WARNING

HIGH VOLTAGE is used in the operation of this eguipment.
DEATH OM LONTACT may result if personnel fail to observe
safety precautions. Know the areas in this equipment con-
taining high voltage. B8e careful not to come in contact
with the high voltage connections during operation of this

equipment. :

Do .not be misled by the term "Low Voltage." Potentials as
. low as 25 volts may cause death under adverse conditions.

WARNING

FLAMMABLE SOLVENTS are used in the maintenance of this
equipment, Adequate ventilation should be provided while
using  isopropyl alcohol. Prolonged breathing of the vapor
should be avoided, The solvent is not to be used near
heat, sparks, or open flames; 1t is highly flammable,
Since isopropy! alcohol dissolves natural oils, prolonged
contact with skin should be avoided. When necessary, use .’
gloves which are solvent-resistant, If the solvent is
taken internally, consult a physician immediately.

WARNING

COMPRESSED AIR- is used in the maintenance of this egquip-
ment. When used for cleaning, the compressed” air source
must limit nozzle pressure to no more than 29 pounds per
square 1inch (PSIG). Goggles must be worn when cleaning
with compressed air.

WARNING

- Adequate wventilation should be provided while using

3 TRICHLOROTRIFLUOROETHANE , Prolonged breatbing of wvapor
should be avoided. The sclvent should not be used near
heat or open flame; the products of decomposition are foxic
and frritating., Since TRICKLOROTRIFLUORDETHANE dissclves
natural oils, prolonged contact with skin "should be
avoided. When necessary, use gloves which the solvent
cannot penetrate. If the solvent is taken internally,
consult a physician inmeliately, :

WARNING

TOXIC HAZARD: Many of the electronic components used in
this equipment employ resins and other chemicals which give
off toxic fumes on incineration. Appropriate precautions
should therefore be taken in the disposal of these items.
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tﬁ}} CAUTION \f’j
i THIS EQUIPMENT CONTAINS PARTS i -
AND ASSEMBLIES SENSITIVE TO

DAMAGE BY ELECTROSTATIC DISCHARGE (ESD).
USE ESD PRECAUTIONARY PROCEDURES
WHEN TOUCHING, REMOVING OR INSERTING
PRINTED CIRCUIT BOARDS.

ESD
CLASS 1

NCTE

The symbol for s'tatic sensitive devices in military inventory is as depicted in the
caution block above. The symbol used in this authenticated manual is

GENERAL HANDLING PROCEDURES FOR ESDS ITEMS

¢ USE WRIST GROUND STRAPS OR s PERIODICALLY CHECK CONTINUITY AND
MANUAL GROUNDING PROCEDURES RESISTANCE OF GROUNDING SYSTEM

¢ KEEP ESDS ITEMS IN PROTECTIVE * USE ONLY METALIZED SOLDER SUCKERS
COVERING WHEN NOT IN USE * HANDLE ESDS ITEMS ONLY IN PROTECTED

* GROUND ALL ELECTRICAL TOOQLS AREAS

AND TEST EQUIPMENT

MANUAL GROUNDING PROCEDURES

* MAKE CERTAIN EQUIPMENT IS * TOUCH PACKAGE OF REPLACEMENTS ESDS
POWERED DOWN ITEM TO GROUND BEFORE OPENING

¢ TOUCH GROUND PRIOR TO ¢ TOUCH GROUND PRIOR TO INSERTING
REMOVING ESDS ITEMS REPLACEMENT ESDS ITEMS

ESD PROTECTIVE PACKAGING AND LABELING

¢ INTIMATE COVERING OF ANTISTATIC MATERIAL WITH AN OUTER WRAP OF
EITHER TYPE 1 ALUMINIZED MATERIAL OR CONDUCTIVE PLASTIC FILM - OR
-HYBRID LAMINATED BAGS HAVING AN INTERIOR OF ANTISTATIC MATERIAL
WITH AN OUTER METALIZED LAYER

* LABEL WITH SENSITIVE ELECTRONIC SYMBOL AND CAUTION NOTE




CAUTION

Devices such as CMOS, NMOS, MNOS, VMOS, HMOS, thin-film resistors PMOS, and
MOSFET used in many equipments can be damaged by static voitages present in most
repair facilities. Most of the components contain internal gate protection circuits that
are partially effective, but sound maintenance practice ond the cost of equipment
failure in time and money dictate careful handling of all electrostatic sensitive
components,

The following precautions should be observed when handling all electrostatic sensitive components and
units containing such components,

STEP

STEP

STEP

STEP

STEP

STEP

STEP

STEP

CAUTION

failure to observe all of these precoufions can cause permanent damage to the
electrostatic sensitive device. This domage can cause the device to fail immediately or
at a later date when exposed o an adverse environment.

Turn off and/or disconnect all power and signal sources and loads used with the unit.
Place the unit on grounded conductive work surfaces.

Ground the repair operator using o conductive wrist strop or other device using a I-M  series
resistor to protect the operator. .

Ground any tools (including soldering equipment) that wiil contact the unit. Contact with the
operator's hand provides o sufficient ground for tools that are otherwise electrically isoloted.

All electrostatic sensitive replacement components are shipped in conductive foam or tubes
and must be stored in the criginal shipping container until installed.

When these devices and sssemblies are remeved from the unit, they should be placed on the
conductive work surface or in conductive containers,

When not being worked on wrap disconnected circuit boords in aluminum foil or in plastic
bags thot have been cocted or inpregnated with a conductive material.

Do not handle these devices unnecessarily or remove from their packages until actuolly used
or tested.
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CAUTION ¢ STATIC SENSITIVE COMPONENTS
Components identified with the symbol on the circuit diagrams and/or
parts ‘lists are static sensitive devices. The presence of such devices is

alse indicated in the equipment by orange discs, flags or labels bearing the

same symbol. Certain handling precautions must be observed to prevent these

components being permanently damaged by static charges or fast surges.

(13 If a printed board containing static sensitive components (as indicated
by a warning disc or flag) is removed, it must be temporarily stored in
& conductive plastic bag.

(2 1f a static sensitive component is to be removed or replaced the follow-
ing anti~static equipment must be used.

A work bench with an earthed conductive surface.
Metallic tools earthed either permanently or by repeated discharges,

A low-voltage earthed soldering iron,

An earthed wrist strap and a conductive earthed seat cover for the
operator, whose puter clothing must not be of man-made fibre.

{3) As a general precautién, aveid touching the leads of a static sensitive
component. When handling a new one, leave it ir its conducting mount
until it is required for use.

WARNIHG ¢ HANDLING HAZARDS

This equipment is formed from metal pressings and although every endeavour
has been made to remove sharp points and edges care should be taken, parti-
cularly when servicing the equipment, to avoid minor cuts.

WARNING : TOXIC HAZARD

Many of the electronic components used in this equipment employ resins and
other chemicals which give off roxic fumes on incineration. Appropriate
precautions should therefore be taken in the disposal of these items.

RADIO FREGUENCY INTERFERENCE

This equipment conforms with the requirements of IEC Directive 76/889 as to limits
of r.f, interference.
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NOTES AND CAUTIONS

ELECTRICAL SAFEYY PRECAUTIONS

rovected in accordance with IEC Safety Class 1. It has been
designed and testsd ‘ing to IEC Publication 348, 'Safety Requirements for Electronic
Measuring Apparatus', znd has been supplied in a safe condition. The following pre-
cautions must be observed by the user to ensure safe operaticon and to retain the equip-
ment in a safe condition,

This equipme:

Defects and abnormal stresses

Whenever it is likely that protection has been impaired, for example as & result of
damage caused by severe conditions of transport or storage, the equipment shall be made
inoperative and be secured against any unintended operation.

Removal of covers

Removal of the covers is likely to expose live parts although reasonable precautions
have been taken in the design of the equipment to shield such parts. The equipment
shall be disconnected from the supply before carrying out any adjustment, replacement or
maintenance and repalr during which the equipment shall be opened. If any adjustment,
maintenance or repair under voltage is inevitable it shall only be carried out by a
skilled person who is aware of the hazard involved.

Note that capacitors inside the equipment may still be charged when the equipment
has been disconnected from the supply, Before carrying out any work inside the equip~
ment, capacitors connected to high voltage points should be discharged; to discharge
mains filter capacitors, if fitted, short together the L (live} and N {(neutral) pins of
the mains plug.

Mains plug

The mains plug shall only be inserted in a socket outlet provided with a protective
earth contact. The protective action shall not be negated by the use of an extension
lead without protective conductor. Any interruption of the protective conductor inside
or outside the equipment is likely to make the equipment dangerous, Before fitting a
non-goldered plug to the mains lead, cut off the timnmed ends of the mains lead. Other~

wise cold flowing of the sclder could cause intermittent commections.

Fuses

Note that there is a supply fuse in both the live and neutral wires of the supply
lead. If only one of these fuses should rupture, certain parts of the equipment could
remain at supply potential.

To provide protection against breakdown of the supply lead, its connectors, and
filter where fitted, an external supply fuse {e.g. fitted in the commecting plug) should
be used in the live lead. The fuse should have a continuous rating not exceeding 6 A.

Make sure that only fuses with the required rated current and of the specified type
are used for replacement. The use of mended fuses and the short-circuiting of fuse
holders shall be avoided.
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OPERATOR'S MAINTENANCE MANUAL
FOR
MODULATION METER ME~505B/U
(MARCONI INSTRUMENTS MODEL 2305)

{NSK )
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Page Volume
Chapter 1. GENERAL INFORMATION Chap. 1,1 1
2 INSTALLATION Chap. 2,1 1
3  QOPERATION Chap. 3,1 1
3-1"EXTENDED APPLICATION Chap. 3-1,1 1

4-1 BRIEF TECHNICAL DESCRIPTION Chap. 4-1,1 1

4-2 TECHENICAL DESCRIPTION | Chap. 4-2,1 2
5 MAINTENANCE Chap._S,l 2
6 REPLACEARLE PARTS Chap. 6,1 2
7 SERVICING DIAGRAMS _ Chap. 7,1 2

SECURITY NOTE

This volume contzins details of the unlocking procedures needed before
access can be gained to the P2 and P3 groups of second functions. These
procedures are not given in the operating manual (Vol. 1). Group PZ functions
are concerned with use of the CAL key and with the locking/unlocking of stored
batches of control settings. Group P3 functions control the entry or over-
writing of basic factory calibration data.

In order to provide for organizations where greater security may be re-
quired for the P3 functions, page 5 of Chapter 5, which contains the detaiis,
is duplicated in all respects apart from the relevant paragraph and is in-
cluded with a duplicate page 6 as a separate leaf, pages 5a and 6a. The
user should remove one of these leaves before issuing the manual for general
use, the choice depending on whether he wishes to withhold the information
or not,

i/{(ii blank)
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FEATURES

1. 2305 is a high performance, microprocessor controlled, modulation meter
with a comprehensive specification covering the carrier freguency range

50 kHz to 2.3 GHz.

2. Operation may be either local or remote. Local control is obtained via
functionally grouped key switches which form the front panel controls and
which dirvect all the instrument functions except those of SUPPLY ON and LF
LEVEL.,

3. Indication of measured quantities is provided by twoe l.c.d. 7-segment
digital displays : frequency - either of the carrier or of the modulating
tone - appears in the 8-digit left-hand display, medulation - in % a.m., kHz
or radians deviation — appears in the 4 digit right-hand display.

4. The microprocessor allows maximum flexibility in arranging and controlling
the circuit functions and permits remote operation via the GPIB* when the
instrument is fitted with the GPIB interface optional accessory. The 2303

is thus as well suited for stand-alone manuz! operation as for incorporation

in automatic systems with programmed operation and makes few demands on
operator skill.

: i MARCON INGTRLMENTS

o ._
Mmosulation meler 7308 oo

| BUPFLY

LF LEWEL

Pig. 1 50 kHZ to2.3GHz Modulation Meter 2306

* GPIB - Marconi Imstruments General Purpose Interface Bus in accor—
dance with IEEE Standard 488 ~ 1878, IEC Publication €25-1 1878
gqnd BS 6148,

Chap. 1
Page 2 Mar. 83 {Am. 1)
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5. In ite simplest method of operation, the 2305 provides both automatic
tuning and control of the ranging circuits, although tuning may be controlled
directly by kevpad entry of numerical data, and individual ranges may be re-
tained by the use of keyboard second functions’ if necessary. A HOLD ON/OFF
key permits all ranges and functions to be locked in their present states.

6. In both forms of tuning, the local oscillator frequency retains the same
sense relationship with signal frequency needed to ensure that positive fre-
quency and phase excursions are always presented as P+.

7. In the CARRIER ERROR mode the instrument will measure small frequency
drifts or offsets by continuously subtracting a stored reference value from
instantaneous measurements of the carrier. The reference value can be either
a numerical entry made via the keypad or a particular instantaneous measure-
ment transferred to store by operation of the CARRIER ERROR key. Two other
frequency measurement modes provide for the display of either carrier or
modulating frequency.

8. When necessary, an external 10 MHz standard may be used in place of the
internal reference which forms the basis for local oscillator frequency syn-
thegis and for frequency measurement. It is also possible to provide for
direet substitution of the local oscillator signal by a source of external
origin. The changeover in both cases being effected by second function
keying. ' '

g. Modulation is normally measured as peak excursions of either the ampliitude,
frequency or phase of the carrier signal and a choice of defector modes enables
the peaks of each polarity either to be measured separately or for their
average to be calculated and presented as-E%E. Two additional detector modes
offer (1) an averaging detector, and (2) a PEAK HOLD function. The averaging
mode (NOISE AVG) is useful when nolse is to be measured, and the quantity dis-
plaved wher in this mode is of the peak value of a sine wave having the same
average value. In PEAK HOLD, successive peak samples are examined and store
and displey are up=dated each time the previous largest sample is exceeded.

The PEAX HOLD mode is useful for logging transients and other aspects of
modulator system performance under operational conditions. In the a.m. mode,
peaks are alwavs mezsured as P+ and troughs as P-.

i0, The 2305 will tune and measure automatically without loss of accuracy on
signal levels between -18 dBm and +30 dBm. The sensitivity increases con-
siderably towards the bottom end of the frequency range and a substantial
further increase can be obtained by reverting to manual tuning. Input pro-
tection is provided above the permitted maximum of +30 dBm. Deep amplitude
modulation may reduce the signal level during troughs to a point that is in-
sufficient to ensure proper functioning of the internal frequency counter and
auto-tuning may be adversely affected,. The effect is only likely to occur
with a.m. greater than 907 and, if it happens, the a.m. depth should be tem~
porarily reduced to allow auto-tuning to complete.
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1i. Frequency deviation can be measured up to a maximum of 500 kHz for modu-
lation fregquencies up to 275 kHz. The accuracy attainable varies with modu-
lation frequency and approaches #0.57 at 1 kHz.

12. ©Phase deviation can be measured to a maximum of 500 radians uvp to 1 kHz
modulation frequency.  Above this frequency the maximum measurable deviation
decreases at & dB per octave.

13. Amplitude modulation up to 957 can be measured with accuracies approach-
ing 17, depending on modulation depth and frequency, up to a maximum modula-
tion frequency of 50 kHz. Useful indications are given for depths up to
99.97.

14, Measurements of all three types of moduletion can be related to any
reference level and expressed as dB. The reference quantity may be entered
numerically via the keypad or may be a measurement selected from a series and
transferred to store by a single key stroke.

i5. The post detector bandwidth may be shaped by any one of five built-in
filters which cover the varied requirements cof mobile radio, broadcasting,
telemetry etc. There is also a choice of 3 de-emphasis time constants which
may be introduced into the audio output signal in f£.m. mode.  They may also
be introduced into the measurement system by a kevboard second functiom.
External filters may be introduced into the measurement circuit in addition to
and independently of any internal selection.

16. Standards of amplitude and frequency modulation are senerated within the
instrument for calibration purposes. The 2305 automatically runs a self-
check routine against these standards after each switch-on and displays pass/
fail data. 2305 measurements can be recalibrated against these standards at
any time by operation of the CAL key.

17. For systems use or production tests, up to 10 sets of control settings
may be stored in non-veolatile memory for subsequent recall and use.

18, In its POWER function, the 2305 will normally display the power entering
the input terminal in dBm or watts. The measurement is based on peak voltage
detection and will indicate peak power on amplitude modulated signals. The
range may be extended upward by added external attenuation and a flexible
system of power calibration with optional display in watts or dBm can be intyo—
duced by second functions.

19. Two major optional accessories extend the instrument's capabilities.
(1} The GPIB option enables all the main controls and measurements

to be operated and monitored remotely under program control.

(2) The Distortion/Weighting Filter opticn provides single key stroke
noise and distortion measurement and contains two standard psophometric
weighting networks which may be introduced into the measurement channel.

The measurement performance of the 2305 can be changed by
the user to meet special operational needs by keyboard
second functions which have their status stored in non-
voplatile memory. If vou are not certain of the state in
which the imstrument has been left by previous users, you
should chtain a second function status display according
to the procedure described in Chap. 3, pape 15. before
attempting any measurements.

Chap. 1
Page 4 Mar. 83 (4m. 1)



PERFORMANCE DATA
Charceterictio

RF INPUT
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Performance
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20. Carrier frequency range ilsable Lramn

21. Carrier frequency indication

Signal input

Minimum requirements

Maximum input

Input connector
FREQUERCY MODULATION

23. Maximum deviation :

Range selection :

Display

Accuracy
(for carriers »5.5 MHz)

*Note. For all three types of modu-
lation measurement, as the guantity
displayed increases from 5000 to
6000, the least significant digit
will become a fixed zero whatever
position the decimal point may
happen te be in. The process rever-
ses as the guantity falls. Wherever
accuracy sStatements relating to
modulation include the qualifica-
tion 'z N digits', the digits re-
ferred to are the least significant
of the active digits i.e. XXXN or
¥XXN- as the case may be.

Sep. 84 (Am. 4)

50 kHz - 2.3 GHz
Acquisition time on AUTO TUNE is,
typically, 500 ms.

8 digit l.c.d.
Resolution: 10 Hz below 1 GHez,
100 Hz above 1 GHz,

10 Hz at all frequencies

in CARRIER ERROR function.

=25 dBm (13
-23 dBm (i6
~18 dBm (28
~15 dBm (40

mV) 500 kHz to 500 MH=z.

mV) 500 MHz to 1000 MHz.
mV) 1000 MHz to 15C0 MH=z.
mV) 1500 MEz to 2000 MHz.

Permitted maximum, ! W (+30 dBm).
Overload trip provides protection
against overloads up to 25 W.

Type N female. 50  nominal.

(1) Carrier frequencies up to 5.5 MHz.
50 kHz peak deviation at modulation
frequencies from 30 Hz to 15 kHz.

(2) Carrier frequencies above 5.5 MHz.
500 kHz peak devistion at modulation
frequencies from 30 Hz to 275 kHz.

Selection is automatic for best
resolution,

4 digit l.c.d., in kHz.*

After calibration using internal cali-
brator: +0.5% of reading #! least sig-
nificant changing digit at 1 kHz modu-
lation frequency measured with 50 Hz to
15 kHz filter selected for deviations
above 5 kHz and 17 of reading #1 digit
below 5 kHz deviation.

Frequency response relative to 1 kHz
+0.57% for modulation frequencies from
20 Hz to 20 kHz measured with }0 Hz to
300 kHz filter selected.

+0.57Z, -1%
from 20 Hz

+0.,5%, -5%
from 20 Hz

for modulation frequencies
to 50 kHz.

for modulation frequencies
to 275 kHz.

Chap. 1
Page 5
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Charasteristic Perforrmance

Note...

Where necessary, allowance must
be made for peak residual noise
which will contribute to peak
readings.

AM rejection : . Typically, 507 a.m. at 1 kHz will pro-
duce an indicated 40 Hz deviation with
the 300 Hz to 3.4 kHz filter selected.

Residual f.m. noise : Carrier FM roise
(300 Hz to 3.4 kHz bandwidth) Frequency {r.m.e. values)
50 kHz -~ 50MH=z 1.4 Hz
50MHz - 500MHz 15 Hz
500MHz - 1GH= 30 Hz
1GBz - 2.3 GHz 60 Bz
500MHz typically 8 Hz

Typical performance with external low
noise 28 MHz to 56 MHz local cscillator:

Below 120 MH=z 0.5 Hz
500 MHz 2 Hez
1 GHz 4 Yz
PHASE MODULATION
24. Carrier frequency range : 5.5 MHz te 2 GHz, usable down to
50 kHz.
“Maximum deviation : 500 radians for modulation frequencies

up to 1 kHz. Decreasing at & dB/
octave above 1 kBHz.

Range selection : Ranges automatically selected for best

resolution,

Accuracy After calibration using internal cali-
brator : 227 of reading *3 least sig—
nificant changing digits at ! kHz modu-
lation frequency.

Frequency response relative to 1 kHz
27 43 least significant changingdigits
from 300 Hz to & kHz.

Note. Where necessary, allowance must
be made for peak residual noise
which will contribute to peak
readings. Improved accuracy
in the measurement of phase modu-
lation may be obtained ior single
tone modulation by usin; the T

Chap. 1
Page € ' Jar. 8% (am. 1)



Characteristic

AMPLITUDE MCDULATION

25.

Jan.

Maximum modulation depth :

Modulation fregquencies :

Range selection :

Accuracy

FM rejectien :

Residual a.m. noise
(300 Hz te 3.4 kHz bandwidth)

84 (am. 3)

H 52305-~900K
Voi. 1

Performance

function. The frequency cf the
modulating tone may then be dis-
played in the FREQUENCY window

and the ¢.m. in radians is cal-
culated by dividing this number
{in kHz) into the frequency devia-
tion (in kHz) displayed in the
MODULATION window. The asso-
ciated accuracy is comparable

with that of the FM measurement.

99.9Z.

30 Hz to 15 kHz for carrier frequencies
from 0.5 MHz te 5,5 MHz,

30 Hz to 50 kHz for carrier frequencies
from 50 kHz to 2 GH=z.

Selection is automatic for best reso-
lution.

After calibration using internal cali-
brator :

17 of reading *1 ieast significant
changing digit at | kHz modulation
frequency and for depths up to 95%.

Frequency response relative to | kHz :

1,57 of reading for modulation fre-
quencies from 30 Hz to 50 kHz.

Notes...

(1) These accuracy figures apply with
30 Hz - 50 kHz 1,f, filter
selected.

{2) Where necessary, allowance must
be made for peak residuazl noise
which will contribute to peak
readings.

50 kHz peak deviation on carrier fre-
quencies above 5.5 MHz will produce
an indication of less than .57 a.m.
with the 50 Hz to 15 kHz filter
selected. :

Less than 0.027 r.m.s. a.m. With
input signals greater than 30 mV
(=17 dBm) and the 300 Hz to 3.4 kHz
filter selected,

Chap. 1
Page 7
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Characteristic Papformance
POWER MEASUREMENT
26, Range : 10 ml oto 1 W (+10 dBm to +30 dBm).

Accuracy ¢ _ : +1 dB at 800 MH=z.
Frequency response *1 dB frem 50 kHz
to 1500 MHz, usable up to Z GHz.

Input v.s.w.r. : <2.00 from 500 kHBz to 1500 MHz.
Display : Display may be in dBm or W as selected
by keyboard second function.
Temperature range ! 0 to 35°C.
27. Freguency display Tront panel keys enable the following

frequencies to be displayed on an
8 digiv l.c.d.

CARRIER

CARRIER ERROR : Frequency difference between measured
carrier fregquency and frequency refe-
rence in store.

MODULATION

Resolution

CARRIER : . 10 Hz below ! GHz,
100 Hz above | GHz.

CARRIER ERRCR : All carrier freguenciesg : 10 Hz,

MODULATION : 0.1 Hz up to 5 kHez,
10 Hz above 5 kHz.

Accuracy *1 count % frequency standard error.

{all modes}

Frequency standard : Front panel indicator shows when
external standard is selecred,

28, Internal frequency standard

Frequency change with

temperature <#(.] p.p.m. over the range 0 to 40°¢C.
Better than 3 parts in 109 per day.
Better than ! part in 107 per month.
Better than 1 part in 10% per year.

Ageing rate : Better than 3 parts in 1g? per day.
Better than I part in 10/ per menth.
Better than 1 part in 106 per year,

Warm-up time : Within C.5 p.p.m. of final frequency
within 5 min. from switch-on at 20%C
ambient.

Chap. 1
Page 8 : Apr. 85 {Anm, 3D
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Characteristic ' Pop Forma =
29, Mecdulation display In accordance with the functien selec-

ted, a 4 digit l.c.d. will show the
following : '

AM - 7% modulation depth.
™ - kHz deviation.
oM - radians deviation,
POWER - W or dPBm as selected,
Relative
(REL) -~ dB.

30. Detector modes The following may be selected :

Average of P+‘} P-P

and P- 2
Positive peak P+
Negntive peak p-

Noise averaging NOISE AVG.
(calibrated as peak of
equivalent sine wave)

3i. Display modes The following may be selected :
Absolute - absolute values of modu=~
(ABS) lation are displaved.
Relative =~ measured modulatior is dis-
(REL) played as a ratio in dB to

a reference quantity entered
and stored in the instru-
ment.

Peak hold - holds and displays the
(PK HOLD)  maximum peak occurring in
period of observation.
In power measurement,
measures peak power,

32. Medulation bandwidths Five post detector filter bandwidths
may be selected from the front panel

10 Hz to 300 k¥z for wide band f.m.
measurement s,

30 Hz to 50 kHz
65 Hz to 250 Hz

50 Hz to 15 kHz nominal
300 Hz to 3.4 kHz =3 dB bandwidths

flat within 0.1 dB,

Chap. )
Mar., 8% {(Am. 1) Page 9



Characterictic

33, De-emphasis

34. QOutputs (front panel)

iF

1F

35. Distortion

M :

Stereo separation

Chap. 1
Page 18
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Performarce

Three de—emphasis time constants may
be selected from the front panel :

50 us,
75 us,
750 us.

De-emphasis may be introduced into the
1.f, output circuit and relative
measurements only and does not affect
absolute measurenents.,

As carrier frequency for input carriers
up to 1.5 MHz,

250 kHz nominal for carrier frequencies
from 1.5 MHz to 5.5 MHz.

1.5 MHz for carrier frequencies above
5.5 MHz.

100 mV r.m.s. nominal into 50 0.

Demodulated, filtered and de-emphagized
signal is available at BNC socket.

LF LEVEL centrol adjusts level from
0 to at least 3 V r.m.s. into 600 &
for f.m. deviations »500 Hz, a.m.

>0.5% and ¢.m. >1.5 rad., at | kHz.

For modulation frequencies up to 20 kHz,
<0, 15% THD (Totzl Harmonic Distortion)
for deviation up to 100 kHz.

<0.57 THD for deviation up to 500 kHz.
<1 ZTHD for modulation frequencies up

to 100 kHz.

<0.37%7 THD for modulation depths up to
95% at 1 kHz modulation frequency and
<i% THD for modulation depths up to

957 and modulatrion frequencies up to
50 kHz.

Better than 50 dB at | kHz (typically
54 4B above 100 Hz).

Sep. 84 {am. &}



Charaoteristic

36. Store/Recall

37. Rear panel connections

(17 Externzal filter :

(2) Externmal iocal oscillator
input :

{3) 1Internal frequency
standard output :

(4} External frequency
standard input

38. Keyboard second functions

Mar., 83 (Am, 1)
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Fer formance

The RCL/STO key used with the numeric
keypad allows up to 10 instrument set-
tings to be stored in non-volatile
memory for later recall.

An external 1.f. filter may be con-
nected via a standard stereo jack into
the modulation amplifier. Source
impedance is low and load impedance

is high,

An external local osciliator may be
connected via & BNC socket and can be
switched into circuit in place of the
internal oscillator by keyboard action.

Freguency vange 28 MHz to 56 MHz to
cover input signals from 26.5 MHz to
2 GHz.

Input level, 100 mV to 1 V inte 50 Q.

10 MHz output from internal standard
available at BNC socket. Qutput
level at least 100 mV inte 50 .

10 MHz external standard input via
BNC socket.

I ¥V rom.s. sine wave into a nominal
106 4.

Group PO (unprotected) and Pi (first
level protected) are concerned with
extensions and modifications in
operating technique and thelr use is
described in Chapter 3 of this volume.
The second and third levels of pro-
tection - groups P2 and P3 - control
access to basic calibration data
stored in the instrument and their
description and use is covered in the
Service Manuzl which is available as
an optional extra.

Chap. 1
Page 11
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Characteristic Performance

39. GPIB operation A GPIB interface is available as an
optional accessory which may be sup-
plied fitted, with the instrument, or
may be subsequently fitted by the user
without the need for special skills or
equipment.

A11 controls except for SUPPLY and

LF LEVEL are remotely programmable.
Second functions are all programmable,
and protected levels can be accessed
via the bus directly without prior
insertion of the locking code.

The interface complies with the follow-
ing subsets as defined in IEEE 488 -
1978, IEC 615-1 1979 and BS 6146 :
SHI, AHI, T6, TEO, L4, LEO, SRI, RLI,
PPG, DCI, €O, E! — see opticnal acces-
sories para. 48, page 14,

40. Pgophometer weighting/distortion measurement

ncorporation of the optienal kit
46883~527G enables the full potential
of the 2305 to be realized and the keys
controlling weighting (WTG) and dig-
tortion weasurement (DIST SINAD) to
become operational, The kit comprises
an assembled circuit board with fitting
insrructions and may be retro-fitted by
a user if fitting was not reguested
prior to despatch of the 2305,

Distortion measurement

Measurement frequencies : 3060 Bz, 500 Hz, 1} kHz, automatically
tuned over *57.

Fundamental rejection : greater than 65 dB.
Distortion measurement range @ 0.1 to 100%.

SINAD measurement range : 0 to 60 ¢B.
Measurement accuracy : i1 dB.

Weighting filters

" CCITT filter : Frequency response conforms to CCITT
recommendation P53.

CCIR filter : Frequency response conforms to CCIR
recommendation 46H8-2,

Chap. 1
Page 12 Mar, 83 (Am. 1}



Vol. |
Characteristic Performance
ENVIRONMENTAL
41, Rated range of use 0 to SSOC, eXCept pOWer measurement .
0 to 35°C, power measuremsnt only.
42, Conditions of storage and transport
o o
Temperature ! ~407C to +707°C.
Humidity : Up to 90% relative humidity.
Alrtitude Up to 2500 m (pressurized freight at
27 kPa differential i.e. 3.9 1hLf/in").
43, Safety Complies with IEC 348,
44, Radio frequency interference Conforms to the reguirements of ELC
: directive 76/889.
45, Power requirements AC mains, switchable voltage ranges:
105 to 110V
115 to 120 ¥ .
210 to 220V [ " °F
230 to 240 V
45 to 440 Hz, 70 VA.
46, Weight and dimensions
Height 3 152 mm {6 in).
Width 425 mm (16.7 in).
Depth : 535 mm (21 in).
Weight 13.5 kg (29.7 1b).
ACCESSORIES
47, Supplied accessories
Code no.
Plastic cover 37490-180L
AC supply lead 43123-076Y
Operating manual 46881-4317
Jack plug {(Con. Tel. Male 3 Free Black A) 23421-620H
Chap. 1
Any. 85 {(Am. 5) Page 13

H 52305-900K




48, Optional accessories

GPIBR Adapter Module
GPIB Lead Assembly
GPIB Manual

Rack Mounting kit
¥ront Handle kit

Distortion/Weighting Filter kit

Maintenance kit, includes extender board, l.c.d. imsertion

and extraction tools, board extractor etc.
Service Manual H 52305-900K, Vol. 2
Attenuator 20 W, 50 {, 20 4B

Signal Sniffer. T connector for insertion between
transmitter and load with pick—up to give a small signal
from the T branch to the modulation meter

Termination 12 W, 50 @&
Lead coaxial, 530 &, BNC, 1.5m
tead coaxial, 50 &, type N, 457 mm

IEEE/IEC connector adapter

Stowage Cover kit. Plastic cover with storage space
for accessories which clips over the front panel and
protects controls during transportation and storage

Carrying case

Low leakage r.f. coaxial cable with N-type connectors,
50 0, tm

Chap. |
Page 14
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Code no.

54433-001U
43129-189U
46881-365R
46883-506M
46883-511R

46883-527G

54711-034U
46881-432X
54431-021B

54452-011E
54422~0114A
43126~0128
43126-0264A

46883~408K

46883~519Y

46662-0868

54311-095C

Nov. 85 (Am.
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PRINCIPLES OF MEASUREMENT

49, Most modulation measurement is likely to be carried out using steady
single tone signals so that the tests can be well defined. For observations
on operational systems, the 2305 makes available an i.f. analogue of the inmput
signal that is within the frequency range of most oscilloscopes (IF OUTFUT)
and the demodulated tone (LF QUTPUT). The PEAK HOLD function can be used in
dynamic measurements to store the largest measurable modulation peak occurring
during any period of observation.

Amplitude modulation

50. Amplitude changes are commonly viewed on oscilloscopes because of their
unique property for allowing the immediate recogrition of fault conditions.
Such observations sometimes extend into measurements and it is well to under-
stand that there may be aspects of the signal that will cause inevitable dif-
ferences between measurements of a.m. signals made on modulation meters and
those made on oscilloscopes. In the following paragraphs the reasons for
this are examined in more detail.

51. A typical a.m. signal is shown in Fig. 2. In this signal the peaks of
modulation are equally spaced about the zero level of the modulating waveform
and, consequently, are also symmetrical about the mean - or unmodulated -
level of the carrier. With such a signal the 2305 should preduce the same
reading on both P+ and P- and therefore also on E%Ew Any signal may, however,
include distortion of the carrier component depending on the nature of the
source and whether or not any tuning or filtering at carrier frequency has
been given. Harmonics of the carrier will be much reduced by the 2305
which will therefore measure modulation on the fundamental component of the
carrier {as displayed in the FREQUENCY window) and this sometimes differs
from the amount present on the signal with carrier distortion present. The
reason for this is not immediately evident but it is more likely that an
oscilloscope will pass some distortion of the carrier than will a tuned modu-
jation meter. Differences can often be detected in these circumstances be-

- T
P+ T
and without initial harmonic filtering. Differences will also arise if the
modulation is asymmetrical.

tween successive oscilloscope measurements, based on AM = made with

>

T \/
i

A TAN LU

Fig., 2 Typical full a.m. signal symmetrical modulation

S
<
|
;
>

<
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TPrslasa

Fig, & A8 T

52, The example of a.m. shown in Fig. 3 exhibits gross asymmetry and

carrier minima and maxima are very unequally disposed about the mean, un~
modulated, level, On such signals the 2305 will measure the gquantities M and
M' shown in the figure, when P+ and P- are requested, or, their average for

P~F . . .
5 The oscilloscope observer, however, has no reliable way of detecting

. P-T |
where the mean level lies and the usual formula employed of a.m. = ﬁmxu?-w111
not, in general, yield the same result as a 2305 measurement of E%E. This
can be readily verified by a numerical evaluation of -asymmetrical modulation
using both formulae. The example shown in Fig. 3 is somewhat extreme, but
asymme try of a few percent of this kind can frustrate an attempt to get agree-
meéent between the two measurement methods to withim 7, Any decision as to
which measurement is correct requirtes attention to the definition of the

measurement taking the distortion into account.

Non-conventional a.m.

53. The term 'amplitude modulation' is sometimes used in connection with sig-
nals for which the measurements made by instruments employing the principles

of the 2305 are inappropriate. One example is 2 signal taken from a medula-
tion system in which carrier or sideband suppression has been carried out and
to which the normal conventions cannct apply. Another example is the appli-~
cation of the term to the square wave modulation produced by switching modu-
lators in microwave signal sources. The specification for carrier suppression
achieved during the 'off' part of the cycle in such modulators is, typically,
well in excéss of 46 dB (corresponding to 99% a.m.) and so cannot be verified
by a modulation meter,

AM calibrator

54. The internal a.m. calibrator uses a resistive attenuator pad which is
introduced into an i.f. signal deriving from the local oscillator when re-
quired, The pad is switched in and outr by high impedance FET switches driven
from a | kHz signal that is precisely square. The attenuation of nominally
x5 that is introduced gives a very stable | kHz a.m. dependent only on the
stability of the resistors in the pad.

Chap. 1 .
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Freﬁuency modulation

55. Frequency deviations are translated from the signel frequency to the 1.1f.
The i.f. deviations are then linearly demodulated into a voltage having tﬁe )
frequency of the modulating tone and an amplitude proportional to the deviation.
This voltage is then amplified and detected by the same circuits that are u§ed
for a.m., the overall gain being sufficiently stable for the metering circglt

to be directly calibrated in frequency deviation. The calibration is ulti-
mately referred to the internal frequency standard via the f.m. calibrator in
which the local oscillator synthesizer is switched between two pairs of fre~
quencies so simulating two levels of deviation,

Bessel zero calibration technique

56. A well-known method of producing calibrated f.m. signals utilizes the
predictable ratios of deviation to modulation signal frequencies at which the
carrier or certain sideband signal components disappear. The method is prone
to error unless a very pure scurce of modulating signal is available. An
alternative procedure is given in the Service Manual, Chap. 5.

Phase modulation

£d

fm’
where ¢ 1s the carrier phase deviation in radians arising from a modulating
tone of freguency fm, causing carrier deviation fd. A detector of frequency
modulation can therefore be turned into a phase demodulator by causing its

57. Phase and frequency modulation are related by the expression ¢ =

output to vary as ?% i.e. to roll off at 6 dB/octave. This technique of

phase demodulation is used in the 2305 and in other comparable instruments.

The permissible full-scale maxima for ¢.m. cannot, though, be as independent

of modulating frequency as in f.m. and a,m. The fixing of a low modulation
frequency requirement of 500 yadians full-scale defines the corresponding
maximum modulation frequency (at which 500 kHz frequency deviation is reached)
at 1 kHz. For modulation frequencies above 1 kHz the permissible range maxima
must decrease at 6 dB per cctave, Below 1 kHz the demodulator gain rises at

6 dB/octave to maintain the 500 raéd full-scale maximum until 300 Ez is reached
at which point the cut-off frequency of a high-pass filter defines the prac—
tical limit for low frequencies. This performance reflects the normal limi-
tations inherent in the design of phase modulated systems and is no disadvantage
in practice. '

Chap. 1
Apr. 83 (Am. 5) Page 17/18
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UNPACKING AND REPACKING
. Retain the container, packing material and the packing instruction note
(if included) in case it is necessary to reship the instrument,
2, If the instrument is to be returned for servicing attach a label indi-

cating the service required, type or model number (on rear label), serial
number and your return address. Pack the instrument in accordance with the
general instructions below or with the more detailed information in the pack-
ing instruction note.

(1) Place mains lead in suitable plastic bag and tape it to the
instrument rear panel.

(2) Place the instrument within its plastic cover.
(3) Ensure that the padded fitting is in place within the inner
carton and slide the instrument in, rear panel first, leaving the

front panel exposed at the open end.

(4) TFit the separate front panel protecting cover over the panel
and close and seal the imner carton.

(5} Place one of the moulded plastic cushions in the bottom of the
outer carton and insert the inner carton so that it locates in the

cushion recess.

{6} Place the remaining plastic cushion over the other end of the
inner carton and close and seal the outer carton.

(7) Wrap the container in waterproof paper and secure with adhesive
tape.

(8) Mark the package FRAGILE to encourage careful handling.

Chap. 2
Oct. 82 Page 1
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Note...

If the original container or materials are not available, use a
strong double-wall carton packed with a 7 to 10 cm layer of shock
absorbing material around all sides of the instrument to hold it
firmly. Protect the front panel controls with a plywood or card-
board load spreader; if the rear panel has guard plates or other
projections a rear loal spreader is also advisable.

MOUNTING ARRANGEMENTS

3. Excessive temperatures may affect the instrument's performance; there~
fore, completely remove the plastic cover, if one is supplied over the case,
and avoid standing the instrument on or close to other equipment that is hot.

CONNECTING TO SUPPLY

4, Before connecting the instrument to the a.c. supply check the position of
the two voltage selector switches on the rear panel. A locking plate fixes
both switches into cne of four possible combinations and only the selected
voltage range is displayed when the locking plate is fixed to the back panel,
The instrument is normally despatched with the switches selected to 230/240 V.
To select a different voltage range remove the locking plate and re~position
the switches to the required range as shown in Fig. ! below and refit the
locking plate into its alternative position.

Note...

The a.c. supply fuse may also have to be changed, An indication of
the correct fuse rating is given with each displayed voltage range:-

i.e. 1 A=T {1 A time lag) 105 v - 120 Vv *107
0.5 A-T (0.5 A time lag) 210 v = 240 vV 210%

The fuses are 20 mm x 5 mm cartridge type.
5. The free a.c. supply cable is fitted at one end with a female plug which

mates with the a.c., connector at the rear of the instrument. When fitting a
supply plug ensure that conductors are connected as follows :

Earth =~ Green/yellow
Neutral - Blue
Live - Brown

] E Q

b KX 127

Fig. 1  Voltage ranges (alternative switch and locking plate postitions;

Chap. 2
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SAFETY TESTING
6. Where safety tests on the a.c. supply input circuit are required, the
following procedures can be applied. These comply with BS 4743 and IEC
Publication 348. Tests are to be carried out as follows and in the order

given, under ambient conditions, to ensure that a.c. supply input circuit
components and wiring (including earthing) are safe.

(1) Earth lead continuity test from any part of the metal frame to the
bared end of the flexible lead for the earth pin of the user's a.c.
supply plug. Preferably a heavy current (about 25 A) should be applied
for not more than 5 seconds.

Test limit : not greater than 0.5 .

(2} 500 V d.c. insulation test from the a.c. supply circuit to earth.

Test limit : not less than 2 M@,

GPIB INTERFACE

7. The GPIB interface is an optional accessory and can easily be fitted by
the user as follows:-

(1) Remove and discard the rectangular cover plate from the left-hand
side of the rear panel.

{2) Withdraw the intercommecting lead from inside the instrument and
connect this to the GPIE assembly.

(3) Using the four retaining screws provided, secure the GPIB assembly
to the rear panel where four pre-positioned captive nuts are fitted,
The interface is now ready for GPIB operation.

RACK MOUNTING

8. The instrument may be mounted in a standard 19 inch rack using the kit
46883~506M available as an optional accessory. Fitting instructions are as -
follows:~

(1} Remove both top and bottom cuter covers, detach and discard front
and rear feet on bottom cover. :

{2) Detach and discard side trim infills, countersunk screws and screw
cups .

.(3) Remove the front panel assembly and lay face down protecting the
l.c.d's.

(4) 1If it is required to bring the r.f. input in via the rear panel,
carry out steps {3) to (8) otherwise go to step (9).

(5) Remove the r.f. input coaxial socket from the front panel and
transfer it to the blanked-off position on the rear panel (see Figs. 2
and 3, pages 4 and 6 in Chapter 3 for precise locations). It is not
necessary to remove either of the two coaxial terminals from the r.f.
lead in this process. Note that the lead is doubled back on itself
for the full depth of the instrument before returning te the miniarure
buikhead comnector on the r.f. box immediately behind the front panel.

Chap. 2
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(6) Unscrew the miniature connector and remove the type N r.f. input

socket from the front panel by undoing the securing nut. Release the
cable from its securing cleats and withdraw it completely frow the
instrument.

(7) Remove the blanking off grommet from the hole in the rear panel

and put it in place of the connector in the front panel. Remove the
type N securing nut and washer from the lead by passing them over the
miniature connector. Feed the lead back into the instrument by passing
the miniature connector through the hole in the rear panel. Replace
the washer and nut on the lead by passing them over the miniature con-
nector. Feed the lead fully through the rear panel and assemble the
type N connector to the panel.

(8) The lead should be routed down through the recess in the edge of
the bulkhead below the new input position. It can then be led dia-
gonally across the base of the power supply, secured in place with a
piece of adhesive tape, and returned to the original run of cleats
along the bottom of the left-hand side panel and reconnected to the
input bulkhead commector on the r.f. box.

(9) TFit the rack brackets in the recesses of the side trims or of the

panel handles if these are to be retained, using the |6 mm M4 pan head
screws and washers and discarding the plastic trim infills.  Finally,
refit top and bottom covers.

FRONT PANEL HANDLES

9. Front haaxdles are supplied only as optional accessories, fitting instruc~
tions are as follows:-

(1) Remove the side trim infills and side trims. Discard the side
trims but retain the screws and washers for re-use.

(2) Fit the panel handles using the screws and washers previously used
to secure the side trims. Ensure that all 4 screws are engaged before
any are tightened.

(3) Refit the side trim infills using the existing'screws and washers,

EXTERNAL FILTER

10. The connections are shown in Fig. 2. The source impedance is low - a
few ohms - and the input impedance is 100 kf.

Out
Modulation Terne L—:: Efﬂ I
if -

Common

TPALTLIA

Feg, 2 Comections to external filter jack

Chap. 2
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PRINCIPLES OF OPERATION

1. The 2305 is operated locally by functionally grouped keyswitches on the
front panel. With the exception of the purely numerical keys on the data
keypad which are used for the entry of numerical data, keyswitches have asso—
ciated lights which by their 'on' state signal that the function controlled
by a particular key is active. Dual function keys have dual lights which
change over the on state as the controlled functions toggle with successive
finger pressures.

2, The operational state of the instrument is indicated by the 'key active'
lights together with any display annunciaters which may be activated and by
the display itself which may be of measured data or. possibly, one of a

number of error codes indicating an irregularity of some sort. The simplest
of these is the row of 8 dashes in the freguency window shown in Fig. | which
indicates that the auto-rtuning process has not vet produced an acceptable 1.1.
signal and this 1s the normal condition for an instrument which has been
swatched on without a signal connected. it is allocated the error code
number 50 but this is the only error code not displaved in numerical form.

The standard form of error display utilizes the two central digits in the
frequency display. The two display windows are shown in full detail in

Fig. 4 and Fig. 5.

The measurement performance of the 2305 can bhe changed by
the user to meet special operational needs by keybesrd
second functions which have their status stered in non-
volatile memery. If you are not certain of the state in
which the instrument has been left by previous users, vou
should obtain a second function status display according
to the procedure described in para. 36, page 15 before
attempting any measurements .

Chap. 3
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Keyswitch functions

3.

Jul.

Keyswitch operation is aided by the following considerations.
() Keys which control major functions are coloured orange or green,

(2) Other function keys having a more subordinate role are coloured
grey.

(3} Data entry keys forming the keypad are black with the exception
of the ENTER key which is, uniquely, blue for ezse of identification.

(4} Dual function keys will toggle from one function to the other on
gsuccessgive operations but will only cancel when a key controlling an
associaved alternavive function is operated.

(5) Those single function kevs which are marked ON/OFF will toggle
between the two states on successive finger pressures but zl1 others
remain active once pressed until a2 key controlling an alternative
function is operated.

Jrte
{6) FKeypad data entry is initiated e [ ] .
by the operation of one cf the three ?ﬁ?@“ﬁﬁ}":}ii_wgzg
left-hand director kevs. When S S WA £ S || B
actuated, FREQ TUNE will cancel the T —
AUTO TUNE function and the MOD REF. sl e e ]
kev will pre-empt the REL (relative) bld
function o the ARS REL kew. Fi:“i—-fjj ‘?!mﬁ
(7) An OFF key is provided with the
DE-EMPHASIS selectors which is equi- DE EMPre o WG
valent to zero de-emphasis. A con- L L . A LB
tinuous indication of the main band~ ore [ =e Gl e o
width state is given bv the key active .

pg e

light in the FILTERS group of keys,

The maximum bandwidth of 10 Hz to

300 kHz is selected when standard power-up
status 1s entered at switch on. Selection FILTERS s
of anv other filter reguires separate

* & < * L]
independent choice and action and is so-|[rsse-]iy e Fyse Hyee
unrelated to all other functions apart | ot | St 1 Efl
from that of phase nodulation, é.m., Lo 38 e Moo FLAT et

which requires special filtering.  When

d.m. is selected DE-EMPHASIS and FILTERS
sclections arve cancelled, the kev active

light reverts to the OFF kev in the DE-EMPHASIS
group and ig extinpuished on the FILTERS key.

{8) In the event of a mistake occurring during keypad data entry, the
keypad register can be cleared by a second operation of the appropriate
director key and the sequence can then begin again.

{9) If an illegal command is made, as would happen 1f a frequency out-
side the instrument's range was enterad, an error code will show in the
FREQUENCY display. Error codes also appear if an incoming signal hasg
properties that lie beyond the scope of the instrument or of a range that

Chap. 3
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has been held in operation. Error code displays remain, blocking
normal operation, until the source of the error is corrected. The
occasional brief display of error codes during normal use while trans-
sient conditions settie down should be ignored.

4. The only controls which are intended for local manual operation and
which cannot be operated remotely via the GPIB are :

SUPPLY ON } front panel
LF 1EVEL pamn
STD FREQ ADJ : rear panel access.

CONTROLS AND CONNECTORS

Coaxizl connectors

5. There are two BNC female connectors on both the front and rear panels
{items 20 and 21 and items 3 and &4 respectively). The only other coaxial
comnector is a 50 @ type N female, RF INPUT, which is normaily mounted on
the fromt panel (item 2) but which can be transferred to the rear panel and

placed in the blanked-off position (item 2} when it is required to rack-mount

the instrument (see Chap. 2, page 3 for rack mounting instructions).

Rear panel connections

6.

4w

The 50 - 400 Hz 70 VA a.c. supply receptacle plug (item 6} accepts the

c. supply input cable supplied with the instrument (code no. 43129-G71D).

The AUDIO IN-QUT socket {item 5} accepts a standard stereo headphone jack plug,

supplied. When the GPIB optional accessory is fitted the
the standard IEEE ~ 488 connector.

receptacle accepts

Front panel controls

ya

W MARCON] iNSTFUMENRTS
Subky
an

®

ETR'Y

2

%

1

i
,,,,, I

© 6 66 b

Front panel controls ond connectors
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{1) SUPPLY switch : sole means of conmnecting the a.c, supply to the
instrument circuits.

(2) RF¥ INPUT : point cof entry for the measurement signal.

{3) TFREQUENCY keys : allow the FREQUENCY displav to be used for three
separate frequency measurements.

CARRIER : frequency of input signal carrier.

CARRIER ERROR : frequency difference between instantaneous
measurement of signal carrier and a stored wvalue,

MODN : frequency of modulation tone (modulation rate).

(4) AUTO-TUNE : causes instrument to sweep through its tuning range
and to lock-on to the largest signal detected,

{(53) HOLD ON/QFF : enables all measurement functions to be frozen in
their current states. '

{(6) CAL : causes calibration of the modulation measuring circuits to
be realigned to the intermal a.m. and f.m. standards and sets the signal
detection threshold for optimum sensitivity.

{7) FILTERS : give choice of pass band characteristic.

{8) DE-EMPHASIS : gives cholice of 4 f.m. de~emphasis time constants
{including zero).

(%) WIG -~ ON/OFF : when DIST SINAD option 1s fitted, enables whichever
of the CCIR, CCITT weighting circuits has been installed by second
function action to be introduced by a single stroke of this key.

(10} DIST SINAD : :introduces the optional accessory zand presents the
distortion of the modulaticn tone in either form. This key is in-
operative if the opticn is not installed.

(11} POWER : causes power content of input signal to be displayed in
units selected by second function. Measurements may be referred to
the input side of externally mounted power attenuators.

(12) DAT: keypad @ provides for the entry of numerical data for tuning
or reference purpoges. ENTER key terminates entry in normal use but
precedes two digit number entries for second function operations.

When the ENTER key is operated first, its key active light remains OR
to indicate that entries are for second functions. Up to 10 sets of
control settings may be stored and recalled via RCL/STO in normal
operation. In second function mode this key is used to terminate dara
entry and return to normal mode,

{13) FM ¢M : gives choice of angle modulation type for main function,
f.m. in kHz, ¢.m. in radians.

(14) AM : selects a.m. as main function (7).

{(13) P+, P- : gives choice of peak or trough measurement.
p-p '

(¥6) , : causes average of P+ and P~ to be displayed.

Chap.
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(17) NOISE AVG : changes from peak responding to average responding
modulation measurement, Calibration is the peak value of equivalent

sine wave.

(18) PK HOLD, ON/OFF : stores, and holds in display, the largest value
appearing during any period of measurement while the key is active.

(19) ABS REL : enables modulation functions to be carried out as an
absolute or relative measurement.

(20) LF OQUTPUT : filtered, weighted, demodulated signal fully controllable
by LF LEVEL controel. The index mark corresponds. to the overleoad point
and the onset of distortion for signals giving indications approaching

the nominal range full scales of 1.5, 5.0, 15 etc.

{21} IF OUTPUT : a buffered output at low impedance.
(22) PULL~-OUT CARD : gives summary of operating instructions and error

codes which may occur in normal operation.

Rear panel features

i
e i ni
el i
HE il
i Nl
o7 TN :
I A i
i HiN | ¢
° i
L

Grroapt TE oLt
SRy [T B0

@ o o &

Fig. 3  FRear panel controls and connectors

Chap. 3
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(1} REMOTEL CONTROL GPIE INTERFACE, optional ACCESSCTY.
(2} Optional positien for r.f. input connection.

{3) EXT. LO IN : connection point for external local oscillator.
EXT. L0 is switched in by the data pad entry seguence :

~

My Fel @ Tl ®

TUNE T

(4) STD. FREQ IN-QUT : buffered output peint for internal 10 Miz
standard when this is in use. Entry point for external standard
when switched in by second function keying.

(5) AUDIO IN-QUT : enables an external filter to be inserted into
the audio signal path without disturbance to the internal filters.

(6) SID FREQ ADJ : screwdriver slot adjuster enables standard frequency
to be varied over & range of about 15 p.p.m. to align with an external

standard.

(7) Standard receptacle for mains connector.
(8) Mains supply fuses.

(9) Mains supply voltage adjusting switches and locking plate -
see Chap. 2, para. 4.

LCD annunciators

9.

H

Annunciators associated with the numerical l.c.d's are activated as

necessary Lo give supporting information with respect to the units of measure-

ment

and the functional state of the instrument as shown :

¥*
FREGUENLY MODULATION
Y[ == |
o 00 C Q:ﬁ:WWcﬁﬁﬂﬂf?}
L, '355 ¢7! %io’i‘;‘éw:ﬁ‘” G R

Mar .

1P 1738 TEALTLO A

Fig. 4  Freguency display Fig. & Modulation and power display

This small elevated ‘point' preceding the numbers is activated when
SRG is requested under GPIB operationm,

. Chap. 3
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{1) Annunciators, FREQUENCY display.

REMOTE : Instrument has been switched to remote operation following
receipt of a command from the bus controller.

ADDE : Instrument has been corrvectly addressed and is ready for data.

EXT. STD. : Instrument has been switched.to accept an external
standard frequency signal.

{2) Anaunciators, MODULATION display.

EXT. LO. : Imstrument has been switched {0 accept an external local
oscillater., The frequency display now shows the i.f.

INFPUT LOW

OVERLOAD } : Signal input outside the instrument's dynamic range.

WID : CCIR or CCITT weighting civcuit has been introduced. If the
SINAD opticen is not installed, the WEIGHTING key and the annunciator

are both inoperative.

dBm, 7, RADS, kHr : Units of measurement.

FREFARATION FOR USE

10, After the 2305 has been properly installed with connection made to a
suitable mains supply, switch on. The instrument will now enter a series of
self checks and its progress will be monitored on the FREQUENCY display in

the way shown in Fig. 6. A fault appearing during memory checks will result
in a brief display of a letter H (RAM fault) or P (PROM fault). Such a fault
would probably also appear as am operating malfunction and as such would im-
pede progress in the six sets of measurements which now begin on the analogue
measuring circuits and are monitored by the gradual advance of the decimal
points across the display. When all gix sets are complete, nine derived test
results are calculated in sequence and each result is compared with a result
stored from the same test when made at time of manufacture. A test 1s failed
if the current result differs by more than 57 from the stored refererce and
will cause the sequence to stop at that point with a displav of the test number
concerned. If all tests arc satisfactory the 2303 will display PASS and then
move into its power-up status. This may be the standard power-up status of
the instrument as supplied, or it may be anv set of operating conditions intro-
duced by both first and second keyboard functions and entered into STORE 0.
"Standard' power-up status confers the follewing control settings which are
considered to be those most commonly reguired :

FREQUENCY display — CARRIER

AUTO-TUNE - ON

FILTERS - 10 Hz to 300 kHz (maximum bandwidch)
DE~EMPHASTS - OFF

FUNCTION - ABS., FM, E%E

Whether the 2305 powers-up to the standard status or to a special set of
operating conditions is determined by the state of second function 24. This
may be found from the second function status display described in para. 36 (07)
on page 15. For standard power—up status (2305 zs supplied) second function
24 will have status 0 and for nower-up to store U it will have status 1.

Chap. 3
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during power-up gegus
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17. The row of & dashes that appears acress the FREQUENCY display at this

ear
stage is an indication that the 2305 is actively searching in the AUTO-TUNE

s
i
mede but has not vet found a signal. It is also listed under ERROR CODE 50,

12. The FASS indication shows that there has been ne abnormal detericration

“in the mezsurement circults which should not and cannot be calibrared out by

operation of the CAL kev. Until the next operation of the CAL key, measure-
ments continue on the basis of the recalibration data acquired at the last
operation regarcless of the number of switch~on sequencies that may have
occurred between. 1f a test is failed during self-check, normal operating
conditions may be obtained by entering AUTO-TUNE unless the circuit failure

concerned has been catastrophic. The level of uncertainty in any measurements
P

made with the 2305 in this state will, however, be undefined.

13, The 3-digit number 001, 002 etc. which also appears in the MODULATION
window during the self-check routine is an indication of the software modi-
fication state built into the instrument.

OPERATING PROCEBURES

14. When, following switch-on, the 2305 enters the standard power-up status
and a signzi within its dynamic range is connected to the RF INPUT, the 2305
will tune to the signal and display the carrier frequency and any frequency
modulation present. The INPUT LOW annunciator will go out. The 2305 can
follow drifts in signal carrier frequency up to rates of tens of kHz per
secend, the iimit being dependenton the carrier frequency. If the maximum
rate 1s exceeded as might happen, for exampie, if a signal generator fre-
guency range was changed, it is possible for the 2305 to be prevented from
entering & complete new auto-tuning cycle by an apparent signal acgquisition
which is, in fact, spurious. The condition is accompanied, typically, by a
frequency display that is noisy or grossly in error and by over-ranging in
f.m. measurements, To be safe re-enter AUTO-TUNE after changing frequency.

Chap.
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Modulation measurement

15.

will auto-
te over-—

(1) Select AM, FM or ¢M as required. The MODULATION disnla
range as required for maximum resolution. If it is neccssar
ride the auto~ranging action in order to retain a particulay range, 1t

may be done via Second function 36, see ma~e 1%,

{3y Select ABS for absolute

¢ a6 erip 1 . [ -y g 15
measurement in : DT L
7 OAM, | L

L
or  kHz deviation FM, ' i
or radianspc?. : .
(3) Select —— and note the reading. e o8 | ©
- Fu ¥ [
If any modulation assymetry is sus-— Y |
pected it may be measured by opera- e A
ting P+ and P- alternately. N e
- . . N ® % & ®
(4} Select an alternative FILTER if required. _ TS e
[PGWEF‘! E .snmxu! 1 ‘“" i

Relative modulation

RO

(1} Teo relate measurements to a pre-determined figure #.g. 25 kHz
deviation or BOZ a.m.

Enter MOD REF on the keypad Fais, This action will also activate the

REL function if not already carried out.

Then follow with the numbers of the reference quantity and

In the event of a mistake when making a kevpad entry, press

el
and start again. When AM is selected, the numbers are automatically
interpreted as 7 AM, Similarly, for M and ¢}, the unit quantities are
known from the FUNCTION that has been selected. The modulation measured
will now be displayed in dB relative to the quantity entered. In rela~
tive modulation, the signal measured mey be shaped by de—emphasis or by
the weighting filters if reguired.

{2} To measure changes in modulation relative to a reference measurement.
The 2305 will be in the ABS mode. When the reference measurement is

& <
made, press M |

BEY
to store and all subsequent modulation will be expressed as dB referred
to this quantity.

This measurement will then automatically transfer

Note. A combination of deep a.m. and high modulation frequency may
cause difficulty in auto-tuning. Should this occur, reduce the
modulation briefly or increase the signal until tuning is achieved.

Modulation freguency measurement

i7.

e

Press the F== FREQUENCY key. The FREQUENCY display will auto-range

stmeccl
to give the appropriate resolution.

Display ranging

18. The FREQUENCY display makes use of all 8 digits when in CARRIER mode,
for frequencies down to 100 MHz, Resolution 1s, accordingly, 100 Hz for
Chap. 3
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10 Hz below.
n of leading
quencies.
HMODUL:?
; tion of the
1D ion as required
ed guantity 5000 1s excesded
significant olgit becomes &
ale display oi 9940,

0

ATION
dec

1

em\H is

In MODXN

OV

fived zero

100 MH=z

Below
ZETOS .

reso-
In CARRILR
mode, yesclublon
display makes
marver,

use of
which

the {i: unlts
Before the

leaving

imal

kEz,
quantity

3 uzge~

N ag
16, With the 7305 messuring a modulated signal, turn off the modulation.
1fi irit of the MODULATION display wi]i now be fluctuating
& rhie instrument measures the spurious, residuzi modulation.
a largey guantity with an {.m. source than with a.m.

reduction in f{luctuation.

to relat] ., measurenents., Note t

noise,

of the peok of the eouivalent sine
T GEUTEMERTS reduzed Lo gquantities of

20, This Tact mar be veri uging & gignal wi
soidal modulation. When are operate

willl bhe inficated modulatio
wiil by k veeponding respectlvely.
Correction i

pmeasuverant car bo converted to a relative
when the 2303 is measuring the total of signsl p

stleon is ving only the noise comp
ire this down ., If the quantit
neglected correction by subtracti
from the As both the measured
t Liv.

tion) kev

WaN

Use this key when

hat the NOISLE AVG
so that both nolse
the same kind.

th od gualitv sinu-

d alternately there

n although the detectors

quantity by pressing

lus nolse. Ii the

onent, the 305 will
v is too large to be
ng the ncisc fraction
quantities are peak

2ta. The 2305 be put dinto its recalibration voutine at anv time by opera-
;

tion of . The instrument will first carry out the self~check

routine plerion of nine circult tests will

et enteved

bration
standards .,

SRR AE

+f any are needed to

e COYTEOT e asuy The 2305 then reverts
te 1ts original stati key operation can be rvestricted
solely te the soli-« required (o remove the recalibration
capability from operator contred. This requires access to second function 40
and the procedure ix described in Vol. 2 of this manual. The 2305 is supplied
with the vecslibration action asserted and its use 1s necessary in order ©o
obtain the full specifﬁed poy Tormance . CAL key operation may need (o be more
frecuent when envivenmental chanees occur or when it is necessary to use the
2305 1mmediately fo Jlomlng switch-on. Practical experience in any one set of
cireumstances having regard to the time availeble for recalibration and the
size of the changes introduced, will probebly dictate the frequency of use.

Chap. 3
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Input overload protection : trip and reset

22, Normal ranging within the 2305 will enable the measuring circuits to
accommodate inputs up to I W (+30 dBm). Above this level, the OVERLQAD
annuncistor will light up and at 2 W (+33 dBm) the input protection will
introduce an open circuit at the input terminal. The instrument will enter
an error mode (07) and will cause the active light on the POWER function key
to flash regularly. To reset the instrument, first remove the overlcad and
press the POWER key once.

Manual frequency tuning

23. The non-automatic tuning mode mavy be required if several signals of com
o
parable strength are present. Select (1) 'QEJ on the keypad followed by the

TURE

The AUTO-TUNE key will

numerical frequency data in MHz and (2)

have cancelled. The FREQUENCY display will be of the measured signal freguency
as before, provided that the numerical entry 1g close encugh to the signal fre-

8]

quency for the 1.f., to be within the pass band. Fress Fime

ERRCE

to display

directly any difference between the measured and the entered frequencies. So
long as the signal components remain within the pass band of the i.f. amplifier
the CARRIER ERROR mode will monitor drift in the carrier frequency and the
modulation measurement circuits will function.

Use of Extermnal local oscillator

24, An externzl low-noise local oscillator within the range 28 to 56 MHz may
be substituted for the internal oscillator. Connect the oscillator to the
appropriate BRNC socket on the rear panel. The input impedance is 30 & and a
terminal voltage of between 100 mV and 1 V 1s required.

o 4 & The MODULATION display will now show EXT LO,
?l S PO curee| the TREQUENCY display will be of the i.f., the
‘ ! i ' Auto-tune process is inhibited and the input

signal and externzl local oscillater are both

connected to the sampling gate mixer. The external local oscillator frequency
should produce an i.f, of 1.5 MHz 2150 kHz for input signals within the frequency
range of 28 MEr to 2 GHz. In order to retain the normal polarity sense in de—

modulation (positive frequency modulation excursions are measured in the P+ mode)
the leocal oscillator frequency should be chosen from within the permissible range
as that which satisfies the relationship.

signal frequency +1.5 MHz

N
with the smallest peossible integral number for XN. As there are 36 possible
integers for signal frequencies of 2 GHz, falling toe 10 for inputs of 560 MHz,
it is only signal frequencies in the low hundreds of MHz and below that will
require local oscillator frequencies to be substantially more than 10% below
the 56 MHz upper limit. It is assumed that, for this particular measurement
refinement to be worthwhile, the external loczl escillator in question will be
based on specially ground quartz crystals and that the possibility of obtaining
a valid i.f. display by exciting a spurious response with a variable frequency
oscillator does not arise. The displayed 1.f. may be allowed to depart from
the noeminal 1.5 MHz by as much as #{5C kHz without incurring the risk of an
increase in meagurement uncertainty.

Local oscillator freqguency =

Chap. 3 '
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eptions kit SREEI-5L

oo

2%, To include a psephometric weighting network in the measurement clyoull,

A
press WG . Either the CCITT or COIR network will now he Intreduced
, .
depending on which has beer pre-selected for first function entry b operation

of firvst level protected second funciion 25, Cuidance in thisg aperstion is
giver in a larer section devoted to second functions, starting at parva. 30.
1f the optiens kit has pot been installed, ervor code 06 witl be displuved.
Weighting is onlv infroduced into relative and distertion measurements. T
action of the weighting network or any other filter selected is, however,
always present in the LF output signal.

-

26. To meesure distorrvicon, first ensure that the test signa! has single tone
modulation within 57 of one of the three standard ireguencies 300 Hz, 500 Hz
or | kHz,. As soon as the signal ig runmed and the desired level of modulation

is displayed, operate depending on which form of measure-

ment 1s wanted. If the modulation {recuency is within acceptable limits.
fundamental rejection will take place and the distortion factor or STNAD will
be cealculated and displayed, distortion factor in percent and SINAD in dB.

27. The measurements are hased on the usual relationships :

s . Digtortien products + nolse e
Distortion factior = e s ; —  x 100 Z
. Signal + distor:iion + nolse

where nolse is uvndersteod to include all components apart from signal and
harmeonic distortion, ard
}

SIRAD = 20 loyg . - dB
Distortion factor

If the error code 59 is displayed, the circuit has falled to produce a fre-
guency notceh and the modulation tone should be adjusted 1o bring its frequenoy
closer to the nominal value

28. Thne 2305 average detector is autematically selected Tor distertion
measurement and, 1n most practical measurement situations. introduces inslg-
nificant error in approximating to the r.wm.s. rvesponse that is theoretically
required. The minimum fundamental rejection of 65 dB8 i compatible with a
0,17 total harmonic disrorrion measurement and the overall accuracy specifi-
cation cof *I dB.

29. If the modulation frequency is changed to ancther standard tone when In
1,

DIST/SINAD funerion, it will be necessary ¢ leave and re-enter Tuncitlon

o

by operating another function key, say , followed by

in order to be certain of obtaining a notch at the new frecuenc .

and recall of control settings

Store

30, To store the 23057s current set of operating conditions, operate

. These conditions may now he reproduced at any

reaulred

future time by recalling the same store number 1.e. L s tore o

83 (Aam. 1)
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when the 2305 will be returned to the same state of operation that it had when
the particular store was entered. The data stored therefore includes all key-
board functicns, all numerical reference data entered and any 'storable’

second funcrions which may have been introduced. Each time a store 1s entercd
existing data is overwritten by the new entry.

KEYBOARD SECOND FUNCTIONS

31. Second functions are identified by two digit numbers. Numbers from (]
to 52 aré allotted although several are spare.  The group allocation is as
follows :

01 to IS5 Unprotected access {(grovp F0)

16 te 39 First level protected {group PI1}

40 to 45 Second level protected {(group F2)

46 to 52 Third level protecied {group F3)

37. To introduce a second functiom, use the two digit number preceded by the
ENTER kevy. Prior use of the ENTER kev in this way causes its active light
to come on to indicate the existence of the second function mode. To leave
a second function, press anv normal functicn key or use ENTER again.

33. After entry, the second function appears as a 2-digit number in the
modulation display. The frequency display may show any of four possible
responses

(1) No response, i.e. the second function does not exist or is locked.

{2% Displav gees blank and is awaiting the entry of data.

{3} It shows the current value of some variable, this may be cne orv
move digits with or without decimal peints or other symbols such as
1 1 LI 4

- or "4
(uy It diseplays a changing 4~digit number which represents an internal
veltage.,

Data entry

34. Once azccessed most second functions require a datas entry which may be
simply a 0 or a | or more as in functicom 02 GPIB address, which is & 2Z-digit
decimal number. On access, the current state of the data is shown on the
right~hand side of the freguency display. When new data is entered and is
accepted as being in the correct formaz, it will appear in the left-hand side.

Operate to store the new data which will then transfer to the right-
hand side of the frequency display, displacing any earlier entries. If the
2305 is in local control, this display will last for | second after which the

PRI

active light on the ERTER key will go out, and the 2305 will return to normal
operation. When in REMOTE mode there is no pause for display.

Data volatility

35. In groups PO and Pl, some second functions have their related data stored
in velatile memory so that each switch-on finds these functions in their non-

asserted state, The important exceptions are functions covering such items
as GPIB address, source of frequency standard, SRG mask etc. which are stored
in non-velatile memory. In a number of cases, data which would normally be

volatile may, opticnally, be entered into one of the instrument’s stores (0-9)
together with all the related control settings. Functions belonging to these

Chap. 3
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groups are identified as 'non-volarile! and '
list which follows.

storable' respectively in the

SECOND FUNCTIONS 01 70 15 (GROUP PO, UNPROTECTED)

36. These functions, which may be entered directly without unlocking are as
follows.

SFO1 Second function startus

In this function, the status of those second functions that are important
te the basic operation of the instrument is shown using both the frequency and
modulation windows to display the digits concerned, thus

665 C.D.P WD BM U

where the digits represent the following.

ey o T R
Second Protoetion

funetion

GG (00 to 30) = CGPIB address - G2 None
s {0/ = YK enab’ - 19 First level
C (071> = Calibrate mode - 40 Second level
o0/ = Power-up mode - 24 First level
P OO0 to 3) = Protection state - - -
W (/1) = Weighting filter - 25 First lewvel
T (G/13 = rer - 28 Firs: level
B {0/ = B/ - 27 First lewvel
M0 to &) = : measurement

ol fset - 30 First level
nnunciator u
W Power units watts - 29 First level
cBm Fower units dEm - 24 First level

The second function status display for the 2305 'as supplied’ will appear as
pelow

TFB LEat

SFOZ CPIR addresze (non-volatile)

Any number from 00 to 30 will he accepred. 1f the CPIBE option is not
fitted, a double dash - - will appear instead of the 02 code when this func-
tion is entered,

SFO3 GPIB option : auxiliary output (possible future development)

Enables a 8 bit numbey to be stored in the 2305 for transmiss%a? via an
auxiliary output on the GFIB accessory. Enter 8 x 0/1. The aux;lza;y out-
put is intended for the control of simple apparatus not having full GPIB inter-
face capability.

E)

Rel Fid: e e
coalitration o 258 or the

during porer—up.

CAL key aa




Unprotected eccond functions contd. H 52305-90CK
Vol. 1

S§F04 Select external frequency standard (non-volatile)

Enter O for internal, | for external. When re-entering this function in
order to return to internal, it is necessary to operate the keying sequence
slowly if the external scurce has already been removed.

SFO5 Display mixéer level

Displavs a 4-digit pumber in the right-hand side of the frequency window
being the output from the volts/frequency converter with the mixer level detec~-
tor connected. The number is not readily calibratable but is useful in fault
diagnosis.

SF06 Display IF level

As function 05, but with the IF level detector substituted.

Srp7 Display demodulated audio (pre-filter)

As function 05, but with substitution of the detector monitoring the out-
put of the 1.f. amplifier {AY9) prior to filtering on the AlD board.

SF08 (followed by a selection digit) Voltmeter input

Selection Voltmeter input

GLET

[

o

Peak -ve

Peak +4ve

Averaging detector
RF power detector

IF level detector
Zero reference

Mixer level detector
Demodulated audioc

T~ ot == O

~ O An

As function 05, but with the other voltmeter inputs not so far included. Note
that when the instrument bases a measurement on any of the volt/frequency cen-
versions, it first supplies a zerc voltage input to the converter and notes

the magnitude of the ofiset, This offset is displayed on imput 5. The
guantities available for display on function 08 are not corrected for this
offset but those on functions 05, 06 and 07 are.

SFD9 Svnthestzer/counter self check

This function exercigses the synthesizer control logic and checks the
adjustment of the oscillator coils. Any failure in this test would result in
the 2305 entering errcyr code 13, The number 13 would then be transmitted via
the bus if the 2305 was asked to 'Talk Error' but the only display in the
FREQUENCY window would ke of a two-digit number representing the particular
test in which failure had occurred,

SF10 FM calibrator ~ wide deviation

This signal will be present at the i.f. output socket on a 1.59375 Miz
carrier.

SF11 FM calibrator — narrow deviation

This signal will be present at the i.f. output socket on a 1,50 MHz
carrier.

Chap. 3
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SF12 AM calibrator

The a.m. calibration signal will appear at the i.f, output socket on a
1.50 MHz carrier. ©Each time this function is entered, the calibrator signal
appears for 10 seconds after which the 2305 reverts to normal operation.

Second functions 13 to 15 inclusive are spare.

SECOND FUNCTIONS 16 To 39 (GROUP P1, 1ST LEVEL PROTECTED)
37. Second functions 16 to 18 inclusive are spare.
To unlock the first level of protection

& , o
Press and release (1) (2) *;1 Press again then v

ENTER L]

holding both keys down until a 1 shows in the frequency display. This

e

takes about 5 seconds. Then leave the unlocking mode by pressing again

{or almost any other function key). The protected second funetion may now be
entered in the same way as an unprotected functiom. Protection is auto~
matically restored by a supply switch operation or, alternatively, by pressing

wrell 28310 — or another

- (3) :El {again) and (4)

function key.

NB. No locking or unlocking actior is needed when access to the protected
second functions is made via the GPIB.

S5Fi19 SRQ enable

" To enable the SRG, enter }; to disable the SRQ, enter 0. Disabling
will remove any pending SRQ.

5F20,21,22,23 SRQ mask !, 2, 3, 4 (non-volatile)

Allows any number of error conditions to be masked off from asserting an
SRQ. To generate a mask, enter O or 1 as necessary (0 = unmasked, ! = masked)
according to the following scheme.

Error yumber
Second function 20 : 00% 01 02 03 04 05 06 07

Second functiom Z1 : OB 09 10 1 12 13 14 15
Second functionm 22 48 49 50 51 52 53 54 55
Second funetion 23 : 56 57 58 59 60 61 62 63

The 0/1 digits enter the FREQUENCY display from the right and the mask is
generated by placing a | in the same position in a row as the error number
to be masked. Unmasked errors attract a 0.

SF24 FPower-up mode (non-volatile)

Allows the 2305 to power~up to a particular batch of control settings
entered in store 0 instead of the standard power-up status. To default to
the standard status enter 0; to recall 0, enter 1.

* The nwnber 00 is mot an error code but is allocated to vie 'hKeady SHG'.
If 00 1is masked, Ready SRE will not be transmitted.

Chap. 3
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SF25 Select welghting filter {non-volatile)

To select the filter introduced by the WI¢ ON/OFF key, enter O for CCITT,
1 for CCIR,

SF26 Measure with de-emphasis

To introduce the de-emphasis time constants into the measurement clrcuit,
enter O for off, 1 for on.

Note ...

This special requirement should be introduced with care as the de~emphasis
will affect all modulatieon measurements and there is nothing on the front
panel to indicare thar the introduction has been made. As the function is
volatile it will clear to the normal mode as soon as the 2305 is switched
off,

SE27 Force 30 kHrz bandwidth (storable)

This function causes a 30 kHz low-pass filter that is normally auto-
matically switched out of use when input signal frequencies are above 5.5 MHz,
to remain effective for all signals. This enables some channel separation
to be carried out within the 2305 as, for example, when high frequency digital
information might wind back the ranging in the 1.f. amplifier and cause'a low
frequency voice channel to be lost. The 'forced' bandwidth precedes the 1.f.
amplifier whereas the panel contreolled filters follow it. Enter 0 for 30 kHz
off, 1 for 30 kHz in.

§¥28 ILS filter (storable)

This function selects the 15 k¥z low-pass filter separately from and with-
out any accompanying high-pass section. This provides sufficient high fre-
guency bandwidth for the a.m. ILS signal without admitting an excessive amount
of noige. Its gpecial merit is the sbsence of dispersive effecis at the low
modulation frequencies employed which would be cauwsed by inclusion of a high-
pass section. Enter | for on, 0 for off. For AM, select AM and the 10-300 k
fiiter, for FM or to change from AM te FM, select FM and the 50-15 k filter.
When the 0-15 k ILS filter has successfully been selected, the l.e.d's in the
50-15 k and 10-300 k filter kevs will light simultaneously. HNote that when
the state of second function 28 is returned to (O, the filter will remain active,
with both l.e.d's on, until an alternative filter is selected.

SF79 Power units (neon-volatile)

Input power may be displayed either as watts or dBm. Enter 0 for dBm,
I for watts.

SF30 Power offset modes (storable)

Enter O for no offset, 1 - 4 for offset wodes as below :

5F31 Enter walue (in dB) of added external attenuator {mode 1). (non-volatile)

SF32 Enter power ref. | (mode 27, (non—-volatile)
SF33 Enter power ref. 2 (mode 3). (non~volatile)
SF34 Enter power ref. 3 (mode 4). {(non-volatile)
Mode | allows calibration of the extended power range to be derived

from a ralibration of the external power attenuator.

Chap. 3 .
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Modes 2-4 allow calibration of the extended power range to be
derived at three standard power levels which can be supplied to
the 2305 input with the known values entered for each mode.

Data entered for these modes is all non-volatile. More detailed

guidance in the use of power offsets comes in the next sectionm,
beginning at para. 42.

SF35 Set input attenuator setting (storable)

Enter 5 for setting O dB, & for 7 dB, 3 for 14 dB ete. to O for 35 dB,
Any number greater than 5 restores automatic operatiom.

SE36 Set switchable gain range setting {storable)

Enter 0 to 5 for settings 0 4B, 10 dB etc. to 50 dB. Any number
greater than 5 restores automatic operation.

§F37 Set optiens board gain setting (storable)

Enter 0, 1 or 2 for settings O dB, iD dB or 20 dB gain. Any number
greater than 2 restores automatic operation.

SF38 Set options board notch selection (storable)

|

Enter setting 0 to 3
for setting required.

No notch,

300 Hz notch,
50C Hz notch,
- 1 kHz notch.

W M e O
H

Any number greater than 3 restores automatic operation.

SF3% Restore second functions 35, 36, 37 and 38 to automatic operation

When this function is entered, the four setting functions are simul-
tanecusly restored to automatic operatiom.

When any of these second functions is entered, the setting digit cor—
responding to the range selected at that time in the element concerned will
be displayed in the FREQUENCY window. The digit will be accompanied by one
of the follewing letters as appropriate:

A — automatic mode

H - held mode
P - set mode

38, Second fumcticns 40 ro 52 comprise the groups P2 and F3 which relate to
the 2305's fundamental calibration and which have higher levels of protection.
Details concerning their use are given in the Service Manual.

Chap. 3
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Fower measurement

39. Power entering the RF INPUT terminal of the 2305 that is within the range

1¢ mW te 1 W (+10 dBm to +30 dBm} may be measured by operating

The measuved quantity will then be displayed in the MODULATION window as a
4 digit numbrr in & single fixed measurement range of 1 W or +30 dBm full-
scale. Whether the units of measurement are watts or dBm depends on the
state of second function 29 which is non=volatile and has to be re-entered
if a change of state is required. The discrimination represented by the
least significant digit in the display is ! oW or 0.01 dBm respectively.

4G. If an accidental power overload occurs, the input protection relay will

trip open to protect the instrument. The tripped state is indicated in
3 ways. The light on the POWER key will flash, the INPUT OVERLOAD znaunciator
is active and error code 07 shows in the FREQUENCY window. Whnen the overload

has been removed, the relay may be reset by a further operation of the POWER
key which will alse return the alarm indicators to their normal state.

41, If an external power attenuator is connected to the input of the 2305

in order te¢ increase the upper limit of signal power that may be accepted from
& source, it is possible to enter calibration data into the instrument so that
an r.f. power measurement can be referred to the attenuater input with direct
indication given of the power entering that terminal. The calibration is
entered as a measured value for the external attenuator {second function 31)
or as the value - in watts -~ of a standard power input to the attenuator.

Up to 3 such power calibrations may be stored, via second functions 32, 33 or
34, so enabling particularly good accuracy te be associated with r.f. level

in 3 individual sets of test conditions. The method is entitled 'Power off-
set mode' and veguires the use of second functions within the first level of
protection which must be unlocked before entries can be made.

Use of power offset mode

42, To enter power offset data, unlock the first level of protectieon and
proceed as follows

(1) Entry of external attenuator value (second function 31). Operate
keyswitch segquence !

d3
e,
Ie )
S up to &4 digits I
%gEN‘.Ef-}f T T vr*ﬁ? . with ::::ﬁ ;_q"’
bl | A | decimal marker P s

The upper limit for attenuation is 50.00 4B.

Chap. 3
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(2) Entry of standard power level (second functions 32, 33 and 34)
Operate keyswitch sequence

watts

! P oup to 4 digits
' ””'F with
L' decimal marker

pripwd

The upper power limit is 999.9 watts.

(33 Register choice of offset mede 1, 2, 3 or 4 with offset mode
selector (second function 30), Operate keyswitch sequence !

43, The offscts themselves will be in nen-veolatile memory, “ut the choice
of mode selected for introduction by second function 30 will be velztile,
It may be steoved, along with other data relating to operating starus, in any

of the 10 main instrument stores for subseguent recall as a test routine
needed for use over an indefinite period. 1f not stored, the offset will
lapse to mode O (no offset) when the 2305 iz switched off. To retain the
offset mode in non-volatile memory

(1) Verifyv that the choice of offset mode 1s correct by entering
either of second functions (0! {second function status) or 30 (offset
mode ) . Then leave second function mode.

{27 Set the instrument up tc receive and measure the unknown signal
with the calibrated external attenuvator in position, 1f the POWER
mode is entered the 2305 will now incorperate the selected offset
eithey as dB or as a level correction based on the standard level used
in second function 32, 3% or 34 and will display the signal power
level, Note that the display units may be either watts or dBm even
though the calibration power levels must be entered in watts.

Chap. 3
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(3) Operate

[ 18]

510

=
.

store no. 0 to 9

All the operating conditions then current will be entered in the
selected, non-volatile store including the selected power offset.

Any of the other stored offsets may be introduced in similar fashion,
together with whatever additional control settings might be required,
and entered in an empty instrument store. Note that offset storage
does not require the 2305 to be mecessarily in the POWER FUNCTION in
this process,

44, Calibrativn of offset modes 2, 3 and 4 is entered in watts but is
converted by the microprocessor into an equivalent attenuation in dB linking
the two power levels (1)} into the exterral attenuator and {2} as measured in
the 2305. In this way the offset mode calculation carried out in each
successive measurement is the same for these three modes as for mode I.

If any of second functions 32, 33 or 34 is re-entered after calibration has
been assigned, the figures appearing in the right-hand four digits of the
FREQUENCY display will be of this calculated equivalent attenuation.

ERRGR CODES

45. An error code is a two digit number which appears centrally in the FRE-
QUENCY display. It should not be confused with the single digit codes (1 to
8) which appear on the right—hand side of the display during the self-check
procedure if a fault is found in any of the measurement circuits. See also
para. 10 and Fig. 6 in this chapter. For control purposes errors are divided
into two groups according to origin. Errvors which arise from an operator's
mistake or from a condition in the 7305 are coded 01 to 47. Errors created
by a condition of the signal, e.g. frequency out of instrument’'s range, are
given nuwbers greater than 47. A total of 25 error codes have so far been
created,

46, Once an error occurs, further measurement stops until it is cleared.

An operator induced error is cleared by the introduction of another function.
An error due to an incompatibility in the signal clears as soon as the in-
compatibility is removed.

47. While the error state persists, GPIR strings are not updated and are
preceded by the letter E. If the SRQ is not disabled (second function 19) and
the particular error code is not masked, SRQ is asserted for errors coded 47
or less. Signal induced errors (codes greater than 47) do not give rise to
an SRQ unless the 2305 is asked to talk frequency or modulation while the
error persists.

Chap. 3
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Brror coge
L iy Description
01 Entered data outside limits,
02 Key pressed conflicts with modulation type
€.g. de-emphasis with a.m.
03 PEAY HOLD not allowed. (PEAK HOLD is permitted
only on ABS measurements). :
Q4 Measurement instruction cannot be changed while
HOLD is ON.
05 Illegal numerical entry (e.g. FREQ TUNE or MOD. REF,
were not pressed first).
06 Option not fitted.
07 RF input protectieon tripped. To clear, remove overiocad
and press the POWERE function key.
08 Counter error {usually due to external standard being
selected but not conmected).
09 Unrecognized GPIB character pair.
10 System error - very unlikely — arises from software
or hardware fault,
Ti Bus error,
12 Calibration tolevance exceeded.
13 Synthegizer/counter self check error.
Error code Degoription
number (eignal incompatibility’
48 .
45 Unallocated.
50 Ko signal applied in AUTO TUNE mode.
Displayed 85 ww e oo oo oo e e
51 Mixer overdriven, e.g. if input attenuvator has been

held at toc low a setting using segond function 35,

52 Applied signal carrier frequency appears to be
outside range.

53 IF level too high, Automatic operation has been
over~ridden.

54 IF level too low. May come on briefly during
normal auto-tuning. Try operation of CAL keyswitch
in order to optimize detection threshold.

Chap. 3
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o
55 Modulation over rango.
56 Small 1.7, error.
57 Large 1.1, ervor.
1f errors can be caused by signal drift or, in manual
operztion, by 2 revised entry in tuning. A small
error (56) will be corrected in autcomatic mode by slight
readiustment. A lazrge ervov will cause the AUIC TUNE

cyvole to start over if this mode is operative.

58 Fower displav over-range. Gcours when the ranging
capability is excesded. {99G.9 W 1in externsl asttenuator

mode . )

iFE
s

Cannot select nutch, When using Bistortion/Weighting Filter,
signal frecuency is not within *5% of any of the three
design freguencies.

60 Options board over~range. When gain setting is held
high by second function interventicon.

61 Voltmeter over-range. Could be on any voltmeter
function. It may arise from a circuit malfunction

including, possibly, the voltmeter itself.

GENERAL PURPOSE INTERFACE BUS (GPIE) FUNCTIONS

riace, offered as an optlonal accessory, allow

to a convroller. The essential
helow. Further information on

the GPIL system can be obtained from
ptienal accessory.

SR

has both tslker and listener capabilities. One address 1s
telhing anc listening and is set via the front panel or viez the

i
second function, The instrument can reguest service {assert

conditions under the contral of z2n SRO mask which is setr by
entries.

0. 0

accidents’ disruption. Local contrel can be recovered by operating ,
unless Local Lockout has been asserted by the controller.
SH1; Source handshake (complete capablliiev)

The source handshake sequences the transmission of each dats bvie from
the instrument over the bus dara lines. The sequence is initiated when the

function becomes active, and the purpose of the function is to synchronize
the rate at which bvtes become available to the rate at which accepting devices
on the busg can receive the data,

Chap. 3
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AT : Accep

or handshake {(complete capability)

The acceptor handshake sequences the reading of the data byte from the
bus data lines.

T6 : Talker function {no talk only functiun)

The talker function provides the 2305 with the ability to send device
dependent messages over the bus to other devices,. The ability of any device
to talk exists only when it has been addressed as a talker,

L4 : Listener function (no listen only function)

The listener functicn provides a2 device with the ability to receive
device dependent messages over the bus, The capability only exists where
the device is addressed to listen via the bus by the controller.

SRI : Bervice request function (complete capability)

The service request function givesg the 2305 the capability to inform the
controller when it requires attention.

RL1 i Remote/local function (complete capability)

The remots/local function allows the 2305 to be controlled either by the
local front panel keys or by device dependent messages over the bus.

DCI : Device clear funcrtion {complete capabilicy)

Device clear is a general reset and may be given to all devices in the
system simultaneously {(DCL}. 2305 resets to the power-up mode, in stove O,
as supplied from the factory zt time of manufacture, that is

Function . ~  ABS, FM, P- P
Auto-tune - ON i
Filters - 10 Hz to 300 kHz
De—enmphasis - OFF

Frequency display -~ CARRIER

El ; Open collector drivers

The GPIB drivers fitted to 2305 have open collector, rather than tri-
state, outputs.

Chap. 3
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List ¢f 2305 CPTE commands

51.  Instructions and dats are sent to the 2305 in ASCIT formet. Instructions
take thne form of two-character alphanumeric pairs: date is normal ASCLI
figures and minus sign, plus . ' for decimal marker. When & command is fol-

lowed by a numerical data string as required, for exsmple, by T and MR, the
strimg must be terminated in a2 similar wav to that which would be required
for &« keypad entry, only in this case anv of the following punctuation marks
should be used : comma, semicolon, <carriage return®, or “line feed>. These
may also be used to separate instruction strings, in which case they are
ignored, Most of the instructions correspond exactly to front-panel keys;
where this would be inconvenient, extra codes are included.

Cocle Lol deantng
Cr carrvier {req. P phase mod,

cr carrier ervor M Fr

M mod. freguency AN AM

AT autotunc PR power

Hi hold on PA peak-peak/?2

B hold off PX peak negative
CL calibrate e peak pesitive
G filter 50Hz - 15kHz AV nolge average
Pl filter 300Hz - 3.4kHz AT shsolute

F2 filerer 10Hz - 300kHz RL relative

F3 filtrer 30Hz - 50kHz ' DS distortion

4 filter G3Hz -~ 250Hz SK sinad

i off P peak hold on

o cde—emphasis 50.us Bl peak held off
ol de~emphasis 75 Wi weighting off
B3 de s 7 Wl welighting on

T frectune i talk frequency
MR mod. rei TE talk error

RC recall ™ telk modulation
51 store St second function

RS reset overload trip

to talk, the 2305 has three possible responses :

Tr i {carrier or modulation}
T talk modulation {(kHz, rad or %)
TT rall srenr (tun Adielte)

ML
of tware version 009 (appearing in the MODULATION window during
self-check routiney, 1t 1s essential to send TF, T or TF before
each data string is requested, '
Chap. 3
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The deta is sent with decimal marker in the following form :

Tt For £ +or -
Carrier or mr frequency. Decimal marker relates
to Megahevtz. imum resclution 0.1 Hz,

Tai M or E + or - NNK.KRN

Modulation units corresponding to the decimal marker are :
kHz ({.m.)
rad {i.m.)
pd (a.m.}
dB  (relarive modulation)
W or dBm (Power function)

The prefix” 'T' is sent when the instrument is in error mode.

O F
TF E KN
2 digit error code
The while the 2305 is still in listening mode and before
itoi
Ser

53, When the 2305 service request function 1s enabled (via Second function 19},
attention may be requested for two reasons, first because the instrument has
entered an errver mode and secondly because of the need to signal to the con-
Ltyelley that a status change has been completed and the 2305 is ready for fresh
ingtructions = the 'READY' SRQ.

54. In response to a serial poll, the 2305 will transmit the status byte

b7 bé b5 b4 b3 b2 b1 b0
O rgv abnermal a4 d3 dz al do

where b7 1 is always 0
bé ¢ rsv is set for all SRO
ES @ abnormal, | for ERROR SRQ, © for READY SRQ

b0 to b4 indicate the error number, thus :

far error no.
0F to 15

hold error no. in binary

fer ervor no. b4 = 1
4% to B3 b0 to b5 hold errer no. in binary

1,1

While the 2305 requests service, the small bleb at the top left of the left-
hand dig:t in the modulaticen displavy is activated.

ive SRG response is required it is possible to mask off anvy
grror codes chosen via second functions 20 to 23 and to
inhibit the SRO from being generated should the 2305 enter anv of these error

particular

The R Y SR can be suppressed in the same wav. Note that any
ig storcd in non—volatile memory indefinitely but that the state of
function 1% 1s volatile and will need to be re-asserted after each
1§ any SRO respomse is requirved.

Chap. 3
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Clear and switch on

47 SDC and DCL clear 2305

Noteg, ..

(1

(2}

(33

AUTO~TUNE

TREQUENCY display

FILTERS

DE-EMPHASIS

FUNCTLON

te the following state:=

O
CARRIER

10 Hz te 300 kHz

OrF

ABS, FM, E;;i

H 32305~900K

Vol. 1

Int/Ext frequency standard selecticn is unaffected by the SPC and

DCL commands.,

The instrument stores are not changed, switching on clears the
2305 to the same status as SDC or DCL or te the control settings

in store 0.

To revert from GPIB to front panel control, press the

GPIB commector contact assignments

58. The ceontact assignment of the GPIB
nector is as shown in Fig., 8 below.

Chap. 3
Page 28

DI0 1
Do 2
Dig 3
D104
EQ
DAV
NRFD
NDAC
[FC
SRQ
ATN
EARTH

SHIELD =k

TPB 3350

cable comnector and the device con-~

Dic 5
D06
Dio 7
DIo 8
REN

FORMS TWISTED PAIR WITH 6
FORMS TWISTED PAIR WITH 7
FORMS TWISTED PAIR WITH 8

FORMS TWISTED PAIR WITH 9

FORMS TWISTED PAIR WITH 10
FORMS TWISTED PAIR WITH 11

LOGIC EARTH

Oct,

82
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EXTENDED APPLICATION
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1 LF signal measurements
2 Practical details
4 °  Qperation
Fig. Page
i External connections to enable the introduction of 1.f. signals
into 2305 ... cen R cen . ce . 2
2 Calibraticn network to give 3 V full-scale ... e e 2
3 Revs still useful when measuring eaternul 1.f. signals Cas 3/4

LF gignal measurements

. Although the primary application of the 2305 is in the measurement of
modulated r.f. signals, the low {requency measurement circuiis in the instru-
ment can usefully be accessed for measurements on low frequency signals such
a5 those originating, for example, in the output stages of receivers. Entry
to the 1.f. stages is via the resr panel jack socket normally intended for
the insertion of external special filters. Raference to Fig. 2 in Chap. 2
and Fig. 2 in Chap. 4~1 will show that 1i the jack tip connection is ignered,
a signal connected between the ring and the sleeve of the jack will be sub-
stituted for the internal demodulated signal. Most of the functions of the
DATA and FUNCTION keys are still available so that both absolute and relative
level measurements can be made including signal to neoise ratio. Voltage
measurements may be peak or average responding and, if the Distortion/Weighting
filter option kit is fitted, the measurements may be weighted and extended to
include distortion if required. The signal frequemncy can be displaved in the
FREQUENCY window.

2. Practical details. A jack plug is supplied with the ingstrument and &
suggested method of connection is shown in Fig. 1. If frequent reversion to
standard operation is required, as would be the case if 1.f. signal measure-
ments formed part of an automstically controlled sequence, the jack plug may
be left inserted and the changeover effected by relay contacts as shown.
Alternatively, if only occasional use is likely, the switch contacts and the
tip wiring can be omitted and the jJack inserted manually as required. Any
wiring left permanently connected to the 2305 signal path must introduce as
little stray capacitance as possible as the 1.f. bandwidth may otherwise be
reduced.

Chap. 3~
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‘;Tip
:;“""43 Ri To 230%
To L.f. e ing jgckpgug
source
- - Sleeve

CC 4848

Fig. 1  External commecitions to emable the “ntroduciion of
Lof signals into 2308

3. The 2305 requires a 3 V signal at this point to produce full-scale on the
voltmeter. ‘The voltmeter can be made direct reading on a '5' full-scale
range by the addition of a simple calibration network of the kind shown in
Fig. 2 between the source and the jack connections.

33k
O }
B
To L.f. W | e——s To 2305
source | (100 kA )
56k
O ! -
e—rimscsenstrres?

CC 48886

Fig., & (Calibratiom network to give § V full-scale

4. Operation.

(1) Select FM.

In the absence of an r.f. signal input, the 2305 displays are blanked
and the 1.f. stages are inhibited. The following kevswitch {or equiva-
lent GPIR command) sequence is therefore required before measurements
can begin.

Chap. 3~1
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(2% With the external circuit discomnected, press 1n turn

in order to inhibit autectuning.

This is a precaution which ensures total freedom from disturbance to
the 1.f. operation.

Ie} i &% E

{3) Press in turn, Nmﬂ . *4} s ‘J » oo

This introduces the narrow deviation calibration signal causing the

2305 to act as if a signal was present and switch the voltmeter to the
50.00 kHz full=scale range. The frequency displayed in the MODULATIOX
window will only approximate to the 31.25 kHz deviation standard as the
filter and de—emphasis circuits will not be switched to their calibration
state.

5. Introduce the 1.f. signal. A number will now be displayed on the

50.00 kHz range. 1f a standard 5 V signal is available, it may be connected
via the calibration network which can then be adjusted for a precise 50.00 kHz
indication. Signal limiting will start to occur at 20% over-range but all
four digits will remain active in this method of use. The 2305 circuit is
d.c.~coupled at the point of access and precautions must be taken to ensure
that the total applied signal cammot exceed the limits of 15 V with respect
to the common (ground)} terminal. 1f a calibration network is not inserted,

the basic voltmete: accuracy will give an indication within *537% of
P
(m'x input voltage). The linearity is, typically, #0.1% of full-scale on EEM

and 20.25% of full=-scale on NOISE AVG.

6. The keys shown in the keyboard illustration of Fig. 3 retain their func-
tions and may be used with external 1.f. signal measurements. In particular,
all the detector modes are available and reference gquantities may be entered
for relative measurements,

:
meler 2305 ]

U OMARCON INSTRUMER?S moguistion

FEL L ki v o

) —
o ] i i

& I e e ee e ! ot
X § i e

;::i!}fl Ie

Fig. & Keys etill useful when measuring external 1.7, signal

A fully controllable replica of the measurement signal will be available at
LF QUTPUT.
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BRIEF TECHNICAL DESCRIPTION

CONTENTS
Para.
I Construction
2 Design outline
3 Imput circuit arrangement
5 Auto—tuning process
Ej Lecal oscillator
10 10 MHz internal reference oscillator
11 AM detection
12 Internal calibrator
14 FM detection
15 Low frequency circuits
18 Metering detectors
19 Voltmeter
22 Frequency counter and microprocessor
26 Power supply
Fig. Page
I Internal view of 2305 with front panel folded down 2
2 2305 Block diagram showing main signal path 7/8
CONSTRUCTION
1 The instrument's component parts may be considered, conveniently, as
forming three main groups.
(1) The front panel assembly. This is made up from the keyboard
and the display which are directly controlled by the microprocessor.
{2) The rear panel assembly. This comprises the power supply and
a card guide. The guide contains the circuit boards for the micro-
processor and memories, the counter and voltmeter.
{3) The RT boex. This is compartmented and contains most of the
analogue signal processing circuits. The circuits are set up zand
interconnected in respomse to digital instructions which are latched
onto a sepavate internal bus system so freeing the RF hox from the
risk of interference which wouléd follow from direct interaction with
the microprocessor. The construction may be seen in the photograph
in Fig. 1.
Chap. 4-1
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DESIGN OQUTLINE

2. The instrument is a
local oscillator and two
signal freguencies below

ir. superheterodyne amplifier with a synthesizer
te mixers, a double-balanced ring bridge for

nd a sampling gate mixer for freguencies from

56 MHz &
56 MHz to 2 GHz. Signals of 1.5 MHz and below pass directly into the i.f.
amplifier.
Input circuilt arrangement
3. Reference should be made to the instrument block diagram, Fig. Z, page 7/8
The signal for measurement passes to the input attenuator via a coaxial line
relay which isolates the ioput when it is overloaded. The attenuator has

three switchable pads, two of 14 dE and one of 7 dB, which are introduced in

7 dB steps, 4 diode detector connected immediately after the input protec—
tion circult serves the dual purpose of metering the input power level and,
when necessary, of triggering the overload detector circuit. The overload
detector shares a circuit board with the l.o. voltage controlled osciliator.
When tripped, it causes the INPUT OVERLOADED annunciator in the modulation
display to light up and copens the protection relay. The relay can then only
be reset by the microprocessor following intervention via the keyboard or GPIB,

4. With no input signal present, the input attenuator is set automatically
to zero {dB. When a signal appears at the attenuvator output, it 1s detected
by the wideband mixzer level detector and attenuation will be introduced as
required to bring the mizmer input within the designed dynamic range.  The
instrument will then, 1 not switched to manual over~ride, begin its auto-
tuning routine.
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Auto-tuning process
5. In the first stage of auto-tuning , the sampling gate 1s used as the fre-
quency changer with the lecal oscillater executing a two-stage search pro—
gramme designed to produce an i.f. within the range 3 MHz to 11 MEz. A

special circuit branching off the mein i.f. channel is tuned to receive this
band of frequencies and the appearance of a signal here above 2 standardizec
threshold causes a level detector to be triggered and information to be passed
to the microprocessor that an i.f. exists which is within the frequency raunge
of the internal counter frequency meter. Once the microprocessor receives
this 'i.f. present' signal, it causes the signal frequency to be precisely
measured and, by noting the effect on the i.f. of a small increment in the
local oscillator frequency, it calculates which harmenic of the local oscil-
later is effective in producing the i.f. The microprocessor then has enough
information to calculate the exact input signal frequency and it causes this
to be displayed in the FREQUENCY window. It also changes the instructions

to the local cscillator and, if necessary, to the binary divider as well so

as to produce an i.f. of 1.5 MHz and to ensure that the correct mixer is used,

6, A failure to detect an i.f. signal after this part of the autectune pro-
gramme has been completed will be interpreted by the microprocessor as meaning
that the input signal is 17 MHz or less and it will then cause the signal to
bypass the mixers and pass directly to the i.f. After its frecuency measure-
ment has been interpreted by the microprocessor the signal will be routed to
the balanced mixer if above 1.5 MHz and allowed to pass directly to the i.f.
if less.

7. A continued failure tc detect an i.f. while the mixer level detector
continues to detect an input, will result in the displav cf error code 52 ~
frequency out of range.

E, The double~bazlanced mizer is introduced for signal frequencies below

56 MHz where the rejection contributed by the mixer to the local oscillator
and signal frequencies 1s needed to assist in the proper separation of the
i.f. Further assistance is given by the reduction in 1.f. from 1.5 MHz to
250 kHz that is made when input signale of less than 5.5 MHz are used. ALl
filter switching and signal routeing is carried out by local latching and
control in response to datz transmitted over the internal bus.

Local oscillator

9, The 1l.o. is phase~locked to the required freguency in a loop including
the digital phase detector, the programmable divider and a 10 kHz reference
frequency. Tor l.o. frequencies below the bottom limit of the v.c.o. range

of 28 to 56 Mz, the binary divider stage is activated so as to reduce the
frequency in the required ratio.  For signal frequencies above 56 MHz, the
sampling gate mixer is used and the l.o. produces a very short sampling pulse
at a rate near tc & sub-harmonic of the input signal freguency.

10 MHz internal reference oscillator

i0. 'The internal oscillator is in & standard oven=-controlled enclosure,
A& sample output appears at the external $TD. FREQ. IN-OUT terminal on the
rear panel when the instrument is switched to the interpal standard and a
rear panel-mounted potentiometer enables & fine frequency contrel to be
achieved. An altermative, external, reference may be employed and is
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switched in by a kevboard second function.  The STD. FREQ. IN-OUT terminal
then becomes an input terminal.

AM detection

11. The a.m. detector operates with a mean level a.l.c. loop which ensures

that peak amplitude excursions of the signal are always measured in relation
to the same constant mean value and are therefeore proportional to the percen-

tage a.m. The time constants of the a.l.c. loop are switched by the micro-
processor in accordance with the lowest modulation frequencies in use so that
settling and measuvement times are kept to the minimum. Information on the

modulation frequency range is deduced from the user's choice of 1.f. filter.

Internal calibraror

12, TFor self-calibration purposes the l.o. output is routed to the i.f. cir-
cuit. When f.m. calibration is called for, it is produced by modifying the
instructions to the programmable divider at & | kHz rate. A separate high
speed sampling phase detector is used with a 100 kHz reference within the
phase~locked loop so that the loop may settle with sufficient speed. The
1.0. is switched between either 47 MHz and 4% MHz (1 MHz deviation) or between
46 MHz and 56 MHz (5 MHz deviation). After these frequencies are divided by
27 in the binary divider, the resulting calibration is at deviaticns of

31.25 kHz and 156,25 kHz. -

13. For a.m. calibration, the l.o. is set to 1.5 MHz and its output is routed
via a resistive T-pad giving a nominal +5 voltage ratio. This pad is switched
in and out by a bottoming transistor producing nominally 677 a.m. that is
dependent zlmost sclely on the properties of the resistors. The precise

value of the a.m. is determined during factory calibration and is stored in

the instrument's non-velatile memory. '

FM detection
14, The f.m. detector is supplied via a separate branch of the 1.f, amplifi-
cation system and is designed as a balanced circuit so as to optimize rejec-

tion of any residual a.m. that might be present. The detector uses the
charge pump principle.

Low frequency circuirts

15, The audio signals from the modulation detectors, which are related by
their amplitude to the amount of modulation, pass into the 30 dB ranging

1.f. amplifier and from there to the filter board which contains the switchable
filter elements and f.m. de-emphasis circuits all of which are accessed from
the keyboard for the appropriate functions. The 6 dB/octave h.f. rcll-cff
characteristic which is introduced autcmatically when phase modulation is
selected, is produced by circuit elements on the filter board. The Z-circuit
jack located on the rear panel enables an external filter to be introduced
into the audic path at this point,
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i€, The 1F Filter board centains a patching link in Its output stage thal

enables the options board to be comnected there, if required. The LY OUIFPUL

signal coriginates here so that a signel taken from this outlet w: 111 hawve been
- i .
. i (454

condirioned by any fiitering and de-emphasis introduced, either intern
externally, and by anv function selected on the options board — if §
17. The signal conditioning circuits are normalized to a single mid-band gain

“level so that the LF OUTPUT mid-band signal level is dependent only on modu-
lation depth but is shaped by the chosen characteristic at other frequencies.
The measurement signal, in normal operation, is taken to the veltmeter boarc
without passing through de-emphasis. It is voltage detected, then given
analogue to digital conversion and display.

Metering detectors

18. The peak detector operates on positive peaks only but is preceded by =z
switchable, inverting nonmlnvertlng stage which enables either polarity te be
measured. When the <=+ function is chosen, the microprocesscr reguests peak
measurements of each polarity to be made in turn, then stores the results and
caiculates the mean value for display. The average detector ensures accurate
averaging by converting the 1.f. signal into a current source which feeds into
leaky capacitor reservoirs. This is followed by an active low-pass filter
which completes the averaging process with the longest time constant compatible
with an acceptable measurement time. '

Voltmeter

19. Analogue to digital conversion is carried out as voltage to frequency
with frequency then being measured in the internal counter frequency meter

and displaved. The converter employs a v.c.o. in & nulling phase-locked leoop
in which the v.c.o. drives a source of precise, unidirectional pulses. These

pulses are supplied to one input of a resistive summing network and the voltage
selected for measurement is comnected to another. As the summing point is
also the nulling point, the v,.c.o. frequency is constrained te follow the un-
known voltage with accurate proportionality.

20. The voltmeter is also used for the digitization of a range of guantities
which are not displayed as part of normsl measurement but which are either
used by the microprocessor as a part of the control of the automatic processes
or which may be accessed for display only &s keyboard second functions as aids
to fault diagnosis. It ig switched between these and any of the ncrmal modu-
lation measurement quantities by on-board switching controlled by local latch/
decoders in response to signals on the internal bus.

21, The voltmeter board also contains a multiplying circuit which increases
modulation frequenciecs below. 6 kHz by a factor of x100 before passing them to
the counter for modulation frequency measurement, This improves the resolu-
tion imposed by the 100 ms gate time from 10 Hz to C.1 Hz and gives the re~
quired discrimination at low modulation frequencies without the need to extend
gate (and measurement) times or te introduce the complexity of period measure-
ment. The %100 multiplier includes a v.c.c. with a 100 stage in a phase-
locked loop. The phase~detector cutput to the v.c.o., being proportiocnal to
frequency, is alsc used outside the loop with a trigger stage to switch the
multiplier in and out as the modulation frequency rises respectively from
below to above 6 kHz,
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Irecuency counter T CTOPTOne

22, The counter is based on & (.6.1. custom ¢.m.o.6. ¢hip with three external
ccalers which effectively increase the specd of the c.m.o.8. chip. Cnly two
gate times are used - 10 ms and 100 ms. The counter is completely automatic
and measures any of 3 signals as directed by the microprecessor. These are
the If, the demodulated LF signal and the output from the voltmeter voltage

to frequency converter. i

23. The microprocessor system cccupies two boards, one containing the CPU
and program memory and the other the I/0 ports and EAROM.

24, The microprocessor {type B085A4) is run at about 3 MHz from an oscillator
on the board. Up to 7 x 4 kbyte EPROMs of program memory can be accommodated
on the board. :

25, The interfacing between the instrumenc data buses, the EAROM and the
microprocessor is carried out by two 8155 RAM 1/0 devices. A =30 V supply
for the EAROM is generated by a d.c., - d.c. converter on the board.

Pover supply

26. The 3 supplies for +5 V and 153 V are entirely conventional. A 5V
line to the microprocessor is separately decoupled at the output connector.
The mains transfermer is & standard item and ome secendary winding is not
used on the 2305. The consumption 1s approximately 70 VA,
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