own internal noise.

Noise Measurement Techniques

Noise level méasurements can be performed three ways:
a. With the instrument sweeping and the Marker set to the point of interest on the noise floor.
b. In the Manual mode with the Marker at the Manual measurement point on the CRT trace.
c. In the Manual mode with the Marker independently tuned away from the Manual frequency.

Instrument Sweeping

When the instrument is sweeping, a noise reading is calculated each time the frequency sweep passes
through the Marker frequency. When the sweep reaches the Marker frequency, the sweep stops for a
period of 0.3 seconds to 33 seconds while the real-time noise reading is calculated. During this period,
the suffix of the amplitude or noise reading currently appearing in the top-right corner of the CRT
screen is displayed brighter than normal to indicate that a noise reading is being taken. (The SWEEP-
ING light, located in the Sweep control block, goes out to indicate that the sweep has been inter-
rupted.) At the end of the noise calculation, the sweep resumes, the initial or updated noise jevel
reading appears on the readout and the suffix returns to normal brightness to indicate that a valid noise
reading is available.

NOTES

1. The 3585 automatically calibrates at two-minute intervals, but the
Auto.Cal. will not interrupt a noise calculation. If an Auto. Cal. cycle is
initiated during a noise calculation, the calibration is held-off until the
calculation is complete.

2. Changing the Marker frequency or any of the frequency or amplitude
parameters will abort the noise calculation (if any) currently in progress. If
the change in parameters initiates an Automatic Calibration, the new noise
calculation does not begin until the end of the calibration cycle.
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Signal Tracking

Signal Tracking

Signal tracking is an on/off feature in the Marker/Continuous Entry section that can be activated during
continuous sweeps to find a peak near the marker position, move it to the center of the display, and adjust
the analyzer’s center frequency to keep the peak at the center of the display. This ‘“‘search and center”
process occurs after every sweep while tracking is active. If the peak changes frequency between sweeps, the
tracking feature changes the analyzer’s center frequency to the new frequency of the peak (provided it hasn’t
moved to a frequency outside the selected sweep range since the end of the last sweep).

NOTE

If the signal tracking feature changes the analyzer center frequency (i.e., the sig-
nal peak is moving), the trace data is not valid until the next sweep is complete.
The marker dot moves to the center of the screen immediately (where the peak being
tracked will appear) and a new sweep begins. If the signal peak doesn’t change
frequency during the sweep, the peak will appear at the center of the display.

The signal-track algorithm works by selecting the nearest peak to the current marker position. The display
line may be used to prevent the signal-track algorithm from tracking on noise or small spurs. If no peaks
are found, no action is taken.

The ability to track a signal is dependent on the analyzer’s sweep time versus the rate of frequency change
of the tracked peak. Since the search for a peak occurs only between sweeps, it is possible for the signal peak
to move out of the sweep range (frequency span) during a sweep. If this occurs, the search between sweeps
may not find the same peak it had been tracking. Smaller sweep times and larger frequency spans improve
the ability to track moving signal peaks. Also, if the marker is moved beyond the boundaries with the knob
during a sweep, another peak may be selected to track.

NOTE

While signal tracking is active, changes in center frequency do not cause recalibra-
tion. The periodic calibration still occurs every two minutes.
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Peak Search

Peak Search

The peak search function (in the Marker/Continuous Entry front-panel section) moves the marker to the
point on the trace representing the largest amplitude. If the marker is not activated, pressing Peak Search
activates the knob to control the marker. If several points have the same peak value, the marker is moved
to the lowest frequency which has that value.

Definition of Peak. This definition applies to Next Peak, Next Left, and Next Right functions and the Sig-
nal Track function. A point on the trace is defined as a peak if it meets the following criteria:

The amplitude of the peak is greater than or equal to the display line (if the display line is on).

The amplitude of the point left of the peak (lower frequency) is less than or equal to that of the peak.
The amplitude of the point right of the peak (higher frequency) is less than that of the peak.

There is a point to the left of the peak with a value at least one division less than the peak with no
intervening bin containing a larger value.

5. There is & point to the right of the peak with a value at least one division less than the peak with no
intervening bin containing a larger value.

Lol A

Next Peak. This function moves the marker to the peak with next-largest value, relative to the current
marker position and activates the knob to move the marker. Peaks with amplitudes equal to and to the left
of the current marker position are ignored. If one or more peaks of equal amplitude exist to the right of the
current position, the marker is moved to the one nearest the current position. If there is no peak that satis-
fies the next-peak criteria, the analyzer beeps when the key is pressed (if the beeper is active) and the marker
is not moved.

Next Left. This function moves the marker to the next peak left of (lower frequency relative to) the current
marker position. If the marker is on the right skirt of a peak, next-left moves the marker to that peak if
there is a value between the marker position and the peak that is at least one division below the value at the
peak. The value at the present marker position is not considered in the definition of peak.

If a new peak is found, the knob is activated to move the marker. If there is no peak that satisfies the next-
left criteria, the analyzer beeps when the key is pressed (if the beeper is active) and the marker is not moved.

Next Right. This function moves the marker to the next peak right of (higher frequency relative to) the cur-
rent marker position. If the marker is on the left skirt of a peak, next-right moves the marker to that peak
if there is a value between the marker position and the peak that is at least one division below the value at
the peak. The value at the present marker position is not considered in the definition of peak.

If a new peak is found, the knob is activated to move the marker. If there is no peak that satisfies the next-
right criteria, the analyzer beeps when the key is pressed (if the beeper is active) and the marker is not
moved.
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. Noise Measurement Capabilities

It is important to note that the 3585 NOISE LVL function is intended only for measuring random
noise. It cannot be used to accurately measure impulse noise or other signals containing discrete,
phase-coherent frequency components. The main types of random noise that can be measured with the
NOISE LVL function are:

a. Thermal Noise (‘“‘Johnson”’ or ‘‘white’’ noise):

Generated by thermally-excited random movement of electrons in a conductor.
Characterized by uniform distribution of energy over the spectrum, and a gaussian
distribution of levels. Present in virtually every electrical system (at temperatures
above absolute zero) and is the most common type of noise that is measured.

b. Shot (‘‘pink’’) Noise:

A noise mechanism caused by random current pulsations in tubes, transistors and
diodes. It is actually a form of white noise, having constant power per Hertz of band-
width.

c. Low Frequency (1/f) Noise:

Surface noise observed in tubes, transistors, diodes and various resistive elements,
. theoretically having infinite power at 0 Hz. Typically exhibits 3 dB per octave roll-off.

d. Phase Noise and Residual A.M.:

Phase noise (random phase modulation or ‘‘phase jitter’’) and residual A.M.
(‘‘amplitude jitter’’) measurements are commonly used to characterize the stability of
oscillators and frequency synthesizers. Phase noise is a primary concern in the design
of transmitting and receiving systems, particularly those used in guidance and detec-
tion applications. It is also a major concern in spectrum-analyzer design because it
creates noise sidebands which degrade sensitivity.

e. Channel Noise:

This is a telecommunications term used to describe the composite background noise in
a communications channel. It includes thermal noise, intermodulation noise (from
multiplex pilot tones) and, in some cases, random cross-talk.

Further information concerning random noise measurements can be found in -hp- Application Notes
150-4 and 207. These application notes can be ordered from the nearest -hp- Sales Office.
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Bandwidth Considerations

Noise level measurements can generally be performed using any convenient Resolution Bandwidth set-
ting. No matter which RBW setting is used, the noise level reading is normalized to a 1 Hz bandwidth.
There are, however, two important things to consider when selecting a RBW setting for noise
measurements:

a. Discrete signals (including spurious components and zero response) that are in the analyzer’s
passband during a noise level measurement can cause significant errors to appear in the noise
reading. The RBW setting must, therefore, be narrow enough to resolve only the noise and re-
ject any discrete components about the noise measurement frequency.

Before making noise-level measurements in a congested region, it is good practice to narrow the Fre-
quency Span and Resolution Bandwidth to verify that there are no hidden discrete components near
the noise measurement frequency. An elevated point on the trace can be checked to determine whether
it is discrete or random by narrowing the RBW. The amplitude of a discrete component will remain
essentially constant when the RBW is narrowed; but the noise amplitude on the CRT trace will
decrease. This test must be performed with the instrument sweeping, or else in the Manual mode with
the suspected component in the center of the passband.

b. The amplitude of the noise signal must be reasonably flat within the analyzer’s passband.
When measuring low-frequency noise or phase noise where the noise amplitude rolls off, it is
important to use a RBW that is narrow enough to resolve a flat portion of the noise curve.

Video Bandwidth
The 3585 internally selects the 100 Hz VBW setting during its noise measurement routine. (This does

not appear on the VBW readout.) For this reason, the VBW that is selected by the operator does not
affect the noise averaging process or the measurement time.
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EFFECTS OF RESOLUTION BANDWIDTH ON NOISE MEASUREMENT
SENSITIVITY:

Since random noise power is directly proportiona! to the measurement band-
width, narrowing the Resolution Bandwidth by a factor of ten would
theoreticaliy reduce the internal noise level by a factor of ten or 10 dB. As a
result, the internal random noise spectral density would be the same for all
RBW settings and the noise measurement sensitivity would be unaffected.

Due to noise mechanisms in the instrument’s IF section, however, the internal
noise level does not always decrease in direct proportion to the Resolution
Bandwidth. For this reason, there are cases where narrowing the Resolution
Bandwidth increases the internal noise spectral density and, consequently,
decreases the noise measurement sensitivity. This effect is particularly
noticeable when switching from the 1 kHz RBW to the 300 Hz RBW.

The following table lists the typical internal noise spectral density for each RBW
setting rel/ative to the 30 kHz RBW. This information can be used as an aid in
selecting a Resolution Bandwidth that will provide the best compromise
between sensitivity and resolution for your particular measurement.

RBW Internal Noise Density
(Relative to 30 kHz RBW)

30 kHz 0 dB (1 Hz)

10 kHz +0.2 dB (1 Hz)

3 kHz +0.8 dB (1 Hz)

1 kHz +0.8 dB (1 Hz)
300 Hz +4.0 dB (1 Hz)
100 Hz +2.0dB (1 Hz)

30 Hz +1.0dB (1 Hz)

10 Hz +1.0dB (1 Hz)

3 Hz +1.0dB {1 Hz)
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Noise Measurement Sensitivity

The lower limit of sensitivity for noise-level measurements is determined by the analyzer’s own inter-
nally generated noise. During a noise calculation, the 3585 samples the composite noise signal within
its passband, which includes its own internal noise as well as the external noise that the operator is in-
terested in measuring. The total noise power in the analyzer’s passband is the sum of the powers of the
individual noise signals. Thus, if the external noise power is equal to the internal noise power, the total
noise power (and the noise-level reading) will be 3 dB above the internal noise level. for practical pur-
poses, an external noise signal that produces a 3 dB increase in the noise-level reading is considered to
be the minimum discernable signal.

In the measurement of a minimum-discernable signal, the error contributed by the analyzer’s internal
noise is about 3 dB. Since this amount of error is unacceptable for most applications, it is necessary to
either increase the limit of sensitivity or measure the analyzer’s internal noise and subtract it from the
noise-level reading.

In keeping with the accuracy requirements for most noise measurement applications, a reasonable limit
of sensitivity is 10 dB above the analyzer’s internal noise level. When the external noise is 10 dB above
the internal noise, the error contributed by the internal noise is about 0.41 dB. From that point, the
error (in dB) is inversely proportional to the external noise power. Thus, if the external noise is increas-
ed to 20 dB above the internal noise (a factor of ten), the error is reduced to 0.04 dB.

Internal Noise Measurement

The analyzer’s internal noise spectrum consists of broadband thermal noise, shot noise, low-frequency
(1/f) noise and phase noise. With the exception of phase noise, the internal noise spectral density can
be measured (with no input signal) and subtracted from the composite noise-level reading using the
procedure given in Figure C. Internal phase noise, which appears only in the presence of a large input-
signal response, is difficult to measure and must, therefore, be treated separately.
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Using the NOISE LVL function, measure the composite (external and inter-
nal) noise and record the reading in dBm (1 Hz) or dBV (1 Hz).

With the composite noise reading still on screen, activate the OFFSET func-
tion and press the ENTER OFFSET key.

Deactivate the AUTO RANGE function. Disconnect the input signal.

With the NOISE LVL and OFFSET functions still activated, note the ‘'OFF-
SET’’ noise-level reading.

(This is simply the ‘’dB difference’’ between the composite noise level
and the internal noise level.)

Spot the *“OFFSET’’ noise-level reading on the horizontal axis of the graph
shown above. Project upward to intersect the curve, and from that point,
project horizontally to locate the ‘‘dB to be subtracted’’ on the vertical axis.
Subtract that value from the composite noise-level reading recorded in Step
a.

Figure C. Subtracting the Analyzer's Internal Noise
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Internal Phase Noise

As a general rule, the 3585 ’s internal phase noise does not need to be considered unless you are
measuring the phase noise of an external source or are otherwise measuring low-level noise near the
skirt of a large response. As shown in Figure D, the internal phase-noise sidebands form a pedestal
which extends approximately 150 kHz on each side of the signal (i.e., ‘‘carrier’’) frequency. The
amplitude of the phase-noise pedestal (and