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-

CVERISTICS

Change information, if any, affecting this section will be found at the

rear of the manual.

The Type 1L30 Spectrum Analyzer described in this manu-
al is designed for use in Tekirohix oscilloscopes to display
the distribution of RF signals in the frequency range of
925 MHz to 10,500 MHz. The analyzer displays the fre-
quency distribution of the applied signal ulong the horizontal
axis .of the oscilloscope CRT and displays the signal energy
on the vertical axis.

The analyzer is designed for use in all Tektronix 530-,
540-, 550-, and 580-! Series Oscilloscope. The analyzer plugs
directly into the oscilloscope and derives all its power from

'A Tektronix Typé 81 Plug-In Adapter must be used with 580-Series
Oscilloscopes.

the oscilloscope. The Type 1L30 can also be used in an
external Plug-In Unit Power Supply (such as the Tektronix
Type 127 and Type 132 Power Supplies) when provided
with a 100 volt sawtooth signal.

The following electrical: characteristics apply over an
ambient temperature range of 0°C to 50°C provided the
environmental ambient temperature has been stable for 4
hours and an initial warmup period of 20 minutes with
power applied is provided for the instrument to stabilize.
The performance check procedure given in Section 5 of
this manual provides a convenient method to check fhe
Operating requirements listed in this section.

- ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Input Frequency

Range 925 MHz to 10.5 GHz—See Table 1-1
CW Sensitivity
S+ N = 2N} » See Table 1-1

Dial Accuracy

T (2MHz + 1% of dial reading)

IF CENTER FREQ control at 000, FINE, RF
and IF CENTER FREQ conirols centered

Dispersion
MHz/CM RANGE ‘ ) )
Range 2MHz/cm to 10 MHz/em In a 1-2-5 sequence
Accuracy See Table 1-2
Linearity | *=3% (over a 10 centimeter display)
kHz/CM RANGE '
Range 1kHz/ecm to 500 kHz/cm. in a 1-2-5 se-
quence and zero dispersion
Accuracy =+3% (with #=2.5 MHz change in IF center
frequency)
Linearity +3% lover a 10 centimeter display)
Resolution < 1kHz to > 100kHz; in 11 uncalibrated |May be coupled with the DISPERSION

steps

control or switched separately

Spurious Signals
Internal Sources lution.

position

< 2X noise amplitude with 100 kHz reso-
DISPERSION RANGE at kHz/CM

RF INPUT terminated into 50 (.

IF Center Frequency

Control Range IF CENTER FREQ

FINE

1 kHz/cm to 500

kHz/cm Dispersion

>(+ and —2.5 MHz)

>(+ and —50 kHz)

02 MHz/cm to 5
MHz/cm Dispersion

>(+ and —25MHz)

>(+ and —1 MHz)

10 MHz/cm Dispersion

>{+ and —10 MHz)

>(+ ond —1 MHz)

1-1
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Characteristics—Type 1L30

- ELECTRICAL CHARACTERISTICS

{cont)

Characteristic

Performance Requirement

Supplemental Information

IF Attenuation

Range 0 to 51dB 11In 1dB steps: 1, 2, 4, 8, 16 and 20dB
Accuracy +0.1dB/dB

IF GAIN Control
Range 50 dB or greater

Display Flatness with
IF CENTER FREQ at 000

+1.5dB (3dB total)

+ and — 50MHz from the center fre-

quency
Incidental FM
IF 200 Hz or less
IF 4 LO 300 Hz or less At the LO fundamental frequency with
phase lock operation
Phase lock

Internal Markers

1MHz £.01%

Crystall controlled

Stability; Ref. Osc

External Phase Lock

Reference Input
Frequency

< 1part in 107

1 MHz to 5 MHz

Voltage

1 to 5 volts peak to peak

Dynamic Range of
Display Functions

LOG > 40dB with é centimeter display

LIN > 26 dB with 6 centimeter display

SQ LAW > 13dB with 6 centimeter display
VIDEO INPUT Response < 16Hz to > 10 MHz

Maximum lnput

—30dBm for linear operation

Power

+15dBm power limit for diode mixer

TO RECORDER Output

> 2mV per display centimeter ({amplitude)
of signal; in LIN mode

+10V OUT 10V 5% 20 mA maximum load current. Discontinuved
: after Serial No. 669"~
TABLE 1-1
Minimum CW Sensitivity® {Signal 4 noise = 2X noise)
: RF CENTER 100 kHz
-Scale Freq in MHz 1 kHz RESOLUTION . RESOLUTION Remarks
-1 870-925 to —105dBm —85dBm
’ 1940-2050°
2 1940-2050 to —100 dBm —80 dBm
4100-4300 - MIXER PEAKING adjusted for -
3 4100 to 6260 —95 dBm —75dBm optimum signal amplitude
4 . 6200 to 8400 —90 dBm —70 dBm
5 8300 to 10,500 —75dBm —55 dBm

’50 Q load impedance.

*he iuning range will vary between instruments,

are e allowable ranges of the end frequencies,

1-2

The upper frequency of scale 1

must be obove the lowest frequency on scale 2. These
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TABLE 1-2 . MECHANICAL CHARACTERISTICS
DISPERSION/CM Characteristic Information
1 Setting Accuracy Remarks Construction v
: Chassis Aluminum B
10 MHz | 3% (=2=0.3 MHz/cm) [Over the 50 MHz range Front-Panel g‘.’”";mf‘.’"? holloy with ano-
of the IF CENTER FREQ — 1zed Tints :
5MHz | 3% (+0.15 MHz/cm)| control. The DISPERSION Circuit Boards Glass-epoxy laminate
‘ : CAL adjust can be reset
2MHz | 5% (0.1 MH :
z | 5% | <) o improve_the acaracy ENVIRONMENTAL CHARACTERISTICS
o at a specific
1 MHz | 7% (70 kHz/cm) FREQ control setting by The following environmental test limits apply when tested
5MHz | #=10% (2250 kHz/cm) using the front panel 1 in accordance with the recommended test procedure. De-
MHz CAL MARKERS OUT tails on environmental test procedures, including failure cri-
2MHz | £15% (2=30kHz/cm) |as a calibration signal. teria, etc., may be obtained from Tektronix, Inc. Contact

your local Tektronix Field Office or representative.

Characteristic B Operating Requirements “Supplemental Information
Temperature
Non-operating —40° C to +65° C
Operating 0° C to 450° C ' To meet operating specifications the in-

strument must stabilize at an ambient tem-
perature within this range for 4 hours, be-
fore operation.

Amplitude
Non-operating To 50,000 feet
Operating To 15,000 feet
Vibration 15 minutes each axis at 0.015 inches; fre- | Tested with instrument secured to vibration
Operating quency varied from 10-50-10 c¢/s in 1 min- | platform
ute cycles. Three minutes each axis at
. any resonant point.
Shock . . . .
Non-operdting "30g's, ', sine, 11 ms duration, 1 shock | Gullotine-type shocks
per axis.
Transportation
Package Vibration 1 hour at 1g
" Package Drop 30 inches on 1 corner, all edges radiating | Total of 10 drops

from that corner and all flat surfaces
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Change information, if any, affecting this section will be found at the

‘rear of the manual.

Introduction

A Spectrum Analyzer is an instrument that graphically
presents a plot or relative power distribution as a function
of frequency for a selected portion of the spectrum. The Type
1130 is designed: to provide a spectral display of frequency
distribution of electromagnetic energy within- the frequency
range of 925 MHz to 10,500 MHz. This display provides the
following information: the presence or absence of signals
within a frequency spectrum, their frequencies, frequency
drift, relative amplitude of the signals and the nature of
moduation if any, and many other characteristics.

This section of the manual covers the following: A glossary
of terms; a description and function of the front panel con:
trols and connectors; a first time operational procedure, and
some basic application with signal evaluation.

Installation

The Type 1L30 is designed to operate in any Tektronix
oscilloscope accepting letter- or 1-séries plug-in units. |t
.may also be used with a Tektronix Type 132 or 133 Plug-In
Power Supply, with the output displayed on the CRT of
any oscilloscope that has a 100 or 150 volt sweep output
available. T

If the Type 1L30 Spectrum Analyzer is to be used with the
Tektronix Type 541, 541A, 543, 543A, 545 or 545A Oscillo-
scope, a modification is required to the plug-in oscilloscope
to correct undesirable display distortion and dispersion non-
linearity. This distortion is caused by a part of the vertical
-output signal from the Vertical Signal Out C. F. VI223A
(V1050B, Type 545), feeding into the Spectrum Analyzer on
the 4225V supply. The distortion appears as a change of
dispersion linearity with a change of the analyzer GAIN
control setting and is most noticeable in the narrow dis-
persion settings such as 1 kHz/cm. It also appears as a non-
symmetrical response to a CW signal in which the slope of
one side of the signal drops abruptly to the base line. See
Fig. 2-1.

Change the +225 volt supply for the Vertical Signal Out
C.F. (V1223A cathode: resistor) from the junction of R1008
and R1007 (R1153 and R1152, Type 545) or 4225V (DEC)
and connect it to the other side of R1088 (R1153, Type 545)
which is the 4225V supply. See Fig. 2-2.

Spectrum Analyzer Terms

The following glossary of spectrum analyzer terms is
presented as an aid to understanding the terms as they are
used in this manual.

®

o

P o

| -

(A) Normal response to a cw signal.

{B) Effect of distortion on a cw signal.

Fig. 2-1. (A} Normal response to a cw signal, (B} Effect of dis-
tortion on a cw signal. i

Spectrum Analyzer—A device that displays a graph of
the relative power distribution as a function of frequency,
typically on a cathode-ray tube or chart recorder.

Types: Real-time and non real-time.

A reql-time spectrum. analyzer performs a continuous an-
alysis of the incoming signal, with the time sequence of
events preserved between input ond output.

A non-real-time spectrum analyzer performs an analysis of
a repetitive event by a sampling process.

Methods: Swept front end and swept intermediate fre-
quency.

A swept front end spectrum analyzer is a superheterodyne
spectrum analyzer in which the first local oscillator is swept.

A swept IF spectrum onalyzer is a superheterodyne spec-
trum analyzer in which a local oscillator other than the first
is swepl.

Center frequency {radio frequency or intermediate fre-
quency)—That frequency which corresponds to the center of
the reference coordinate.

Center frequency range (radio- frequency}—That range
of frequencies which can be displayed at the center of the

2-1
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reference coordinate. When referred to a control {e.g., In-
termediate Frequency Center Frequency Range) the term
indicates the amount of frequency change available wnth the
control.

Dispersion (sweep width}—The frequency sweep excursion
over the frequency axis of the display. Can be expressed as
frequency/full frequency axis, or frequency (Hz)/division in
a linear display.

Display flatness—Uniformity of amplitude response over
the rated maximum dispersion (usually in units of dB).

Drift (frequency drift) [stability}—Long term frequency
changes or instabilities caused by a frequency change in
5 the spectrum analyzer local oscillators. Drift limits the time
interval that a spectrum analyzer can be used without re-
tuning or resetting the front panel controls {units may be
A Hz/s, Hz/°C, etc). :

Dynamic range (on écreen)——The ‘maximum ratio of sig-
nal amplitudes that can be simultaneously observed within
the graticule {usuaily in units of dB).

Dynamic range (maximum usefull—The ratio between the
maximum input power and the spectrum analyzer sensitivity
(usually in units of dB).

Frequency band—A range of frequencies that can be
covered without switching.

‘ F"quency scale—The range of frequencies that can be
read on one line of the frequency indicating dial.

Fig. 2-2. Change as indicated on this partial schematic of the Vertical Amplifier.

Incidental frequency modulation (residual frequency mod-
ulation)—Short term frequency jitter or undesired frequency
deviation caused by instabilities in the spectrum analyzer
local oscillators. Incidental frequency modulation limits the
usuable resolution and dispersion (in units of Hz).

Incremental linearity—A term used to describe local
aberrations seen” as non-linearities for narrow dispersions.

Linear display—A display in which the vertical deflection
is a linear function of the input signal voltage.

Linearity (dispersion linearity}—Measure of the comparison
of frequency across the dispersion to a straight ling fre-
quency . change. Measured by displaying a quaontity of
equally spaced (in frequency). frequency markers across
the dispersion and observing the positional deviation of
the markers from an idealized sweep as measured against
a linear graticule. Linearity accuracy, expressed as a per-

centage, is within AV\\;V X 100% where AW is maximum
positional deviation and W is the full graticule width.

Maximum input power—The upper level of input power
that the spectrum analyzer can accommodate without de-
gradation in performcnce {spurious responses ond signa!
compression). (Usually in units of dBm.)

Minimum usable dispersion—The narrowest dispersion
obtainable for meaningful analysis. Defined as ten times
the incidental frequency moduiation when limited by inciden-
tal frequency modulation (in units of Hz).

A T T e et S




Phase lock—The frequency synchronization of the local
oscillator with a stable reference frequency.

Resolution—The ability of the spectrum analyzer to re-
solve and display adjdcent signal frequéncids. The measure
of resolution is the freauency separation {in Hz) of two
equal amplitude signals, the displays of which merge at the
3 dB-down point. The resolution of a given display depends
“on three factors; sweep speed, disparsion and the bandwidth
. of the most selective. (usually last tF) amplifier..

~ Resolution bandwidth—The —6é dB bandwidth (with Gaus-
sian response) of the analyzer, with the dispersion and sweep
time adjusted for the minimum displayed bandwidth of the
CW signal.

synonymous. at very long sweep limes.

Optimum Resolution—The best resolution obtainable for a
given dispersion and a given sweep time. Theoretically or
mathematically:

Dispersion (in Hz)
Sweep time (in seconds)

Optimum resolution =

Optimum resolution bandwidth—The bandwidth at which
best resolution is obtained for a given dispersion and sweep
time. Theoretically and mathematically: Optimum  resol-

Dispersion {in Hz)
Sweep time -{in seconds)

_ution bandwidth = 0.66

Safe power level—The upper level of input power that the
spectrum analyzer can accommodate without physical dam-
age {usually in units of dBm}.

Scanning velocity—Product of dispersion and sweep
repetition rate {units of Hzfunit fime).

Sensitivity—Rating factor of spectrum analyzers' -ability
to display signals.

_1. Signal equals noise: That input signal level (usually

in dBm} required to produce a display in which the sig--

nal leve! above the residual noise is equal to the residual
noise level above the baseline. Expressed as: Signal 4
noise = twice noise. ‘

2. Minimum discernible signak: That input signal level
(usually in dBm) required to produce a display in which the
signal is just visible within the notse.

" Skirt selectivity—A measure of the resolution capability .

of the spectrum analyzer when displaying signals of un-
equal amplitude. A unit of measure: [usually in dB) is the
bandwidth at some level below the é dB down points. For
example 10dB, 20 dB or 40 dB down.

Spurious response (spurri, spur}—An  erroneous display
or signal which does not conform to the indicated fre-
quency or dial reading. Spurri and spur are the collo-
quiaisms used to mean spurious responses {plural} or spurious
response (singular) respectively. Spurious responses are of
the following type:

1. IF feedthrough—Signa!l frequencies within the IF pass-
band of the spectrum analyzer that are not converted in
the first mixer but pass through the IF amplifier and pro-
duce displays on the CRT that are not tunable with the RF
center frequency controls.

2. Image response—The superheterodyne process results
in two major IF responses, separated from each other by

©

Resolution and resclution bandwidth become -

Operating Instructions—Type 1130

twice the IF. The spectrum analyzer is usually calibraied to
only one of these two responses. The other is called the
image. :

3. Harmonic conversion—The spectrum analyzer will re-

spond to signals that mix with harmonics of the locai oscil-

lator and produce the intermediate frequency. Most spec-
trum analyzers have dials calibrated for some of these higher
order conversions. The uncalibrated conversions are spurious
responses.

4. Intermodulation—In the case of more than one input
signal, the myriad of combinations of the sums and differ-
ences of these signals between themselves and their multiples,
creates extraneous response  known as intermodulation, The
most harmful intermodulation is third order, caused by the
second harmonic of one signal combining with the’ funda-

mental of another.

5. Video detection—The first mixer will act as a video
detector if sufficient input signal is applied. A narrow pulse
may have sufficient energy at the intermediate frequency to
show up as intermediate frequency feedthrough.

6. Internal—A spurious response on the display .caused
by a signal generated within the spectrum analyzer that is in
no way connected with an external signal.

7. Anomalous IF responses—The filter characteristic of the
resolution-determining amplifier may exhibit extraneous pass-
bands. This results in extraneous spectrum analyzer re-
sponses when a signal is being analyzed.

8. Zero frequency feedthrough—(zero pip)—The response
produced when the first local oscillator frequency is within
the IF passband. This corresponds to Zero input frequency

‘and is sometimes not suppressed to act as a zero frequency

marker.

Sweep repetition rate—The number of sweep excursions

.per unit of time. Approximately the inverse of sweep time

for a free-running sweep.

Sweep time—The time required for the spot in the refer-
ence coordinate (frequency in spectrum analyzers) to move
across the graticule. (In a linear spectrum analyzer system,
sweep time is Time/Division multiplied by total divisions.}

CONTROLS AND CONNECTORS

The following is a brief description of the operation or
function of these controls and connectors on the front pdnel.
See Fig. 2-3. A more detailed description is provided later
in this section under general operating information.

DISPERSION Selects the range of the DISPERSION con-
RANGE trol; MHz/CM position provides a fre-
quency dispersion range from 10 MHz to
0.2 MHz/cm. kHz/CM position provides
frequency dispersion range from 500 kHz/

cm to 0 dispersion.
DISPERSION Selects the dispersion (frequency width) of
‘ the display in conjunction with the DISPER-
SION RANGE switch, Dispersion ranges
from 10 MHz/cm to 1 kHz/em in a 1-2-5
sequence, plus an additional position of
approximately zero dispersions are pro-
vided. When the DISPERSION selector is

2-3
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POS~-Controls the ver-
tical position of the dis- calibrated
play. steps.

IF CENTER FREQ — 10
turn control that varies
the IF center frequency
of the display.

CAL — Adjustment to
calibrate the midrange
position of the IF CEN-
TER FREQ.

Fine—-1 turn contro! for
fine adjustment of the
IF center frequency.

DISP CAL—Adjustment
to match the oscillo-
scope sweep amplitude
to the analyzer disper-
sion,

DISP BAL—Adjusted to
balance the dispersion
center of the MHz/CM

TYP)

? IF
t..\ i ATTEN ¢B
\ & s

"*"Ju: CE\ITER FREQ -

&

LR Bt Py

IF ATTEN dB—Series of
attenuation

FINE RF FREQ — Fine
tuning adjustment of the
local oscillator to set
phase lock operation.

1925 JH: TO 10,5 GHr

RF{CENTER FREQ

4

RF CENTER FREQ—Con-
trol tunes the local os-
cillator and the dial.
Diul indicates the cen-
ter frequency of the dis-
play when the IF CER-
TER FREQ controls are
centered.

operation.

LOCK CHECK-—Fush the
button to check and set
phase lock operation.

REF FREQ Selsctor—Se-
lects the source (INT
or EXT) for phase lock

and the kHz/CM posi-
tions of the DISPERSION

‘Phase Lock Connector—
Used to apply an exter-

RANGE switch.
DISPERSION RANGE—

nal reference frequency
to the phase lock cir-

Selects the MHz or kHz . kHz/cm cui:ls'orf to g'prov.id,e an|
a f th DBPER.\A outlet for the interna
;ISS:: c:nm:l.e : 4 oise ﬁ\,e 1 MHz  reference fre-

¢ % oAt Rt quency markers which
DISPERSION — Selects e

may be used to cali-
brate the dispersion.

) S
the frequency width or D'SPERSZ'ON e
s

display window. 20 50

{PUSH} OFF

OR EXT  REF FREQ IN MIXER PEAKING — Op-

MIXER PEAKING [ timizes the conversion
: action of the mixer,

COUPLED RESOLU- ;
TION—Selects the reso-
lution bandwidth of the
analyzer. Pull the knob ~ .
and turn to uncouple :
from the DISPERSION.

VIDEO FILTER—Restricts ,Z:LD:?; GAIN
Ta

VERTICAL
DiSPLAY

o

i

the video bandwidth to ' o

reduce high frequency \@‘ {

response and filter out

' : RF  INPUT——Input sig-
A J\ p g

noise. : R nals < —30C dBm rec-
: +
- GAIN—Varies the ver- . i L omm'ended, 15 dBm
tical gain of the Spec- =500 F, Sweep NpuT maximum, .
trum Analyzer, T AN B f-.i.}/j ON RESR PLATE
TEKTRONIX. INC., ,' ' POR’;L;ND OREGON. US A B
SWEEP INPUT — BNC
TO RECORDER—Jack connector. for applying

provides an output for
recorders, etc.

the sawtooth waveform
(100 V or 150V} from

VIDEO INPUT — BNC VERTICAL DISPLAY—Se- the ~associate oscillo-
connector to apply video lects display mode. scope.
input signals to be dis- LOGarithmic, LiNear,
played as o convention- SQuare LAW (power)
al (time domain) dis- or VIDEO,
play.
Fig. 2-3. Function of front panel controls and connectors.
2-4 ©
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COUPLED
RESOLUTION

DISP CAL

DISP BAL

IF ATTEN dB
GAIN

IF CENTER
FREQ

FINE

CAL

VIDEO FILTER

VERTICAL
DISPLAY -

in the 0 position, the analyzer functions as
a fixed tuned receiver. This provides a
dispiay that shows the time domain char-
acteristics of modulation within the resol-
ution bandwidth. capabilities of the an-
alyzer.

Selects the analyzer resolution bandwidth.
-Eleven selectable ranges, frcm more than
10kHz to less than 1kHz are provided.
The normal resolution for a given disper-
sion is generally obtained with the RE-
SOLUTION control coupled to the DIS-
PERSION selector.

A screwdriver adjustment to calibrate the
MHz/cm dispersion.

Adjusted to balance the dispersion center
(center frequency point) of the MHz/CM
and kHz/CM position of the DISPERSION
RANGE switch.

Series of six toggle switches to provide

calibrated IF attenuation in 1dB . steps.

from 1dB to 51 dB.

A variable control of the analyzer IF gain,
plus a variable control over the video IN-
PUT signal amplitude.

A 10 turn control that shifts the IF center
frequency. Provides a =10 MHz adjust-
ment in the 10MHz/cm dispersion posi-
tions, a +25MHz adjustment of the cen-
ter frequency, through the 5MHz/cm to
0.2 MMz/cm positions, and a .=+2.5 MHz

adjustment through the 500 kHz/cm to 1°

kHz/cm DISPERSION positions.

A one turn control, that operates in con-
junction with the IF CENTER FREQ control,
to provide a fine adjustment of the IF cen-
ter frequency. Provides =1 MHz adjust-
menl for the .2MHz/cm through the 10
MHz/cm dispersion positions and the =50
kHz for the 1 kHz/cm through the 500 kHz/
cm DISPERSION positions.

With the IF CENTER FREQ control center-
ed, it calibrates the IF center frequency
to 200 MHz.

With the switch in the up position the
video bandwidth is restricted to reduce
high frequency video components such as
noise, from distorting the display and en-
ables easier evaluation of signal modula-
tion when viewing signals near minimum
resolution. :

Selects logarithmic, linear or square law
display for the frequency domain displays,
and VIDEO for a time domain display. In
the LOG position, signal display cmpiitude
is logarithmic, with a dynamic range >

RF CENTER
FREQ

FINE RF CEN-
TER FREQ

MIXER
PEAKING

LOCK CHECK -

INT 1 MHz REF
FREQ

1 MHz CAL

O i i LR B

Operating Instructions—Type 1130

40 dB. In the LIN position, a signal ¢izplay
amplitude is linear with a dynamic iinge
>26dB. In the SQ LAW position :ignal
amplitude is a square law function vr the
display amplitude is a function of signal
power. The SQ LAW dynamic range is
>13dB.

The VIDEO position connects the INPUT
connector to the vertical amplifier of the
plug-in oscilloscope.

Tunes the RF center frequency from 925
MHz to 10,500 MHz. With the IF CENTER
FREQ control in the O position, the RF
CENTER FREQ dial indicates the center
frequency of the display.

A fine adjustment of the RF local oscil-
lator frequency. Especially useful in tuning
the oscillator to a phase lock condition
with the reference frequency.

A control used to optimize the conversion
action of the first mixer. The control is
adjusted to optimize mixer conversion
for any fixed center frequency setting.
This must be done for each dispersion
windov!.

A pushbutton switch that applies the phase
lock output beat signal (between the local
oscillator and reference frequency} plus
the DC reference level of the phase lock
amplifier and an indication of the signal
location to the vertical display system. Pro-
vides a visual indication to the operator
of phase lock operation. '

Selects either the Internal 1 MHz Refer-
ence Frequency or an externally applied

reference frequency.

A BNC connector that provides 1 MHz

MARKERS OUT marker signals. from the Internal oscillator,

. OR EXT REF
FREQ IN

RE INPUT

TO RECORDER

when the switch is in the INT 1 MHz REF
FREQ positions. These markers can be
used to calibrate the dispersion. With the
INT 1T MHz REF FREQ switch in -the OFF
OR EXT position, an external signal be-
‘tween 1 MHz and 5MHz {1 to 5V peak
to peak) may be applied to the connector.
This external signal will then become the
reference frequency for phase lock opera-
tion. '

Coaxial connector (N type) which connects
through a coaxial cable, to the signal
source. Input impedance 50 Q.

Signals on the display may be recorded by
plugging into the TO RECORDER output.
Provides a linear output, equal to or great-
er than 2mV per displayed centimeter of
signal amplitude, in the LIN mode, into a
source impedance of 600 ohms,
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First Time Operation

Preliminary

a. Set the Sweep Voltage selector at the rear panel (see
Fig. 2-4) Type 1L30 to the correct position {100V or 150 V)
for the oscilloscope being used. Some Tektronix Type Oscillo-
scopes and their sweep voltage output are listed in Table
2-1 and on the back panel of the instrument. If your oscillo-
scope is not listed, check the specifications given in the
oscilloscope instruction manual for the front panel sawtooth
out signal amplitude.

T
)

SAWTOOTH SELECTOR—

Fig. 2-4. Rear panel of the Type 1L30 showing sawtooth selector. -

TABLE 2-1

100 Volt Internal
Sawtooth 150 Volt Sawtooth Sawtooth
Type 544 All 530 Series Type 549
Type 546 Type 543 Type 556
Type 547 |- Type 545 (A and B)
Type 556 Type 549

Type 555

All 580 Series

Type T Time-Base Plug-In

b. Insert the Type 1130 into the plug-in compartment and
fasten the securing latch.

¢. Turn on the oscilloscope power, connect a patch cord
between the Oscilloscope Sweep output and the Type 1L30
SWEEP INPUT connector. Allow approximately 20 minutes
warm-up period for the instrument operation to. stabilize.

d. Set the Type 1L30 and plug-in oscilloscope front panel
controls as follows:
Analyzer Controls

DISPERSION RANGE MHz/CM
DISPERSION—COUPLED Controls coupled together

RESOLUTION and in the 10 MHz/cm
position
IF ATTEN dB All switches in OFF
position .

IF CENTER FREQ Centered (000)

FINE . ‘ Midrange

POS Centered

VIDEO FILTER ' OFF

VERTICAL DISPLAY LIN

GAIN . cew

FINE RF FREQ Centered
- INT 1 MHz REF FREQ OFF

MIXER PEAKING Centered

" Plug-In Oscilloscope

Time/Cm 5ms
Triggering Adjusted for a free
running sweep

1. Adjust the Intensity control clockwise until a trace is
visible, then adjust the Focus and Astigmatism controls for

_optimum .trace definition.

2. Position the trace to the horizontal center and to the
bottom line of the graticule with the Position “controls.

3. Adjust the Scale Hllum control for the desired grati-
cule illumination. :

4. Apply a low amplitude signa! (between —60 and —30
dBm) from the Signal Generator or other source, preferably,
within the frequency range of the Type 1130, through a co-
axial cable to the RF INPUT connector.

5. Adjust the GAIN control for a moderate noise level
(0.5cm) on the display, then tune with RF CENTER FREQ
control through the frequency range. Observe the different
rate and direction of movement (ieft to right or right to left]
of the signals across the screen when the RF CENTER FREQ
control.is tuned through the frequency of the band.

6. Tune the dial with the RF CENTER control to the fre- -
quency of the applied.input RF signal. -

7. Adjust the MIXER PEAKING control for optimum sig-

“nal amplitudes.

8. Adjust the GAIN and/or the IF ATTEN dB swiiches. for

a signal amplitude on the display of approximately 4 centi-
meters.

9. Tune the signal to the extreme left graticule line with
the RF CENTER FREQ control. Note the dial reading. Tune
the signal to the extreme right graticule line and pote the
dial reading. The difference between dial readings is the
total dispersion window for this 10 centimeter display. Tune
the signal to the center of the screen and switch the DIS-
PERSION—CQUPLED RESOLUTION selector to the 5MHz
position. Tune the signal ‘across the screen and note the
total dispersion. It should decrease to Y, the dispersion noted
with the DISPERSION selector in the 10 MHz/cm position.
Tune the signal to the center of the screen.

- 10. Tune the IF CENTER FREQ control through its range.
Note that all signals move across the screen in the same
direction and the same amount. This control will shift the
IF center frequency approximately + or — 25 MHz with the
DISPERSION controls in this position. Tune the IF CENTER
FREQ control to center the signal on the screen.

11. Change the DISPERSION selector to .5 MHz/cm. Ad-
just the FINE IF CENTER FREQ control. Note the frequency

©




range of this control. This control will shift the IF center
frequency approximately + or — 500kHz with the DIS-
PERSION RANGE in this position.

.12. Switch the Time/Cm switch between the 1 s.and .1 ms.
positions. Note the change in signal amplitude and the
display resolution. Return the Time/Cm selector to the 5ms
" position. ) ' )

13. Turn the INT 1 MHz REF FREQ switch to INT posi-
tion.

14. Push the LOCK CHECK button and tune the RF CEN-
TER FREQ control slowly through the signal frequency. Note
the phase lock beat signals between the tunable local
oscillator and the Internal Reference Frequency oscillator,
as the display blooms then snaps into the phase lock opera-
tion (Fig. 2-5).

15. With the LOCK CHECK button depressed, adjust the
FINE RF CENTER FREQ control. Note the beat frequency
display as the control is varied, and the vertical displace-

Operating instruclions—Type 1L30

ment of the display baseline. This baseline vertical shift
is the change in the output DC level of the phase lock.am-
plifier. Note the zero beat signal compression at the ex-
treme position of this control compared to the amplitude
near the center. Phase lock condition should be set with
the DC level within the center 4 centimeters of the grati-

cule. Adjust for phase lock operation and release the LOCK

CHECK button. ‘

16. Set the DISPERSION selector to 500 kHz, switch the
DISPERSION RANGE switch to the kHz/CM position, then
decrease the DISPERSION to 50 kHz/cm, keeping the sig-
nal centered on screen with the IF CENTER FREQ control.
If the signal should suddenly shift off screen, phase lock
operation has probably been lost. A slight adjustment of the
FINE RF CENTER FREQ control will usually restore the phase
lock condition and return the signal on screen.

17. Uncouple the RESOLUTION control and turn the con-
trol clockwise. Note, the signal bandwidth increase as the
resolution bandwidth is increased. The resolution bandwidth
may be varied from approximately 1 kHz to 100 kHz, Re-

-1 |
Feed through
of the —

-Open section:
is beat null
7

Small beat modes

// signal display

(l Large and small beat signal displays. LOCK CHECK
button is depressed while the RF CENTER FREQUENCY con-
trol is slowly tuned.

(B) LOCK CHECK button depressed while RF FINE FREQ
control is adjusted. Display DC level will shift as control is
adjusted. Select u beut mode near the screen center for best
operation.

Signal feed through =

N |
7

(C) Null point. Oscillator will now lock in phase with the
reference frequency. Release LOCK CHECK buiien,

oL

(D} LOCK CHECK buton released. Nermal display of a phase
focked condition. Center desired signal on screen with the IF
CENTER FREQ controls.

Fig. 2-5. Lock check displays.
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turn the RESOLUTION control to the coupled position with

-the DISPERSION selector.

GENERAL OPERATING INFORMATION
Signal Application

Signals applied to the RF INPUT connector should be
applied through a 50-ohm coaxial cable with a N type
connector. Impedance mismatches between the signal source
and the RF INPUT connector, due to signal source output
impedance, long coaxial cables, due to signal source output
affect on display flatness. When optimum flatness is de-
sired and signal strength is adequate, a 50 Q attenuator pad
{such as 10 dB pad) should be added between the signal
source and the RF INPUT connector. This will minimize
the reflections and optimize display flatness.

Signal input power to the analyzer should not exceed
—30dBm. Signals above this level may overload the 1st

- mixer and/or the 1st IF stage and generate spurious sig- -

nals on the display. Add at least 10 dB attenuation to the
input when signal compression is noticed {(no increase in

signal height with an increase in input power). A conver-.

sion chart {Fig. 2-6) may be used to calculate input signal
levels.

CAUTION

Signals whose amplitudes are greater than 415
dBm applied to the INPUT may damage the diode
mixers.

Front Panel Calibration Adjusiments

Three screwdriver adjustments provide a means to cali-
brate the DISPERSION, IF CENTER FREQ and the DISPER-
SION RANGE balance. These front panel adjustments must
be recalibrated whenever the Type 1L30 is shifted to an-
other oscilloscope, to compensate for differences in sawtooth
amplitudes and CRT deflection sensitivities. 1t is also ad-
visable to check the adjustments periodically during regu-
lar use. Adjustment and a calibration check procedure may
be performed as follows: :

1. Balance and Calibration Check

a. Set the INT 1 MHz REF FREQ switch in the OFF posi-

tion, then tune a signal on screen with the RF CENTER FREQ
control.

b. Tune for minimum signal shift as the DISPERSION
RANGE is switched from MHz/CM to kHz/CM positions.

c. With the DISPERSION RANGE selector at the MHz/CM

position, adjust the IF CENTER -FREQ control for minimum -

signal” shift as the DISPERSION selector is switched through
the 10 to .2 MHz positions.

d. Set the DISPERSION RANGE selector to kHz/CM posi-
tion. Continve adjusting the IF CENTER FREQ control for
minimum signal shift as the DISPERSION is switched from

. 500 kHz/cm to 5 kHz/cm.
e Set the DISPERSION to the 500 kHz/cm position, then °

center the signal in the graticule area with the Horizontal
Position control. Check the signal position on the sweep.
The signal should locate within =1 cm of the sweep center

NORMAL OPERATING MAXIMUM SIGNAL
- RANGE WITHOUT DAMAGE
4 N TO THE UNIT
1 |
: 10,V 100,V ImV : 10mV 100mV v
1 ) i .

-100dBm  -90dBm -80dBm -70dBm -60dBm -50dBm -40dBm -30dBm - -20dBm -10dBm 0dBm +10dBm +20dBm’
0.1pW 1.0pW 10pW 100pW 1.0nW 10nW 100n¥W 1.0uW 10,W 100.W |.0mW {OmW 100mW
NOTE: Volts RMS--multipty by

2.8 for peak to peak.
0 dBm =1 milliwatt .
Fig. 2-6. Volts-dBm-Watts conversion chart for 50  impedance.
2-8 ©




with the sweep extending over the 10 centimeter width of
the graticule. Front panel calibration is required if ihis
requirement is not met. Proceed with the following adjust-
. ments if fronf panel calibration is required.

NOTE

These adjustments inferdct, and hus} be performed
in sequence.

2. IF CENTER FREQ CAL Adjustment

a. Set the IF CENTER FREQ control to 000 and center
the FINE control. Center the DISP BAL and the IF CENTER
FREQ-CAL adjustments. Set the DISPERSION RANGE switch
to the MHz/CM position and the DISPERSION control to
5MHz/cm position.

b. Apply an RF signal that is stoble in frequency to the
appropriate RF INPUT connector. Adjust the GAIN control
for a usable signal amplitude.

¢. Adjust the RF CENTER FREQ and the FINE RF CENTER

FREQ controls for minimum signal shift as the DISPERSION |
RANGE is switched between the MHz/CM and the kHz/CM

positions.

d. With the DISPERSION RANGE in the MHL/CM posi-
tion, adjust the IF CENTER FREQ-CAL for minimum signal
shift as the DISPERSION control is swnched through fhe MHz
(10 MHz - .2 MHz) positions.

e. Set the DISPERSION to the 5MHz/cm position. Posi-
tion the signal to the graticule center with the Horizontal
Position control. If the signal is more than 1 centimeter
from the sweep center, it should be centered with the in-
ternal Sweep Center adjustment R204. See Calibration sec-
tion.

3. DISP-BAL Adjustment
a. Tune the RF signal to the screen center.

b. Adjust the DISP BAL for minimum signal shift as the
DISPERSION RANGE selector is switched between the MHz/
CM and kHz/CM positions. (Start the balance adjustment
with the DISPERSION selector in the 5MHz position, then
"decrease the DISPERSION to the .2 MHz - 20 kHz position.)

Final adjustment is made with the DISPERSION RANGE
selector in the kHz position and the DISPERSION in the i
kHz/cm position. Fine adjustment, with the |F CENTER FREQ
set to 000, permits dispersion changes from 10 MHz/cm to
1 kHz/cm without extreme shift in signal position on the
screen. :

NOTE

If dispersion balance cannot be achieved by the
above procedure, the instrument requires internal
adjustment. Refer to the Calibration section of the
manual.

4. DISP-CAL Adjustment
a. Preset the front panel controls as follows:

IF CENTER FREQ . 000 (centered)
DISPERSION RANGE MHz/CM

Operating Instructions—Jype 1130

DISPERSION 1 MHz
VERTICAL DISPLAY SQ LAW
- INT T MHz REF FREQ INT

b. Connect the 1. MHz CAL MARKERS OUT signal ﬂ']rough
a coaxial cable 1o the RF INPUT connector.

c. The display will probably have one set of calibra-
tion _markers superimposed with another set of markers.
it this is the case, adjust the RF CENTER FREQ controls to
bring the tuncble markers into horizontal alignment with
the feed-through or fixed markers.

d. Adjust the DISP-CAL for 1 marker/centimeter. See
Fig. 2-9. Use the Horizontal Position control or the IF CEN-
TER FREQ control to align the markers to the graticule lines.
Dispersion is calibrated over the center 8 centimeters ‘of the
dnsploy

e. Remove the 1 MHz CAL MARKER signal from the RF
INPUT connector.

RF Center Frequency Tuning

- The dia! and the analyzer are tuned through the fre-
quency range of each scale by the RF CENTER FREQ con-
trol. The dial frequency calibration is accurate to within
+ {2MHz 4+ 1% of the dail reading) when the FINE RF
CENTER FREQ and the IF CENTER FREQ controls are cen-

tered. As the ‘dial knob is rotated clockwise, the dial tape

increases in frequency and true signals (see spurious re-
sponses) travel across the screen from left to right.

The RF CENTER FREQ control is supplemented by a FINE
RF CENTER FREQ control that provides a fine tuning ad-
justment, through a limited frequency range, on either side
of the dial frequency. This provides a fine tuning adjust-
ment to establish phase. lock operatjon.

FIXER PEAXING Control

The front-panel MIXER PEAKING control provides an
adjustment to improve the over-all sensitivity of the Spec-
trum Analyzer, lts action is broad; therefore it can usually
be set to an optimum setting and left unless there is a large
change {100 MHz or more).in the RF center signal frequency.

Phase Lack Operation

The _phase lock circuit increases the frequency stability
of the tunable local oscillator by synchronizing the oscillator
with either an ‘internal <crystal-controlled 1 MHz reference
oscillator, or an externally applied reference frequency.

The circuit will phase-lock the -tunable local oscillator
to any externally applied signal with an amplitude of 1 to
5 volts peck to peak and within the frequency range of 1
MHz to 5MHz. The external signal is applied to the EXT
REF FREQ IN connector when the INT 1 MHz REF FREQ
switch is placed in the OFF OR EXT (REF FREQ IN) position.
Fig. 2-5 illustiates .the displays produced with the LOCK
CHECK buiton depressed as the tunable local oscillator is
tuned through the phase lock beat modes by the RF CENTER
FREQ control. The small signal beats between the larger
beat signals will usually phase lock the osciilator; however,
this lock may not be as stable.
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(A) LIN mode

L
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(C) SQ LAW mode

(D) Video mode

Fig. 2-7. Vertical display modes showing an amplitude modulated display. Video mode shows the modulation signal.

Oscillator phase lock operation is established as follows:
Tune the desired signal to the center of the screen with the
RF CENTER FREQ control. Depress the LOCK CHECK but-
ton, then adjust the FINE RF CENTER FREQ control for a
beat frequency indication within the center 4 centimeters of
the graticule. Adjusting the FINE RF CENTER FREQ con-
trol shifts the output DC level of the phase lock amplifier
and the vertical reference level of the CRT trace. The linear
operating range of the phase lock amplifier is near its
limits at the extreme DC levels; therefore, phase lock opera-
tion shouid be set in the center of this operaling range or
with the display near the center of the graticule area.

If the beat indication is outside the center-area of the

-graticule, adjust the FINE RF CENTER FREQ control to cen-

ter the irace, then adjust the RF CENTER FREQ control to
shift the signal fowards a beal mode (Fig. 2-5) where phase
lock operation can be achieved within the dynamic range
of the amplifier. Adjust the FINE & CENTER FREQ conirol for
a phase lock condition then release the LOCK CHECK button.

2-10

After phase lock operation has been set, the dispersion
may be reduced. To maintain phase lock condition, the |F
CENTER FREQ controls should be used to position the de-
sired signal to the center of the screen. With narrow dis-
persion settings (100 kHz or less) when the analyzer loses
its lock condition, the signal will disappear off the screen.
If this happens, a slight adjustment of the FINE RF CENTER
FREQ control will usudlly return the signal to the display.

Vertical Display Modes

‘The dynamic range and the appearance of the displayed
signal is dependent on the mode position of the VERTICAL
DISPLAY switch. For example: The LOG (40.dB full screen)
position will accentuate the side lobes of a signal while
the SQ LAW position will de-emphasize the side lobes.
Fig. 2-7 illustrates the effect of cach display mode or each
position of the VERTICAL DISPLAY switch.




The LOG position increases the dynamic range of the
display by attenuating large amplilude signdls more than
small amplitude signals. This type of display approximates
a logorithmic response curve and is most effectve when
there are large signal amplitude differences. :

The LIN {linear) position provides finear signal -ampli-

fication, so relative amplitude measurements may be per-

formed over the full 6 cm graticule height.

The SQ LAW ([power) position provides a display that is
approximately proportional to the square of the input sig-
nal amplitude. This type display provides an approxima-
tion of the input signal power and is used to accentuate
small amplitude difference.

In the VIDEO mode, the spectrum display is grounded and
any signal connected to the front-panel VIDEQ INPUT con-
" nector will be displayed as a conventional (time versus sig-
nal amplitude) display. An uncalibrated -GAIN control
provides variable sensitivity adjustment. Maximum sensi-
tivity is approximately 0.1 volt per centimeter.

)

The impedance of the VIDEO INPUT circuit is approx-
imately 50 ohms; therefore high-impedance probes should
not be used to couple signals to the VIDEO circuit.

Video Filter Operation

The video filter restricts the video bandwidth. This will
reduce zero beats ‘when viewing sigfals close to minimum
resolution bandwidth. The filter is useful in applications
where the envelope of a pulsed RF spectrum is desired
(Fig. 2-8) or in some cases it may improve the display reso-
lution. See Fig. 2-23. It does, however, restrict the usable
sweep rate because of the filter time constant, The sweep
rate is usually reduced to about 50 ms/cm or slower when
the filter is used.

Dispersion

Dispersion is the swept frequency width, or screen window.
The frequency excursion of the frequency axis of the dis-
play is usually expressed as frequency per centimeter. The
dispersion for the Type 1L30 is adjustable from 10 MHz/cm
to 1kHz/cm in a1, 2, 5 sequence with an added zero dis-
persion position for fixed frequency operation.

Dispersion accuracy is a function of the IF CENTER FREQ
control position and the DISPERSION RANGE switch set-
ting. See. Characteristics section. Since the IF CENTER FREQ
_control range ==25MHz in most the MHz/CM position is
greater than the ==2.5MHz range in the kHz/CM -position,
the accuracy of the kHz/CM range is improved over the
MHz/CM rfange.

The fronf panel DISP CAL adjustment muy be adjusted

‘to recalibrate dispersion for specific IF CENTER FREQ con-
trol settings when a high degree of accuracy is desired
for a particular frequency setting. The procedure is as fol-
lows: ‘

1. Ad'iuslr the front panel controls for the desired display.

2. Apply the 1 MHz CAL MARKERS.- OUT signal to the
RF INPUT connector. This should provide a picket fence
display. See Fig. 2-9.

©)
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3. Adjust the RF CENTER FREQ control a slight amount
to identify the fixed from the tunable signals. The fixed
signals should be used, and the tunable markers should
be tuned so they coincide with the fixed markers to elim- .
inate: confusion in the display.

4. Calibrate the display by adjusting .the DISP-CAL for
the correct markers per centimeter, or read the dlspersnon
directly from the marker picket fence.

5. Remove the 1 MHz markers from the RF INPUT and
reconnect the signal. Perform the desired dispersion meas-
urement.

é. After the measurement, recalibrate the dispersion as
described under the sub-title Front Panel Adjustment. -

Resolution and Dispersion

Resolution is the ability of the spectrum analyzer to dis-
play adjacent signal frequencies discretely. The measure

{A) Pulse modulated display without filtering. LOG mode.

I

(B} Display with VIDEO FILTER switch ON.

Fig. 2-8. Integrating the display with the video filter.
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Calibrate dispersion ]
- Gmeeamma Within the Ist and 9th
graticule lines.

Fig. 2-9. 1 MHz Markers Output signal (phase lock reference} ap-
plied to the RF INPUT connector to check dispersion calibration.

of resolution is the frequency separation (in Hz) of two equal
amplitude signals .when the notch or dip between these
signals is 3dB down. The resolution for a given display is
a function of sweep speed, dispersion and bandwidth of the
most selective {usually the last IF) amplifier in the signaf
path. ) '

Resolution bandwidth is approximately the —6 dB band-
width (with Gaussian response} of the analyzer, with the
dispersion and sweep time adjusted for the minimum dis-
played bandwidth to a CW signal. Resolution and resolu-
tion bandwidth become synonymous at very long sweep
times.

As the analyzer sweep rate is increased, the amplitude of
a CW signal decreases and the bandwidth increases; which
signifies that both the sensitivity and resolution of the an-
alyzer have been degraded by the increased sweep rate.

The loss of the analyzer sensitivity due to sweep rate and
the dispersion can be expressed mathematically as:

s | 0\ -]
= '+°"95(T52)]

where S$/S, is the ratio of the effective sensitivity to the
analyzer measured sensitivity, at very slow sweep times or
with zero dispersion.

D is the dispersion in hertz

B is the —3 dB bandwidth of the analyzer in heriz

. . T . .
T is the sweep time in seconds, or o the scanning
velocity.

These some variables also determine the resolution of
the cnalyzer. The loss in resolution can be expressed as

follows:
R - D\ |4
——— = [¢2 A
R i.] +0.195 (TW) ]
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Where R/R, is the rotio of the effaective resolution of the
analyzer to the analyzer measured resolution bandwidth at
very slow sweep speeds. R, is somewhat arbitrary and is
tcken as the displayed width of the CW signal at the —6
dB point.

The best rescluticn for a given dispersion and sweep

Dispersion {in Hz} See S frum
FOGEaut. Nt A e opectru

time is expressed as: e ;
P Sweep Time (in's)

Analyzer definitions.

The resoluticn of the Type 1L30 Spectrum Analyzer is
oplimized for niwst settings of the DISPERSION selector when
the RESOLUTIC™ centrol is in the coupled position. Reso-
lution however, can be varied from approximately 100 kHz
to less than 1 kHz by uncoupling the RESOLUTION control
and adjusting it oz an independent function of the DIS-
PERSION selecior. :

To adequately resolve pulsed spectrum information, the
resolution bundwidih of the analyzer should be on the
order. of 1/10 of the side lobe frequency width or the re-
ciprocal of the pulse width. The RESOLUTION control is
usually set, cfter the sweep rate has been adjusted, for
optimum main lohe detail. See Fig. 2-10.

Resolution = 1/10 AF for
udequate side Iske resolution

Fig. 2-10. Freruency spectrum of a pulse modulated signal.

Selecting (he Sweep Rete

The sweep iate for wide resolution coupled settings is
vsually set just obove the visual flicker setting; however,
as the DISPERSICN is decreased the sweep rate will begin
to affect the Iution and sonsinvity of the aonalyzer, as
described under Resolution. Therefore, as the DISPERSION
seftings are roduced ihe sweep rute should also be reduced
to maintain sensiiivity and resolution.

Vith the DISPERSION contrel set 1o 0, the analyzer func-
tions as a fixed tunad receiver. The unclyzer then displays
time domain characteristics of the signal modulation within
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3-«:2———-—————— & em -——-—-—-———«)v-—
B
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TIME/CM == 1 ms/CM

.Number of CM measured

Pulse repetition time —
P Number of pulses

X Time/CM

1 .
%X Tms == 2ms, PRF:—Z_ or 500 Hz

-+
4
-+
3

>0.2 div.

_Fig. 2-11. Measuring pulse repetition time.

the bandwidth cepabilities of the analyzer. Sweep time

can now be set to examine the modulation pattern.

Timing information such as pulse repetition rate may be
obtained by triggering the sweep on the signal source
{Internal mode) and switching the Time/Cm control to a
calibrated sweep time that will permit time measurement
between the modulation pulses. See Fig. 2-11.

Triggering ihe Sweep

For most applications the oscilloscope triggering is set
for free run operation, however, there are applications, for
example; at O dispersion, or when slaving the Type 1L30
to a recorder, that it may be desirable or necessary to trig-
ger the display.

The display may be. triggered internally by setting the
oscilloscope Source switch to the Int position and adjusting
the triggering controls to trigger on the display. The oscil-
loscope requires approximately 2 millimeters of signal am-
plitude to trigger satisfactorily. It may be necessary, there-
fore, to adjust the FINE RF or IF CENTER FREQ control to
shift the sweep siart away from a spectrum null point, See
Fig. 2-12.

If the'signal is time related to the power supply line fre-
quency, it is best to trigger the oscilloscope on the Line
frequency.

In applications that are single shot events, the triggering
can be set for single sweep operation and the trace trig-
gered before the event by some external source.

Recorder Oui

Signals on the display may be recorded by plugging a
phone plug into the TO RECORDER output jack. A linear out-
put is provided when the VERTICAL DISPLAY switch is in
the LOG and LN positions. With the DISPLAY switch in

©

Fig. 2-12. To trigger the analyzer from the display requires 0.2 em
of signal. Tune the spectrum null point away from the sweep s!arl-
ing point, with the RF CENTER FREQ control.

the SQ LAW position, the output to the RECORDER con-
nector is square law.

SPECTRUM ANALYZER DISPLAYS

The Spectrum Analyzer display is a plot of signal am-
plitude as a function of frequency. With this type of dis-
play, individual frequency components within the signal
are displayed and readily analyzed. This section describes
some of these basic spectrum displays and basic applica-
tions for the Type 1L30.

Spectra of Amplitude Modulation
When a single frequency (CW) signal is amplitude-modu-

. _lated by a signal frequency, two additional frequencies will

be generated; the carrier plus the two sidebands. See
Fig. 2-13. The amplitude of either sideband with respect
to the carrier voltage is %, the percentage of modulation.
The frequency difference between the carrier and either

sideband is equal to the modulating frequency.

Figure 2-14 illustrates how the spectrum is generated
when a fundamental carrier frequency F is modulated by
two frequencies F, and F..

The sideband spectrum, of a multiple frequency ampli-
tude-modulated signal spectrum, is determined by the mod-
ulating frequencies. To resolve this complex spectrum, the
analyzer resolution bandwidth must be less than the low-
est modulating frequency, or the bandwidth must be less
than the difference beiween any two modulating frequencies,
whichever is the smaller.

In wideband amplitude-modulation applications, such as
television picture information, the spectrum analyzer may
be used to measure both the sideband energy distribution
and the modulation bandwidth,

2-13
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=a

Modulation
. Percentage

'
I Modulator) *
VErequency

(A} CENTER FREQ 2 GHz
- DISPERSION - - 50 kHz/CM
MODE LIN - ‘
This display shows: Carrier Frequency 2 GHz, modulating
frequency (1.8cm X 50 kHz) - — 90 kHz. »
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.
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+
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(B) Same as A but resolution bandwidth increased so that
modulation is barely discernible.

(C) Over modulated iigna! produces extra sidebands. LOG
mode. -

Fig. 2-13. Specirum showing series of AM signals.

F + F F — F

F 4+ F; F — F.

AMPLITUDE ————~

- FREQUENCY ) P

Fig. 2-14. Formation of a spectrum. F is the fundamental or carrier
frequency, Fi and F. are the modulating frequencies.

The amplitude modulated signal spectrum therefore fur-
nishes the following information: 1) Fundamental or car-
rier frequency, 2) modulation frequency or frequencies, 3)
modulation .percentage, .4) sideband energy distribution
and 5) modulation bandwidth. Other characteristics which
may be evaluated are: Degree of incidental FM (evidenced

by signal jitter), nonlinear modulation and over-modulation.

These characteristics are illustrated in more detail with other
types of spectrum display patterns.

Frequency Modulated Signhal Specira

When a CW signal {FJ) is frequency modulated at a rate
(Fn), it will theoretically produce an infinite number of side-
band frequencies. These frequencies are equal to the carrier
frequency plus or minus the modulating frequencies (F. =+
nF, wheren = 1, 2, 3, . . . etc). Figure 2-15 illustrates vari-
ous degrees of frequency modulation

Frequency modulated signal bandwidth is usually deter-
mined by the width of the sidebands containing sufficient
energy to dominate the display. A very approximate cal-
culation of the signal bandwidth equals 2 (AF. 4+ F,} where
AF. is the frequency deviation of the carrier and F, is the
frequency of the modulating signal. Frequency deviation
of the carrier is primarily dependent on' the modulating
signal amplitude.

This ratio of frequency deviation to modulating frequency
is known as modulation index. Bessel function and fre-
quency spectra for different modulation indices may be
found in the 4th edition of Reference Data for Radio Engi-
neers, Chapter 19.

To resolve adjacent sideband components in o frequency
modulated display, the spectrum analyzer resolution band-
width should be less than the lowest modulating frequency
in the spectrum, which is the same as the requirements to

~ resolve an amplitude modulated spectrum.
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(A) Narrow band FM. Note the resemblance to AM. (B) Same as (A) except wider deviation.
CARRIER 100 KHz/CM
DISPERSION 2 GHz
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{C) Carrier almost at a null. -

- (D) Cairier at null.

Fig. 2-15. Frequency modulated display. At first carrier null, index of modulation is 2.4; so ratio of deviation to rate is 2.4. Rate is 0.8

em X 100 kHz/em == 80 kHz. Deviation 2.4 X 80 kHz — 192 kHz.

Pulse Modulated Signal Specira

When a CW signal is pulse modulated, the carrier is
periodically turned on and off. The on period is determined
by the modulating pulse width; the off time is related to
the pulse repetition time or frequency. The carrier is usually
modulated by a rectangular-shaped pulse.

A symmetrical square wave is composed of its fundamental
frequency plus the odd harmonics. If the relative amplitudes
and phase of the harmonics are changed, a number of wave
shapes are produced; rectangular, trapezoidal, sawtooth,
etc. The spectrum of the square wave or any pulse shape,
therefore, is displayed according to its frequency compo-
nents and their amplitudes on a spectrum analyzer. Com-
mon pulse forms and their spectra are described in Ref-
erence Data for Radio Engineers, 4th edition, Chapter 35.
ITT 1956.

Fig. 2-16A illustrates a theorefical voltage spectrum of
a rectangulary-pulse, pulse-modulaied oscillator The main

©

lobe and the side lobes are shown as groups of spectral lines
extending above and below the baseline. The number of
these side lobes for a truly rectangular pulse approaches
infinity. Any two adjacent side lobes are separated on the
frequency scale by a distance equal to the inverse of the
modulating pulse width.

Fourier theory shows that adjacent lobes are 180° out
of phase; however, since the spectrum analyzer is insensitive
to phase, only the absolute value of the spectrum is dis-
played and appears as illustrated in Fig. 2-16B.

Fig. 2-17 illustrates the relative effects the pulse width
and pulse repetition frequency have on a pulsed RF spec-
trum. ’

Since the spacing between the spectral lines of the pulsed
RF spectrum is a function of the PRF (pulse repetition fre-
quency), the spectrum analyzer resolution bandwidth should
be less than the PRF to respond to one frequency compo-
nent. In most instances this is impractical. The spectrum

2-15
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Oscillator or Carrier

frequency
—-)—I }4-Pulse repetition
frequency
Phase <"
Minor >
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Side Lobe
+ : : 1st null
I l‘illhl"l | 1 1:"”"'r1
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A L L
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A. Resultant spectrum of a carrier that is amplitude modulated
with a rectangular pulse. d — pulse width

— —

l
..m,.nllh..ul‘l Ih.ll“i..llm

B Effective voltages as they would be dlspluyed on a spec-
trum analyzer.

1

Pulse width = m

Fig. 2-16. Formation of a pulse modulated signal spectrum.

envelope however, can be plotted with pulses. If the an-
alyzer swept frequency is slow, it will plot a series of pips
or lines, the locus of which represents the relative energy
distribution of the swept spectrum. The number or density
of these pips for a given PRF will depend on the sweep speed,
or Time/Cm selection of the plug-in oscilloscope. It is pos-
sible, by sweeping very slowly, to obtain the spectrum of
a very.low PRF signal. This display simulates a pulsed spec-
trum and contains the same information for analysis.

This spectrum may now be resolved, since the resolution
bandwidth of the analyzer need only be less than the side
fobe frequency width, or the reciprocal of the modulating
pulse width. Fig. 2-18 illustrates the effect of frequency
modulation on the pulse modulated display.

The peak amplitude of the main lobe of a pulse modu-
lated RF spectrum represents only a portion of the total
energy contained in the lobe. The main lobe is less than
the amplitude of an equal peak value CW signal by an
amount which is approximofely 3/2 (tp) resolution band-
width), where t, (pulse width) is measured in seconds and
bandwidth is the selected resolution bandwidth of the an-
alyzer in hertz. Spectrum analyzer sensitivity measure-
ments should therefore be made only with a CW signel
applied, as indicated in the Performance and Calibration
checks.

Signal ldeniificaiion and Freguen:
Measurement

rw
oy

Spectrum Analyzers that hove no preselection prior to the
first mixer will display signals which do not conform fo the
indicated frequency recading of the dial. These signals are
referred to as spurii [many or plural) or spur {singular)
which are colioquial icrins used fo relate to spurious re-
sponses. {See definitions of spectrum analyzer terms). They
are the products of ths following:

1. IF feedthrough: In the Type 1L30, the IF passband is
150 to 250 MHz. Frequencies within this passband may
appear as non-tunabie or IF feedthrough signals on a 100
MHz dispersion screen.

2. Signal images: The dial scales of the Type 1L30 Spec-
trum Analyzer are calibrated below the frequency of the
tunable first local oscitlator. The response to an input sig-
nal whose frequency is chove the local oscillator frequency
by a difference of the IF, is called on imoge response. The
lnput signal that is the IF below the oscillator frequency
is the true response. For example: the analyzer will re-
ceive a 700 MHz signal ot a dial reading of 700 MHz
(oscillator frequency of 900 MHz) and ot o dial reading
of 300 MHz (oscillater frequency of 500 MHz). At the image
response point, the local oscillator frequency is 200 MHz
(IF) below the input frequency instead of 200 MHz above the
input frequency. Noie that the difference beiween these
two response points is 400 MHz or twice the iF.

The dial is also calibrated for signal frequencies that
will mix with harmonics {2nd through the 4th) of the local
oscillator.

3. Higher order modulation (Harmenic conversion and
intermodulation) — signais:  All the products (sums and
differences] of the frequency multiples from the local oscil-
lator and the signal, plus the myricd of combinations of
more than one input signal that preduce o frequency within
the IF passband. The combination of ithe 2nd harmonic of
an input signal mixing with the fundameéntal of another
input signal to produce the IF (3rd order] is the most se-
vere.

The possible combinotions can be expressed mathemat-
ically as; nfyg &= mf, = IF; where n and m are intergers
including 0 and indicate the harmoric order of the signal
or loca! oscillator frequency. For exomple: A local oscil-
lator (dial calibrated) frequency of 500 MHz could mix with
frequencies of 300 MHz, 700 MHz, 800 MHz, 1200 MHz,
1300 MHz, 1700 MHz, ctc., to produce a 200 MHz 1F.

4. Video detection: See Spectrum Analyzer Terms. These
spurious responses are usually no problem if the input signol
strength is below —30 dBm.

5. Internal: These spuricus signals are normally below 22X
the noise level for the Type 1L30.

Most spurious respenses ore easily identified as follows:
P

IF feedihrough signals will not tune across the display.
Image signals tune acioss the display in ihe direction that is
opposite to that of the true signal response. In the Type 1L30
the true signal response tunes from the left side of the display
to the right as the dial frequency is increased or the RF CEN-
TER FREQ control is furned clockwise. T movement across
the dispersion window s coincident with the frequency
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B. Wide pulse width produces narrow spectrum lobes.

C. High pulse repetition frequency produces high line density.

A. Narrow éulse width produces wide spectrum lobes. Low pulse

il ‘IHH ,_ “ Lt

repefition frequency produces low repetilion rate line density.

ot

atln il !IHIH “““h dlmhml!mh{

Fig. 2-17. Pulse width and PRF

change of the dial scale as the RF center frequency is
changed.

Higher order modulation or intermodulation produces
spurri that are tunable, but their rate and amount of move-
ment across the dispersion window, as the RF center frequency
s tuned, is not coincident with the dial scale reading.

Most of the spurious signals described, with the exception
-of intermodulation products, can be reduced or. eliminated.by
the use of external bandpass filters.

APPLICATIONS

These basic applications for the Type 1130 Spectrum An-
alyzer are a few examples of its. use and are presented to
familiarize you with its operation.

Relative Amplitude Measurements

The relative amplitudes between signals are measured as
follows:

) 1. Center the IF CENTER FREQ controls, then tyne the
signal with the lowest amplitude to the center of the screen
with the RF CENTER FREQ control.

effects on pulse modulated spectrum.

2. With no IF ATTEN switched on, adjust the GAIN con-

trol so the low amplitude signal establishes some reference
amplitude.

3. Tune the stronger signal to the center of the display.
Add IF attenuation by switching in combinations of IF ATTEN
dB switches; until the stronger signal amplitude decreasss 1o
the same reference amplitude established in step 2.

" 4. The total dB dttenuction switched on is the relative am-
plitude difference, in dB, between the two compared signals.

NOTE
For maximum accuracy, the signals should be refer-
enced and compared near the same location on the dis-

. play. Tune each signal to the reference with the RF
CENTER FREQ control.

The IF CENTER FREQ, the DISPERSION-COUPLED
RESOLUTION, the FINE RF CENTER FREQ, and the
Time/Cm controls should not be adjusted when
measuring relative signal ampiitude.

Frequency Medasurements

Frequency measurements taken from the RE C[NTER FREQ
dial are accurate to within == (2MHz + 1% of the dial

2.17
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(A) Xx spectrum of a rectangular RF pulse.

(B) Pulsed RF sbectrum with some FM. Note the unbalance
of the sidelobes.

.

(C) Pulsed RF spectrum with severe FM. Note the frequency
shift of the carrier when it is pulsed and the absence
of deep lobe minima.

reading). The frequency of an applied signal is measured
as follows: '

1. Check the calibration of the IF CENTER FREQ CAL ad-
justment as described previously.

2. Set both the IF CENTER FREQ controls and the FINE RF
CENTER FREQ control to their midrange {000} position.

3. Set the DISPERSION RANGE switch to kHz/CM and
the DISPERSION selector to 500 kHz/cm position-.

4. Tune the RF CENTER FREQ control so the signal to be
measured is centered within the graticule area.

5. Read the frequency indicated on the RF CENTER FREQ
dial. This reading is accurate to within == (2 MHz + 1% of
the dial reading). For example: A dial reading of 5000 MHz
indicates the signal is 5000 MHz =+ (2 MHz +50 MHz} or,
between 4948 MHz and 5052 MHz.

Accurate frequency measurements can be performed by
applying a calibrated or crystol-controlled frequency to the
RF INPUT and calibrating the dial near the frequency range
of the input signal; then tune the input signal to the same
screen position and note the dial reading plus or minus the
measured dial error.

Frequency Difference Measurements

Frequency separation measurements to 100 MHz can be
performed as follows:

1. Adjust the DISPERSION RANGE switch and the DIS-
PERSION selector so the signals to be measured are the
maximum number or graticule divisions apart on the display.

2. Set the Time/Cm selector and the RESOLUTION control
for optimum signal definition.

3. Measure the distance in centimeters between the two
signals (see Fig. 2-19).

4. Multiply the measured distance in step 3 by the Disper-
sion/Cm setting. This is the frequency separation or fre-
quency difference between the two signals.

.‘.——— 7cm or 14 MHZ e g

Fig. ©-18. Pulse modulated displays.

Fig. 2-19. Frequency difference measurement between two signals.
DISPERSION RANGE setting — MHz/CM

DISPERSION setting — 2

Frequency difference == (7 ¢m)} (2 MHz/CM) == 14 MHz
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NOTC

Accuracy of this maasurement degpends on the DIS-
PERSION RARNGE sattings.
section,

See Characteristics sec-

'Frequency Steibvility

The Type 1130 may be used to measure both long and
short term frequency instabilities, when the local oscillator is
phase locked to a stable crysi ‘~m...xolled reference fre-
quency, See Stability in C}“crm istics section,

Short term stability measurements apply to fcst frequency
changes such as those caused by power supply noise and
ripple, vibration or other random faclors. Fig. 2-20 shows
the random frequency modulation characteristics of a kly-
stron.

I mespn

§
ﬁLw»i-«

Fig. 2-20 Short term stability measurment. Random FM character-
istic of a klystrom. DISPERSION is 2 kiz/CM and RESOLUTION
is 1 kHz. Oscillator FM is about 6 kiz.

Long term stability measurements require a recorder, a
series of photographs, or the use of a storage oscilloscope to
show frequency drift as o function of time. Temperature

‘compensation can be computed by this process.

Amplitude Modulution

Modulating frequency or frequencies and modulation per-
centage are the quantities most ofien desired from an AM
signal measurement.  Fig. 2-13 illustrates some amplitude
modulated sigrals, the methods to measure the rnodulctmg
frequency, and modulation percentage.

Over-modulation produces extransous sidebands resulting
in a spectrum that is very similar fe the spectrum of a multi-
frequency modulated carrier. Over-modulation is usually
distinguished from the multi- frﬁrunru\/ modulated display
because the spacing between sidebunds is equal, while the
sidebands in a multi-frequency specirum will ‘be arbitrary
unless the modulating frequencies ora harmonically related.
The over-modulated carrier spectrum is usually symmetrical,
whereas the spectrum of a multi-frcquency modulated sig-
nal is asymmeirical in amplitude.

©
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Frequency Modulated Spectrum

FM measurements generally determines the modulating fre-
quency, amplitude of the modulating signal or frequancy
deviation, and index of modulation. A typical FM specnum
is shown in Fig. 2-15. The exterior modulation envelope
resembles a cos* curve, which is an ldenhfylng feature of
the frequency modulated carrier.’

Frequency Deviation Measurement

There is no clear relationship between spectral width -and
deviation, because in theory the FM spectrum approaches
infinity. In practice, however, the spectral level falls quite
rapidly. See Fig. 2-15B. Accurate deviation measurements
can be made if the modulating frequency and the modulation
index (where the carrier goes to zero) are known.

Carrier deviation

M i =
odulation Index Modulating frequency

Values of modulation index corresponding to zero carrier
cmplliudes are listed in Table 2-1.

TABLE 2-1

Values of modulation index for carrier
null points

Order of Carrier Null

Modulation Index
1 24
2 5.52
3 8.65
4 1.79
11.79 + (n —4)

Accurate carrier null is essential for accurate measurement.

n(n >4

Analysis and Measurement from the
Specfrum of a Pulse Modulated Signal

An examination of the spectrum from a pulse modulared
device such as a radar transmitter, provides a variety of in-
formation about the system. The amount of frequency shift’
(long term or short term) in the display indicates the stability
of the transmitter osciilator. The absence of deep or prom-
inent lobe minima's adjacent to the main lobe is an indica-
tion of frequency modulation, provided the resolving power

‘of the analyzer is sufficient. See Fig. 2-18C. Double peaks

in the main lobe indicate that the oscillator is operating in
two or more modes, which could be caused by some ex-
ternal load such as mismatched transmission lines or fluctu-
ating supply voltages. A visual indication is provided to
tune the transmitting system so that most of the output power
is within the frequency bandwidth of the receiving system.

The following measurements may be performed from the
specirum of a pulse modulated display.

Pulse Width: The theoretical “pulse” width for a square
wave is the reciprocal of the spectral side lobe frequency
width. The main frequency lobe or its side lobes can there-
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fore be used to measure the pulse width of the pulse mea-
vlated spectrum. This is accomplished wiih the Type 1L30
as follows:

1. Adjust the DISPERSION control and tune the RF CENTER
FREQ control so the main lobe of the spectrum is displayed in
the center of the graticule, and the side lobes are visible on
each side.

2. Adjust the GAIN control and switch on the necessary
iF ATTEN dB switches, so the main lobe ard its side lobes
are within the graticule height.

3. Adjust the scanning rate for opiimum spectrum defini-
tion.

4. Adjust the RESOLUTION control so the minima between
lobes are easily discernible without excessive loss of sensi-
tivity. Change the mode selection of the VERTICAL DISPLAY
to accentuate these minima points. (Usuelly LOG positicn))

5. Calculate the frequency width of either the main lobe
or a side lobe as directed under measuring frequency dif-
ference. The pulse width is equal to the reciprocal of ¥,
the main lobe frequency width, on the reciprocs! of the
side lobe frequency width. See Fig. 2-21A.

Repetition Rate: The pulse repetition rate is measured by
switching the dispersion fo zero so the cnalyzer becomes o
fixed tuned receiver. The sweep is then triggered on the sig-

| Carrier Frequency

S AR

'
A i = —
(A) Pulse width AF

(B) Pulsed RF display in LOG mode

R R A A et

Fig. 2-21, Pulse modulated RF displey. Ihvsiiating LIN wnd 100
mode operation.

2-20

nal and the display becomes a time domain function. The
procedure is as follows:

1. Tune the signal to the display center with the RF CEN-
TER FREQ and the IF CENTER FREQ controls.

2. Change the DISPERSION RANGE switch to kHz posi-
tion, then decrease the DISPERSION to 0. Uncouple the
RESOLUTION control and turn to the fully clockwise posi-
tion. The analyzer is now a fixed frequency device.

3. Set the plug-in oscilloscope Trigger Source selector to
Int position and adjust the triggering controls for a stable
triggered display. The IF CENTER FREQ—FINE control may
require slight adjustment to displace the spectrum null point
from the sweep start. See Fig. 2-12.

4. Set the Time/CM switch of the oscilloscope so that sev-
eral pulses of the applied signal are displayed (see Fig. 2-11).
Be sure the Variable Time/CM control of the oscilloscope is
in the Calibrated position. The number of pulses displayed is
now a function of the sweep rate and the signal PRF.

5..Measure the number of centimeters between 2 or more
pulses on the graticule.

6. The pulse repetition frequency is the reciprocal of the
measured fime between pulses.

The expanded sweep feature of some plug-in oscilloscopes
can be used to analyze or examine small portions of a
spectrum display. In some instances, because of signal drift
or instability, it may be impractical to reduce the dispersion

to. make this examination. It is more practical fo tune the

desired portion of the display to screen center and expand
the sweep.

Fig. 2-22 shows an expanded display of a pulsed RF sig-
nal. The null point can be easily examined.

—t

75
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"; : M e

\Spedrum ny“ between lobes

{_
P
e i
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-
s

Fig. 2-22.

Application of the
feature. *

plug-in oscilloscope magnification

High Resolution Capabilities

Figure 2-23 illustrates resolution capabilities of the Type
1L30. The DISPERSION is set to 1 kHz/cm and the RESO-
LUTION is uncoupled and turned fully counterclockwise. To
increase the apparent resolution turn the VIDEO FILTER
switch OMN. Resolution is @ function of the last IF amplifier
stace of the analyzer; therefore, the illustrations are typical
for any RF frequency with the local oscillator phase locked.

©
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Fig. 2-23. Using the VIDEO FILTER to improve the resolution capabilities of the analyzer.
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Change infotmation, if any, affecting this section will be found at the

rear of the manual.

Introduction

The Type 1130 Spectrum Analyzer is a swept LF. spectrum
analyzer covering the frequency range from 925MHz to
10,500 MHz. This section presents a block diagram analysis,
then a more detailed circuit description of each major section.

Basic Description

A functional block diagram of the Type 1130 is shown in
Fig. 3-1 and in the Diagrams section of this manual.

Signals within the RF spectrum that are applied to the RF
INPUT of the analyzer are mixed with the local osciflator
fundamental frequency and “its harmonics. The converted
output frequencies are then applied through a 280 MHz low
pass filter so signals from the local oscillator that may gener-
ate spurious responses are attenuated before the wide band
. amplifier stage. The 150 to 250 MHz bandpass filter response
is 100 MHz wide, so a wide flat response is applied to the
wide band swept IF stage.

The swept frequency output from the second local oscillator
mixes with this wide (100 MHz) IF response and generates a
second IF of 75 MHz, with a bandpass that is relatively nar-
row. The frequency of the swept oscillator is synchronized
with the horizontal sweep voltage to the CRT. This provides
the calibrated dispersion and linear display of the frequency
spectrum on either side of the dial or center frequency.

The vertical deflection or amplitude of the signal indicates
relative signal strength within the observed frequency do-
main.

The frequency dispersion (width) of the spectrum window is
relative to the amount by which the local oscillator frequency
- “is swept. This dispersion is selectable from approximately 0
kHz/[cm to 10 MHz/cm in a 1, 2, 5 sequence.

. Calibrated attenuation (in 1 dB steps to 51 dB) is provided
by the IF attenuator. The signal output from the attenuator is

then.amplified and applied to the 3rd mixer stage, where it

is mixed with 70 MHz and converted to a 3rd IF of 5 MHz
The bandwidth of this 5 MHz IF can be varied from less than
1 kHz to more than 100 kHz by the variable resolution circuit.

The signal output from the resolution amplifier is am-
plified, detected and applied through a logorithmic, linear,

or square law voltage divider circuit, to the vertical ampli-

fier of the plug-in oscilloscope.

RF Section

The RF tuner section of the Type 1130 contains the local
oscillator assembly, the 1st-mixer and a 280 MHz low pass
filter. The local oscillator is a triode oscillator connected to

©

tuned grid-cathode and grid-plate lines. These lines are
tuned by shorting plungers which are moved when the RF
CENTER FREQ control is turned. The oscillator fundamental
frequency range is 1.125GHz to 2.25GHz. Harmonics
through the 5th are used to heterodyne with the input sig-
nal frequencies to provide the input frequency range: from
925 MHz to 10.5 GHz. :

Heater voltage for the oscillator is supplied by the 419
volt regulated supply. The heater supply line to V41 includes
a shunt dropping resistor, R46, to reduce the voltage to 6
volts.

Lossy cables (such as W78, W94) are used to reduce the
VSWR [voltage standing-wave ratio) caused by slight imped-
ance mismatch between circuits thaf may be caused by
coaxial connectors or other discontinuities. :

NOTE

lossy cables use steel wire for the center conductor.
These cables are factory-installed and used to
optimize response flatness and sensitivity. The lossy
cable is identified by the white insulating coating.
The standard 50 Q coaxial cabie has clear insul-
ation. Do not interchange these cables.

The mixer combines the RF input signal with the output

. frequency of the local oscillator to produce an IF centered )

at 200 MHz.

A peaking circuit in the mixer is used to optimize the
conversion action. Efficient mixer action depends on the di-
ode bias and the local oscillator drive. Since bands 2, 3, 4
and 5 use higher order harmonics of the oscillator funda-
mental frequency range of 1.125GHz to 2.25GHz, mixer

- peaking enhances harmonic conversion. MIXER PEAKING .

control Ré6 provides control over the amount of bias to the

~ diode Dé4. This enhances the harmonic content of the recti-

fied ‘signal and optimizes the sensitivity .of the mixer at the
different harmonic frequencies being used.

The output signal from the mixer is filtered through a
280 MiHz low pass filter to reduce spurious signals above
this desired passband. This attenuation plus the 150-250 MHz
band pass filter, suppresses signals in the image frequency
band of the 200 MHz IF (300 MHz to 400 MHz) amplifier.

Phase Lock Circuit

The phase lock circuit synchronizes the local oscillator
frequency with a stable reference frequency. This reduces
oscillator drift and incidental frequency modulation, permit-
fing high resolution and narrow dispersion seftings so the
signal may be evaluated.

3-1
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The phase detector somp!e.s the instantaneous RF voltage

generated by the tunable local oscillator at a rate deter-

mined by the reference frequency. The sample voltages are
then integrated and applied to a comparator which gener-
" ates a corrective voltage to feed bock to the local oscillator.

When the local oscillator frequency is an exact -multiple -

of the reference frequency, the phase detector output be-
comes a DC voltage that is proportional to the instantan-
eous potential of the sampled oscillator voltage. If the phase
of the local oscillator frequency should drift, the phase de-
tector output will change. This change is amplified through
Q860-Q870 and applied as a corrective voltage to a volt-
age controlled copacitance diode in the oscillator tuned

circuit. This corrects or shifts the phase of the oscillator so

that it remains phase locked to the reference frequency. See
Fig. 3-2 and Fig. 3-3.

The corrective signal from the comparator and amplifier
is also applied to the vertical circuit when the LOCK CHECK
button SW889 is depressed. This provides a beat frequency
signal indication on the CRT so the operator can locate a
lock point, and phase lock operation will occur. Beat fre-
quency displays appear on the CRT screen as the locai
oscillator is tuned (see Operating section). A reference volt-
age related to the position of the FINE RF CENTER FREQ
control is also applied to the vertical deflection circuit and
is used to estabilsh the dynamic operating range for the com-
parator amplifiers Q860-Q870. Phase lock operation should
be set within the dynamic range of the amplifiers. This
dynamic range is within the center 4cm of the grcmcule
window.

The reference frequency (either the internal 1 MHz signal
from Q800-Y800 or the external REF FREQ IN signal} is
converted to a train of positive trigger pulses by the trigger
generator circuit of Q820. Q820 is part of a blocking oscil-
lator circuit. In its quiescent state the transistor is turned on
by the forward bias on its base circuit. As the input signal

Circuit Description—Type 1L30

swings negative, D821 turns on, pulling the transistor base
down. The emitter of Q820 follows the base down, reducing

_ the current in transformer T820. This couples this change back

to the base circuit of Q820, causing regeneration. The tran-

sistor turns off in approximately 2 or 3 nanoseconds: The
third transformer .winding of T820 couples the resulting pos-. .

itive-going trigger pulse through D841 to the base of the
avalanche transistor Q840.

The quiescent voltage of QB840 is set by the Avalanche

Volts adjustment R831 in the base voltage divider circuit
of Q830. This sets the avalanche voltage requirements for
Q840. The positive. portion of the pulse from the. transformer
T820 triggers Q840 into" avalanche, and the resulting col-
lector current of Q840 sweeps out the stored charge of the
snap-off diode D846. When the charge has dissipated, the
recovery pulse of the diode generates a fast negative-going
recovery step which is differentiated and coupled through

C847 to the etched circuit transmission line transformer T856-
T857.

These transformers provide a 2:1 voltage stepup and con-
verts the single-ended input signal of the snap-off diode to.a
push-pull balanced output signal across the phase detector
diodes. Refer to the swept oscillator description for the dis-
cussion on the transformer operation.

The phase detector (Fig. 3-3} consists of two diode gate
and low-pass filter. The diodes are reverse biased so the
local oscillator signal that is applied to the junction of the
diodes will not turn the diodes on. Equal amplitude and
opposite polarity strobe pulses of short duration from the
pulse forming circuit are applied to the opposite ends of the
diodes. These pulses gate the diodes on for the short strobe
pulse period.

The voltage at the junction of the two resistors will be the

summation of the strobe pulse, plus the instantaneous value.

of the oscillator voltage. However, since the strobe pulses

or
Ext Ref Freq

Strobe signal .
o Pulse Pulse F Local
e(;g;cgor Generator Oscillator
Q830-Q840
A
Voltage
Control
1 MHz Gen

Fig. 3-2. Phase lock block diagram,
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e

Input strobe
pulses

Sampled portion of input signal

. ¢ - - O) Loca! Oscillator
Input

—3» Detector Output

Fig. 3-3. Simplified phase detector circuit.

are of equal and opposite polarity, the resultant voltage
will approximately equal ‘the instantaneous (or sampled)
oscillator voltage. The capacitor C; {Fig. 3-3) charges to
the sampled instantaneous voltage. This voltage is applied to
a DC amplifier then to the varactor to give correctional
control.

As the local oscillator frequency approaches a harmonic of
the reference frequency, an AC voltage or beat frequency is
developed at the detector output. This AC signal is amplified

" by Q860, and when the LOCK CHECK button is depressed,

it is applied to the vertical amplifier so the operator can ob-
serve these beat indications. At the zero beat null, the output
signal amplitude snaps to a minimum trace on the screen to
indicate to the operator that a phase lock condition exists.

The FINE RF CENTER FREQ control R862 tunes the local
oscillator by changing the DC output level of Q870. When
a phase lock condition exists, the phase lock circuit counter-
acts any DC voltage shift applied by the FINE RF CENTER
FREQ control so that it no longer has an effect on the oscil-
lator frequency. If the control is moved toward its extreme
positions, the circuit will lose control. The resultant jump

in frequency is easily seen at dispersions of 50kHz/cm or

less. :

Sweep Circuit

The sweeper circuit provides a constant amplitude swept
frequency band, centered. at 275MHz, to the wide band
amplifier mixer section. The frequency deviation of the

swepi frequency output can be varied from approximately -

0 to 10 MHz/em (100 MHz total}. A block diagram of the
sweeper circuit is shown in Fig. 3-4.

The sawtooth voltage from the oscilloscope is connected

to the analyzer SWEEP INPUT connector by an external -

jumper cable. If the sawtooth amplitude is 150V a selector
switch SW201 on the back panel of the instrument switches
in additional attenuation so the amplitude of the voltage
to the comparator Q230-Q240 is approximately the same for
either the 100V or 150V input sawtooth amplitude. This
sawtooth voltage is applied to the attenuation network of
the DISPERSION switch SW220.

Sweep Center adjustment R204 sets the dynamic operating
range of the comparator Q230-Q240 and shifts the DC level
of the output current ramp fo the swept oscillator. DISPER-
SION CAL adjustment R208 calibrates the dispersion for the
10 MHz/em position of the DISPERSION selector. If adjusts
the output amplitude of the current ramp at the collector of
Q240. With the 10 MHz/cm position calibrated, the re-
maining positions of the DISPERSION selector wiil be within
the calibration specifications listed in the Characteristics
section.

Two dispersion ranges (MHz/CM and kHz/CM) are pro-
vided by the DISPERSION RANGE selector SW230.

Sweep Comﬁuraibr. The sweep comparator Q230-Q240
output voltage is dependent on the differential omplitude be-

tween the ramp signal applied to the base of G230 and the

ramp signal applied to the base of Q240. The ramp signal
that is applied to Q240 is the resultant voltage output from
a frequency discriminator that is sampling the sweep oscil-
lator output frequency. The signal voltage from the sweep
comparator is applied as @ bias signal to the capacitance
diode D314, changing the capacitance of the circuit to tune
the osciliator through the frequency dispersion range in
synchronization with the horizontal sawtooth voltage that is
applied to Q230.

S
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AMPLITUDE
CONTROL
Q280, Q290

Sweep
Frequency
OSCILLATOR AmP
Q310, Q320 Q340-Q350 ouT

"DISPERSION
Sawtooth SWEEP
input O~ COMPARATOR
1201 SW250 Q230-Q240
R213
to
R226
1 DISCRIMINATOR
! COMPARATOR
1 Q260
]

DISCRIMINATOR

Fig. 3-4. Block diagram of the sweeper circuit,

The emitters of Q230-Q240 are long-tailed through R236 to
the —150V supply. Current through the sweep comparator
is approximately 3.0 mA.

Sweep Oscillator. The frequency of the oscillator is
primarily a function of the L (L314) and the C {C314} in
series with the capacitance of D314 in the collector circuit
of Q310.- With an increase in back-bias across capacitance
diode D314, the capacitance of the diode decreases and the
resonant frequency of the oscillator tuned circuit increases.
The capacitance change is not directly proporational to the
voltage ramp across it; however, high gain in the discrimin-
ator feedback loop reduces this non-linearity.

Frequency modulation of the oscillator is dependent on
the amplitude of the inpuf sawtdoth to the capacitance
diode. At maximum deviation, the oscillator sweeps from
225 to 325 MHz. :

The output signal from the swept oscillator is tapped across
the partial winding of L314 and capacitively coupled to
transformers 7330 and T331. The transformers provide a
voltage step-up ratio of approximately 2:1 and convert the
single ended input signal to a balanced push-pull output
signal to drive the output- amplifier Q340-Q350.

Fig. 3-5 is a simplified drawing of the transformer cir-
cuit. The oscillator is the signal sowrce or generator which
supplies the signal voltage e. '

The input windings of 7330 and T331 are connected in

series; therefore, the voltage across each winding equals

e/2 lassuming an ideal transformer). The polarity of the sig-
nal at a particular instant of time is as shown in the figure.
This voltage across the input windings will produce an equal
voltage (e/2) across the output windings with the polarity
as indicated. -

©

The generator, or source, is in series with the output wind-
ing for T331; therefore, the voltage at the output equals
3e/2 with respect to point A. This voltage adds to the volt-
age output of T330 to provide a total output signal of 4ef2
or 2e.

J - 20 - 3e/2
- - + |+
e/2 e/2 e e/2 e/2
+ y
+| qas0 S [msf2
+
e
A

Fig. 3-5. Simplified diagram of the transformer (T330-T331) ‘cir-
cuit from the swept oscillator to the push-pull amplifier Q340-Q350.
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if the reference point is changed to the common side of
the input windings of T330 and T331 (shown as a phantom
ground on the simplified drawing) the impedance looking
into the output terminals of the transformers is balaneed,
and the drive signal to the amplifiers is a balanced push-
pull signal.

Transformers 1343 and T354 in the collector circuif of
Q340 and Q350 provide a 4:1 impedance transformation

from the collectors of the transistors to the outpul trans-
former T347.

Transformer T347 provides the conversion from a push-
- pull to single-ended signal output. Push-pull amplification,
plus filtering through the low pass filter circuit of L358-
C358 and -L348-C348, reduces the -harmonic content of th
swept frequency output signal. )

Diode D334 in the base voltage divider circuit provides

Q350).

The single-ended output is ‘coupled through a 2:1 imped-
ance transformer T363, to the mixer in the wide band IF.
It is also applied through two feedback loops to frequency
and amplitude control circuits.

Frequency Discriminator. Two frequency discriminators
for each position of the DISPERSION RANGE selector SW230
provide an output voltage signal to the frequency discrimina--
tor comparater Q260. The output voltage from the com-
parator is a ramp voltage that is proportiénal to the sweep
oscillator frequency applied through D240 to one side of
the comparator (Q230-Q240).

The MHz/CM discriminator consists of two matched di-
odes, D373 and D376, at the input end of two transmission
lines. The transmission lines are 'y wavelength af the cen-
ter frequency (275MHz). One line is open ended and ap-
pears capacitive, the other line is shorted and appears
inductive, at the center frequency. As the input frequency
to the discriminator increases, the trarsmission line input
impedance approaches the characteristics of a 4 wave-
length line. The shorted transmission line input impedance
increases; the open ended line input impedance decredses.
This produces a proportionate change to the outputl sig-
nal voltage from the diodes. Signal voltage output from
diode D376 becomes more negative, and the signal volt-
age output from D373 becomes less negative. This provides
a differential signol drive to the comparator Q260 which is
converted to a single ended output signal for the sweep
compartor {Q230-Q240). The IF CENTER FREQ and the FINE
(IF CENTER FREQ) controls, R270 and R274, shift the cur-
rent distribution through the comparator Q260 to change the
average DC level of the output signal to Q240. This cliows
the IF center frequency to be shifted without affecting the
dispersion calibration or dispersicn linearity of the display.

The amplitude of the ramp signal from Q240 to the swept
oscillator is a function of the DISPERSION RANGE switch
SW230 and the DISPERSION selector SW220 setting. This
voltage amplitude determines the frequency deviation of the
sweep oscillator, or the dispersion of the display.

The discriminator for the kHz/CM position of the DIS-
PERSION RANGE switch consists of two tuned circuits and
detectors that operate in a manner similar to the funed
transmission lines for the MHz/CM discriminator. The par-
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the temperature compensation for the transistors (Q340- -

alel circuit 1384-C384 is tuned slightly below the center
frequency, and the circuit 1385-C385 is tuned above the
center of the swepl oscillator frequency. The voltage out-
put versus frequency of the detectors is shown in Fig. 3-6A
and 3-6B. When ihe detector output is applied to the com-
porater, a voltage .versus frequency curve similar to Fig.
3 6C becomes the resultant output of the comparator Q260.
The circuit operates over the linear portion of the response
curve. The kHz/CM Cal adjustment R368 changes the im- .
pedance across D365 which sets the slope of the kHz/CM
discriminator output to approximately twenty times the slope
of the MHz/CM discriminator.

Frequency w———ps—

Fig. 2.5, Frequency vs Voltage curves for kHz/CM discriminator
cirewit. {A) Outpui from D383; (B) output from D386; (C) output
from discriminaior comparator Q260.

Dicdes D380 wnd D387 isolate the narrow band - dis-
criminaior tuned circuit when the Type 1130 is operating in
the MHz/CM disparsion range. They prevent parasitic os-
cillation due fo circuit coupling between the wide band
and narow bund disariminators. The diodes are forward
biosed when the DISPERSION RANGE switch is in the MHz/
CM position, and load the kHz/CM tuned circuit. The di-
cdes are bock-biasad and disconnected from the narrow dis-
persion discrintinotor circyit when the DISPERSION RANGE
switch is in the kHz/CM position.

Awplitude Camparator. Uniform sensitivity ond linear-
ity over the dispersion range is maintained by controlling
or ragulating the oscillator output amplitude, This is accom-

©




plished by the RF amplitude comparator circuit, Q290 and
Q280. The RF output signal is detected by diode D361 and

applied through diode D362 to the base of Q280. This -

rectified signal on the base of Q280 is compared against
a-reference voltage set by the RF Ampl adjustment R290.
The differential output signal is fed back as a correction
voltage to control the forward bias of Q320. Q320 is the
current source for the oscillator circuit. Amplitude changes
in the osciflator output are fed back as a corrective signal
to the current regulator to regulate oscillator current or
output power.

To symmarize the sequence of operation for the sweeper
circuit, assume the output from the sweep comparator Q240-
Q230 is a positive-going ramp. This voltage ramp increases
the bias on the capacitance diode and decreases the cir-
cuit capacitance so the oscillator output frequency will in-
crease. This increase in output frequency is fed back to the
discriminator and detected as an increasing negative volt-
age output from D376 (assuming the DISPERSION RANGE
switch is in the position shown in the schematic diagram)
and a decreasing negative voltage output from D373. The
differential output signal from Q260 is a positive-going
ramp to the base of Q240, where it is compared cgainst
the input ramp on the base ‘of Q230. The differential sig-
nal. output from the sweep- comparator synchronizes the
sweep oscillator frequency to the horizontal sweep gen-
erator sawtooth signal and the dispersion of the display
becomes a function of the DISPERSION RANGE (SW230)
and DISPERSION (SW220) selector positions.

DISPERSION RANGE BAL adjustment R234 provides IF

center frequency balance adjustment between the MHz/CM.

and kHz/CM dispersion positions. Center Freq Range ad-
justment (R253} and CAL (R252) calibrate the IF center fre-
quency range of the IF CENTER FREQ control.

Wide Band (150-250 MHz) Amplifier and
Second Mixer

The wide band amplifier contains an input 150-250 MHz
bandpass filter, two amplification stages and a mixer am-
plifier with its output tuned to 75 MHz.
amplifier is approximately 20 dB.

The wider band response from the RF section is applied -

through a 150-250 MHz bandpass filter to the input ampli-
fier Q120. The bandpass filter is a constant-k type, modi-
fied with m-derived input and output sections to provide a
constant 50 Q input and output impedance through the
pass band. Series-tunéd circuit L101-C101 and L107-C107
are tuned to the low end of the band; L102-C102 and L108-
C108 primarily control the high frequency response char-
acteristic of the filter. All of the adjustments interact and
are adjusted for optimum response flatness over the pass

band.

Toroid transformer T120, T124 and T134 provide the wide
band characteristics for the input and output coupling. L124-
C124 form a 75MHz trap to provide additional attenua-
tion (approximately 60dB) to any 75MHz signal that may
push through the filters.

C137 at the emitter and L134 at the collector of Q130
are peaking adjustments which are adjusted for optimum
flatness of the IF response. C137 compensates for the tran-
sistor rolloff toward the high end of the band; however,

©

Gain through the

bandwidth of the 5MHz IF from over
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because of the low Q in the collector circuit due to R134
and circuit loading, the overall effect of both adjustments
{134 and C137) is seen as. a bandpass response adjustment.

The output from Q130 is applied through transformer
T134 to the base of mixer amplifier Q140. The swept os-
cillator output is coupled to the emitter of Q140. The col-
lector output load (L144 and C143} is tined to 75 MHZ,
so the difference frequency of 75MHz is coupled through
the 65 MHz trap to the attenuator circuit as the 2nd IF.
The 65MHz trap (L147-C147) attenuates or rejects any 65
MHz signal component from feeding through to mix with
the 70 MHz oscillator. A &5 MHz signal mixing with 70 MHz
would generate a 5MHz difference signal and pass through
the narrow band IF amplifier to appear as an undesirable
spurious response on the display.

IF Attenuator

The IF attenuator is a six section network that provides
a total signal attenuation of 51 dB. The input and output
impedances to the attenuator are maintained at a constant
50 Q, regardless of the IF ATTEN switch settings. Input and
output filter sections (C151-L151-C152 ‘and C187-1188-C188)

at the input and output of the attenuator form a low pass .

filter to prevent high frequency signals from feeding into
the 75 MHz amplifier.

Narrow Band IF Amplifier

This circuit contains two stages of 75 MHz IF amplifica-
tion, a stable 70 MHz oscillator, a mixer amplifier with its
output tuned to 5 MHz and one stage of amphflcchon for the
5MHz IF frequency.

Input to the amplifier is AC coupled from the IF atten-
vator to the base of Q420. The 75MHz IF amplifiers are

Q420 and Q430. The IF transformers are tuned to the IF

by adjusting the capacitance of C425 and C435. Gain of
the amplifier is varied by changing the forward bias of
Q420, which then sets the bias of Q430 through the DC

return of its base to the emitter of Q420. A feedback wind-

ing of T424 to the base of Q420, provides the neutraliza-

tion for the collector to base capacitance.

The 75MHz IF and the output from a crystal controlled
70 MHz. oscillator- Q440 are applied to the mixer amplifier
Q450. The collector load of Q450 is T454, which is tuned
to 5MHz and couples the signal to the 5MHz IF ampli-
fier Q460. Diode D454 in the collector load of Q450 im-
proves the overload characteristics of the amplifier. Output
of the 5 MHz IF signal is applied through an .insulated con-
nector J470 to the input of the variable resolution amplifier.

Variable Resolution Amplifier

The variable resolution amplifier is designed to vary the
100 kHz to less than
| kHz. Bandwidth of the circuit is a function of the output
load for a crystal filter network. By varying the output
toad a variable resolution bandwidth is obtained.

The signal input to the variable filter circuit is msulored
from chassis ground and connects across R501-R502 as shown
in Fig. 3-7A. Crystal Y501 is a 5MHz crystal, connected
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Fig. 3-7. Crystal variable resolution filter.

in series between the input and the parallel resonant cir-
cuit L508-C508. Bandwidth or resolution of the circuit is
dependent on the characteristic response of the crystal
at its series resonant frequency and the Q of the parallel
resonant circuit L508-C508.

Fig. 37 illustrates the impedance response versus fre-
quency curve of a quartz crystal. Capacitor C504 nevutral-
izes the stray shunt capacitance around the crystal so the
response of the crystal is equivalent to a series tuned cir-
cuit with a very narrow bandpass’; see Fig. 3-8.

’(Réf: F. Langford-Smith RAC Radiotron Designer's Handbook; fourth
edition.)

Fig. 3-8. Crystal filter, equivalent circuit and impedance response
curves.

The bandwidth of the filter network is a function of the
crystal output load, which is primarily the parallel resonant
circuit; therefore, bandwidth becomes a function of the
Q for the resonant circuit. The Q of the output load cir-
cuit for the crystal is varied by changing the bias of diode
D506, which changes the shunt loading across the parailel-
tuned circuit. ‘ : :

As the forward bias of D506 is increased, the Q of the
parallel resonant circuit decreases and the response charac-

teristic of the crystal becomes the dominant factor in de-

termining the bandwidth of the filter network. The crystal




response is very narrow, so the display resolution is in-
creased as the diode forward bias increases.

SW550, the RESOLUTION selector, can be coupled to the
DISPERSION selector and when so coupled, provides normal
resolution for each position of the DISPERSION selector pro-
vided the sweep rate is not too fast. See Operating section.
However, by pulling the control knob, the RESOLUTION
selector.is uncoupled and any desired resolution within_the
range of the control can be obtained for a given DISPER-
SION selector position.

The 100 kHz Resol Cal adjustment R543 is adjusted for
a resolution bandwidth that is approximately 60 kHz with the
RESOLUTION control at the 2nd position and more than
100 kHz bandwidth with the control fully clockwise. The re-
maining positions of the control decrease the bandwidth
at each successive step in the counterclockwise position.
This provides adequate resolution for most displays.

Emitter followers Q510-Q520 isolate the high impedance
of the filter network from the relatively low output imped-
ance, thus minimizing circuit lcading on the filter network.
Q530 is a grounded-emitter operational amplifier with a
relatively low output impedance to provide the power re-
quired to drive the Log and Square Law circuits.

Qutput and Detector

The 5MHz IF response from the variable resolution am-
plifier is applied through a bandpass filter circuit to shape
the response and attenuate spurious signals. VERTICAL
DISPLAY switch SW660 selects one of three display modes;
LOG, LIN and SQ LAW. The VIDEO position changes the
display to a time domain display.-

The LOG position applies the signal without attenuation
to the amplifier V620. This provides the full dynamic range
required for the LOG diode circuit and a logarithmic dis-
play over the 6 cm graticule height.

The signal is atttenvated by the voltage divider R606-
R607, so that an approximate 4.5 centimeter display in the
LIN position will provide opproximorely the same signal
amplitude when the switch is chonged fo either of rhe other
two paositions.

.

In the SQ LAW position, two germanium diodes, D603-
D604 are connected back to back to form a square law
voltage divider. Signal voltage to the amplifier V620 in
the SQ LAW mode becomes a function of the diode's dy-
namic resistance characteristic curve as shown in Fig. 3-9.

Note that diode resistance exceeds 100 kQ for very low
{mV) input signals. The divider ratio is approximately 200:1
" s6" approximately 0.5% of the signal will be applied to
Vé20. With a 150 mV signal, the dynamic resistance of
the diode decreases to approximately 5kQ, so approxi-
mately 10% of the signal will be applied ro V620. The
circuit normally requires about 70 mV signal for full screen

display so the diodes usually operate along the sfeep s!ope ,

of the dynamic resistance curve.

This non-linear dynamic resistance of the divider produces
a display which emphasizes small signal level differences.
The vertical response for the SQ LAW display is, therefore,
approximately proportional to the signal power,

©
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- Fig. 3-9. Diode charatteristic curves,

The. input signal from the VERTICAL DISPLAY selector is
coupled through T610 to the 5 MHz crystal filter. The series
response characteristic of the crystal determines the band-
pass of this filter circuit. C610 is adjusted to shunt or reduce
the parallel response point of the crystal filter. 1620 and
C620 are tuned to 5MHz. The circuit shapes the response
of the 5MHz IF and attenuates any spuricus signals that
may pass through or are generated in the 5MHz resolu-
tion circuit.

V620 is a high gain amplifier driving the emitter follower
Q650. This circuit provides the voltage gain and drive re-
quired by the detectors for both the video and recorder
output. L624 tunes the plate circuit to 5MHz, .

The detector diedes D660 and D661, connected as a-volt- -
age doubler circuit, provide the 40 dB dynamic range for

3-9
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the LOG display. D657 is the detector diode for the RE-
CORDER output. The emitter follower Q650, is longtailed
through Ré53 to the -—150 volt supply, and provides a con-
stant DC output level to the vertical amplifier for the plug-in
oscilloscope. This maintains minimum baseline shift when
the VERTICAL DISPLAY selector is switched between its
positions.

The log circuit consisting of R664, D664, D665, Ré665 and
the log Cal adjustment R666, provides a display that ap-
proaches a logarithmic curve when the VERTICAL DISPLAY
selector is in the LOG position.

Low amplitude video signal voltages appear across D664
with little or no attenuation. As the signal amplitude in-
creases, the current through the diode becomes an exponen-
tial function of the voltage across the diode. Ré64 becomes
the current source for the diode, so the voltage output of
the circuit becomes a logarithmic function. As the signal
amplitude further increases, the diode current approaches
the linear region of the voltage-current characteristic curve;
however, this current through Ré65 develops sufficient volt-
age across D665 to turn this diode on, and the two diodes
now operate in series to extend the range of the log cir-
cuit to at least 40 dB.

Video Filter switch SWé41 switches capacitor Cé61 across
the detector output to restrict the video bandwidth. This
prevents high frequency components from distorting the dis-
play and enables easier evaluation of signal modulation
when viewing signals, with minimium resolution bandwidth.

The VIDEO position of the VERTICAL DISPLAY selector
connects the external Video INPUT connector through the
GAIN control to the vertical amplifier input of the plug-in
oscilloscope. The GAIN control R411B ganged with R411A

e A PR il e S S L R S o i Y e Yl WY o N AT L X, SR V7 AR A5 ot AP L X

in the narrow band amplifier, provides one control to change
the gain for all positions of the VERTICAL DISPLAY switch.

The DC reference level of the signal into the vertical
amplifier of the oscilloscope is set by the POS control R672.
With the control centered, the output DC level is approx:
mately 67.5 volts.

The LOCK CHECK switch SWB889 connects the output sig-
nal and DC reference of the phase lock circuit to the ver-
tical input so the beat signal display when phase.lock opera-

tion is set, and the DC output level may be viewed on the
CRT screen.

Power Disffibutioh;
Supplies

4+ 10 Volt and —10 Vol

4+ 10 Volt. This is the reference voltage for the —10
volt supply, the voltage source for the local oscillator heat-
ers and the positive voltage supply for the semiconductor
circuits in the Type 1L30. -Reference voltage for Q710 is
set by the voltage divider R710-R711, between the regulated
4225 volt* supply and ground. The collector voltage of
Q710 controls the current through the series regulator Q717
to the 4100 volt supply from the oscilloscope.

—10 Volt. The —10 volt supply is referenced to the
+10 volts through the divider R720-R721, which sets the
forward bias of Q720. Q720 controls the forward bics of
the series regulator Q727 which regulates the current through
R727 to the —150 volt source of the oscilloscope.

*Instruments prior to serial number 670 used + 350 as the reference
voltage.
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introduction

This section of the manual pertains to the maintenance
and troubleshooting of the Type 1L30. The first portion of
the section describes some general preventive measures to
help minimize major problems. This is followed with some
corrective maintenance information and information on or-
dering parts or components. The last and major portion
of the section describes the removal and replacement of
the sub-assemblies and their components, and some gen-
eral troubleshooting information pertinent to the Type 1130,
Trouble symptoms and possible causes are not listed for
this instrument because all circuits are interrelated. Listed
causes for various troubles could cause confusion. )

PREVENTIVE MAINTENANCE

General

Preventive maintenance consists of cleaning, visual in-
spection, lubrication, and if needed, recalibration. Pre-
ventive maintenance is generally more economical than
corrective maintenance, since it can usually be done at a
time convenient to the user. The preventive mainfenance
schedule established for the instrument should be based on
the ammount of use and the environment in which the in-
strument is used.

Cleaning

Clean the instrument often enough to prever’r accumula-

‘tion of. dirt. Dirt on the components acts as a thermal in-

sulating’ blanket (preventing efficient heat dissipation) and
may provide electrical conducting paths.

~ Clean the instrument by loosening the accumulated dust
with a dry, soft paint brush. Remove the loosened dirt by

vacoum .and/or dry low pressure compressed air (high

velocity air can damage certain components,) Hardened
dirt and grease may be removed with a cotton-tipped
swab or a soft cloth dampened with water and a mild
detergent solution (such as Kelite or Spray White). Abra-
sive cleaness should not be used.

CAUTION

Do not permit.water to get inside controls or shaft
bushings. Avcid the use of chemical cleaning
agents which might damage the plastics used in
this instrument. Some chemicals to avoid are ben-
‘zene, toluene, xylene, acetone or similar com-
pounds.

Lubrication

The life of potentiometers and selector. switches is in-
creased if these devices are properly lubricated. Use a
cleaning type lubricant (such as Cramoline) on shaft bush-
ings and switch contacts. Lubricate the switch detents with
a heavier grease {(Beacon grease No. 325 or equivalent).
Do not over-lubricate. .The necessary materials and instruc-
tions for proper lubrication of Tektronix instruments are con-
tained in a component lubrication kit (Part No. 003-0342-00)
which may be ordered from Tektronix, Inc.

The dial and tuning assembly should be lubricated peri-
odically. "This is normally every 500 hours; however, if the
tuning shaft tends to bind or drag. it -may be due to im-’
proper lubrication,

The gears should be lubricated with a high quality lubri-
cant such as° COSMOLUBE No. 102, manufactured by E. F.
Houghton and Co. The bearing surfaces and drive shafts
should be oiled with a light weight oil, such as Hoppes
lubricating oil or Pfaff sewing machine oil.

Lay the instrument on its side. Use a syringe or hypo-
dermic oiler {Tektronix Part No. 003-0280- 00) and apply no
more than one drop to each point.

Visual Inspection

After a thorough cleaning, the instrument should be care-
fully inspected for such defects as poor connections, dam-
aged parts and improperly seated transistors. The remedy

- for most visible defects is obvious; "however, if heat-dam-
aged ‘parts are discovered, determine the cause of over- -

heating before the damaged parts are replaced; otherwise,
the damage may be repeated.

Transistor Checks

Periodic preventive maintenance checks consisting of ré-
moving fransistors from the instrument and testing them in
a tfester, are not recommended. The circuits within the in-
strument provide the only satisfactory check on transistor
performance Defective transistors are usuclly detected dur-
ing recalibration of the instrument.

Performance Checks and Recalibration

To insure accurate measurements, the instrument per-
formance should be checked after each 500 hours of opera-

4-1
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tion or every six months if the instrument is used intermit-
tently The calibration procedure is help.ul in isolating
major troubles in the instrument, or in locating minor
troubles which are not apparent during regular operation.
Instructions on how to conduct a perfomance check are
provided in Section 5, Calibration instructions are described
in Section 6.

CORRECTIVE FAINTENAPICE

Corrective maintenance - consists of ccmponent replace-
ment and instrument repair. Special techniques or pro-
cedures required to replace components in this instrument
are described. in this section.

NOTE

Maintenance or repair of the RF ussemb!y, {os-
cillator, mixer and filter) should only be attempt-
ed if adequate facilities ond qualified personnel
are available. We recommend when possible that
the entire unit be returned to a Tekironix Repair
Center. Contact your local Field Gffice or Repre-
sentative. Replacement instructions for the assem-
bly, the oscillator tubes and mixer diodes are pro-
vided in this section. Test equipment and cali-
bration fixtures required to calibrate these assem-
blies are listed in the Calibration section of the
~ manual, plus o procedure to calibrate the: RF sec-
tion.

Obadaining Replacement Parts

Local Purchase. All electrical and mechanical parts re-
placement can be obtained through your local Tektronix
Field Office or representative. Many of the standard elec-
tronic components however, can be obtained locally in less
fime than is required to order from Tekironix, Inc. Before

. purchasing or ordering replacement parts, consult the Parts

List for value, tolerance and rating. The Parts section con-
tains instructions on how to order these replacement parts.

NOTE

When selecting the replacement parfs, it is im-
portant to remember that the physical size and
shape of the component may affect iis perform-
ance in the circuit.

Component Numbering and ldentification

The circuit- number of each electrical rast is shown on
the circuit diagrams. A functional group of circuits (such
as the RF Section) is assigned a particuler series of num-
bers. Table 4-1 lists the assigned component numbers for
the various circuits.

Switch wafers are identified by counting from the first
wafer located behind the detent section of the swilch towards
the last wafer. For example, the designaiion 2R printed by a
switch section on a schematic identifie wiich section
as the rear side of the second wafer when couming back
from the switch detent section. '

4-2

TABLE 4-1
Component Numbering
Component
No. Series Circuit Diagram
1-99 RF Section 1
100-149 AWide-Bcnd Amplifier & Mixer 4
150-19% IF Attenuator 5
200-399 Sweeper Circuit 3
400-499 Narrow-Band Amplifier 6
500-560 Variable-Resolution Amplifier 7
600-727 Output Amplifier 8
800-890 Phase Lock Circuit 2

" Resistor Color Code

The instrument contains a number of stable metal-film
resistors identified by their gray background color and color
coding. If a resistor has three significant figures and a
multiplier, it will be EIA color coded. If it has four signifi-
cant figures and a multiplier, the value will normally be
printed on the resistor. For example, a 332kQ resistor will
be color coded, but a 332.5kQ resistor will have it value
pnnted on the resistor body. The color- codmg sequence
is shown in Fig. 4-1.

—-1st Sig. Fig.
2nd Sig. Fig.
3rd Sig. Fig.
Mulliplier
Tolerance
Date Code
st 2nd 3rd
Color Sig. | Sig. | Sig. Multiplier | Tolerance
Fig. | Fig. | Fig. (=) %
Black | © 0 0 1 —
Brown 1 1 1 10 1
Red 2 2 2 100 2
Orange 3 3 3 1,000 —_—
Yellow | 4 4 4 10,000 —_
‘ Green 5 5 5 100,000 .0.50
Blue 6 6 6 1,000000 | 025
Violet 7 7 7 10,000,000 | 0.10
Gray 8 8 8 100,000,000 | 0.05
White 9 9 9. 11,000000000 | —
Gold 0.1 )
Silver ' 0.01 —
No Color 10
Fig. 4-1. Standard ElA color-coding of metal-film resistors.




Fig. 4-2 identifies the polarity of the glass diode types
used in this instrument.

= [

Fig. 4-2. Diode polarity for gless diodes.

Wiring Color Code

The insulated wire used in the Type 1L30 is color-coded
according to the EIA standard color code to facilitate cir-
cuit tracing. .The widest color stripe identifies the first color
of the code. Power supply voltages can be identified by

. the color stripes and the backgdrund color. White back-

ground indicates a positive supply. A tan background in-
dicates a negative supply. Table 4-2 shows the wiring color
code for the power-supply voltages used in the Type 1L30.

TABLE 4-2
Wiring Color-Code

Supply Back- 1st 2nd 3rd
ground Stripe Stripe Stripe
Color ' (If- ap-
{ Polarity) plicable)
—i0V Tan Brown Black '

+10V White Brown Black
+75V White Violet Green Black

Maintenonce-—Type 1L30

Removing the Oscillator Assembly
NOTE

A complete oscillator assembly is listed in the
Mechanical Parts section with its sub-parts listed
under the assembly number. We recommend re-
placing the complete assembly because it is cali-
brated and ready to install. i a sub-part {such
as a varactor or pick-up probe) is replaced, a
complete recalibration of the oscillator is usually
required before it can be re-installed in the unit.
This calibration requires additional test equipment .
that is not listed for the standard calibration pro-
cedure. See Calibration section. ”

1. Unsolder the connection to the feedthrough terminal
at the rear section plate cap of the oscillator and discon-
nect the pin connector to the varactor (Fig. 4-3A).

Remove these screws

Vdractor

{A) Remove the indicated screws to repair or replace the
oscillator assembly.

+100V White Brown Black Brown
—150V Tan Brown Green Brown
+225V | -White Red "Red. .| Brown

RF cables for the RF and IF sections are miniature co-
axial cables. Some of these cables have a lossy character-
istic and are identified with a white outside coating. The
standard 50 ohm low-loss coaxial cables have a clear plas-
tic outside coating. Do not interchange the lossy type with
the standard 50Q type when these coaxial cables are
replaced.

REMOVING AND REPLACING ASSEMBLIES

WARNING
Disconnect the instrument from the power source

before attempting repair and/or replacement of
any sub-assembly.

©

Set screw

Set screw for for outer

inner choke choke

B4 terminal

" Varacter diode ..
assembly

Pick up probe
for mixer and
phase lock circuits

(B) Oscillator and dial assembly.

Fig. 4-3. Oscillator assembly.
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2. Loosen the two Allen 'screws in the rear

mounting
bracket on the rear panel. o

3. Release the rear panel by removing all screws except
the two holding the interconnecting plug, the two holding
the sawtooth voltage selector switch and the screws hold-
ing resistors R40, R49 and R727. Position the rear panel
so as fo gain access to the rear section of the oscillator
assembly.

4. Unsolder and disconnect the filament wires from the
plug-in connector to the blue standoff connector.

5. Disconnect the Sealectro connectors for the two coaxial
signal leads to the mixer assembly and the phase lock as-
sembly. Pull out on the connectors to disconnect.

6. Loosen the Allen set-screw, then remove the RF CENTER
FREQ tuning knob. Remove the retaining nut under the
knob that holds the dial mechanism to the front panel.

7. Lift out the RF section from the rear of the plug-in unit.
(Position the rear panel as necessary for adequate clear-
ance.)

8. Re-install the new oscillator assembly using the re-
verse of the removal procedure. Recalibrate in accordance
with the procedure outlined in the Calibration section.

Removal and/or Replacement of the Oscillator
Tube

1. Perform steps 1 through 3 of the procedure for re-
moving the oscillator assembly.

2. Carefully, (by hand) unscrew and remove the large
knurled ring on the rear portion of the oscillator assembly.
See Fig. 4-4.

Large knurled ring o

inner plate connector o

Small teflon washers ——
S B ot
Lorge 1eflon washers
¥

Metal washer
\
Spanner nut

/%(, ] 4 ‘ «:Sn
‘* B ’Er

Filament leads

V41 (oscillator tube)

Fig. 4-4. Oscitlator disassembled to show the sequence as the com-
ponents are removed or installed.

4-4

3. Carefully remove the inner plate connector and lift
out the large and small teflon insulating “washers. This
exposes the tube and spanner retaining nut.

4. Using special tool Tektronix Part No. 003-0397-00 (see
Fig. 4-6) unscrew the spanner nut, then gently lift out the
tube while feeding the heater wires into the opening at the
front end of the oscillator.

5. Unsolder the filament leads from the tube and recon-
nect the leads to the new tube. Do not unsolder the wires
at the standoff insulators on the outside of the oscillator.
The replacement tube should be an assembly containing
the feedback block and wires. See Figs. 4-4 and 4-5,

Filqmenf.‘ Ieaas- ) I;> V41

Loosen set screws
to adjust pene-
tration and ori-
entation of probe
assembly

Screwdriver slot to
adjust penetration
of the varactor assembly

Fig.- 4-5. Oscillator partially disassembled to show the position
of the tube when seated properly and the location of the calibration
adjustments.

6. Replace the insulation tape around the tube filament
connection and carefully insert the new tube assembly into
the oscillator making certain the tube is well seated in the
grid connector.

7. Replace the spanner nut with the special spanner
wrench and tighten by hand so the nut is snug. Tighten
only enough to make a good seat; do not over-tighten.

8. Replace the two large teflon and the small teflon
washers with new washers. All three washers should be in-
spected to insure that they are free of dirt or foreign matter
that could puncture the washer.

9. Replace the internal plate connector and the large
knurled nut. As the large knurled nut is tightened, the op-
erator should move the large tuning choke in and out of
the tuning chamber by turning the tuning shaft, to insure
that it moves freely.

S S




Fig. 4-6. Spanner wrench required in the removal of the oscillator
tube. Tektronix Part No. 003-0397-00.

10. Recalibrate as directed in the Calibration procedure.

Replacing the Mixer Diode

1. Remove the front panel mounting nut and washer for
the RF INPUT connector.

2. Slip the mixer assembly back and out of the unit.

3. Unscrew the barrel (1 dB pad) (see Fig. 4-7) and re-
_place the mixer diode.

i S o et A i e

£

Fig. 4-7. location of the mixer diode.
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Removing and Remeuniing the Honeycomb
Assembly

1. Loosen the front set-scrovr en the coupler to the DIS.
PERSION -RANGE switch shefr with an Allen wrench. Slide
the shaft out through the front panel so it is out of the way.

2. Remove -the two screws securing the DISPERSION
RANGE switch mounting hardware to the rear plate and
swing the switch assembly out of the way behind the rear
plate.

3. Remove the fourteen Pthlps head screws fastening the
IF chossns to the base assembly (top plate).

4. Swing the chassis up and out, to rest on.the instry:
ments spacer bars (see Fig. 4-8). ‘It may be necessary to
disconnect the coaxial cabie from J147. Do not use force,
as some of the parts are critically positioned and should
not be moved out of adjustment.

5. Insure that none of the terminals and tie poihts are
shorted or grounded. Reconnect any cables or wires that
may be disconnected. Fig. 4-9 illustrates wiring color code.

"Apply power if desired. The ground-wire on the DISPERSION

RANGE switch must be grounded for proper operation of
the instrument. Fig. 4-15 illustrates the component layout and
circuit layout on the honeycomb chassis.

6. Remount the chassis using the reverse procedure of
steps 1 through 5. Do not force the chassis into place.
Check for pinched or undue strain on the wires and connec-
tors. When replacing the DISPERSION RANGE switch, make
certain its shaft is properly coupled to SW365. Check the
operation of the DISPERSION RANGE switch and insure- that
the knob is properly indexed with the front panel markings.
Wire and cable color code are shown in Fig. 4-9.

Removing the Phase Lack Assembly

1. Switch the power to OFF and remove tha instrument
from the plug-in oscilloscope.

2. Unplug the. mgncl lead (1855) from the phase-lock -

assembly.

3. Loosen the set screw for the FINE RF CENTER FREQ
control and remove the knob.

4. Use a %, inch nut driver to remove the mounting nuts
securing the front panel phase-lock controls {(FINE RF FREQ,
LOCK CHECK and INT 1 MHz REF FREQ switch). Keep the
nut for the INT 1 MHz REF FREQ switch separate from the
others, because it has a different thread and will bind if it
is placed on the wrong control.

CAUTION

Do not locsen or move the pickup probe in the
oscillator assembly. lis position is critical for proper
operation of the oscillator.

5. Remove the six Phillip head screws located along the
edge of the "U" shaped phase-lock assembly cover.

4-3
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Cardboard \

Dispersion /

Range
. Switch

™~

IF Chassis

“Honeycomb''
Casting

Fig. 4-8. One method of removing the IF chussis for treubleshooiing.

‘P* Wht-vio-blk
‘0" Wht-blu-blk
Wht-grn-blk
Wht-orn-blk
Wht-vio
Whi-bluv
Wht-grn
Wht-orn
Wht-red
Wht-blk
Wht-brn-bik
Tan-brn-blk

{no connection)
{no connection)

Coaxial
Shield

Fig. 4-9. Wire and cable color code to the honeycomb square pin
connector, .

Fig. 4-10. Fhese lock assembly removed and ready feo troubleshoot.

6. Slide the assembly back and out of the "U" shaped
cover, Be corciul that the meounting screws for the low pass
filter do not caich the chassis.

7. Support the phase-lock assembly on a small block (see
Fig. 4-10), then connect the signal lead from the oscillator to

©
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*J' {no connection)

‘I" {ne cornection)

‘H' Tan-bra-grin {—150 V)
'G' Whi-brn-bik (410 V)

‘F' Whi-brn-blk-brn { 4 100 V)
B Whtblkred — | F

‘D' Wht-grn

‘¢ Whi-yel

‘B Wht-brn

‘A’ Wht

Fig. 4-11. Wiring cclor code to phase lock assembly square pin

-connector.

J855. Check the lead dress and all connectors to insure
that no short circuit exists and all connections are correct
{see Fig. 4-11). Power can now be applied and the phase-
lock circuit checked for correct voltages and waveforms. Fig.
4-14 illustrates component layout on the circuit board.

If the circuit board is to be reploced proceed as fol-
Iows .

a. Disconnect ail the signal and voltage leads ‘1o’ the
assembly. Disconnect the Sealectro connector to the phase
detector at the hocrd.

b. Remove the mounting nuts for the three controls. Push
the FINE RF CEMNTER FREQ potentiometer and the LOCK
CHECK switch into the box. Unsolder the lead to the BNC

connector. Remove the circuit board mounting screws. and.

the mounting screws to the square pin connector.

. Slip the circuit board out of the box. Repair or re-
place. )

1. Replace and remount the assembly using the reverse
of the procedure fo remove the assembly. Be certain to use
the correct mounting vt for the INT 1 MHz REF FREQ switch.

2. Refer to the Phase Lock diagrom and Fig. 4-11 for the
correct voltage and sigral cable hook up. Make certain the
dot on the FINE RF CEMTER FREQ control is indexed at the
center of the control runge when the knob is replaced.

Soldering Techniogues

Ceramic Strips. A icldering iron with a wedge-shaped
tip should be used beccuse it concentrates the heat on the

©

i R Ry S

Mdintenance—Type 1L30

solder in the ferminals. It is important to use as little heat
as possible to produce a full flow joint. A special silver-

“bearing solder is used to establish a better bond to the

plated notches in the ceramic strip. Occassional use of
ordinary 60/40 solder will not break the bond, but it is ad:

- visable-to use solder containing about 3% silver for the main-

tenance of Tektronix instruments. This solder may be pur-
chased directly from Tektronix, Inc; order by Part Number
251-0514-00.

The following techniques are suggested to remove and
replace components on the ceramic strips.

1. Grip the lead with needle-nose pliers.” Apply the tip
of the soldering iron to the connection at the notch then
pull gently to remove the lead.

2. Clean the leads on the new component and bend them
to the correct shape to fit the replacement area. Insert the
leads, making certain the component seats the same as the
original.

3. Apply the iron to the connection; then uppiy only the
amount of solder required to form a good electrical con-
nection.

4. Do not attempt to fill the notch with solder; apply only
enough solder to cover the wires aodequately and form a
small fillet. Over-filling the notches may result in cracked

terminal strips. Clip off the excess lead that exfends beyond
the soldered joint.

NOTE

Some components can be damaged by heat. A
heat sink, such as a pair of needle nose pliers, he-
mostat or forceps, between the component and the
connection will protect the component from exces-
sive heat.

Ceramic Strip Replacement. Unsolder all connections
then use a % inch diameter by 3 inch long plastic or hard-
wood dowel and a small (2 to 4 oz.) mallet to knock the
stud pins (Fig. 4-12) out of the chassis. Place one end of
the dowel on the end of the stud pin protruding through the
chassis. Rap the dowel smartly with the mallet. When beth
studs of the strip have been loosened in this fashion, the
strip is removed as a unit. The spacers will probably come
out with the studs. If not, they can be pulled out separately.
An alternative method to remove the terminal strip is to
use diagonal cutters to clip off the studs. The ceramic strip
is removed and the studs pulled from the chassis with a pair
of pliers.

After the damaged strip has been removed, place the un-
damaged spacers in the chassis holes. Then, carefully press
the studs into the spacers unti! completely seated. If neces-
sary, use a soft mallet and tap lightly, dlrectly over fhe

- stud area of the strip.

Cemponent Replacement

The physical size and shape of the replaced component
may offect the performance of the circuit; therefore, it is
best to duplicate the original component as closely as pos-
sible. Parts orientation and lead dress should also dupli-
cate those of the original part. Many of the components are

457
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Ceramic Strip

T e

B ANINS

Chassis

Fig. 4-12. Typical ceramic strip assembly.

oriented to reduce or control circuit copacxtonce and induc-

‘tance. After repair, the circuits of the instrument may need

recalibration.

Replacing Components on Metal Terminals

When soldering metal terminals (e.g., switch terminals,
po’rer*irmcters etc.) ordinary 60/40 solder is satisfactory.
The soldering iron should have a 40- to 75-watt rating and a
Ve inch chisel tip.

1. Apply only enough hect to make the selder flow freely
and form a good electrical connection. Do not use excessive
solder. Excess may impair the operation of the circuit or
cover o cold solder joint.

2. Clip off excess wire that may extend past the soldered
connection and clean the area with flux-remover solvent.

Remioving and Replacing Switches

“Single wafers on the YVOLTS/CM or DISPERSION-COUPLED
RESOLUTION switches are not normally replaced. i any
of these wafers are defective, the entire switch should be
replaced. Refer to the Electrical Parts List to find the unwired
or wired switch part numbers.

CAUTION

When disconnecting or connecting leads to a wafer-
type switch, do not let solder flow around and be-
yond the rivet on the switch terminal. Excessive
solder can destroy the spring tension of the con-
tact.

Trovsistor Substitution and Replacement

Transisiors should not be replaced unless they are actu-
ally dafective. However, temporary substitution is often a
convenient way fo defect defective transistors. Before substi-
tuling a transistor, it is recommended that circuit conditions
be checked to be certain that an exact replacement will not
be damaged. Relurn iransistors to their original sockets if
ihey o und fo be good. Some transistors can be inserted
incorrectly into their socket. Fig. 4-13 illustrates the connec-

.
4.0

tions and positions for the types of transistors used in the
Type 1L30.

TROUBLESHOOTING

Attempt to isolate trouble to one circuit through operational
and visual checks. Verify that the trouble is actually a mal-
function within the Type 1130 and not improper control
setting or malfunctioning associated equipment. Note the
effect the controls have on the trouble symptoms. Normal
or abnormal operation of each control helps establish the
location and nature of the trouble.

Check the instrument calibration or the calibration of
the affected circuit. The trouble may be corrected after
calibration. Before changing any adjustment during this
check, note the position of the adjustment, so it can be
returned to its original position after the check. This will
facilitate recalibration after the trouble has been found and
corrected.

Chetk circuit voltages and waveforms against those shown
in section 9 of this manual. Figs. 4-14 and 4-15 provide cir-
cuit board wiring drawings and component layout informa-
tion for the honeycomb and the phase lock assemblies. If
the trouble cannot be isolated to a circuit, start with the
power supply voltages, then proceed consecutively from one
circuit to the next until the problem is localized.

NOTE

Voltages and waveforms shown on the diagrams
are not absolute and may vary between instru-
ments,

Most voltage measurement can be taken with a 20,000
ohms/volt DC voltmeter. Do not use a low-volis range on
a high impedance circuit. Use a higher range or an oscillo-
scope with a 10X probe. Accuracy of the voltmeter should
be within 3% for all ranges.

Connections to the honeycomb chassis and the Phase-
Lock chassis are made through square-pin connectors and
clips. These connectors make convenient test points for trou-
bleshooting, since much of the circuitry is inaccessible with
the circuit boards installed and in the assembly.

Once the trouble has been isolated, it may be desirable to
refer to the Circuit Description in section 3 for a description
of the normal circuit operation.

CAUTION

Use care when measuring voltages or waveforms.
The small size and high density of components in
this instrument establishes a condition such that
an inadvertent movement of the test probe or use
of oversized probes may short-circuit between com-
ponents.

Check circuit conditions before disconnecting voltages to
make certain bias voltages are not removed which might
cause excessive overloads.

In-Circuit Diode Checks

In circuit diode checks may be performed with a voltmeter.
A comparison check of the voltages on each side of the di-
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Transistor Socket Configuration
SOCKETS (Top View)

Emitier

Emitter
Emitier
Base
Base
Collector
Collector

Dual Transistor socket

Base

Colledor Emmer
/_

Metal cased transistors

Collector
\ Emitter
(Takes Short

Transistor Lecdl

Base

(Dlmple)

. Smeil Metal-cased Transistors

Base

Collector Emitter
<>\/

(Dnmple)

Plastic cased transistors

Base Emitiar

Collector

Transistor Leud Cenfiguration

Collector Base

_ Cellecier
Dual /
h\ . .,j?

Base -
Collecior
Metal-case Transistors

Collector

Emitter Emitter

Flat side

Plastic-Casze Transistors

Collector

Note, Some manufacturers
such as Motorola configure
the teads as follows:

Fig. 4-13. Semiconductor base pin and socket arrangements.

ode with the typical voltages listed on the diagram will help
isolate faulty. diodes. Forward-to-back resistance ratios
on some diodes can be checked by referring to the schematic
and pulling appropriate transistors and square pin connectors
to remove low resistance loops around the dicde.

CAUTION

Do not use an ohmmeter scale that has a high in-
ternal current. Do not check the forward-to-back

resistance ratios of tunnel diodes or mixer dicdes.

Some Trouble Sympioms

A misleading trouble symptom may occur if orz the
Varactor diodes in the oscillator circuit is shorted. T.‘, s wa
clamp the DC ouiput voltage from the phase lock circuit and
prevent vertical trace shift as the FINE RF CENTER FREQ con-
trol is adjusted. The symptom indicates trouble in the phase
lock circuit when it is actually in the tuner.
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Type 1.30

Change information, if any, affecting this section will be found at the

rear of the manual.

This section of the manual provides a means to check the
performance of the Type 1L30. It is intended to check the
calibration of the instrument without performing the complete
Calibration Procedure. The Performance Check does not in-
clude adjustment of any internal controls. Failure to meet
the requirements given in this procedure indicates the need
for internal checks or adjustments, details of which will be
found in the Calibration Procedure.

Recommended Equipment

The following equipment is recommended for a complete
performance check. Specifications given are the minimum
necessary to perform this procedure. All equipment must be
calibrated and working within the original specifications.
If equipment is substituted, it must meet or exceed the specif-
ications of the recommended equipment. Signal generators
should have output signals relatively free of distortion.

1. Plug-In Oscilloscope. Oscilloscope with a 6 ecm vertical
display height that will accept the Type 1L30 Spectrum An-
alyzer. This oscilloscope should be the same as the Type

1130, being calibrated, will normally be operated with. The

front panel adjustment will require readjustment if the an-
alyzer is chcnged to another oscilloscope. A Type 545B
Oscilloscope is used in this procedure.

2. Test Osculloscope and Vertical Plug-In Unit plus 1><
and 10X probes; minimum sensitivity .005V/cm, frequency
response DC to 30 MHz. Tekironix Type 540-series Oscillo-
scope with Type 1Al Plug-In Unit and Tektronix P6010 {10X}
and P6011 {1X) test probes.

3. Time-Mark Generator. Marker outputs, 5s to .1 us
and frequency oufputs of 20 MHz, 50 MHz, 100 MHz and
200 MHz; accuracy 0.001%. Tektronix Type 184 Time-Mark
Generator.

4. Audio Signal Generator: Frequency range 10Hz to 1
MHz, variable output amplitude to at least 10 volts peak to
peak; accuracy #+=3%. General Radio Model 1310A or Hew-
lett-Packard Model 241A.

5. VHF Signal Generator: Frequency range 10 MHz to
400 MHz; accuracy =+1%; calibrated 0 to —120dBm,
variable output. Hewlett-Packard Model 608D.

6. Constant Amplitude Signal Generator. 1 MHz to 5
MHz, output amplitude 1V to 5V peak to peak. Tektronix
- Type 191 Constant Amplitude Signal Generator.

7. Step Attenuator; 1dB steps and 10dB steps, accuracy
+1%. Hewlett-Packard Type 355D and Type 355C.

8. (Optional).  Swept-frequency  Generator: Frequency
range: 130 MHz to 280 MHz, with amplitude variation 0.25 dB
or less. Kay Type 122C Sweep Generator.

©

9. {Optional). Harmonic Modulator: Tektronix Calibration
Fixture 067-0518-00.

10. Two (2) 10X Attenuators: Tektronix Part No. 011-
0059-00. : -

11. 2X Attenuator: Tektronix Part No. 011-0069-00.

12. 20 dB, RF Attenuator: Tektronix Part No. 011-0086-00.
13. Termination, 50 Q BNC: Tektronix Part No. 011-0049-00.
14, BNC T connector: Tektronix Part No. 103-0030-00.

15. Adapter, GR to N male: Tektronix Part No. 017-
0021-00,

16. Adapter, GR to BNC femole Tektronix Part No. 017-
0063-00.

17. Adapter, BNC female to N male: Tektromx Part No.
103-0045-00.

18. Miniature phone plug with 6OOQ load. (Test fixture
to check RECORDER signal amplitude.} Consists of a 600 Q,
5% 1V, walit resistor, soldered across a miniature phone plug.

19. Two (2) adapters. Sealectro to GR: Type P6040 probe
cable, Part No. 010-0133-00; or Sealectro to BNC, Type
P6041 probe cable; Part No. 010-0164-00.

20. Two (2) BNC coaxial cables, 50 Q. Tektronix Part No.
012-0057-01.

21. Patch cord with BNC to banana plug tips: Tektronix
Part No. 012-0091-00.

22. Group Two

RF Signal Generators, with calibrated frequency and out-
put power: Frequency range 925MHz to 10,500 MHz, ac-
curacy =+=19%; output power —100 dBm to —30 dBm, output
impedance 50-Q. Suggested equipment:

Hewlett-Packard 8614A UHF signal generator, 800 MHz
to 2400 MHz.

Hewlett-Packard 8616A UHT signal generator, 1800 MHz
to 4500 MHz.

Polarad Type 1107 Microwave signal generator 3.8 GHz
to 8.2 GHz.

Polarad Type 1108 Microwave sngnal generator 6.95 GHz
to 11.0 GHz.

PERFORMANCE CHECK PROCEDURE

General

tn the following procedure, test equipment connections or
control seftings should not be changed except as noted. If
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only a portist check is desired, refer to the preceding step
(s) for setup information. :

The following procedure uses the equipment listed under
Recommended Equipment. If substitute equipment is used,
control setiings or setup may be altered to the requirements
of the equipment used.

Several checks require a 200 MHz signal. This IF feed-
fhrough signal”is not tunable: To avoid interference from
the converted signals, it is recommended that any tunable
signals are funed off screen or aligned with the stationary
markers by adjusting the RF CENTER FREQ control.

Freliminary Frocedure

a. Before inserting the Spectrum Analyzer into the oscillo-
scope compariment, set SW201 (slide switch mounted on
the rear plate of the analyzer) to- the appropriate position
for the oscilloscope sweep amplitude.

" b. Insert the Spectrum Analyzer “into the oscilloscope,
fasten the securing latch, and turn on the power. Allow 20
minutes for warm up.

c. Connect the oscilloscope Sawtooth Out (or Sweep
A) connector io the analyzer SWEEP INPUT connector.

CAUTION

Be careful when making this connection. The saw-
tooth voltage can give a severe shock. Insure that
the cakle ic connected to the SWEEP INPUT, not
to the nearby RF INPUT connector.

d. Set the oscilloscope Mode (or Horizonta! Display)
switch to A or Normal.

e. Set the sweep controls for a free-running, 10 ms/cm
sweep speed.

1. Check i# Central Frequency Calibration and
Dispersizn Balance

a. Requirement—The F center frequency, with the IF
CENTER FEEQ controls centered, must be adjustable to 200
MHz with the IF CENTER FREQ-CAL cdjustment. There should
be less than 2 ecm horizontal display shift between the MHz/
CM and kHz/CM displays.

b. Apply a 200 MHz signal (2nd harmonic of 10 ns) from
the Time-Mark Generator {Type 184) through a 20 dB atten-
vator pad and 50 termination to the RF INPUT connector.
{Signal input to the Type 1130 should be less than —30 dBm)

c. Set the Type 1130 front panel controls as follows:

POSITION Position the trace to the

bottom graticule line

¥ CENTER FREQ Centered (000}

FINE iF CENTER Centered
FREQ o

UISPERSION RANGE ‘MHz/CM

CHSPERSION-COUPLED 10 MHz/cm
RESOLLITION

VERTICAL DISPLAY LIN
VIDEO FILTER . _ OFF

d. Adjust the GAIN control for a signal amplitude that
is approximately 5cm.

e. With the IF CENTER FREQ controls centered, adjust
the IF CENTER FREQ-CAL for minimum horizontal signal
shift as the DISPERSION control is switched between the
10 MHz/cm and .2 MHz/cm positions. Position the signal
to the graticule center with the oscilloscope Horizontal Posi-
tion control. '

f. Adjust the DISP BAL for minimum signal shift as the
DISPERSION RANGE is switched between the MHz/CM and
kHz/CM positions. Adijust until there is minimum signal
movement, then make the final adjustment with the DISPER-
SION RANGE in the kHz/CM position and reduce the DIS-
PERSION control to the 1kHz/cm position.

g. Repeat the IF CENTER FREQ-CAL and the DISP BAL
adjustment since there is some interaction between. adjust-
ments. Return the DISPERSION RANGE selector to the MHz/
CM position and the DISPERSION-COUPLED RESOLUTION
controls to the 10 MHz/cm position.

2. Check Dispersion Accuracy of MHz/CM
Ranges and Range of IF Center Frequency
-Control '

a. Requirement—Dispersion accuracy for the MHz/CM
ranges is listed in Table 5-1. IF CENTER FREQ control range
should equal or exceed 4+ and — 25MHz from its centered
{000) position. Dispersion accuracy and display linearity
must remain with the listed specifications of Table 5-1 to
the 4+ and — 25 MHz positions of the control.

b. Apply .1 us and 10ns time markers from the Time-
Mark Generator (Type 184) through a 20 dB attenuator and
50 O termination to the RF INPUT connector.

c. Set the VERTICAL DISPLAY switch to LOG position.
Adjust the GAIN control for a display amplitude of approxi-
mately 4 centimeters. Set the oscilloscope Source switch to
Line and adjust the Level control for a triggered display.

d. Center the IF CENTER FREQ controls. Adjust the DISP
CAL adjustment for 1 marker/cm within the center 8 centi-
meters.

e. Check the dispersion accuracy and linearity for each
MHz/cm setting of the DISPERSION selector as listed in
Table 5-1. (See Fig. 5-1 and 5-2.) The Horizontal Position
control or the IF CENTER FREQ control may be used to
align the prime markers to the graticule divisions. - The RESO-
LUTION control should remain coupled with the DISPERSION
selector. :

f. Check the range, dispersion accuracy and linearity
of the IF CENTER FREQ control in the 5,2, 1, .5 and .2 MHz
positions of the DISPERSION selector.

Range of the IF CENTER FREQ control should equal or
exceed 4+ and -— 25MHz from its centered position. Rotate
the control from center note the frequency shift of ‘the .1 pus
or 10 MHz markers then rotate the control to the other
extreme position. Dispersion accuracy and display linearity

©
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Fig. 5-1. Measuring dispersion accuracy.

must remain within listed specifications given in Table 51, to
the + and — 25 MHz positions.

g. Center the coarse IF CENTER FREQ control. Set the
DISPERSION control to 1 MHz position and apply 10ns and
1 s markers from the Time-Mark Generator.

h. Check—The range of the IF CENTER FREQ-FINE control.
Must equal or exceed + and — 1MHz from its centered

position.

i Return the VERTICAL DISPLAY switch to the LIN posi-
tion.

Fig. 5-2. Measuring dispersion linearity.

3. Check Resolution Bandwidth

a. Requirement—Resolution bandwidth- is variable from
1kHz or less to 100 kHz or more.

b. Apply 200 MHz signal from the Time-Mark Generator
to the RF INPUT connector through. a 20dB attenuator.
Switch in 20 dB of IF Attenuation on the Type 1130. Tune
the RF CENTER FREQ control to minimize interference of
the converted signals (tunable signals).

c. Set the DISPERSION RANGE to kHz/CM position and
the DISPERSION to 100kHz/ecm. Uncouple the RESOLU-
TION and turn the control fully clockwise. Sef fhe Time/Cm

' selector to .1s. -

NOTE

If a Type 549 storage oscilloscope is used, set the
controls for single sweep storage and after sweep
automatic erase.

d. Adjust the GAIN control for a 6 centimeter display
amphtude

e. Check the resolution bandwidth response of the Type
1L30 to the 200 MHz signal at the —6dB points. To check

-TABLE 5-1
DISPERSION o : | Allowable Supplementary
Position Marker Selection| Markers/Cm Error Notes
10 MHz 10ns and .1 ps 1 +3%
5 MHz 10ns ond .1 us| 1 marker/ +3% _
2¢em Over the range of the IF
2 MHz 10ns and .5 ps 1 *+5% | CENTER FREQ control
1 MHz 10ns and 1 ps 1 +5% | {z£25 MHz).
.5 MHz 10ns and 1 us | 1 marker/ +10%
2cm
.2 MHz 10ns and 5 ps 1 +15% Display linearity over a
10 centimeter display
must be within 3%,
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the vertical location of the —6dB points, switch in an ad-
ditional 6dB of IF ATTEN and note the position of the top
of the display.- Then remove the 6 dB of attenuation, and
note the points where the rising and falling portions of the
display cross the 6 dB level. The crossing points should be
separated horizontally by at least 2 ¢m, indicating —é dB
resolution bandwidth of at least 100 kHz. See Fig. 5-3A.

f. Change the RESOLUTION control to the 1kHz posi-
tion (fully counterclockwise) and the DISPERSION to 1 kHz/
ecm keeping the 200 MHz signal centered on screen with the
IF CENTER FREQ controls.

g. Check the resolution bandwidth at the —6 dB ampli-
tude point. Bandwidth must not exceed 1kHz. See Fig.
5-3B. : .

i

-
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o
g P
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> 100 kHz

(A) Resolution at —6dB point > 100 kHz.

(B} Resolution at —6 dB point < 1 kHz.

Fig. 5-3. Display pattern when resolution is correctly adjusted.

h. Return the RESOLUTION to the coupled position and
set the DISPERSION-COUPLED RESOLUTION controls to
500 kHz/cm position.

4. Check Dispersion Accuracy of kHz/CM
Ranges

a. Requirement—Accuracy must equal or exceed -£3%.

h. Apply 10 ns and 1 s markers from the Time-Mark Gen-
erator through a 40dB attenuator (2, 10X Attenuators)
1o the RF INPUT connector.

c. Change the VERTICAL DISPLAY switch to the LIN posi-
tion {Sweep rate 20 ms/cm or slower).

d. Check the range of the IF CENTER FREQ control. Fre-
quency range must equal or exceed + and — 2.5 MHz from
its centered (000) position.

e. Center the IF CENTER FREQ controls. Set the DIS-
PERSION selector to 50 kHz/cm.

f. Depress the 10ns and 10 us Marker Selector buttons
on the Time-Mark Generator.

g. Check the range of the IF CENTER FREQ-FINE con-
trol. Frequency range must equal or exceed + and — 50
kHz from the centered position.

h. Set the DISPERSION selector to the 500 kHz position
and center the IF CENTER FREQ controls. Apply 10 ns and
1 us fime-markers to the RF INPUT.

i. Check dispersion accurdcy over a + ond — 2.5MHz

. change in the IF center frequency, at the DlSPERoION se-

lector positions listed in Table 5-2.

Dispersion accuracy must remain within *+=39% (2.4 mm)
for all DISPERSION settings and through + and — 2.5
MHz change in the IF center frequency.

As the dispersion is decreased, the sweep time should
be increased (slower sweep rate) to maintain optimum dis-

‘play resolution. - Uncouple the RESOLUTION control and

adjust for optimum time-miarker definition. Turn the VIDEO
FILTER switch to the ON position at the slower rates to
improve marker definition.

"j- Turn the VIDEO FILTER switch to OFF.

TABLE 5-2
Time-Mark Displays in
DISPERSION Generator centimeters
kHz/cm Marker Selector per marker
500 10ns and 1 ps 2
200 10ns and 5 ps 1
100 10ns and 10 s 1
50 10ns and 10 us 2
20 10ns and 50 s 1
10 10ns and .1 ms 1
5 10ns and .1 ms 2
2 10ns and 5ms 1
1 10ns and 1 ms 1

5. Check Operation of Video Filter

a. Requirement—Filter should restrict the video band-
width and reduce high frequency video components such

as. noise when viewing signals near minimum resolution
bandwidth.

b. Apply 10ns and 10 s markers from the Time-Mark
Generator through a 40 dB attenuator to the RF INPUT
connector.

c. Set the front panel conrtols as follows:
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DISPERSION RANGE

MHz/CM
DISPERSION-COUPLED 2 MHz
RESOLUTION |
GAIN Adjusted for a full
. . screen display
VERTICAL DISPLAY LIN
IF ATTEN dB Selectors Off

d. Center the display with the IF CENTER FREQ controls.

See Fig. 5-4A. Set the Time/Cm selector to 50 ms.

e. Switch the VIDEO FILTER switch to ON position. Note
the action of the video filter circuit on the display. Display
should resemble Fig. 5-4B, with most of the noise reduced
or eliminated.

(A) Signal with high degree of noise.

i s 4

(B) VIDEO FILTER removes the noise and retains the display

envelope.

Fig. 5-4. Operation of the video filter.

6. Check Internal Reference Frequency

a. Requirement—Frequency is 1 MHz +0.19%.

NOTE

This procedure checks the oscillator operation.
If accuracy is to be verified a frequency counter
must be used.

b. Apply 10ns and 1pus markers from the Time-Mark

Generator to the RF INPUT connector through a 204B at-
tenuator. ' '

©
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" ¢ Set the DISPERSION to 1 MHz/cm ond the Time/Cm
to Sms positions. Switch the VERTICAL DISPLAY to LOG.

d. Align the 1 pus markers to the graticule lines with the
IF CENTER FREQ control. If necessary, adiust the DISP CAL

to calibrate the display. Note the displacement of the 9th

marker at the 9th graticule line.

e. Remove the Time-Mark Generator signals and apply
the 1 MHz CAL MARKERS OUT signal to the RF INPUT. Ad-
just the GAIN control, if required, for a satisfactory 1 MHz
marker amplitude and turn the RF CENTER FREQ control
to align the tunable markers with the fixed markers.

f. Check the frequency of the Internal Reference oscil-
lator by aligning the 1st marker with the st graticule line
and noting the displacement of the 9th marker from the
9th graticule line. There should be no noticeable difference
in the position. of the marker from the position noted in
step e.

g. Remove the cable between the 1 MHz CAL MARKERS
OUT connectors and the RF INPUT connector. Turn the INT
1 MHz REF FREQ switch to the OFF position.

7. Check Dynamic Range of Vertical Display
Modes

a. Requirement—THe dynamic range -of the screen for the
three display modes is as follows:

UN > 26dB
LOG > 40dB
SQ LAW > 13dB

b. Apply a 200 MHz signal (below —40dBm) from a
VHF Signal Generator that has a calibrated variable out-
put attenuator, to the RF INPUT connector.

¢. Adjust the GAIN control and the variable dttenuator
of the Signal Generator for a display amplitude of 6 cm.
(Full screen.)

d. Increase the output attenuation of the VHF Signal
Generator until the signal is just visible {about 0.5 mm) on
the display. Note the difference in the attenuator read-
ings between the full screen display and the 0.5mm .am-
plitude reading. This is the dynamic range.

e. Check the dynamic range of each VERTICAL DISPLAY
switch position. Must equal or exceed the ranges listed in
step a.

f. Return the VERTICAL DISPLAY switch to the LIN posi-
tion. :

8. Check Accura.cy of IF ATTEN dB Selectors

a. Requirement—Accuracy of the IF ATTEN selectors is
within 3=0.1 dB/dB of their indicated positions.

b. Apply a 200 MHz signal from the signal generator
that is 10 dB below 1 mV, through a 2X Attenuator (6 dB), a
Tens and Units Step Attenuator and a 10X Attenuator (20 dB)
to the Type 1L30 RF INPUT connector. (Fig. 5-5.)

c. Set the Tens Attenuator for 20 dB attenuation and the”

Units Attenuator for 12 dB attenuation.

5-5
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200 MHz

Signa! Generator

Step Atten.

-10dBm 2X Atten,
- TENS
6dB 20de

Step Atten. 10X Atten. Type 1L30
Units
(Input, -68dBm)

12dB 20dB

Fig. 5-5. Equipment setup to check attenuator accuracy.

d. Adjust the GAIN control for a signal amplitude of
4 cm on the plug-in oscilloscope screen,

e. Check the accuracy of the IF ATTEN dB selectors as
follows: .

1. Switch the Type 1L30 1dB attenuator switch to
ON and switch out 1dB of attenuation through the units
Step Attenuator.

2. Check the display amplitude. Must equal 4cm,
+0.5mm (.1 dB/dB}.

3. Switch the Type 1L30 IF ATTEN switch to OFF posi-
fion, then check the remaining IF ATTEN switch steps
as directed in Table 5-3a.

TABLE 5-3a
Spectrum Analyzer Step

IF ATTEN Switch | Attenuators | Signal Amplitude
On Units | Tens Limits (.1 dB/dB)
1dB 1 20 3.95cm to 4.05cm

2dB 10 20 3%9cm to 41 cm

4dB 8 20 3.8cm to 4.2cm

. 8dB 4 | 20 | 3.6cm to 44cm

16 dB 6 10 32cm to 48cm
20 dB 2 10 295cm to 505cm

The 1 and 2 dB measurements are very difficult, because
of signal stability and the noise level. For these small sig-
nal levels, the square law mode may be used to expand the
screen changes for the same level change by the square
power as listed in Table 5-3b.

TABLE 5-3b
dB 1 2 4 8 16 20
Signal 395 | 39 3.6 32 22 17
Amplitude to to to to to to
limits 405 | 41 4.4 48 58 63

An alternate method which is not as accurate but is suf-
ficient for most applications is as follows:

1. Apply a 200 MHz signal (ot 60dB below 1mW, as
shown on the Attenuator dial} from the Signal Generator to
the 7 INPUT connector. Adjust the Spectrum Analyzer GAIN
contral for a signal amplitude of 5cm.

5.4,

2. Switch the 1dB IF ATTEN switch on and adjust the
Signal Generator output attenuator control to return the
signal amplitude to 5cm.

3. Check the new reading of the attenuator dial. Should
read —59 dBm 0.1 dBm.

4. Turn the 1dB IF ATTEN switch to OFF. Check the re-
mainder of the IF ATTEN selector steps as directed in
Table 5-3c.

TABLE 5-3c
Spectrum Analyzer RF Generator Attenuator
IF ATTEN switch on Control Setting
2dB —58 dBm +.2 dBm
4dB —56 dBm +.4 dBm
8dB —52dBm +.8dBm
16 dB —44 dBm 1.6 dBm
20dB —40dBm #+2.0dBm

9. Check Attenuation Range of GAIN Control

a. Requirement—The attenuation range of the GAIN con-
trol should equal or exceed 50.dB.

b. With the 200 MHz IF feedthrough signal applied as
directed in step 7 and the GAIN control turned fully counter-
clockwise, adjust the Signal Generator Variable Atftenuator
control for a signal amplitude of 6 cm. Note the Attenuator
reading in dBm.

c. Increase the Signal .Generator output attenuation by
50 dB. Turn the GAIN control fully clockwise.

d. Check—Signal amplitude must equal or exceed 6 cm.
{Range >50dB.) If the range does not meet this requirement,
recheck the adjusiment of the Narrow Band IF, as described
in the Calibration section.

10. Check Signal Amplitude at TO RECORDER
Connector

a. Requirement-—Signal amplitude at the TO RECORDER
output connector with a full screen display (6 cm) should
measure between 12mV and 20mV when the output is
terminated into @ 600 ohm load.

b. Set the front panel controls as follows:

®




POS Position the trace to Ihe
bottom line of the grali-
: cule
DISPERSION RANGE MHz/CM
DISPERSION 1 MHz/em
RESOLUTION "Uncoupled fully clockwise
VIDEO FILTER Off
VERTICAL DISPLAY LIN

c. Plug the special phone plug, with the 600Q load re-
sistor across the output, into the TO RECORDER jack. Con-
nect the Vertical Input of the test oscilloscope through a
1 X probe, across the 600 Q load resistor.

d.- Check—Signal amplitude at the TO RECORDER con-
nector across the 600 Q load should measure between 12 mV
and 20 mV with a full screen signal display.

e. Disconnect the test oscilloscope probe and remove the
test phone plug.

. Check Video Frequency Response

a. Requirement—Video frequency response is <16 Hz to
>10 MHz.-

b. Apply a 50kHz signal from the Constant Amplitude
(Type 191) Signal Generator through a coaxial cable,
T connector and a 50 Q termination, to the Video INPUT
connector on the Type 1L30.

c. Monitor the input signal amplitude to the Type 1L30
by connecting a DC coupled test oscilloscope to the open
end of the T connector.

d. Switch the VERTICAL DISPLAY selector to the VIDEO
position, turn the GAIN control fully clockwise and adjust the
. Signal Generator output control for a signal amplitude of

4cm on the analyzer plug-in oscilloscope. Adjust the test

oscilloscope vertical gain to establish a signal reference
amplitude of 4 divisions.

e. Increase the frequency of the Signal Cenerator (main-
tain a constant input amplitude] until the signal amplitude on
the plug-in oscilloscope decreases to 2.8 cm (—3dB point).

£ Check the input signal frequency. Must equal or exceed
10 MHz.

g. Disconnect the Constant Amplitude Signal Generator
and apply the signal from an Audio Signal Generator to
the Type 1L30 Video INPUT. -

. h. Set the frequency of the Audio Signal Generator to
50 kHz and adjust its output for the reference 4 cm signal
amplitude.

i. Decrease the generator frequency [maintaining a con-
~ stant input amplitude) until the signal display on the analyzer
oscilloscope screen is again 2.8 cm.

i. Check the input signal frequency. Must equal or be less
than 16 Hz. Remove the signal to the Type 1L30 Video IN:
PUT and the test oscilloscope.

12. Check Incidental Frequency Medulation

a. Requirement—With the DISPERSION RANGE switch at
the kHz/CM position, the IF incidental FM should not exceed

©
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200 Hz. The incidental FM of the local oscillator plus the
IF incidental FM with phase lock must not exceed 300 Hz.

NOTE

Signal source must supply a very stable signal to
accurately measure this performance and the Type
1L30 and plug-in oscilloscope must be on a stable,
vibration-free platform.

b. Set the DISPERSION RANGE switch to kHz/CM, the
DISPERSION to 500 kMHz/cm and the VERTICAL DISPLAY to

‘the LIN position. Set the Time/Cm to 50 ms or slower.

c. Apply a 200 MHz signal from the Time-Mark Gener-

‘ator through a 20 dB attenuator to the RF INPUT connector.

Center the iF feedthrough signal on the screen.

d. Change the DISPERSION-COUPLED RESOLUTION to
1 kHz/em. Adjust, if required, the IF CENTER FREQ control
to keep the signal centered on the screen.

e. Adjust the GAIN control for 6 cm signal amplitude.,

f. Check the amount of signal frequency modulation at

the steepest.slope of the signal response {see Fig. 5-6). Inci- -

dental FM is displayed as short term horizontal jitter. Dis-
regard long term horizontal drift, Must not exceed 2mm
(<200 MHz).

+
r
L
I

»

Fig. 5-6. Typical display showing incidental frequency modulahon
Measure the horizontal displacament of the signal at lhe most ver-
tical slope or the signal.

g. Change the DISPERSION to 100 kHz/cm and move the
IF feedthrough signal off screen with the IF CENTER FREQ
control. Adjust the RF CENTER FREQ controls to center ‘a
a tunable 5|gna| on screen.

h. Turn the INT 1 MHz REF FREQ on and phase lock the
display. Adjust the MIXER PEAKING for maximum signal
amplitude.

i. Decrease the DISPERSION to 1kHz/cm, keeping the
phase locked signal on screen by adjusting the IF CENTER
FREQ controls,

j. Check the frequency modulation in the display. Must
not excead 3 mm (300 Hz).

5-7
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k. Return the DISPERSION-COUPLED RESOLUTION con-
trols to 500 kHz/cm position.

13. Check Display Flatness

a. Requirement—Display flatness with the IF CENTER
FREQ controls centered, is ==1.5 dB within + and — 50 MHz
of the RF center frequency.

b. Set the front panel controls as follows:

DISPERSION RANGE MHz/CM
DISPERSION 5MHz/cm
VERTICAL DISPLAY LIN

IF CENTER FREQ Centered (000)
IF ATTEN dB 20 dB
Time/Cm 5ms

c. Apply the required signal frequency listed in Table
5-4, from the Signal Generator through a 20 dB attenuator
(Part No. 011-0086-00) to the RF INPUT connector.

d. Tune the RF CENTER FREQ control to the frequency -

listed in Table 5-4, then adjust the Signal Generator output
control until a signal is visible on the CRT.

e. Adjust the MIXER PEAKING control for optimum sig-
nal amplitude then adjust the Type 1L30 .GAIN control and
the generator output for a signal amplitude of 5cm, Re-
peat this procedure each time the generator frequency is
changed.

f. Check the display flatness by tuning the signal across
the screen {from left to right edge) with the RF CENTER FREQ
control. Signal amplitude should not change more than +=1.5
dB from the average amplitude, or 3 dB total.

NOTE

There is a possibility that the reference 5 cm signal
amplitude adjustment was set at the maximum or
minimum response point of the dispersion window.
Use the average signal amplitude over the disper-
sion window as the reference.

TABLE 5-4

Applied or Signal

RF Center Frequency . Generator Frequency

14. Check RF Center Frequency Calilratian,

System Sensitivity and Phase Lock
Operation

a. Requirement—Dial accuracy within == {2 MHz +1% of
the dial reading); sensitivity within that specified in Table
5-5; phase lock operates through all frequc-“cy ranges.

b. Apply a fre']uency and cmplnude calibrated  signal,
between —é0 dBm and —30 dBm, to the RF INPUT cor Jector.

NOTE

If an external attenuator is used, it must have flat

" high frequency characteristics: Use Tekironix 2C d8
RF Attenuator Part No. 011-0086-00 or 40 dB
Attenuator Part Ne. 011-0087-00.

c. Set the DISPERSION control to 500 kHz/cm and the
RESOLUTION control for a resolution bandwidth of 100 kiHz
{fully clockwise).

d. Adjust the GAIN control for an average noise ampli-
tude of one division. Center the IF CENTER FREQ and FINE
RF CENTER FREQ controls. Adjust the MIXER PEAKING for
maximum signal amplitude.

e. Tune the signal on the screen with the RF CENTER FREQ
control. Reduce the signal amplitude with the Signa! Gener-
ator output attenuator control for an on-screen display; then
re-adjust the MIXER PEAKING control and sweep rtale for
optimum signal amplitude. (Sweep rate approximately 10
ms/cm or slower.)

f. Calibrate the Signal Generator output, then cdjust the
variable output attenuator control on the Signal Generater
until the signal omplitude is two divisions {twice the noise

amplitude). See Fig. 5-7.

1450 MHz - 1550 MHz (Scale 1) 1500 MHz

1950 MHz - 2050 MHz (Scale 1) 2000 MHz 2 Neise

2450 MHz - 2550 MHz (Scale 2} 2500 MHz

2950 MHz - 3050 MHz {Scole 2) 3000 MHz Fig. 5-7. Signal to noise ratio for measuiring sensitivity,
_3450 MHz - 3550 MHz (Scale 2) - 3500 MHz ‘ ) )

g. Check the total signal attenuation (in dB) below 0

4200 MHz - 4300 MHz (Scale 3) 4500 MHz dBm as indicated on the Signal Gererator attenuctor dial.

) 4750 MHz - 4850 MHz (Scole 4) 4800 MHz This is the sensitivily of the analyzer for the RF centar fre-

5750 MHz - 5850 MHz (Scale 4)
6750 MHz.~ 6850 MHz (Scale 5]

5800 MHz
6800 MHz
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quency indicated. Check the onol)/zor sensitivity thiough the
band as listed in Table '5-5 under 100 kHz roscoh
itivity can also be checked for 1 kHz resolution, oVET, !
very stable signal source is requnred cf the h[ghe« frequencies,
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NOTE

Cable losses for frequencies of 10 GHz and higher
become significant and must be added for correct
sensitivity measurements. Add 3 dB ot 10 GHz in-
creasing to 5 dB at 12.4 GHz for a 6 foot, RG-
98/U cable between the signal source and the RF
INPUT.

i5. Check Presence of Spurious Signals

a. Requirement—Spurious signals from internal source
should not exceed 23X the noise level. Resolution >>100 kHz.

b. Connect a 50 Q termination to the RF INPUT connec-
tor,

Performanice Check—Type 1130

“c. Set the DISPERSION RANGE to kHz/CM, the DISPER.
SION to 500 kHz/cm and the RESOLUTION control fully
clockwise (100 kHz).

d. Adjust the GAIN control for an average noise ampli-
tude of 0.5cm, then tune the RF CENTER FREQ control over
the band; checking thdt there are no spurious signals that
exceed 1 cm in amplitude. (2X average noise level) .

NOTE

If excessive spurious signals are present, refer to
the Calibration procedure,

This concludes the performance check for the Type 1L30,
i the instrument has met all checks, it is ready to operate
and will perform to specifications listed in-Section 1.

TABLE 5-5
Minimum Sensitivity?
Suggested? RF Center Dial 100 kHz 1 kHz Dial Accur-
Signal Gen. |Freq. in MHz| Scale Resolution{ Resolution acy check
Type 8614A 925 - i —85dBm | —105dBm 100 MHz
1500 steps
Type 8616A 1940-2050°
1940-2050° 2 —80 dBm | —100dBm 1000 MHz
3000 steps
4100
4100 - 3 —75dBm —95 dBm 1000 MHz*
Type 1107 5000
6250
6200 4 —70dBm | —90dBm
7000 ‘
Type 1108 8400
8300 5 —55dBm —75dBm
9000
10500

‘Refer to  equipment list for Calibration.

Signal 4+ Noise = 2>X Noise amplitude.

*The tuning range will vary between instruments. The upper frequency limit on scalel must be above

the fowest frequency limit on scale 2.

“There is no need to check dial accuracy for these scales because they are multiples of scale 1 and 2.
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Type 1479

Change information, if any, affecting this section will be found at the

rear of the manual,

Introduction

This spectrum analyzer is a stable laboratory instrument
which sfiould not require frequent calibration. Its perform-
ance should be checked as directed in Secticn 5, approx-
imately every 500 hours of operation or every six months
if used intermittently. This will assure proper operation or
indicate the section of the instrument that needs recalibration.

This calibration procedure is arranged in a sequence which
will allow the instrument to be checked and calibrated with
the least inferaction of adjustments and reconnecting of
test equipment. A single step can usually be performed,
provided interaction between steps and adjustments is con-
sidered.

NOTE

local oscillator and dial calibration procedures
plus wide band amptifier and low pass filter ad-
justments are included in this procedure; these steps
should only he performed by quulified personnel,
or if the instrument cannot be returned to your Tek-
tronix field office or representative.

Recommended Equipment

The equipment used fo calibrate the Type TL30 is listed"

in two groups. Group one includes basic cquipment re-
quired to check and calibrate the Type 1130 except the
sensitivity and response flatness.

Group two is composed of additional equipment required
to perform a complete check and calibration on the filters in
the honeycomb section, and the calibration of the RF section.

The calibration of the honeycomb, local oscillator - and

mixer sections is complex and requires special skills and’

equipment. We recommend the unit be returned to Tektronix
for recalibration.

Minimum specifications are listed in the procedure so the
Type 1130 may be calibrated to the accuracies listed in
the Characteristics section. If substitute equipment is used,
it must meet or exceed the specifications of the recommend-
ed equipment. Proper dial and equipment setup of the sub-
stitute equipment must be determined by the user. Signal
‘generator should be stable and relatively free of distortion

Group One

1. Plug-In Oscilloscope. Oscilloscope with a 6.cm vertical
height that will accept the Type 1L30 Spectrum Analyzer.
This -oscilloscope should be the oscilloscope the Type 1130
being calibrated, will normally be wused with. The front
panel adjustments will require readjustment if the analyzer

is changed to arother oscilloscope. A Type 5458 Oscillo-
scope is used in this procedure.

2. Test Oscilloscope and Vertical Plug-In unit with both

~the 1X and 10X probes; minimum sensitivity .005V/cm;

frequency response DC to 30 MHz. Tektronix 540-series Oscil-
loscope with Type 1Al ‘Plug-in Unit and Tektronix P6010
(10X) and P6011 (1X] test probes.

3. Time-Mark Generator. Marker outputs, .5s to .1 us and
frequency outputs of 20 MHz, 50 MHz and 100 MHz; accuracy
0.001%.. Tektronix Type 184 Time-Mark Generator.

4. Audio Signal Generator: Frequency range 10Hz to
1 MHz, varigble output amplitude to at least 10 volts peak
to peak, accuracy #+=3%. General Radio Model 1310A or
Hewlett-Packard Model 241A.

5. VHF Signal Generator: Frequency range 10 MHz to 400

MHz, accuracy 1%, calibrated variable output attenuator
0 to —120dBm. Hewlett-Packard Model 608D.

é. Constant Amplitude Signal Generator. 1 MHz to 10
MHz, output amplitude 1V to 5V peak to peak. Tektronix
Type 191 Constant Amplitude Signal Generator.

7. Step Attenuators; 1 dB steps and 10 dB steps, accuracy
+19,. Hewlett-Packard Type 355D and Type 355C Step

Attenuators.

8. |Optional.) Swept-Frequency Generator; frequency range
130 MHz to 280 MHz, with amplitude variation <0.25dB.
Kay Type 122C Sweep Generator. May be used to check IF
bandpass response flatness. :

9. (Optional.} Harmonic Modulator: Tektronix Calibration
Fixture 067-0518-00. Required if the Type 184 is not available.
Use to modulate the IF feedthrough {200 MHz) with frequency

markers.

10. DC Voltmeter; 0 to 10V, sensitivity 20,000 Q/V, ac-
curacy #3%. Simpson Model 262 or Triplett Model 630-PL.

11. Two (2) 10:1 Attenuators: Tektronix Part No. 011-0059-
00. :

112, 2.1 Attenuator: Tektronix Part No. 011-0069-00.
13. 20 d3 RF Attenuator, Tekironix Part No. 011-0086-00.

14. Termination, 50 Q, BNC; Tektronix Part No. 011-0049-
00. ' o

15. BNC T connector; Tekironix Part No. 103-0030-00.

16. Adapter, GR to N male; Tektronix Part No. 017-0021-
00.

17. Adapter, GR to BNC female, Tektronix Part No. 017-
0063-00. N :

6-1
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Fig. 6-1A. Test equipment required for calibration.
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Calibration—Type 1L30

Fig. 6-2. Recommended test equipment to check dial calibration, analyzer sensitivity and response flatness.

18. Adapter, BNC female to N male; Tektronix Part No.
103-0045-00.

19. Miniature phone plug with 600Q load. (Test fixture
to check TO RECORDER signal amplitude.} Consist of a 600 Q
5% Y watt resistor, soldered across a miniature phone plug.

" 20. Two (2) adapters. Sealectro to GR: Type P6040 probe
cable, Part No. 010-0133-00; or Sealectro to BNC, Type
P6041 probe; Part No. 010-0164-00.:

21. Two (2} BNC, coaxial cables, 50 Q. Tektronix Part No.
012-0057-01. '

22. Patch cord with BNC to banana plug tips; Tektronix
Part No. 012-0091-00.

23. Flexible Cable Plug-In Extension; Tektronix Part No.
012-0038-00.

24, Adiusting tools:

a. Screwdriver, ¥, blade, 3 inch shaft  003-0192-00
b. Tuning tool
Handle 003-0307-00
Insert for %/, (D) hex cores 003-0310-00

¢. Low capacitance screwdriver, '/, inch  003-0209-00
by 8 inch fiber rod with screwdriver

shaped ends

Group Two

RF Signal Generators with calibrated frequency and out-
put power: Frequency range 925MHz to 10,500 MHz, ac-
curacy =*1%; output power —100 dBm to —30 dBm; output
impedance 50 Q. Suggested equipment:

Hewlett-Packard 8614A UHF signal g.enerator, 800 MHz
to 2400 MHz.

Hewlett-Packard 8616A UHF signal generator, 1800 MHz
to 4500 MHz.

Polarad Type 1107 Microwave signal generator 3.8 GHz
to 8.2 GHz.

Polarad Tyype 1108 Microwave signal generator 6.95 GHz
to 11.0 GHz.




CALIBRATION RECORD AND INDEX -

This “abridged Calibration Procedure provides a record
of the instrument’s performance. It also serves as a ready

index to specific calibration steps.

An experienced cali-

brator may use this as a calibration ‘guide, referring to the
detailed procedure only- when necessary. The listed char-
acteristics are. the same as the requirements listed in the
complete procedure:

Type 1L30, Serial No, .

Calibration Date

Calibrator

t

1. Adjust Center Frequency

. Check Dispersion Accuracy of MHz/CM

4. Adjust IF Amplifier Response

5. Adjust Resolﬁrion Bandwidth

Page 6-7

Apply @ 200 MHz signal to the RF INPUT connector
and adjust the GAIN for a 5cm signal amplitude.
Set the DISPERSION RANGE to MHz/CM position.
Adjust the Center Freq Cal R253, for minimum signal
shift as the DISPERSION selector is switched through
the MHz/CM range. Adjust the Sweep Center R204

to position the 200 MHz IF feedthrough signal to the:

display center.

. Adjust Frequency Dispersion and Linearity Page 6-8

Apply 10ns and .1 us maerkers from the Time-Mark
Generctor to the RF INPUT connector. Adjust the
Disp Cal R208 for dispersion accuracy and C358 for

dispersion linearity with the Type 1L30 Dispersion

set to 10 MHz/CM.

Page 6-9
Ranges and IF CENTER FREQ controls

Check the dispersion accuracy for each MHz/CM
position of the DISPERSION selector as listed: in
Table &-1. Check the range, dispersion accuracy
and linearity through the frequency range of the
IF CENTER FREQ controls.

Page 6-10

_ Apply a 200 MHz signal to_the RF INPUT connector.
‘Adjust L144, T464, T454, C435 and C425 in the order -

listed for maximum signal response. Adjust 1444
midway between the 70MHz oscillator dropout
points.

Connect the test oscilloscope probe to pin B of the
honeycomb assembly. Adjust €504 and C508 for
optimum display symmetry. on the test oscilloscope.
Adjust the bandpass of the 5 MHz filter by adjusting
Resol Cal R543, €610, C420 and Lé24 for optimum
symmetry and correct bandpass of the display on the
plug-in  oscilloscope. Resolution

the RESOLUTION control fully clockwise and must
decrease for each switch pusition counterclockwise
until the bandwidth is equal to or less than 1kHz
with the RESOLUTION control in the fully counter-
clockwise position. ' .

Page 6-10

bandwidth  must’
equal or exceed 100 kHz, at the —6dB point, with.

D 10.

12

. Adjust kHz/CM Dispersion

. Check Dispersion Accuracy for kHz/CM

. Adjust Avalanche Voltage and Internal

. Check Attenuation Range of IF GAIN

Calibration—Type . 1L30

Page 6-13

Apply 10ns and 1 pus marker from the Time-Mark
Generator to the RE INPUT connector. Set the DIS-
PERSION to 500 kHz/cm. Preset the DISPERSION
BAL to its centered position. Adjust C384 and C385
simultaneously in opposite directions for 1 marker/
2 centimeters. - Adjust kHz/cm Cal R368, for optimum
dispersion linearity. . '

Page 6-14
Range

Check dispersion accuracy through the + and —
2.5MHz range of the IF CENTER FREQUENCY at
each DISPERSION selector position listed in Table
6-2. Accuracy must remain within ==3% over the
center 8 divisions of the graticule.

Page 6-15
1 MHz Reference Oscillator

Set the INT 1 MHz REF FREQ selector to the EXT REF
FREQ position, push the LOCK CHECK button and
adjust the Avalanche Volts R831 to a position approx- -
imately Vg turn back from the free-running avalanche

position. Adjust L804 so the oscillator starts with
minimum delay when the INT REF FREQ switch is
switched from the EXT REF FREQ position to the INT
REF FREQ position. Check for phase lock beat signals
through the frequency range of the RF CENTER FRE-
QUENCY. Check for proper operation with an exter-
nal reference signal applied.

. Check Accuracy of IF ATTEN dB Selectors Page 61,

Apply a signal through calibrated attenuators and
within the frequency range of the instrument to the
RF INPUT connector. Check the accuracy of each
IF ATTEN dB selector. See Table 6-3. Accuracy
must equal or exceed 0.1 dB/dB of attenuation.

Check Dynamic Range of Vertical Display Page 6-18
Modes '

Dynamic range of the 6 cm screen is as follows: LIN
> 26dB, LOG > 40dB and SQ LAW > 13d8B.

Page 6-18
Control -

Range of the IF GAIN control must equal or exceed
50 dB.

Check Signal Amplitude at RECORDER Page 6-18 )
Cutput Jack

With the VERTICAL DISPLAY selector in the LIN
position, the signa! amplitude to the RECORDER
connector when terminated into a 600 Q load should
equal or exceed 2 mV/cm of displayed signal ampli-
tude. : o

6-5
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[] 13. Check Video Filter Operation Page 6-19

With a sweep time of 5ms/cm or faster and the RE-

SOLUTION control one step back from the fully
clockwise position, the VIDEQ FILTER should distort
a 200 MHz IF feedthrough signal.

[] 14. Check Frequency Response of Video Circuit Page 6-20
Frequency range < 16Hz to > 50 kHz.

[ 15. Check Incidental Frequency Modulation  Page 6-22

Incidental FM for a 200 MHz IF feedthrough signal
should not exceed 200Hz. Incidental FM for a
tunable or converted signal (IF 4 Local Oscillator)
in phase lock condition should not exceed 300 Hz.

[ 16. Adjust RF Mixer Page 6-24

Apply a 100 MHz signal to the RF INPUT connector.
Adjust MIXER PEAKING for optimum signal ampli-
tude, then adjust C68 for optimum response and flat-
ness across the dispersion window.

[J 17. Adjust Wide Band Amplifier Response
and Check System Response Flatness

Page 6-24

Apply a 65MHz signal (—60 dBm) to J120. Adjust
L147 for minimum response to the signal. Recon-
nect the coaxial cable from J109 to J120. Apply an

amplitude calibrated signal that is approximately .

—50 dBm, within the frequency range of the analyzer
to the RF INPUT. Check the response flatness over the
100 MHz dispersion window. Response flatness must
remain within #=1.5dB over the dispersion window.

[] 18. Check RF Center Frequency Calibration, Page 6-27
System Sensmvny and Phase Lock Opercmon

Apply 5|gnal frequencies that are ||sted in Table 6-6
to the RF INPUT. Check the dial accuracy and the

analyzer sensitivtiy over, the .frequency range. Ac
curacy must remain within (22 MHz + 1% of the
dial reading). Check sensitivity with the RESOLU-
TION control fully clockwise.

Scale 1 —105 dBm
Scale 2 —100 dBm
Scale 3 —95dBm
Scale 4 —90 dBm
Scale 5 —75dBm

Check phase lock operation through the frequency
range of each band.

3 19. Check Amplitude of Spurious Signals
* and " Adjust Mixer Balance

Connect a 50 Q termination to the RF INPUT con-
nector. Check through the frequency range of each
band for spurious sngnols from internal sources. Must
not exceed 2X noise amplitude.

Preliminary Procedure

Determine the output amplitude of the sawtooth from the
associated oscilloscope from Table 2-1 or the instruction
manual for the oscilloscope, then position the slide switch

- SW201 (on the rear panel) to the appropriate position, Con-
nect the Type 1L30 Spectrum Analyzer through a flexible

extension (Part No. 012-0038-00) to the J11 connector of the
oscilloscope plug-in compartment. Connect a patch cord
from the oscilloscope Sawtooth Qut connector to the An-
alyzer SWEEP INPUT connector.

Connect the oscilloscope to a suitable power source, turn
the power on, dnd allow 20 minutes warm-up time af an
ambient temperature of (25° C =-5° C) before making ad-
justments or checking -the instrument to glven accuracies.
Adjust the oscilloscope contro!s for a free running, 10 ms/cm
sweep.

NOTES

Page 6-29

6-5.
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Test
Oscilloscope
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Square Pin Connector

Honeycomb Assembly

Analyzer
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Fig. 6-3. Equipment setup to calibrate dispersion and resclution (steps 1, 2 and 3).

SWEEP CIRCUIT

Type 1130

POS

{F CENTER FREQ

Position a free running
trace to the bottom
line of the graticule

Midrange (000)

FINE - Centered
CAL (Adjustment) Centered
DIS CAL Centered
(Adjustment)
DISPERSION RANGE MHz/CM
DISPERSION 10 MHz
VIDEQO FILTER OFF
GAIN Midrange
VERTICAL DISPLAY LIN
IF ATTEN -~ Switches off
FINE RF CENTER FREQ Centered
INT. 1 MHz REF FREQ OFF )
MIXER PEAKING Fully cew
Oscilloscope
Time/Cm 10 ms
Triggering Acjusted for a free

Horizontal Position

running: sweep
Centered trace

1. Adjust Center Fregyuency o
a. Equipment setup is shown in Fig. 6-3. .

b. Connect the probe =f a DC coupled test oscilloscope
to chassis ground on the lype 1L30. Establish OV reference
level on the tfest oscilloscope, then connect the probe to
pin P of the square pin connecior for the honeycomb as-
sembly.

c. Adjust the IF CF Range R290 (see Fig. 6-4) for 0.75 volts

+0.1V of trace deflection on the test oscilloscope.  »
d. Disconnect the probe from pin P of the connector.

e. Apply a 200 MHz signal from the Time-Mark Genera-
tor (harmonic of 10ns marker) through a 20 dB aftenuator
to the RF INPUT connector. ;

. . Adjust the GAIN comrol‘for. a display signal ampli-
tude of approximately 4cm. Tune the RF CENTER FREQ

. control to minimize converted signal interference. The 200

MHz IF feed-through sigual should be relatively free of
spurious signal interference.

g. Adjust the Center Freq Cal R253 (Fig. 6-4) for mini-
mum IF signal shift as tha DISPERSIOM selector is switched
between the 10 MHz ond .2MHz positions. The DISPER-
SION RANGE switch must be in the MHz/CM position for
this adjustment.

h. Return the DISPERSION selector to the 10 MMz posi-
tion and -adjust the Horizontal -Position control to- center
the sweep on the graticule.

&7
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Fig. 6-4. Location of sweeper and discriminator adjustments, :
i. Adjust the Sweep Center R204 (Fig. 6-4} to position ! SRS
_the 200 MHz signal ot the giaticule center line. B. 1 marker/2 centimeters (5% erfor)

2. Adjust Frequency Dispersion and Linearity @

Dispersion accuracy is a measure of the frequency dis-
persion error within 8 centimefers of a 10 centimeter dis-
play. It is measured by positioning a frequency marker
on the Ist graticule line, then noting the frequency error
as the distance the respective marker is displaced from the
9th graticule line. See Fig. 6-5.

Linearity error is the measured distance that any frequency
maorker is displaced from-its respective graticule line when
compared over an 8 centimeter display. See Fig. 6-6.

Dispersion accuracy and the display linearity for the Type
1L30 is o function of the RF cutput amplitude, circuit con-
stants, etc. DISP CAL adjustiment R208 primarily affects the
dispersion accuracy and C358 (10 MHz/CM Linearity) the
linearity. If these two adjustment will not calibrate the
dispersion to specifications the following techniques may
be tried.

Shift the sweep oscillator RF output voltage to a new
level. (Output voltage leve! must remain within —0.7 to
1.0 volt) If the level is changed, the Center Freq Range
adjustment (step 1) must be repeated.

Interchange Q310, Q340 and Q350. The slight differences
between the transistor parameters will have some effect
on display linearity. Interchanging the discriminator cables
{(W375 and W370) with another length is also a possible
correction.  Changing these transistors or cables is only
recommended after new transistors have been installed or
components have been changed and linearity cannot be
obtoined by other means.

a. Equipment sztup is shown in Fig, 6-3.

Fig. 6-5. Typical dispersion accuracy displays (step 2}.

b. Apply .1us and 10ns markers from the Time-Mark
Generator (Type 184) through a 20dB attenuator to the
RF INPUT connector. Set the VERTICAL DISPLAY switch to
LOG position.

NOTE

More than one set of 1 MHz markers may appear
in the display. To avoid confusion, tune the RF
center frequency with the RF CENTER FREQ and
FINE FREQ controls to align the tunable markers
with the fixed (IF feedthrough) markers.

c. Adjust the GAIN control for a display amplitude of
approximately 3 to 4 centimeters. See Fig. 6-5. Set the
Oscilloscope Source switch to Line and adjust the Level
control for a triggered display.

d. Adjust the DISP CAL R208 for a 1 marker/centimeter
over the center 8 graticule divisions, then adjust C358 (Fig.
6-4) for optimum display linearity.

e. Repeat the adjustment of R208 and C358 unti! opti-
mum dispersion accuracy and linearity has been achieved.
If the dispersion linearity is not within tolerance, a slight
re-adjustment of R290 and the Center Freq Range R253
adjustments. may be required. Monitor the voltage at pin
P of the honeycomb square pin connector with the test
oscilloscope to keep the RF voltage amplitude within 0.7
to 1.0 volt.
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Fig. 6-6. Linearity measurement.

3. Check Dispersion Accuracy of MHz/CM
Ranges and Range of IF CENTER FREQ

Control

a. Test equipment setup is given in step 2.

”
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b. Center the IF CENTER FREQ controls. .

c. Check the dispersion occuracy for the #Hz/CM set
ting of the DISPERSION selector as listed in Table 6-1. The
Horizontal Position control ‘or the IF CEMNIER FREQ control
may be used to align the prime markers to the graficule
divisions. The RESOLUTION control should remain in the
coupled position as the DISPERSION selection is decreasad
and the sweep rate should be reduced to optimize marker
definition.

d. Check the frequency range, dispersion accuracy and
linearity over the IF CENTER FREQ control range in the 5, 2,
1, .5 and .2 MHz positions of the DISPERSION selector. See
Fig. 6-5. :

Range of the control should be equal or exceed + and
— 25MHz from its centered position. It is checked by
rotating the control to both extreme positions from center,
and noting the frequency shift of the .1 us or 10 MHz mark-
ers as the control is rotated. Dispersion accuracy and dis-
play linearity must remain within the listed specifications of
Table 6-1 to the 4 and — 25 MHz positions.

e. Center the IF CENTER FREQ control. Set the DISPER-
SION control to .1 MHz position.
markers from the Time-Mark Generator.

f. Check—The range of the FINE IF CENTER FREQ con-
trol Must equal or exceed + and — 1 MHz,

TABLE 6-1
DISPERSION Allowable Supplementary
Position Marker Selector | Markers/Cm Error Notes
10 MHz 10ns and .1 ps 1 +3% Dispersion over 100 MHz
with the IF CENTER FREQ
- : control (000).
5 MHz 10ns and .1 ps 1 marker/2 +3%
centimeters Over the range of the
2 MH 10 d 5 1 359 IF CENTER FREQ control
i 10"5 °"d : e ] +74 (<25 MHz). Display lin-
z ns and " ps — earity over a 10 centi-
.5 MHz 10ns and 1 us 1 mgrker/? +10% meter display must be
centimeters within =+=3%.
2 MHz 10ns and 5 pus 1 +15%
. NOTES

Apply 10ns and 1 ps
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Calibration—Type 1L30

Pin B of the square
pin connector for
icu. Honeycomb Assembly b

%
e A et A e ot 5 g eyl

10X Probe -
Two 20 dB Attenuvators

Fig. 6-7. Equipment setup to adjust the IF amplifier reponse and the resoluticn badwidih (siepe 4 und 5},

Type 1L30 b. Apply a 200 MHz signal {rom the Time-Mark Gen-
POS : Posifi f . erator (2nd harmonic of the 10 s marker) through o 40dB
_ o:mon a t;'.ee brunnlng aitenuator {two 10X attenuotors; o either RF INPUT con-
: : l{:eceoftoihe egrc(iitzlrz nector.
IF CENTER FREQ Midrange , NOTE
FINE Centered I This 200 MHz signal may be applied through «
DISPERSION RANGE kHz/CM P6040 probe cable adapier to the Sealectro con-
DISPERSION 100 kHz/em nector J100, on the wide kandpass filter assem-
RESOLUTION Fully clockwise bly.
VIDEO FILTER OFF c. Turn the GAIN control fully clockwise and switch in
GAIN Fully clockwise the requir?d IF Attenuation to reduce the signal amplitude
VERTICAL DISPLAY LN ) to approximately 4 cm.
IF ATTEN As required ‘ d. Adjust L144 (wide band cmplifier) and T464, T454,
FINE RF CENTER FREQ Centered C435, C425 (ngrrow t;cmd IF emplitier} Fig. 6-8, in the order
INT 1 MHz REF FREQ OFF listed for maximum signal emplitude.
" MIXER PEAKING Fully cew e. Adjust L444 for stable 70 AiHz oscillator operction.
This is usually midway betwzen the two oscillator drop
Plug-In Oscilloscope out points as the core is furned in and out through the
Time/C ' 10 operating range.
ime/Cm ms
Triggering ' Line triggered sweep f. Remove Ihe.P604O probe ‘r:\;:!;le‘ if connected and re-
Horizontal Position Centered trace connect the cooxial coble to 1160,
4. Adiusf He Amp“ﬁer Respgﬂse @ 5. Adiu%f RGGO!EEiﬂV. Bowsiwidih ﬁ
- a. Equipment setup is shown in Fig. 6-7. a. Test equipment setup is given in Fig. 6-7.
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Fig. 6-8. Location of the IF amplifier peaking adjustments,

b. Apply the 10ns signal from the Time-Mark Generator
through a 40 dB attenuator to the RF INPUT connector. Set
DISPERSION to 50kHz/ecm and the RESOLUTION control
fully clockwise. Adjust the IF CENTER FREQ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>