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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary
is for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the
manual where they apply, but may not appear in this
summary.

Terms In This Manual

CAUTION statements identify conditions or practices that
couldresultindamagetothe equipment or other property.

WARNING statements identify conditions or practices
that could result in personal injury or loss of life,

Terms As Marked on Equipment

CAUTION indicates a personal injury hazard not im-
mediately accessible as one reads the marking, or a
hazard to property including the equipment itself.

DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

Symbols In This Manual

This symbol indicates where applicable
cautionary or other information is to be
found.

Symbols As Marked on Equipment
; DANGER — High voltage.

S

A ATTENTION — refer to manual.

Protective ground (earth) terminal.

REV MAY 1984

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor
and ground. A protective ground connection by way ofthe
grounding conductor in the power cord is essential for
safe operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all
accessible conductive parts (including knobs and con-
trols that may appear to be insulating) can render an
electric shock.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an
explosive atmosphere unless it has been specifically
certified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product
covers or panels. Do not operate the product without the
covers and panels properly installed.

vii
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SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this
product unless another person capable of rendering first
aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several points in this product.
To avoid personal injury, do not touch exposed connec-
tions and components while power is on.

Disconnect power before removing protective panels,
soldering, or replacing components.

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor
and ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for
safe operation.
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Section 1—7L14 Spectrum Analyzer

GENERAL INFORMATION AND
SPECIFICATION

GENERAL INFORMATION

Product Description

The 7L14 Spectrum Analyzer displays information of
signals within the frequency span of 10 kHzto 1.8 GHz. It
contains horizontal sweep and timing circuitsfor frequen-
cy and time domain displays, and provides means for
using an external sweep source to slavethe 7L14 to some
external device, such as a recorder.

The 7L14's digital storage capability permits flicker-
free displays at slow sweep speeds. In the storage mode,
the vertical display can be divided with a positionable
threshold level: above this level video peaks are detected,
below it video peaks are averaged. This threshold level is
indicated by a horizontal cursor on the display.

The 7L14 requires three plug-in widths in any of the
TEKTRONIX 7000 series mainframe oscilloscopes.

Standards, Documents, and References Used

Terminology used in the manual is in accordance with
industry practice. Abbreviations are in accordance with
ANSI Y1.1-1972, with exceptions and additions explained
in parentheses after the abbreviation. Graphic symbology
is based on ANSI Y32.2-1975. Logic symbology is based
on ANSI Y32.14-1973 and the manufacturer’s data books
or sheets. A copy of ANSI standards may be obtained from
the Institute of Electrical and Electronic Engineers, 345
47th Street, New York, NY 10017,

Change and History Information

Change information that involves manual corrections
and/or additional data is located at the back of the manual
inthe CHANGE INFORMATION section. History informa-
tion with the updated data is integrated into the text or
diagrams when a page or diagram is updated.

Accessories

For a complete listing of the Standard and
Recommended Accessories for the 71.14, refer to the
Mechanical Parts List in the back of this manual.

SPECIFICATION

The following list of instrument characteristics and
features apply to the 7114 Spectrum Analyzer after a 20
minute warmup, except as noted.

The Performance Requirement column describes the
limits of the characteristic, and the Supplemental column
describes features and typical values or information that
may be useful to the user. Procedures to verify perfor-

mance requirements are provided in the Calibration
section of the Service Instructions. The Performance
Check procedures require sophisticated equipment as
well as technical expertise to perform.

The Operator's Section contains a procedure that
checks all functions of the 7L14. This check is
recommended for incoming inspections to verify that the
instrument is performing properly.
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General Information and Specification—7L14 Spectrum Analyzer

Table 1-1

ELECTRICAL CHARACTERISTICS

Characteristic

Performance Requirement

Supplemental Information

Frequency Related

Center Frequency

Range

10 kHz to 1.8 GHZ

Readout Resolution

Within 1 MHz

Readout Accuracy

+(5 MHz +20% of Frequency
Span/Div)

Frequency Span

200 Hz/Div to 100 MHz/Div

In calibrated steps in a
1-2-5 sequence

Accuracy Within 5% of the span selected
Linearity Within 5% of the span selected
Max Span Provides 1.8 GHz of span
0 Span Provides fixed frequency

operation for time domain
display

Resolution Bandwidth
Range

30 Hz to 3 MHz, in decade
steps

Accuracy (6 dB down)

Within £20% of the resolution
selected

Shape Factor (60/6 dB)

4:1 or less for 3 MHz to 0.3 kHz;
12:1 or less for 30 Hz resolution

Signal level change
between any two band-
widths

10.5 dB at room temperature®
+2.0 dB max over temperature

Incidental Fm'ing

<13 Hz (P-P) when phaselocked

<10 kHz (P-P) for 20 ms when
not phaselocked

Stability, at a fixed frequency and
temperature after a two hour
warmup and stable ambient
temperature.

Within 2 kHz/Hr phaselocked

Within 75 kHz/Hr not phaselocked

A restabilization time of 10 minutes
per GHz of 1st LO frequency
change must be allowed if the cen-
ter frequency is retuned.

* 0 RF attenuation, —30 dBm reference level

1-2
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General Information and Specification—7L14 Spectrum Analyzer

. Table 1-1 (cont.)

Performance Requirement

Suppliemental information

. Characteristic

Amplitude Related

Display Modes
LOG 10 dB/Div

Provides 70 dB dynamic range

Accuracy

Within 0.15 dB/dB to 2 dB max
over 70 dB dynamic range

LOG 2 dB/Div_

Provides 14 dB dynamic range

Accuracy

Within 0.4 dB/2 dB to 1.0 dB
max over 14 dB dynamic range

LIN

Within 10% over 8 divisions

Deviation Between
Display Modes®

<2 dB from 2 dB/Div to 10
dB/Div

<0.5 Divisions from 2 dB/Div
to LIN

Reference Level
Below 100 KHz

+30 dBm to —50 dBm, as the
center frequency approaches
10 KHz

Above 100 KHz

+30 dBm to —100 dBm in 10 dB
calibrated steps

+1.5 dB, with respect to 50 MHz,
over any selected frequency
span.

Sensitivity

At 50 MHz
Resolution Bandwidth

Equivalent (average) Input Noise
Level (worst case)

Applicable from 100 KHz to
1.8 GHz

30 Hz
300 Hz
3 kHz
30 kHz
0.3 MHz
3 MHz

—130 dBm
—120 dBm
—110 dBm
—100 dBm
— 980 dBm
— 80 dBm

Spurious Responses
Residual

<—100 dBm (referenced to the
1st mixer input)

Second order inter-
modulation products

100 kHz —1.8 GHz: down 70 dB or
more from two —40 dBm signals,
within any frequency span

Third order inter-
modulation products

100 kHz —1.8 GHz: down 70 dB or
more from two —30 dBm signals,
within any frequency span

RF Attenuator

Calibrated in 10 dB steps

‘ Accuracy

+0.25 dB or 1.2% of dB reading;
whichever is greater

®For full screen signal.

REV MAY 1984

. ‘ Display Flatness
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Table 1-1 (cont.)

Characteristic

Pertormance Requirement

Supplemental Information

Amplitude Related

IF Gain
Range

70 dB (80 dB when operating
in 30 Hz resolution bandwidth)

Step Accuracy

+1 dB per 10 dB step to
+2 dB max over entire range’

General Characteristics

Noise Sidebands

70 dB down; 25X resolution
bandwidth

See Fig. 1-1

Sweep Triggered, manual, external
Sweep Time 10 s/Divto 1 us/Divin a
1-2-5 sequence
Accuracy 6% of selected Time/Div

Triggering Modes

INTERNAL, EXTERNAL, EXT
in HORIZ/TRIG and LINE

Sensitivity

<0.5 division of internal
signal (P-P) and/or <0.5
volt (P-P) of external
signal

Power requirements from
the mainframe

To +50 V
—50V
+15V
—15V
+5V
+5 V Lights

Total Lights

Approx 35 mA
Approx 65 mA
Approx 875 mA
Approx 900 mA
Approx 1080 mA
Approx 130 mA
38 Watts typical

Input Signal Characteristics

RF Input

Maximum input power
level

+30 dBm

Maximum input power
level to the RF
attenuator =10 dB

1 watt average (including DC),
100 watts peak simultaneously

Input Impedance

50 ohm; vswr 1.35 max with 10 db

of RF attenuation

Gain and attenuator not off-setting each other.

REV MAY 1984
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Table 1-1 (cont.)

Characteristic

Performance Requirement

Supplemental Information

Input Signal Characteristics (cont)

External Horizontal/Trigger
Input Connector

Input Voltage Range

Typically 0 Vto 10 V for 10
division sweep

Typically 0.5 V (P-P) to trigger
the sweep circuits. 40 V peak max

Output Signal Characteristics

CAL OUT

—30 dBm, +0.3 dB at 50 MHz,
+0.01%

50 MHz comb markers are provided
for frequency and span calibration

1st LO OUT and
2nd LO OUT

Provide access to the output

of the respective local oscillators

(1st LO +5 dBm min,,

2nd LO —10 dBm min. +10 dBm max.
These ports must be terminated

in 50 ohms. ’

SWP OUT

Oto—-5V

Video Output

Typically 0.5 V of video signal

per display division. Output impedance
approx. 10 K ohm. Markers can be
inserted upon the stored or non-stored
trace by providingthe VIDEO OUT port with
a negative-going signal. Max. input level
—10 V peak.

REV MAY 1984
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Fig. 1-1. Typical filter shape, phase noise sidebands and sensitivity for the 7L14.

REV MAY 1984




General Information and Specification—7L14 Spectrum Analyzer

Table 1-2
ENVIRONMENTAL CHARACTERISTICS

Characteristic Description

Temperature and Relative Humidity

Operating +10°C to +40°C  (75% humidity)
Non-operating —-55°C to +75°C  (75% humidity)
Vibration
Operating Resonant searches along all three axes at 0.015inch, frequency varied from

10-55 Hz, 15 minutes. All major resonances must be minimum per axis plus
dwell at resonant frequency or 55 Hz for 10 minutes minimum per axis.
Instrument secured to vibration platform during test. Total vibration time
about 75 minutes.

Shock

Operating Three shocks of 30g, one-half sine, 11 ms duration, each direction along
each major axis. Guillotine-type shocks. Total of 18 shocks.

Electromagnetic Interference (EMI)
Test Method Remarks
Conducted Emissions CEO1 60 Hz to 20 KHz
CEO3 Full limits
20 KHz to 50 MHz power leads
Conducted Susceptibility CS01 Full limits
30 Hz to 50 KHz power leads
cso2 Full limits
50 KHz to 400 KHz power leads
CS06 spike power leads Full limits
Radiated Emissions REO1 Full limit
30 Hz to 30 KHz magnetic field
REO2 Full limits
14 + 3 KHz to 1 GHz
Radiated Susceptibility RSO1 Full limit
30 Hz to 30 KHz magnetic field
RSO3 up to 1 GHz Except 100 to 110 MHz
Table 1-3
PHYSICAL CHARACTERISTICS
Characteristic Performance Requirement Supplemental Information
Weight 16 Ibs. (7.2 k@)
Length 14.75 inches (375 mm)
Height 5.00 inches (120 mm)
Width 8.15 inches (200.5 mm)
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Section 2—7L14 Spectrum Analyzer

OPERATING INSTRUCTIONS

Unpacking and Initial Inspection

Before unpacking the 7L14 from its shipping container
or carton, inspect for signs of external damage. If the
carton is damaged, notify the carrier, as well as
TEKTRONIX, Inc. The shipping carton contains the basic
instrument and its standard accessories. Optional
accessories are shipped in separate containers. Refer to
the Accessories listing in the Mechanical Parts List for a
complete listing.

If the contents of the shipping container are in-
complete, if there is mechanical damage or defect, or if the
instrument does not meet operational check re-
quirements, contact your local Tektronix Field Office or
representative.

The instrument has been inspected both mechanically
and electrically before shipment. It should be free of
mechanical damage and meet or exceed all electrical
specifications. Procedures to check functional or
operational performance are in the Operational Check
Procedures. This check should satisfy the requirements
for most receiving or incoming inspections. The electrical
performance check procedure is part of the Service
Instructions.

Installation

Installation of the 7L14 into the 7000 series mainframe
consists of sliding the unit into the mainframe compart-

ment.

Power to the mainframe should be OFF when
installing the 7L14.

Ensure that the 7L14 is securely latched into place.

NOTE

A safety latch is used to reduce the possibility of the
instrument slipping out of the mainframe.

For information on power source and power re-
quirements, and environmental considerations, refer to
the manual supplied with the 7000 series mainframe
oscilloscope.

Repackaging for Shipment

When the 7L14 is to be shipped to a Tektronix Service
Center for service or repair, attach a tag showing: owner
and address, name of individual at your firm that can be
contacted, complete serial number, and a description of
the service required. If the original packaging is unfit for
use or not available, repackage the equipment as follows:

1. Obtain a carton of corrugated cardboard having
inside dimensionsthat are at least sixinches morethanthe
equipment dimensions, to allow for cushioning. Carton
test strength should be 275 Ibs (102.5 kg).

2. Surround the 7L14 with polyethylene sheeting to
protect the finish.

3. Cushion the equipment on all sides with packing
material or urethane foam between the carton and the
sides of the equipment.

4. Seal with shipping tape or industrial stapler.

A safety latch must be released before the 7L14 can
be pulled from the oscilloscope compartment. The
unit will pull out part way when the front panel
release (see Fig. 2-1) is pulled, thenthe spring safety
latch must be pushed up to free the unit completely.
This safety latch is located underneath the right rail,
near the front corner.

Do not ship the 7L14 when it is installed in the
mainframe, unless it is bolted into the mainframe. A
spectrum analyzer securing kit is available from
Tektronix, Inc. for the following instruments:
7313/R, 7603/R, 7613/R, 7623/R, 7623A/R, and
7633/R. Order by Tektronix part number 016-0637-
00.
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Fig. 2-1. Front-panel controls.

CONTROLS, INDICATORS, AND CONNECTORS

The following describes the function of the controls, indi-
cators, and connectors on the front panel of the 7L14. Fig-
ure 2-1 illustrates their location.

@TUNING. The center frequency is tuned with this one-
speed control. The tuning range is decreased to
+50 kHz when the FREQ SPAN/DIV is 50 kHz or less
and the AUTO PHASE LOCKED switch is on.

(2)CENTER FREQUENCY. The center frequency or
marker frequency is indicated by the LED readout.

@MARKER. This indicator lights when the FREQ
SPAN/DIV is at the MAX SPAN position. A notch on
the baseline of the display indicates the center portion
of the span that will be displayed when the FREQ
SPAN/DIV is reduced.

CAL. The frequency readout can be calitrated to cen-
ter frequency by adjusting the TUNING control for the
correct reading.

2-2

(5)TRIGGERING SOURCE. One of four triggering

sources can be selected.

FREE RUN. The sweep is free running without regard
to trigger signals.

INT. Uses the displayed signal as a trigger source.
The signal is ac coupled with an approximate fre-
quency range from 15 Hz to 1 MHz.

LINE. The trigger signal source is a sample of the ac
power line. Line signals are dc coupled to the trigger-
ing circuits.

EXT. Selects the signal that is applied to the EXT
IN/HORIZ TRIG connector. External signals are dc
coupled to the triggering circuits. Maximum signal in-
put to the external input connector should not exceed
40V (dc + ac peak) for triggering. Input impedance
for the external input is about 30 k ohm.
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TRIGGERING MODE. One of two triggering modes
can be selected.

NORM. The sweep will automatically recur at the end
of holdoff time, if a trigger signal is absent. This fea-
ture provides a baseline on the display. In this mode
triggering occurs at the siope and level selected by the
SLOPE/LEVEL controls unless the triggering signal is
below the required amplitude, or beyond the fre-
quency limits of the circuit. Minimum signal amplitude
for internal triggering is 0.5 division of signal for exter-
nal triggering.

In the SGL SWP mode, the sweep is triggered by
pushing the adjoining button. This button lights during
sweep time and serves as an indicator to determine
camera shutter time when photographing slow-scan
time displays. Minimum signal amplitude for triggering
is 0.5 division of signal and 0.5 V of external signal.

@TIME/DlV and MANUAL SCAN. Three sweep modes
and an OFF state are provided.

TIME/DIV is calibrated in a 1, 2, 5 sequence from
10 S/Div to 1 us/Div. This control selects the sweep
rates and the MANUAL, EXT and OFF modes.

In the OFF position, the crt beam is horizontally cen-
tered and the analyzer becomes a tuned receiver to
the frequency indicated by the readout.

The EXT position connects any signal applied to the,
EXT IN/HORIZ TRIG connector to the horizontal de-
flection circuits of the 7L14. External sweep voltage
(0 V to 10 V) signal can be used to slave the 7L14 to
an external device, such as a recorder.

The MANUAL position connects the sweep circuits of
the 7L14 to the MANUAL SCAN control, so the crt
beam deflection can be manually controlled.

SWEEP CAL. This adjustment compensates for
differences in deflection sensitivities between
oscilloscopes.

@ FREQ SPAN/DIV. This control sets the horizontal fre-
quency calibration on the crt. The calibrated range of
the selector is 100 MHz/Div to 200 Hz/Divina 1,2, 5
sequence. A MAX span position provides approxi-
mately 1.8 GHz of spectrum and a 0 Hz position con-
verts the analyzer to a fixed tuned receiver for
time-domain displays. Time analysis of the signal
characteristics, within the bandwidth capabilities se-
lected with the RESOLUTION control, can then be
performed. In this case, Time/Div is read out on the crt
instead of Span/Div.

REV MAY 1984
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RESOLUTION. This control allows the operator to an-

alyze discrete frequency components within a fre-
quency span. The calibrated range (within 20%) is
30 Hz to 3 MHz in decade steps. The RESOLUTION
control can be coupled to the FREQ SPAN/DIV con-
trol when the knobs align with indicating marks. A
concentric sleeve labeled PULL TO UNLOCK wili un-
couple the two selectors when it is pulled out and al-
low independent settings of each control.

AUTO PHASE LOCKED. This switch is used to dis-
able the phase lock for some applications, such as
tuning the analyzer more than 1 MHz when the instru-
ment is used as a tuned receiver (0 span).

@ DISPLAY A, DISPLAY B. Without either of the

pushbuttons activated, the 7L14 display is stored, but
not displayed. When either or both these pushbuttons
are selected, the contents of memory A and/or mem-
ory B are displayed. With SAVE A memory off, all
memory locations are displayed and updated continu-
ously. Data in A memory is interlaced with data from B
memory.

@ SAVE A. When activated, this mode holds data in A

memory and inhibits further updating. With SAVE A
and VIEW A active, data in A memory is displayed but
not updated, serving as a reference to compare con-
tents of B memory.

B-SAVE A. When this button is activated, the con-

tents of memory B minus the contents saved in mem-
ory A are displayed. This permits a comparison
between two displays. The SAVE A function is also in
effect.

@ MAX HOLD. When activated, the digitai storage mem-

ory retains the maximum signal amplitude at each
memory location. This permits visual monitoring of
signal frequency and amplitude at each memory loca-
tion over an indefinite period of time. This feature is
used to measure drift, stability, and record peak
amplitudes.

VIDEO FILTER. When the VIDEO FILTER button is

pushed, one of three filters (10 Hz, 300 Hz or 30 kHz)
is selected depending on the Resolution Bandwidth
setting. The bandwidth of the filter selected is dis-
played on the crt. Video filters restrict the video band-
width and reduce high frequency components for
display noise averaging.

BASELINE CLIPPER-PEAK AVERAGE. When the
digital storage is off, this control operates as a base-
line clipper (i.e. as the control is rotated counterclock-
wise, more of the vertical display is progressively
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clipped, or blanked). When the digital storage is on,
the control sets the level at which the vertical display
is either peak detected or averaged. Video signals
above the level set by the control (shown by the hori-
zontal cursor) are peak-detected and stored; video
signals below the cursor are averaged and stored.

CONTRAST. When the digital storage is off, this con-

trol adjusts the brightness ratio between the blanked
and unblanked portion of the display. Overall display
intensity is set by the oscilloscope Intensity control.
When digital storage is on, this control adjusts the
intensity of the cursor. This feature is especially help-
ful for use with a digital processing oscilloscope or a
7854 oscilloscope.

(19) VERTICAL POSITION. This control positions the dis-

play vertically.

HORIZONTAL POSITION. This control positions the

display horizontally.

(21) REFERENCE LEVEL. (Reference and IF Gain). These

24

concentric controls select input attenuation to the in-
put mixer, and the IF gain. The readout windows indi-
cate REFERENCE LEVEL in dBm, of the full scale
display, MAXimum signal input level (in dBm) for linear
operation, and the input RF attenuation (from 0 to
60 dB).

The RF attenuation is in series with the input signal
path to the input mixer, therefore its settings affect
the maximum input signal level to the 7L.14. With 0 dB
attenuation, maximum input signal level for linear op-
eration is —30 dBm. Changing the RF Attenuator to
60 dB increases the maximum input signal level to
+30 dBm.

The IF gain selector has a range of 80 dB in 10 dB
steps. The combination of RF attenuator settings and
IF gain settings establishes the REFERENCE LEVEL;
therefore, both controls function as REFERENCE
LEVEL selectors. The maximum sensitivity of the dis-
play will not exceed —130 dBm. Since the dynamic
window is 70 dB in the 10 dB/Div display mode, the
REFERENCE LEVEL readout is valid to —60 dBm.
With the RF attenuator at 0 dB and the IF gain fully
cew, the REFERENCE LEVEL is 30 dBm. Increas-
ing the IF gain 30dB changes the REFERENCE
LEVEL to —60 dBm, which is the limit for a calibrated
reference level in the 10 dB/Div mode. The blue tint
that borders the 10 dB/Div switch and four positions
of the gain selector correlates REFERENCE LEVEL
readout to the gain settings applicable in the
10 dB/Div mode.

When the gain selector is rotated beyond the blue tint
sector, REFERENCE LEVEL readings do not change
because the gain is electrically locked out. In the

2 dB/Div mode, the full 80 dB range of the gain selec-
tor is usable. Seventy dB of the range is available only
when the RESOLUTION is set at 30 Hz. With the RF
attenuator at 0 dB, switching the gain produced up to
an accurate —100 dBm reference level. When the
RESOLUTION is 30 Hz, the fully cw gain position per-
mits a —100 dBm reference level for a calibrated
—124 dBm.

REF VAR. This control is a reference vernier provided
with a 10 dB control range. The display amplitude is
uncalibrated when this control is out of detent.

(23) LOG AND AMPL CAL. These adjustments calibrate
the dynamic range of the display. LOG calibrates the
logarithmic gain in db/div, AMPL calibrates the refer-
ence level of the top graticule line at the top of the
screen.

LOG 10 dB/DIV. Selecting this pushbutton gives a
calibrated display with a dynamic range of 70 dB {to
the 7th graticule line from the reference) at 10 dB/Div.
The bottom graticule division is not calibrated.

(25) LOG 2 dB/DIV. When this pushbutton is pressed, the
dynamic range of the display is a calibrated 14 dB at
2 dB/div.

LIN. This selects a linear display. The LIN graticule
calibration permits relative signal level measurements
as follows: adjust the level of one signal to the 1.0 line
(when used with a spectrum analyzer graticule) with
the gain or RF attenuation. Read the level of the other
signals as a percentage of this reference.

SWP OUT. This connector supplies a negative-going
ramp of about 0 V to -5V and a source impedance
of about 1 k chm:

GND. These two pin connectors are connected to sig-
nal ground in the instrument. DO NOT use these pins
for safety earth connections.

EXT IN HORIZ/TRIG. The function of the dual-pur-
pose input depends on the settings of the TIME/DIV
control. When the TIME/DIV control is set to any
sweep position (or AUTO), a positive applied signal
will initiate the sweep. When the TIME/DIV control is
set to EXT IN, an applied voltage will position the
beam horizontally. To sweep the full span, a voltage
of 0 Vto +10V, £1 Vis required (sensitivity is about
1 V/div). Zero volts corresponds to the right edge.

VIDEO OUT. This connector provides a buffered video
output to drive an external device such as a chart re-
corder. Output level is about 500 mV per displayed
division. The source impedance is about 10 k ohm.
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@ TRACK GEN. A source of control signals for a track-

ing generator. Pin 5 of the connector is the source of a
+10 Vto —10 V sweep ramp, with +10 V represent-
ing the left edge of the display and —10 V the right
edge of the display.

@ CAL OUT. Provides an accurate —30 dBm, 50 MHz

signal source. This signal provides an absolute refer-
ence on the display to calibrate the REFERENCE
LEVEL and check dBm readings. Harmonics of the
50 MHz fundamental provide a comb of markers
across the frequency span for accurate frequency and
span measurements.

REV MAY 1984

Operating Instructions—7L14 Spectrum Analyzer

@ 1ST and 2ND LO OUT. These connectors provide ac-

cess to the output of the respective local osciliators.
They must be terminated into 50 ohm. Keep the termi-
nation plugs on the output jacks unless these ports
are connected to an external device such as a track-
ing generator.

RF IN. A 50 ohm input connector for applying the in-

put signal to the 71.14. REFERENCE LEVEL readout
refers to the signal level at this connector. Any signals
riding on some dc potential must be applied through a
dc block. Refer to the General Operating Information
with regard to signal applications.
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Fig. 2-2. Front-panel selector positions for front-panel calibration.

2-6 REV MAY 1984



Il N &N BN s

I S e .

Operating Instructions—7L14 Spectrum Analyzer

FRONT-PANEL CALIBRATION

1. Preliminary Operational Procedure that
Calibrates the 7L14 to the Oscilloscope Mainframe

When the 7L14 plug-in unit isinstalled in a 7000-Series
mainframe, the spectrum analyzer should be calibrated to
ensure correlation between plug-in and and mainframe
deflection sensitivities. We recommend that the front-
panel calibration procedure be performed anytime the
instrument is turned on, and before making critical
measurements, to ensure optimum accuracy.

a. Plug the 7L14 Spectrum Analyzer into the 7000-
Series mainframe. Ensurethat the 7L14is securelylatched
in the compartment.

NOTE

A safety latch is used to reduce the possibility of the
instrument slipping out of the mainframe.

b. Connect the oscilloscope mainframe to a suitable
power source and switch the power on. Allow about 30
minutes for instrument stabilization.

c. Setthe front-panel controls as illustrated in Fig. 2-2
and connect the CAL OUT signal through a short coaxial
cable to the RF INput.

d. Adjust the oscilloscope Intensity and Focus con-
trols for optimum display.

e. Depress the 2 dB/DIV display mode button. Posi-
tion the baseline of the display to the bottom graticuleline
with the VERTICAL POSITION control and line up the first
marker with the first vertical graticule line, using the
HORIZ POSITION control.

f. Depress the 10 dB/DIV display button. The display
should now resemble that shown in Fig. 2-2.

REV MAY 1984

2. Calibrate the Frequency Readout

Due to hysteresis in the tuning system, the calibration
and accuracy of the readout must be performed and
checked from the same direction (low to high).

a. Without applying the calibrator signal to the RF
INput, decrease the FREQUENCY SPAN/DIV setting to
10 MHz, and increase the CENTER FREQUENCY readout
to 50 MHz.

b. Apply the CAL OUT signal to the RF INput. Center
the 50 MHz calibrator signal over the center graticuleline.

c. Adjust the frequency CAL for a CENTER FRE-
QUENCY readout of 50 MHz.

NOTE
It is important to tune the signal from low to high. If
the tuning direction is reversed, repeat the

procedure by returningthe FREQ SPAN/DIVto MAX
and the CENTER FREQUENCY to 000 to establish
the same reference point on the hysteresis loop.

3. Calibrate the Sweep Span

a. With the CAL OUT signal applied to the RF INput,
increase the FREQ SPAN/DIV to 50 MHz and tune the
250 MHz marker to the center graticule line (see Fig. 2-3).

b. Calibrate the frequency span to 50 MHz/div by adjust-
ing the SWP CAL for 1 marker per division. It may be neces-
sary to keep the 250 MHz marker centered with the
frequency TUNING control as the sweep is calibrated. Final
display should resemble that in Fig. 2-3.
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4. Check and Adjust LOG-AMPL Calibration

The LOG CAL adjustment calibrates the gain of the
analyzer vertical output so the 2 dB/DIV and 10 dB/DIV
maodes may be accurately set. The AMPL CAL adjustment
sets the reference level to the top graticule line.

a. Set the 7L14 selectors and controls as directed in
step 2 and tune the fundamental 50 MHz calibrator signal
to the center of the graticule.

b. Alternately switch Vertical Display from 10 dB/DIV
to 2 dB/DIV and adjust AMPL CAL so the peak amplitude
of the signal is the same for each logarithmic display
mode. Adjustments should be made in 2 dB/DIV mode.

c.. Withthe Vertical Display mode at 10 dB/DIV, setthe
top of the calibrator signal tothe top graticuleline withthe
LOG CAL adjustment so the signal level indicates
—30 dBm.

d. Check the display log scale by switching the
REFERENCE LEVEL in 10 dB steps from —30 dBm to
+30 dBm and note that the display amplitude decreases
10 dB, or one division, per step.

e. Switch the display modes from 2 dB/DIV to LIN.
Signal amplitude reference level should not change more
than 2 dB for 2 dB/DIV to 10 dB/DIV, or 0.5 division from
2 dB/DIV to LIN mode.

5. Adjust Contrast and Check Baseline Clipper
Operation

NOTE

The contrast ratio between the clipped portion of the
display baseline and the rest of the display is
affected by the sweep rate, frequency span, resolu-
tion, and ambient light.

1[-30){3#: %L 0250 MHZ J MHZ Rl
@ } | 1053/ . \ “T*' . " ?&W‘smmz.

Fig. 2-3. Calibrating the sweep span.

a. Withthe BASELINE CLIPPER control set midrange,
adjust the CONTRAST control for the desired ratio
between the clipped or subdued portion andtherest of the
display. Usually the contrast is adjusted so the clipped
baseline portion is just visible.

NOTE

When the 7L14 is in digital storage mode and a
Digital Processing Oscilloscope is used, the CON-
TRAST control should be turned clockwise so the
baseline clipper is not visible on the display.

b. Adjust the BASELINE CLIPPER control so the
baseline is subdued. If there is excessive noise, it may be
desirable to clip noise level as well.

REV MAY 1984




Operating Instructions—7L14 Spectrum Analyzer

FUNCTIONAL OR OPERATIONAL CHECK

. This procedure uses minimum test equipment to check

instrument operating modes, functions, and basic perfor-
mance. The procedure serves to check for instrument
malfunctions and should satisfy most incoming inspec-
tion or pre-operational check-out requirements. A
detailed Performance Check, which requires extensive
test equipment, is part of the Calibration Procedureintthe
Service Instructions. This operational check also
familiarizes the user with instrument operation.

Equipment Required

The internal calibrator, and the internal attenuator are
used as the reference source for the checks in this
procedure. Also required are:

50 Q) coaxial cable: 18inch, BNCto BNC connectors
(part of the Standard Accessories).
20 dB of attenuation.

Preparation

Set and calibrate the front-panel controls as described
in the previous procedure.

1. Check Operation of Front-Panel Pushbuttons
and Controls

VERTICAL DISPLAY. Display modes are activated by
three pushbuttons. Pressing any of these buttons cancels
the other mode.

— 10 dB/DIV. Active, display is a calibrated
10 dB/division, 80 dB dynamicrange. Calibrationis
checked later in this procedure.

— 2 dB/DIV. Active, display is calibrated
2 dB/division, 16 dB dynamic range. Calibration is
checked later in this procedure.

— LIN. Active, display is linear between the reference
level (top of graticule) and zero volt (bottom of
graticule).

REFERENCE LEVEL. (Reference level and |IF
Gain). Continuous controls that change the reference
level 10 dB for each detent. Reference level goes from
—30 dBm to +30 dBM in all display modes, without the
gain control. With the gain control, and the Vertical
Display in 10 dB/Div, the range is from —60 dBm to
+30 dBm. In 2 dB/DIV and LIN Display Modes, the range
is —100 dBm to +30 dBm.
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REF VAR is a reference level vernier with a 10 dB
control range.

TRIGGERING. Triggering source is activated by
pressing one of four pushbuttons. Pressing any one of the
buttons cancels or deactivates the other mode.

— FREE RUN Active, the trace free runs.

— INT Active, the displayed signalis used as atrigger
source.

— LINE Active, the trace is triggered at power line
frequency.

— EXT Active, trace runs only when an external
signal is applied to the EXT IN HORIZ/TRIG
connector.

SGL SWP. Pressing this button aborts the current
sweep. Pressing the adjoining button arms the sweep
generator; the button lights and remains lighted until the
sweep completes. The analyzer makes a single sweep of
the selected spectrum.

TIME/DIV. Selectssweeprateand manual scan opera-
tion. In MNL position, MANUAL SCAN control should vary
the crt beam across the full horizontal axis of the crt
graticule.

BASELINE CLIPPER. When digital storage is off, this
control subdues the display intensity at the baseline.
When digital storage is on, this control positions a
horizontal line, or cursor, onthe display. Signais abovethe
cursor are peak detected; signals below the cursor are
averaged. The cursor should position anywhere withinthe
graticule window.

DISPLAY A. Active, half of digital storage memory is
displayed. Signal amplitude should remain constant. Vary
the BASELINE CLIPPER control and note that the noise
level below the cursor is averaged.

DISPLAY B. Active, the other half of memory is
displayed. Signal amplitude should remain constant. Vary
the BASELINE CLIPPER control and note that the noise
level below the cursor is averaged.

When both DISPLAY A and DISPLAY B are active,
contents of A and B memory are interlaced and displayed.
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Both sections are updated each sweep. Update of A
memory depends on the state of SAVE A.

SAVE A. Active, contents in A memory are saved and
not updated. Verify operation by changing REFERENCE
LEVEL and observe that the DISPLAY A display does not
change when DISPLAY B is inactive.

MAX HOLD. Active, stores maximum signal amplitude at
each memory location. Verify operation by changing CEN-
TER FREQUENCY or REFERENCE LEVEL and note that
the maximum level at each location is retained.

B—SAVE A. Active, the difference between updated
data in B section of memory and that saved in A is
displayed. Verify by saving data in A, then changing the
reference level and pressing B—SAVE A; only the
difference can be observed by canceling DISPLAY A and
DISPLAY B. The reference (zero difference) level is
normally set at graticule center, but can be internally
adjusted by service personnel.

VIDEO FILTER. Active, one of three filters is selected
depending on the resolution bandwidth setting, for dis-
play noise averaging.

FREQUENCY SPAN/DIV. As this control is rotated
clockwise or counterclockwise, frequency span/div
should change from 0 to MAX in 5-2-1 sequence. Display
should indicate this change.

RESOLUTION. As this control is rotated, resolution
bandwidth should range from 30 Hz to 3 MHz in decade
steps. The RESOLUTION control can be coupled to the
FREQ SPAN/DIV control when the knobs align with

indicing marks.

The 1st and 2nd LO OUT ports must be terminated
into 50 Q at all times. For optimum performance,
keep the termination caps in place when these ports
are not used.

2. Check the 10 dB/DIV (within 0.15 dB/dBto 2 dB
max. over 70 dB dynamic range) and LIN Mode
(within 10% over 8 divisions) Calibration

a. Set the FREQ SPAN/DIV to 10 MHz and the
RESOLUTION bandwidth to 300 kHz. Turnthe BASELINE
CLIPPER control fully clockwise.
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b. Apply the Calibrator signal to the RFINput andtune
the fundamental 50 MHz signal to center screen.

c. Reduce the FREQ SPAN/DIV setting to 5 kHz and
the RESOLUTION bandwidthto 3 kHz, keepingthesignal
centered on screen with the TUNING control. Activate
AUTO PHASELOCKED.

d. Switch in VIDEO FILTER, and
TIME/DIV setting to 50 ms.

increase the

e. Position the top of the signaltothetop graticuleline
with the VERTICAL POSITION control to establish a
reference.

{. Increase the RF Attenuator settings in 10 dB in-
crements, noting that the signal amplitude decreases 1,
+0.1 division between steps.

NOTE

It may be easier to observe the change if the video
filter is switched in. If used, decrease the sweep
speed until the UNCAL indicator light goes out.

g. Since the RF Attenuator range is 60 dB, the last
10 dB step of the 70 dB dynamic range may be checked as
follows:

(1) Return the RF Attenuator to 30 dB and add a
20 dB attenuator between the RF INput and CAL OUT
signal. Adjust the signal amplitude to some reference
line on the graticule with the REF VARiable control.

(2) Increase the RF Attenuator setting 20 dB and
note that the signal is still visible above the noise level.

The total deviation over the 70 dB dynamicrange of the
display must not exceed 1.5 dB or 0.75 minor divisions.

h. Remove the 20 dB attenuator and again apply the
CAL OUT signal directly to the RF INput. Switch off the
VIDEO FILTER and set the RF Attenuatorto 10 dB. Setthe
FREQ SPAN/DIV to 1 MHz and the RESOLUTION to
.3 MHz.

i. Change the display mode to LIN. Position the
baseline of the display on the bottom graticule line then
adjust the 50 MHz amplitude with the REF VARiable
control so it is 6.3 divisions.
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j. Increase the RF Attenuation 10 dB by switching to
20 dB, and note that the signal amplitude decreasesto 2.0,
+0.6 division for an amplitude change ratio of 3:16:1,
+10%.

k. Return the REF VARiable control inits CAL detent
and the RF Attenuator to 0 dB.

3. Check the Frequency Readout Accuracy [£ (5
MHz +20% of Frequency Span/Div)]

NOTE

Due to hysteresis in the tuning system (1st LO), the
accuracy of the frequency readout should be check-
ed by approaching each check point from the same
direction (low to high). The FREQ SPAN/DIV is first
switched to MAX SPAN and the center frequency
tuned to 0000 before tuning to the desired check
point. If for any reason the direction of tuning is
reversed, this procedure must be repeated to es-
tablish the same point of reference onthe hysteresis
foop.

a. Switch the display mode to 10dB/DlV,
RESOLUTION bandwidth to 300 kHz, FREQ SPAN/DIVto
MAX and tune the CENTER FREQUENCY to 0000. With
the Calibrator signal applied to the RF INput, decrease the
FREQ SPAN/DIV to 1 MHz and increase the CENTER
FREQUENCY readout towards 50 MHz until the 50 MHz
signal is centered on screen. (The signals will move from
right to left as the frequency is increased.)

b. Adjust the front-panel CAL for a CENTER FRE-
QUENCY readout of 50 MHz.

¢. Tune the CENTER FREQUENCY from low to high,
checking the accuracy of the readout in 50 MHz in-
crements. Readout accuracy, when the signal is centered
on the screen, should be within =(5 MHz + 20% of the
FREQ SPAN/DIV) or within +5 MHz with afrequency span
of 1 MHz/DIV.

4. Check the Range of the REF VAR Control

a. Switch the display mode to 10 dB/DIV, FREQ
SPAN/DIV to 500 kHz and the RESOLUTION bandwidth
to 30 kHz. Apply the CAL OUT signal tothe RF INput and
tune the 50 MHz signal to the center of the screen.
Decrease the FREQ SPAN/DIV to 50 kHz keeping the
signal centered with the TUNING control.
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b. Switch VIDEQFILTERin, turnthe Gainselector ccw
and switch the RF Attenuator to 50 dB to establish
420 dBm REFERENCE LEVEL. Setthe TIME/DIV selector
to 50 ms.

c. Position the top of the signal at the 4th graticuleline
(center screen) with the VERTICAL POSITION control.

d. Checkthe REF VAR control range by turning it fully
cw from its CAL detent. Gain increase should equal
approximately 10 dB or the signal amplitude should
increase 1 division. Return the REF VAR control toits CAL
detent.

5. Check the Operation of the VIDEO FILTERS

The VIDEO FILTER reduces or averages the noise level
on the display. See Fig. 2-4. Tune to one of the Calibrator
signals and check the operation of the filters with RESOLU-
TION settings of 3 MHz, 30 kHz, and 300 Hz.

6. Check Sensitivity <—130 dBm to —80 dBm,
depending on Resolution Bandwidth.

NOTE
Sensitivity is specified according to the input or

average noise level. The 7L14 calibrator is the
reference used to calibrate the display.

a. Set the 7L14 front-panel controls as follows:

REFERENCE LEVEL —80 dBm
Display Mode 2 dB/Div
TIME/DIV 50 ms
FREQ SPAN/DIV 0
RESOLUTION 3 MHz
DISPLAY A on

VIDEO FILTER on
TRIGGERING SOQURCE FREE RUN
TRIGGERING MODE NORM

b. Terminate the RF INput into 50 Q. Note that the
displayed noise level is below the top of the screen
(—80 dBm).

c. Decrease the resolution to 300 kHz and the
reference level to —90 dBm. Note that the displayed noise
level is below the top of the screen (—90 dBm).
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A. Display without Video Filter.

B. Same display with Video Filter
(Note decrease in noise level).

3434-13

Fig. 2-4. Video Filter Operation.

d. Decrease the resolutionto 30 kHz and the reference
level to —100 dBm. Decrease the TIME/DIV to .5 seconds.
Note that the displayed noise level is below the top of the
screen (—100 dBm).

e. Decrease the resolution to 3 kHz and switch the
display mode to 10 dB/DIV. Decrease the TIME/DIV to 1
second/div. Note that the displayed noise level is below
the 5th graticule line from the top (—110 dBm).

f. Decrease the resolution to 300 Hz. Decrease the
TIME/DIV to 2 seconds/div. Note that the displayed noise
level is below the 6th graticule line from the top
(—120 dBm). y

212

g. Decrease the resolution to 30 Hz. Decrease the
TIME/DIV to 5 seconds/div. Note that the displayed noise
level is below the 7th graticule line from the top
(—130 dBm).

7. Check for Spurious Signals from Internal
Sources (Residual Responses) (< —100 dBm,
referenced to the RF INput)

a. Remove anysignal connectedtothe RF INput soitis
free of signals from any external source. Switch the RF
Attenuator to 30 dB to further isolate the 1st mixer from
the input.

b. Switch out the VIDEO FILTER, turn the Gain
selector fully ccw and ensure that the REF VARiable
control is in its CAL detent. The REFERENCE LEVEL will
now read 0 dBm. The signal level at the 1st mixer however
represents —30 dBm, because the RF Attenuator sub-
tracts an additional 30 dB.

c. Set the FREQ SPAN/DIV to 1 MHz and the
RESOLUTION bandwidthto 30 kHz. Switchthe TIME/DiV
to 50 ms or less so the UNCAL indicator is not lighted.

d. Switchtothe 2 dB/DIV dispiay mode, verify thatthe
trace is on the bottom graticule line, then switch the
display mode to 10 dB/DIV. The dynamic range of the
graticule is now a calibrated 10 dB/DIV, with the top line
representing —30 dBm into the 1st mixer as described in
step b.

e. Tune slowly across the frequency band (10 kHz to
1.8 GHz) checking for spurious signals. The amplitude of
any spurious signal must not exceed —100 dBm (signals
above the 7th graticule line from the top). NOTE: Subtract
2 dB for noise which will be riding on top of the signal. If
the spur is marginal (within a 3 dB of specifications) and
you desire to check its amplitude more accurately,
proceed as follows:

(1) Decrease the FREQ SPAN/DIV to50 kHz orless
and the RESOLUTION bandwidth to 3 kHz. (This will
decrease the noise with respect to the signal
amplitude.) Keep the signal centered onscreen withthe
TUNING control as the FREQ SPAN is decreased.

(2) Decrease the sweep speed if the UNCAL in-
dicator lights. Note the spurious response amplitude
and verify that it does not exceed specifications.

f. Return the FREQ SPAN/DIV and RESOLUTION
selectors to their original settings (step c).
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8. Check Resolution Bandwidths and Shape
Factor (Bandwidth 3 MHz to 30 Hz within 20% in
decade steps; shape factor 4:1 to 300 Hz except
3 MHz resolution. Maximum bandwidth 60 dB
down, with 3 MHz resolution is 13 MHz. Shape
factor for 30 Hz is 12:1)
a. Apply the Calibrator signal to the RF INput and set .
the RF Attenuatorto 0 dB. Turnthe Gainselectorfullyccw l {
for a REFERENCE LEVEL of —30 dBm. . r
S N ‘IPHPPW"W?;SMW“.A
b. Tunethe 50 MHz marker tothe center of the screen, l
set the FREQ SPAN/DIVto 1 MHz, and the RESOLUTION - T
bandwidth to 3 MHz. :‘ g i A== \
A. Measure bandwidth at the 6 dB down level.
¢. Switch the display mode to 2 dB/DIV and adjust the
REF VARiable control if necessary, for a full screen R — e ) .
display. $ +30g3m|  od5AWHZ 3 MHZ PES.
/ \ 3 / ~6dB
NOTE / 2.6 MHz «
Ensure that the sweep rate is set sothe UNCAL light ]
is out andthe baseline of the display is on the bottom .
graticule line. 11
\ Shape Factor 2.6
d. Check the bandwidth of the signal at the 6 dB down . AP H,f - .
level (see Fig. 2-5A). Bandwidth must equal 3 MHz - 11 MHz
+ 600 kHz. ; +
L -+
1 L 1
, , o 1.10d3/|  JOKHZ:MF_ |  2MHZ|
e. Switch the display mode to 10 dB/DIV and the VIDEO B. Shape factor is rati "b P 'dtﬁ i
FILTER in. Switch the FREQ SPAN/DIV to 2 MHz and o _”6 B 'I ratio of bandwidth at —60 dB
check the shaper factor (see Fig. 2-5B). S ,eyme‘:f, . t ‘ -
< =3Cg3m QOSH MHZ 30 HZ PES
f. Return the display mode to 2 dB/DIV, decrease the 0Hz T |
FREQ SPAN/DIV to 100 kHz and the RESOLUTION S X -
bandwidth to 300 kHz. Keep the signal centered onscreen 5 ] 360_ ...
withthe TUNING control asthe FREQ SPAN is decreased. © ]\ Shape Factor 30 =12:1 .
. [1]
g. Check the bandwidth at the 6 dB down level. 1
Bandwidth must equal 300 kHz +60 kHz. R 1
. . PN SN NP »/360-HZX'
h. Switch the FREQ SPAN/DIV to 200 kHz, display T
mode to 10 dB/DIV, and check the shape factor as l 1} I
described in step e. 1 1
; OH&- VA
i. Reduce the FREQ SPAN/DIV to 10 kHZ, the C. Shape factor of 12:1 with 30 Hz resolution.
RESOLUTION bandwidthto 30 kHz, and the display mode 3434-14A

to2 dB/DIV. Center the display withthe TUNING control if

necessary. Fig. 2-5. Measuring bandwidth and shape factor.
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j- Check the bandwidth. Bandwidth must equal 30 kHz
16 kHz.

k. Reduce the FREQ SPAN/DIV to 200 Hz and the
RESOLUTION bandwidth to 300 Hz. Center the display
with the TUNING control if necessary. Adjust the REF
VARiable control for a full screen display.

I. Check the bandwidth of the response at the —6 dB
level. Bandwidth must equal 300 Hz +60 Hz.

m. Switch the display mode to 10 dB/DIV, reduce the
sweep speed to 2 s/Div to maintain a calibrated display.
Measure the response shape factor.

n. Reducethe RESOLUTIONto 30 Hz and change the
display mode to 2 dB/DIV. Check the bandwidth at the
—6 dB (half screen) level. Bandwidth must equal 30 Hz
16 Hz.

0. Switch the display mode to 10 dB/DIV and measure
the shape factor. Shape factor for 30 Hz resolution must
equal 12:1 or better (see Fig. 2-5C).

9. Check Residual (Incidental) FM (10 kHz (p-p) for
20 ms when not phaselocked )

a. Set the 7L14 front-panel controls as follows:

2 dB/Div
—40 dBm (0 RF Atten-
nuation, 10 dB gain)

Display Mode
REFERENCE LEVEL

TIME/DIV 20 ms
TRIGGERING SOURCE FREE RUN
TRIGGERING MODE NORM
DISPLAY A on
RESOLUTION 300 kHz
FREQ SPAN/DIV 100 kHz
AUTO PHASELOCKED OFF

b. Applythe CAL OUT signaltothe RF INput. Tunethe
center frequency to 50 MHz. Center the signal on screen.

c. Position the marker signal with the CENTER FRE-
QUENCY control so the slope (horizontal versus vertical ex-
cursion) of the response can be measured as illustrated in
Fig. 2-6A. It may be advantageous to SAVE A to freeze the
display. The slope must be calculated on the linear portion
of the waveform.
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B. Scale the vertical deflections according to the slope.

3434-15A

Fig. 2-6. Measuring residual FM.

d. Switch FREQ SPAN/DIV to 0 (time domain) and ad-
just CENTER FREQUENCY to position the display near
center screen as shown in Fig. 2-6B. Note the peak-to-peak
amplitude of the display within any horizontal division scal-
ing the vertical deflections according to the slope estimated
in step ¢. Residual FM must not exceed 1 kHz for 20 ms,
measured within the linear portion determined in step c.
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10. Check Residual (Incidental) FM (<13 Hz (p-p)
for 20 ms when phaselocked)

a. Set the 7L14 front-panel controls as follows:

Display Mode 2 dB/DIV
REFERENCE LEVEL —40 dBm (0 RF
Attenuation)
TIME/DIV 20 ms
TRIGGERING SOURCE FREE RUN
TRIGGERING MODE NORM
DISPLAY A on
RESOLUTION 300 Hz
FREQ SPAN/DIV 200 Hz

AUTO PHASELOCKED on

b. Applythe CAL OUT signal tothe RF INput. Tunethe
center frequency to 50 MHz. Center the signal on screen.

¢. Calculate the slope as described in procedure 9,
step c.

d. Switch FREQ SPAN/DIV to 0 (time domain).
Measure residual FM using the same technique as
described in procedure 9, step d. Residual FM must not
exceed 13 Hz for a 20 ms period.

11. Check Sweep Circuit Operation with the
TIME/DIV Selector in the MANUAL and OFF
Positions

a. Switch the TIME/DIV selector to the MANUAL
position and rotate the MANUAL SCAN control through
its range. Note that the crt beam scans the full 10 division
graticule width.

b. With DISPLAY A off, switch the selector tothe OFF
position. Note that the crt beam is now vertically centered
on the screen.

c. Returnthe TIME/DIV selector to 50 ms position for
normal operation.

12. Check Digital Storage

a. Set the 7L14 front-panel controls as follows:

REFERENCE LEVEL —30 dBm
Display Mode 10 dB/Div
RESOLUTION 300 kHz
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FREQ SPAN/DIV 200 kHz
TIME/DIV 50 ms
DISPLAY A on
VIDEO FILTER on

b. With the calibrator signal applied to the RF INput,
tune the signal to center screen, then activate SAVE A.

c. Change the REFERENCE LEVEL to —10 dBm and
activate DISPLAY B. The display of the calibrator signal
should be 2 divisions lower (20 dB less) than DISPLAY A.

d. Activate B-SAVE A and check display. It should
show the difference between DISPLAY B and DISPLAY A
(see Fig. 2-7).

~ =1043m |

JOOKHZ PES

Display A —- -~

R

Display B +—=*

+
L
B L
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\ +
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+

+

« / ]
MIPEII SAEWITE Y S IRV AT PN SN ATS VI N
dododeopd4 -S4+ R4+

:

4
1043/

Fig. 2-7. Using digital storage to measure the difference be-
tween two displays.

.....
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e. Deactivate SAVE A, B-SAVE A, and VIDEO FILTER.
Activate MAX HOLD.

f. Change both CENTER FREQUENCY and
REFERENCE LEVEL and note that MAX HOLD function
retains and holds the maximum signal amplitude and
frequency excursion.

g. Deactivate MAX HOLD and select DISPLAY A.

h. Varythe PEAK/AVERAGE controltoshiftthe cursor
over the screen height and note that signal and noise are
averaged below the cursor.

This completes the operational check of the 7L14.
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GENERAL OPERATING INFORMATION

1. Signal Application

The RF INput impedance to the 7L14 is 50 Q. At high
frequencies, impedance mismatches between the RF
INput and the signal source can cause reflections in the
transmission line and degrade instrument performance.
Flatness, sensitivity, spurious response, etc., are all
affected. To reduce mismatch, use good quality 50 Q
coaxial cable to connect the signal source to the RF INput
and keep the cable as short as possible. Cable losses
become excessive above frequencies of 1 GHz.

Avoid applying high level signals (above —30 dBm) to the
1st mixer of the 7L14. High level signals overload the mixer
and may produce spurious signals. A conversion chart
shown in Fig. 2-8 will aid in determing input signal level, in
dBm, pV, and uW, from a voltage or power source.

The maximum input power level to the RF attenuator
is 1 W average and 100 W peak. When the RF input
signals are riding on a dc potential, use a dc block to
prevent the dc from reaching the 1st mixer. When the
signal source is 75 2 and you are using the 75 to 50 2
minimum loss attenuator, a dc block is not required
(one is incorporated in the attenuator.) Line stabiliza-
tion networks, used for conducting EM/RFI measure-
ments, will often have several volts of 60 Hz signal at
the output. The dc block will protect the input mixer
and prevent its destruction.

Spurious response, caused by signal overload into the
1st mixer, can be minimized if the signal amplitude is kept
withinthe graticulelimits. Arecommended procedureisto
adjust the Gain selector for some baseline noise on the
display, then increase the RF Attenuator setting until the
strongest signals are within the graticule limits. If this does
not bring these signals within limits, add external
attenuators.

The 71.14 can be used with a 75 Q signal source by using
a 75 Q to 50 2 minimum loss attenuator. This attenuator is
available as an optional accessory (refer to the Accessory
page for ordering information). Sensitivity and power levels
are often rated in dBm (dB with reference to 1 mW regard-
less of impedance). Sensitivity and power levels for 75 Q
systems are usually rated in dBmV (dB with reference to
1 mV across 75 Q). Figure 2-9 is a circuit diagram of a suit-
able matching pad for this purpose. Figure 2-10 shows the
relationship between 50 @ and 75 Q units, with matching
attenuators included; the conversion is described as
follows:

(1) dBmV (75 Q) = dBm (50 Q) + 54.47 dB. For
example, —60 dBm (50 Q) + 54.47 dB =.5.5 dBmV
(75 Q).

(2) dBm (75 Q) = dBm (50 Q) +5.72 dB. For exam-
ple, —60 dBm (50 Q) +5.72 dB = —54.3 dBm (75 Q).

(3) Forsomeapplications you may wishto knowthe
relationship between dBm and dBuV. For 50 Qsystems
dBuV = (dBm) + 107 dB.

Normal Operating
Range

e N

\

100pV 1wV 10uV

-140dBm -130dBm -120dBm -110dBm -100dBm -90dBm

0.11W 1MW 0.001pW 0.01pW 0.1pW  1.0pW  10pW

NOTE: Volts RMS, .. multiply by
2.8 for peak-to-peak.

0 dBm 1 milliwatt

100uV

-80dBm -70dBm

100pW

-60dBm -50dBm -40dBm -30dBm -20dBm -10dBm 0dBm
1.0nW 10nW 100nW 1.0uW 10uW 100uwW  1.0mW
1673-7A

Fig. 2-8. Volts-dBm-Watts conversion chart for 50 @ impedance.
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047 43.3Q
0 0———|(—fv\/\r—?—o o—
7580 Load
86.75 § 50 2
0 O0— 2—0 0O0—-
1673-8A

Fig. 2-9. Circuit of a 75 Q-to-50 Q@ matching pad (ac coupled),

[3] [2] [11
dBuV dBm dBmV
(50 02} (75 ) (75 )

+87 +35.5

—24.3
+67 +15.5
—-44.3
+47 'Sk"i,—s.!S
—64.3
+27 {—25.5
—84.3
+7 !—45.5
0 —-101.3
—107 -52.5
—100 —80 —60 -40 -20
dBm (50 1) 1293-9

Fig. 2-10. Graph to illustrate the relationship between dBm,
dBmV and dBuV (matching attenuator included where
necessary).

2. Resolution, Sensitivity, and Frequency Span

Resolution is the ability of a spectrum analyzer to
discretely display adjacent signals within a frequency
span. This resolution ability is a function of analyzer
bandwidth, sweep speed, frequency span, and incidental
FM. The frequency span and sweep time are adjusted for
minimum bandwidth to a cw signal. Theoretically, resolu-
tion and resolution bandwidth become synonymous at
very long sweep times.
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Resolution bandwidth is measured and specified for
the 7L14 as the bandwidth (separation) at the 6 dB down
point on the signal.

As the analyzer sweep rate is increased, the signal
amplitude will decrease and bandwidth will increase,
signifying that both sensitivity and resolution have been
degraded.

The best resolution with no video filter, for a given
frequency span and sweep time is expressed as:

Frequency Span (in kHz)

Ro =
Sweep Time (in ms)

Bandwidth determines both noise level and the resolution
capability of the analyzer. As the bandwidth decreases, the
signal-to-noise level and, therefore, sensitivity increases.
Maximum sensitivy is obtained at the higher resolution
settings.

The frequency span is symmetrical about the center
frequency. The frequency span to be used depends onthe
application. Wide frequency spans are used to monitor a
frequency spectrum for spurious signals, check harmonic
distortion, etc. Narrow frequency spans are used to
identify a particular signal and check its characteristics
such as modulation, bandwidth, etc.

When wide frequency spans are displayed, sweep rate
is usually increased to eliminate flicker; this requires the
use of wide resolution bandwidths. When narrow freguen-
cy spans are used, high resolution capability is usually
desired and slow sweep speeds are required.

The FREQ SPAN/DIV and RESOLUTION selectors for
the 7L14 are normally coupled together to optimize
resolution for the frequency span selected; however,
either can be independently set by pulling out the "PULL
TO UNLOCK" sleeve around the FREQ SPAN/DIV selec-
tor.

An UNCAL indicator will light when the sweep time is
too fast for an amplitude calibrated display. Sweep speed
should be reduced to maintain a calibrated reference level
if the UNCAL indicator lights.

For pulsed applications, the resolution bandwidth of
the analyzer should be on the order of 1/10 the side lobe
frequency width, or the reciprocal of the pulse width, in
order to ensure adequate resolution. The RESOLUTION

'selector is usually set for optimum main lobe detail after

the sweep rate has been adjusted.
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3. Gain Desensitization Near 0 Hz

If the Gain selector is setfora REFERENCE LEVEL that
is —50 dBm or more (e.g. —60 dBm) withthe RF Attenuator
at 0 dB, a decrease in sensitivity will be noticed below
1 MHz. This effect is caused by the 0 Hz response
overdriving the 1st IF amplifier. If you are operating
between 0 Hz and 2 MHz, do not set the Gain selector in
this region.

4. Using the Video Filter

The video filter is used for effective averaging of
distributed signals, such as noise, and high frequency
components on the display. When signals are closely
spaced, the filter may be useful in reducing modulation
between the two signals so they can be more easily
analyzed. The filters can also be used to average the
envelope of pulsed RF spectra that has a relatively high
PRF (pulse repetition frequency); however, because the
filter is basically an integrating circuit, low PRF signals
produce poor results.

The use of the video filter may require a reduction in
sweep speed in order to maintain a calibrated display.
Again, the UNCAL indicator will tight if the sweep speedis
too fast for the video filtering, RESOLUTION and FREQ
SPAN/DIV selected.

5. Selecting Sweep Rate

Because the FREQ SPAN changes the resolution and
sensitivity, the sweep rate must be decreased as the
frequency span and resolution bandwidth are decreased,
or when the UNCAL indicator lights. When the FREQ
SPAN is reduced to 0, the analyzer functions as a fixed
tuned receiver. The analyzer now displays time domain
characteristics of the signal, within the bandwidth
capabilities of the analyzer. Sweep Time/Div can now be
used to examine or analyze such characteristics as
modulation pattern, pulsed repetition rates, etc.

NOTE

The RESOLUTION bandwidth should be maximum
for time domain analysis.

6. Triggering the Display

The sweep trigger source is usually switched to the
FREE RUN mode for normal spectrum displays; however,
it may be desirable or necessary to trigger the display
when the event is time related to some source, or whenthe
frequency span has been reduced to zero and a time
domain analysis is performed.

218

The sweep can be triggered from the vertical or video
signal from either vertical plug-in compartment, from the
power line voltage, or from an external source. Trigger
slope for any mode can be + or —; the triggering level is
adjustable over the fuil range of a displayed signal when
using INTernal trigger source, over a 10 V range of an
external signal when using EXTernal source, and over the
peak-to-peak range of the line signal when using LINE.

In the NORM triggering mode, the display is triggered
when the triggering signal source is within specifications.
If the triggering signal is absent or outside of speci-
fications, the sweep recurs automatically to provide a
display baseline.

The amplitude of triggering signal that is required to
trigger the sweep depends on the sweep mode selected.
The internal signal is ac coupled; the line and external
signals are dc coupled. Trigger sensitivities are: 1) <0.5
division of signal (peak-to-peak) and <0.5 volt (peak-to-
peak) of external signal for NORM mode. 2) <0.5 division
of signal (peak-to-peak) and <0.5 volt (peak-to-peak) of
external signal for SGL SWP mode.

Maximum safe trigger input signal level to the EXT
INputs is 50 volts (dc + peak ac).

In the FREE RUN state, the sweep will not synchronize
with any input trigger signal.

When the SGL SWP button is depressed, the sweep will
run after the adjoining button is depressed. During the
sweep cycle, the activating button lights to indicate that
the sweep is running. This feature is useful when
photographing displays at slow sweep rates. The ac-
tivating button does not arm the trigger circuit like some
time base units.

When triggering on pulsed spectra, it may be necessary
to fine tune the sweep start away from a null point to
trigger the display.

7. Manual Scan of the Spectrum

This position is used to examine a particular point or
portion of the display, such as one of the null points of a
frequency modulation spectrum.

a. Calibrate the sweep span with the TIME/DIV selec-
tor in one of the scan positions as previously described,
then switch to the MANUAL position.
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b. Use the MANUAL SCAN control to scan the
selected frequency spectrum.

8. Using an External Sweep Source

A signal source is required to sweep the analyzer
externally. A voltage ramp from 0V to 10V =1V will
sweep the analyzer through its full span. 0 V corresponds
to 0 Hz and 10 V to the high frequency end of the selected
span. Input impedance is approximately 12 kQ for an
external sweep signal.

Before switching to external operation, calibrate the
sweep span using the internal sweep and the 50 MHz
calibrator signal as described under Operational Check.
Switch the TIME/DIV selector to its EXT position and
apply the external voltage to the EXT IN HORIZ/TRIG
jack. Adjust the upper end of the voltage (10 V) until the
analyzer sweep span is calibrated.

NOTE

The frequency deviation across the selected span is
alinear function (within 20%) of the input voltage, sO
+5 V dc should tune the analyzer tothe center of the
selected frequency span.

9. External Trigger Operation

This procedure is applicable when an external trigger
source, such as a puise generator or modulator, is usedto
trigger the display so it can be synchronized to an event
(e.g., measuring PRF of a radar signal).

a. Applythe trigger signal (=0.5 V peak) to the EXT IN
HORIZ/TRIG jack of the 7L14. Switch the TRIGGERING
SOURCE to EXT and the TIME/DI1V selector tothe desired
sweep rate.

b. Adjust the triggering SLOPE and LEVEL for the
desired triggering point.

¢. If time domain information is desired, reduce the
FREQ SPAN/DIVtoO0and setthe RESOLUTIONto 3 MHz.

The analyzer is now triggered by the external source so
the display sweep rate can be controlled externally.

10. Digital Storage

Digital storage provides a smooth (flicker free) display.
Two complete events can be stored. One of these can be
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saved and then compared to subsequent updated infor-
mation. A MAX HOLD feature updates the stored data in
memory when the new input is of higher amplitude, thus
allowing monitoring and graphic plotting of display
changes with time. Vertical information can be divided by
a cursor, or horizontal line, that is positioned with the
PEAK/AVERAGE control. Above the cursor, video infor-
mation is peak detected and displayed; below the cursor,
signal averaging occurs. The average (number of
samples) is a function of sweep speed. The slower the
sweep, the greater the number of samples averaged. This
feature suppresses noise in that portion below the cursor
and aliows full peak detection of vertical data above the
cursor. An intensified spot on the cursor indicates the
horizontal position at which memory is being updated.

When digital storageis used, an additional quantization
error of 0.5% of full screen must be addedtothe amplitude
performance characteristics (i.e., frequency response,
sensitivity, etc.)

Digital storage memory is functionally divided into two
sections—A and B. Data can be storedin A or Borin both.
There are 512 horizontal locationsin A and 512 horizontal
locations in B. When both are displayed, the origin of Bis
shifted such that the A and B coordinates areinteriacedto
provide 1024 display increments. Data in memory is
continually updated with each sweep sothedisplay, when
displaying A or B, is always current.

When SAVE Afunctionis activated, datain Amemoryis
held in storage and only B memory is updated. This
inhibition takes place whether A is displayed or not. This
mode captures an event or waveform for comparison with
a subsequent event displayed by DISPLAY B mode. Inthis
mode all of A memory is displayed, then all of B, eachbya
separate sweep.

When B—SAVE Ais activated, the contents of datain B
memory minus the contents saved in A are displayed. This
provides the comparison of the two events by presenting
the algebraic difference of the two displays. This con-
venient mode can be used to align filters or other devices
when tuningfor anull. Thereference waveformisstoredin
A and the unknown in B. If the device under test is active,
the B waveform may be larger than the reference which
results in a shift in the zero reference line. The position of
the zero reference can be selected with an 8-bit digital
switch. The reference level is normally set mid-screen so
positive and negative quantities can be observed.
Qualified service personnel can position the reference
anywhere within the graticule window.

MAX HOLD causes the digital memory to be updated
only if the new input is of higher magnitude than the
former (B memory only if SAVE A is active). This allows
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monitoring of signals that may change with time and
provides a graphic record of amplitude/frequency excur-
sions.

Signal averaging is useful for suppressing noise. The
number of samples averaged per digitized slot (increment)
is a function of the spectrum analyzer sweep rate. The
slower the sweep speed, the more samples averaged per
resolution bandwidth. Resolution bandwidth also affects
the amplitude difference between peak detected and
average levels of cw signals. When the resolution
bandwidth is less than 1/30th the span/division (e.g.,
100 kHz or less with 5 MHz span/div) there will be
significant difference between peak and average
amplitude levels of cw signals. The peak value will be the
true value, the average value will be in error, especially if
only A or Bisdisplayed. Itis besttorundigital storage with
both A and B interlaced when using narrow resolution
bandwidth with wide frequency spans.. To analyze signal
amplitude level, set the cursor at least 1/4 division below
the signal peak. To average noise, set the cursor at least
1/4 division above the noise level.

11. Using the CAL OUT Signal Reference for
Accurate Frequency and Amplitude Measurements

The accuracy of frequency measurements may be
improved by using harmonics of the crystal controlled
Calibrator. The Calibrator accuracy is within 0.01%.
Frequency measurements within 2 MHz are possible by
using either of the two methods described below.

Measuring the Frequency Span between a Calibrator
Marker and the Signal to Obtain an Absolute Frequency
Measurement

a. Tune the signal to the center graticule line, ap-
proaching this point from the low frequency side of the
display. Couple the FREQ SPAN/DIV and RESOLUTION
selectors together and open up the display to obtain an
accurate setting, by reducing the FREQ SPAN/DIV to
5 MHz and increasing RESOLUTION to .3 MHz. Adjust
SWP CAL, if necessary, to calibrate the display for 10
divisions between the 50 MHz calibration markers.
(Remember to approach the center point from the iow
frequency side.)

b. Connect the CAL OUT signal and the signal source
through a BNC "T" connector to the RF INput so both
signal and markers are displayed.

¢. Measure the frequency span betweenthesignal and
the nearest 50 MHz marker. (Frequency span is
5 MHz/Div.)
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d. Addorsubtractthefrequency spantotherespective
marker to obtainthe signal frequency. Sincethe maximum
frequency span between the signal and marker is 25 MHz
+5%, marker accuracy is 0.01% and human observation
erroris approximately 1/2aminor divisionor 0.5 MHz. The
accuracy using this method is within 2 MHz.

Measuring the Frequency after the Frequency Readout
Correction Factor Has Been Established

a. As described for the frequency span method, tune
the signal to the graticule centerline, opening the display
to 5 MHz/Div to obtain an accurate setting. Tune the
signal to the center from the low frequency side.

b. Note the frequency readout (e.g., 1002 MHz).

c. Applythe CAL OUT signal to the RF INput and tune
the nearest 50 MHz marker to the graticule centerline.

d. Set the frequency readout, with the CAL adjust-
ment, to read the exact frequency (e.g., 1000 MHz.).

e. Retune to the unknown signal, approaching it from
the low side, and note the frequency readout.

Measuring Absolute Signal Levels

Since the top of the graticule is a calibrated
REFERENCE LEVEL and the graticule is calibrated in
dB/DIV, as described in the Preliminary Front Panel
Calibration procedure at the beginning of this section, itis
easy to measure the absolute level of most signals.

a. Calibrate the graticule as previously described in
the Operational Check procedure. Ensure that the REF
VARiable (gain) control is in its CAL detent.

b. Connect the signal source to the RF INput, as
described under Signal Application. Switch to the
10 dB/DIV or 2 dB/DIV display mode.

NOTE

For maximum accuracy, usethe same cablethat was
used to calibrate the REFERENCE LEVEL and use
the 2 dB/DIV display mode.
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c. SelectaREFERENCE LEVEL withthe RF Attenuator
and gain selector to bringthe signal to be measured within
the screen or graticule window.

NOTE

If you are operating inthe 10 dB/DIV mode, the gain
selector should be within the blue sector.

d. The absolute signal level equals the number of dB
graticule divisions from the reference level (top of the
screen) to the signal reference (usually the signal peak)
plus the REFERENCE LEVEL readout in dBm. For ex-
ample: A signal level 4.5 divisions below the top with a
REFERENCE LEVEL readout of =60 dBm, inthe 2 dB/DIV
display mode, is —60 dBm + (—9 dB) or —69 dBm. This
refers to the signal level at the RF INput connector. Add
the insertion loss of any external attenuators and cables (if
they are used) between the signal source and the RF
INput.

NOTE

The maximum input level to the RF INput, for linear
operation, is —30 dBm with 0 dB RF attenuation; or
+30 dBm with 60 dB of RF attenuation. Accurate
measurement of signals above this level can only be
performed if an external attenuator is used.

Accurate Signal Level Difference Measurements in dB

a. Usingthe 2 dB/Div display mode, positionthetop of
the lowest amplitude signal to a reference line within the
graticule area with the REF VARiable or VERTICAL
POSITION controls. If display noise is excessive, use the
VIDEO FILTER and reduce the sweep speed to maintain
signal amplitude, or decrease the RESOLUTION
bandwidth,

b. Use the RF Attenuator selector to reduce the
amplitude of the larger signal until it is withinthe graticule
area, and note the increased attenuator reading.

c. Measure the signal level from the reference line
established for the smaller signal (graticuleis calibrated in
2 dB/DIV), then add the change in RF Attenuator reading
to obtain the difference level (in dB) between the two
signals.

Measuring Relative Signal Amplitude in LIN Display
Mode

The vertical scale on the spectrum analyzer graticuleis
calibrated in dB for LOG display and in increments of 0.2
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for the LIN display. Relative signal levels can be made by
adjusting the amplitude of one signal with the gain and
attenuator controls to 1.0 division, then directly reading
from the graticule, the amplitude of the other signalsas a
percentage of this reference.

12. Using the Analyzer Below 100 kHz

The sensitivity of the analyzer degrades about
0.3 dB/kHz below 100 kHz; for example, the sensitivity is
about —113 dBm at 50 kHz with 30 Hz resolution.
Reference level operation becomes limitedto —50 dBm as
the center frequency approaches 1 kHz, because of the
LO energy that exists in the 1st IF pass-band.

APPLICATIONS

7L14 and the TEKTRONIX TR 502 Tracking
Generator

The 7L14 Spectrum Analyzer, combined with the
TR 502 Tracking Generator, has the characteristics of a
very sensitive synchronized detector. It allows for a
number of measurements such as:

— frequency measurements with counter accuracy of
low level (below -100 dBm) signals.

— accurate frequency measurements of the modula-
tion components of complex signals.

— return loss and swr measurements.

7L14 and the TEKTRONIX 1405 Sideband Analyzer
Adapter

The 7L14 Spectrum Analyzer, in conjunction with the
1405 Sideband Analyzer Adapter, allows sideband
analysis to be performed directly on the rf carriers in
television appications.

Interconnections for operation withthe 1405 Side-band
Adapter are described below.

a. Connectthe 7L14 1ST LO OUT to the 1405 LO IN.

b. Connect the 1405 Z-AXIS OUT to the oscilloscope
mainframe EXT Z-AXIS IN.

c. Connect the 1405 VIDEO OUT to the video input of
the tv transmitter or circuit under test.

d. Connect asampie of the output of the tv transmitter
or circuit under test to the RF INput of the spectrum
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analyzer, using an appropriate cable and coupler to avoid
exceeding the maximum input power level of +30 dBm.

Use care to keep the power level into the spectrum
analyzer low; an off-screen signal can damage the
spectrum analyzer. External attenuators should be
used if the internal attenuator will not reduce the
signal sufficiently.
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For these applications, as well as applications for
spectrum analyzers alone, such as: measuring inter-
modulation products, cross modulation, radiation in-
terference, modulation percentage, modulation index,
absolute and relative signal levels, etc. contact your local
Tektronix Field Office or representative.
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Section 3—7L14 Spectrum Analyzer

THEORY OF OPERATION

This section describes the functions of the major
circuits in the 7L14 and their relationship in the overall
operation of the instrument. The description is general
and intended as an aid for the technician and operator to
help service, or operate the instrument at maximum
efficiency.

The section begins with a functional block diagram
description, followed with more detailed analysis of the
major circuits. Positive logic is used for digital circuits.
The diagrams contain typical waveform and voltage data
that should be helpful to understand circuit functions and
aid in troubleshooting the instrument.

BLOCK DIAGRAM

The 7114 is a swept front-end spectrum analyzer that
covers the frequency range from 10 kHz to 1.8 GHz and
provides a frequency span of 1.8 GHz. A detailed block
diagram in the Diagrams section, illustrates signal paths
and function of the major circuits. Refer to this diagram
while reading the description.

The input signal path to the 1st mixer consists of a0 to
60 dB step attenuator, alimiter (to protectthe mixerfroma
DC voltage), a 1.8 GHz low-pass filter, and a3 dBisolation
pad. The stop band for the filter begins at 2.095 GHz. The
filter attenuates frequencies of 2.095 GHz (1st IF) and
higher, that may exist between the 1st mixer and the RF
INput. This reduces susceptibility to image responses, |F
direct feed-through from the RF INput, and keeps the 1st
LO output from reaching the RF INput connector.

The 1st mixer is a double-balanced type mixer, with its
input and output isolated by a 3 dB pad and a traveling
wave directional filter, respectively. The 3 dB pad reduces
VSWR interaction and improves the response flatness.
The traveling wave directional filter reduces intermodula-
tion distortion and provides a termination for image
responses from the 1st mixer.

The frequency of the 1st LO is swept, when the
frequency span is 100 kHz/Div or more, through some
portion or all of the frequency range from 2.095 GHz to
3.895 GHz. The center frequency of the oscillator can also
be tuned through the selected frequency span. When the
frequency spanis 50 kHz/Div or less, the 1st LO frequency
isfixedandthe 2nd LQis swept throughthe selected span.

The output of the 1st mixer (1st IF) is centered at 2.095
GHz. A bandpass filter 10 MHz wide (with a center
frequency of 2.095 GHz) attenuates the upper sideband,
and a 2.2 GHz low-pass filter ensures the outband integrity
of the bandpass filter. The 1st IF is converted to 105 MHz
(2nd IF) in the 2nd mixer by mixing the 2nd LO frequency
of 2.2 GHz with the 1st IF of 2.095 GHz.

The 2nd IF signal is amplified by a Pre-Resolution
amplifier, then reduced in bandwidth to 3 MHz by athree-
cavity helical resonator filter. The 105 MHz IF is converted
down to 10 MHz in the 3rd mixer by the 3rd LO frequency
of 95 MHz mixing with the 2nd {F of 105 MHz. Amplifica-
tion and bandwidth of the 10 MHz 3rd IF, are controlled in
the resolution and function IF amplifier stages. Amplifica-
tion is controlled by switching in amplifier stages.
Bandwidth is controlled, in decade steps from 3.0 MHz to
30 Hz, by switching bandpass filters into the signal path.
IF gaincanbeselectedin 10 dBsteps from0to 70 dB. Gain
stages are in the Pre-Resolution amplifier and the Func-
tion |F amplifier, with an additional 10 dB of gainin the
30 Hz filter. The additional 10 dB of gain may be added
only when the resolution bandwidth is 30 Hz and the
display mode is 2 dB/DIV or LIN. Variable gain between
the 10 dB steps, is provided by a variable gain stage in the
Post-Resolution amplifier.

The Function IF amplifier contains circuits for
logarithmic, linear, and vertical deflection factor. The log
displays are 2 dB/Div and 10 dB/Div. The amplifier also
compensates for the gain variation when the resolution
bandwidth and display modes are changed, so the
reference level remains constantthrough all combinations
of resolution and display modes.

The detected signal from the Function IF amplifier is
amplified and summed with voltage levels for vertical
positioning, then applied through push-pull amplifiers to
the oscilloscope mainframe interface. Three auxiliary
circuits can be switched into the video signal path. These
circuits provide: video filtering (30 kHz, 300 Hz, and
10 Hz), digital storage (DISPLAY A, DISPLAY B, SAVE A,
B-SAVE A, and MAX HOLD), and baseline suppression,
peak detention, or averaging when digital storage is
activated.

The sweep circuits provide the frequency base or time
base for the display. In the frequency domain, the output
from the sweep generator is applied through the horizon-
tal amplifier to the mainframe interface, for the horizontal
deflection, and through the frequency span attenuator to
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the 1st or 2ndlocal oscillator, for frequency sweeping. The
frequency span of the display is therefore a function of
how much the 1st LO or the 2nd LO is swept.

The sweep ramp from the sweep generator is
attenuated in calibrated increments by the FREQ
SPAN/DIV attenuator, then applied through switch con-
tactstoeitherthe 1st LO (YIG) driver circuits or the voltage
controlled 16-19 MHz oscillator in the 2nd LO phase lock
loop.

A current ramp through the main tuning coil, sweeps
the 1st LO for frequency spans from 100 MHz/Divthrough
5 MHz/Div, the current ramp is then applied to the FM coil
of the YIG oscillator for spans of 2 MHz/Div through
0.1 MHz/Div. When the frequency span is decreased to
50 kHz/Div or less, the 1st LO may be phase locked and
the sweep ramp is applied through switch contacts to a
voltage controlled 16-19 MHz oscillator in the 2nd LO
phase lock loop. The 2nd LO phase lock loop is a servo
system which transmits changes of the 16-19 MHz os-
cillator frequency to the 2nd LO.

The marker (or ditch) in the signal that is dispilayed
when the FREQ SPAN/DIV selector is in MAX position, is
produced by the marker generator. The marker positionis
relative to the setting of the tune control: it indicates the
portion of the span that will be the center of the display
when the frequency span is reduced. When digital storage
ison, the marker is displayed onthe signal as well as onthe
cursor. The marker, summed with the video at the
amplifier, drives the vertical output stage.

This completes the signal path flow and the function of
the frequency span circuits.

DETAILED CIRCUIT DESCRIPTION

The following is more detailed than the block diagram
description and should assist in servicing and operating
the instrument.

RF or Microwave Circuits @

The RF section consists of sealed microwave
assemblies that contain hybrid circuits on ceramic sub-
strates, or circuit boards mounted in a metal substrate.
The cover of the assembly is then sealed with a conductive
sealant. This seal should not be broken, nor repair
attempted. Components in the RF microwave assemblies
are identified with a circuit number whenthey arereferred
to in the calibration procedure (e.g., C15, C16, and C17in
A8). The circuitry within the block is simplified toillustrate
the function of the hybrid assembly.
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As previously described in the block diagram descrip-~
tion, input signals to the unit can be attenuated in 10 dB
increments up to 60 dB, by A86. A limiter protects thefirst
mixer from signals which have morethan 1 Winput power,
and from those containing a dc component. Signals then
pass through a 1.8 GHz low-pass filter (FL2) with a stop
band that begins at 2.095 GHz. Signals in the frequency
band from 0 to 1.8 GHz, then passthrough a3 dBisolation
pad to the 1st mixer.

The 1st mixer, a double balanced type, converts the
incoming broad spectrum of signals to a 2.095 GHz IF, by
mixing these incoming signal frequencies with the output
of the 1st LO (A12). The 1st LO may be swept and tuned
within the 2.095 GHz to 3.895 GHz band.

The output of the 1st mixer (A2) is isolated by a
traveling wave directional coupier that couples the 2.095
GHz IF signal to a 2.2 GHz LP filter, 2.095 GHz band pass
filter, and into the 2nd mixer in assembly A10. As
previously described this isolation improves the perfor-
mance of the 1st mixer and reduces spurious signals.

The 2nd mixer in assembly A10, mixes the output of the
2.2 GHz 2nd LO (in A20) to convert 2.095 GHz down to
105 MHz IF.

The bandpass and center frequency of the 2.095 GHz
IF is adjusted by the capacitors C15, C16, and C17 (in A8)
and the coupling of the 2nd mixer, in assembly A10. These
adjustments are performed to obtain a bandpass of
10 MHz that is centered at 2.095 GHz with optimum skirt
shape. The mixer is oriented in the chamber to one of two
balance points to provide the best rejection of spurious
products generated by the 1st LO and 2nd LO.

Band reject filters, consisting of 1/4 wavelength stubs
that are separated 1/4 wavelength, are distributed along
the output transmission lines of the 2nd mixer to the
105 MHz IF. These suppress 2.3 GHz and 4.6 GHz.

The active component for the 2nd LO (in A20) is
transistor Q20. Its collector load is a stripline resonator.
The center frequency of this oscillator and the frequency
span are controlled by an error voltage from the 2nd LO
frequency servo system. The oscillator output is coupled
through a directional coupler to the 2nd mixer and
through a low pass filter to another directional coupler
which is part of the 2nd LO frequency servo system.

The phase lock loop for the 2nd LO (in A20) contains a
99,2045 MHz oscillator which is muitiplied by a factor of
22. This frequency of 2.1825 GHz isthen passedthrougha
bandpass filter (A14) and mixed in A22 with the output of



the 2nd LO to produce an IF between 16 to 19 MHz.
Bandpass characteristics and center frequency response
of A14 are adjusted by the same procedure that is used to
adjust the bandpass characteristics of assemblies A8 and
A10.

The 16-19 MHz IF output from assembly A22, is also
passed through a 2.3 GHz and a 4.3 GHz filter that is
identical to the filter in assembly A20.

The 1st LO (in A12) is a YIG (yittrium-iron-garnet)
tuned oscillator. YIG is a material that changes its
resonant frequency when it is subjected to a changing
magnetic field. The intensity of this field is controlled by
current through the tuning coil. When the oscillator is
swept, a current ramp from the YIG driver amplifier stage
is applied to this tuning coil. The amplitude of this current
depends on the setting of the FREQ SPAN/DIV selector.
With FREQ SPAN/DIV setting of 50 kHz/Div or {ess, the
normal state of the 1st LO is to operate in a phase locked
mode at a frequency which depends on the setting of the
TUNING control and some multiple of a 2.19 MHz
reference oscillator.

The front panel 1st LO and 2nd LO OUT jacks (J30 and
J36) provide access to the two oscillator outputs. These
outputs are used by tracking generators. The two ports
must be terminated at all times to prevent reflections back
into the system. Termination plugs P30 and P36 provide
this termination when the ports are not used.

Phase Lock and Frequency Stabilization @

Frequency stabilization is increased and incidental
FM’ing reduced to 10 Hz or less, by a phase lock system
that automatically locks the 1st LO at frequency spans of
50 kHz/Div or less unless the front-panel PHASE LOCK
switch is in the OFF position. The 2nd LO is always phase
locked by a translation phase lock system which is
described below.

The 1st LO phase lock loop contains a reference
oscillator, a pulse generator and sampier, a phase detec-
tor, an error amplifier, and a compensating amplifier that
drives the frequency determining element of the oscillator.
A narrow rectangular pulse from the sampler driver, at
one-half the reference oscillator period, and the output of
the 1st LO are applied to a diode detector. The detector
output charges to the voltage of the pulse plus the
amplitude (at the instant) of the coupled oscillator signal.
The summation of these signals is proportional to the
phase difference between the 1st LO and the reference
oscillator. This voltage is amplified by the error amplifier
and drives the compensating amplifier. The output of the
compensating amplifier maintains a constant phase
difference between the 1st LO and some multiple of the
reference oscillator. While a phase difference may exist,
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there is no frequency error. When locked, the long term
frequency stability of the locked oscillator is that of some
multiple of the reference oscillator.

To achieve the required stability, the 2nd LO is
controlled by a translation phase lock oscillator system.
The phase lock loop consists of the circuitry showninFig.
3-1. The 2nd LO output is applied through a directional
coupler tothe phase lock loop mixer A22. It mixes withthe
22nd multiple of a 99.2045 reference oscillator in A48A4
and generates an IF signal between 16 to 18 MHz. The 16
to 19 MHz IF signal is amplified and applied to a phase
detector (A48A3) where it is compared with the signal
from a 16 to 19 MHz oscillator (A48A2). The phase
difference is detected, amplified by the error amplifier
(A48AS5), and applied as a control voitage to the 2nd LO.

When the 1st LO switches from a swept oscillator to
phase locked mode, it may shift in frequency. This shift in
frequency is coupled through to the VCO for the 2nd LO
frequency servo system and pulls the frequency of the 2nd
LO in a direction to offset the frequency shift of the 1st LO.
The center frequency on the display therefore remains
stable. This offset information is provided by the voltage
memory circuit.

The memory looks at the offset voltage of the 1st LO
before and after phase lock is set, then generates an offset
voltage to apply through a summing amplifier to the 2nd
LO frequency servo system.

The 16 to 19 MHz oscillator consists of an emitter
coupled logic (ECL) IC with a high Qresonant circuit, that
is tuned by a hyperabrupt tuning diode CR1564. The
frequency of this voitage controlled oscillator (VCO) is
affected by the voltage it receives from the TUNE control
memory circuit, offset voltage, and, at spans 50 kHz/Div or
less, the sweep voltage. The control voltages are applied
to both ends of the diode. The summed combination of
offset, tune control, and memory voltage is applied
through pin F to one side of the tuned circuit and the
sweep voltage is applied through pin G, a 30:1 divider
(R1560, R1562) to the anode of CR1564.

The sweep voltage comes through the 5 volt regulator
circuit board, where its amplitude is adjusted by the Swp
Gain adjustment R1960. Additional filtering with C1960,
C1962, is switched in at the slower sweep rates to reduce
the amount of residual line-related noise that may be
riding on the sweep line.

The summing amplifier for the tune control, memory
and offset voltage, is U1735. The memory voltage is
applied through pin AD and the tune control volt-
age through pin AC, to the input of the amplifier. The offset
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SUM OF: OFFSET, TUNE CONTROL,
AND MEMORY VOLTAGE
SWEEP IN (50 kHz/DIV TO 0.2 kHz/DIV) A48A2
A20
A30 A48A1 A48A3
A COUPLER »| 16-19 MHz PHASE DET
IF AMPL
[~ 22GH:z [
Y
A22
MXR
X22
Al4
MULT
A4BA4
ERROR AMPL |
FREQUENCY OF 2nd LO = 2182.5 MHz + FREQUENCY OF 16-19 MHz VCO, 343418

Fig. 3-1. Functional block diagram of 2nd LO phase lock circuit or frequency servo system.

voltage that establishes the center frequency of tuning, is
supplied by VR1720 and a selectable resistor R1725.
Select resistor R1735 sets the gain of U1735 and the
response of the 16 to 19 MHz oscillator to the tune and
memory voltage.

The output of the phase detector (A48A3) is amplified
by the error amplifier U1715, Q1715, on A48A5. The
amplifier output drives the collector of the 2.2 GHz
oscillator to control its frequency.

The sampling generator and driver {A48A6) are part of
the 1st LO phase lock loop. The output from a 2.1944 MHz
crystal controlled oscillator is applied through Q1820 and
Q1825 to a divide-by-two counter U1825. The 1.0972 MHz

output, from the counter, triggers avalanche diode
CR1832t0 generate strobe pulses for the sampling gatein
A24.

The error voltage from the phase detector is applied
through J1900 and pin Stotheinput of U1755, whichisthe
active component for a double-bounded conditionally
stable search amplifier. The double bounding of this
amplifier is achieved with diodes CR1748 and CR1749
(low leakage, temperature stable diodes) which limit the
search amplitude; and CR1742, CR1744, CR1745, and
CR1746 which limit the holiding range of the loop within
the stable gain response range of the phase detector.
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The 5 volt regulator board contains a 5 volt regulated
supply, phase lock enable relay K1955, sweep gain
adjustment for the 16-19 MHz oscillator, and additional
filtering for the sweep voltage line when the resolution is
30 Hz. The phase lock enable relay K1955 switches the 1st
LO FM coil from the sweep voltage source to the output of
compensating amplifier U1755 (in the phase lock circuit)
when phase lock is set. Relay K1965is energized whenthe
resolution bandwidth is reduced to 30 Hz and adds
additional filtering to the sweep line. Gain adjustment
R1960 calibratesthe 50 kHz/Div and less, frequency spans.

YI1G Driver, Voltage Memory, Phase Lock Logic, and
Marker Generator @

The YIG driver consists of a main coil driver and an FM
coil driver. The main coil driver contains an operationat
amplifier U1048, and a Darlington transistor Q1041. The
FMcoil driver contains amplifier U2042, driving transistors
Q2041 anid Q2039. Operation of these drivers is described
under Frequency Tuning and Readout that follows this
title.

The phase lock logic circuit locks the 1st local os-
cillator. When phase lock mode is set, the sequence of
events is as follows: The 2nd LO tune control is engaged
and the 1st LO tune control is disengaged. At the same
time the sampling generator for the 1st LO phase lock loop
is enabled. At the end of a delay period, the phase lock
enable relay is energized and the search cycle of the loop
begins. At the end of another delay period, the memory is
activated and it looks at the shift the 1st LO made to reach
a lock point. The memory stores this data, which is later
applied to the 2nd LO and summed with other controlling
voltages to shift the 2nd LO frequency an equivalent
amount so it compensates for the shift of the 1st LO
frequency when it locked.

Pin 1 of P2053 (input to U2059E) is grounded through
the FREQ SPAN/DIV selector when the frequency span is
50 kHz/Div or less. The output of a set-reset flip-flop
(U2052A U2052C) is low when the PHASE LOCK switch
S$1015 is ON. The two high inputs at U2052B produce a
low-to-enable signal out, which isinverted by U2059A and
applied through pin 4 of P2034 to switch the tuning logic
fromthe 1st LO tuning potentiometer tothe 2nd LO tuning
potentiometer R20. This high is also applied through
U2055A, Q2068 and Q2061 to enable the sampling
generator for the 1st LO phase lock loop.

The low-to-enable signal out of the NAND gate U2052B
also triggers a mono-stable multivibrator, U2048. At the
end of some delay period, the output of U2048 goes high.
This is compared by NAND gate LU2052D, tothe high at the
output of U2059A.

REV MAY 1984

Theory of Operation—7L14 Spectrum Analyzer

The delayed low out of U2052D is applied through
buffer amplifier U2055D and energizes phase lock enable
relay K1955, on the 5 V regulator board ondiagram 3. The
delayed low signal is also inverted by U2059B and applied
through buffer amplifier U2055B as a high for the TRACK
GEN connector J70, and through a second buffer,
U2055C, to another delay circuit in the voltage memory.

At this time, the phase lock loop is closed and starts its
search mode. Before one cycle is complete, the 1st LO
should acquire lock. To provide the time necessary for the
loop to lock, a second delay is inserted in the sequence
path by a one shot mono-stable multivibrator U2033 and
NAND gate U2032B. At the end of this delay, the output of
U2032B goes high, which is inverted by U2032A and
energizes L2025 to close S2025.

The closing of $2025 contacts allows the capacitor
C2020 to charge to the input error voltage at pin 2 of
U2034. This error voltage is indicative of the direction and
amount the 1st LO traveled to reach a lock point. The
contacts of S2025 open and the output of Q2021 goes to
the voltage that was stored across C2020. Memory now
sends this compensation voltage to the 2nd LO and the
center frequency on the display remains stationary.

Frequency Tuning Control and Readout <1> @

Three modes of operation are used to tune the center
frequency: 1) Tune control voltage is summed with the
sweep voltage at the driver input for the main coil of the
YIG oscillator, over frequency spans of 100 MHz/div
through 5 MHz/div. 2) The sweep voltage is removed
from the main coil driver and appliedto the FM coil driver
for frequency spans of 2 MHz/divto 0.1 MHz/div. Thetune
control voltage is still applied to the main coil driver.
3) The sweep andtune control voltages areremoved from
the YIG oscillator driver circuits and appliedtothe 2nd LO
driver, for frequency spans of 50 kHz/div or less. The 1st
LO is phase locked, providing the front-panel PHASE
LOCK switch is on.

Tune Control @

The input to P2078-3 (U1068 pin 10) is high when the
phase lock is set (PHASE LOCK switch S1015 on and
FREQ SPAN/DIV selector 50 kHz or less). This condition
energizes MP22, which engages the drive clutch to the
tuning potentiometer R20 for the 2nd LO. MP20 engages
when the input to P2078-3 is low, which is its state for
frequency spans of .1 MHz/div (100 kHz/div) and higher.
This drives the tuning potentiometer R22 for the 1st LO.

The voltage source for the tuning potentiometers isthe
outputs of operational amplifiers U1055B, Q2062, and
U1055A, Q1048. Zener diode VR 2059 sets the non-
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inverting input of U1055B at 6.3 volts, which establishes
approximately +9.2 volts at the emitter of Q2062 and —9.2
volts at the emitter of Q1048.

The output of U3068 is a proportional to the position of
the tuning potentiometer. This voltage is summed withthe
sweep voltage at the input to the search marker generator,
then applied through cam 33 (100 MHz/Div or less) to the
YIG driver. The center arm potential of the tuning
potentiometer R20 is applied to the summing point at
U1735, which drives the frequency determining circuits
for the 2nd LO oscillator.

YIG Driver @

The dc level, out of the center frequency tuning
potentiometer R22, is summed with the sweep voltage at
the inverting input to U1048. U1048 is an operational
amplifier with a Darlington transistor Q1041 as the
negative supply source. Increasing the voltageinput tothe
amplifier increases the current demand from the negative
supply. This forward biases Q1041 and increases the
current output so the current through the YIG main coil
increases until the voltage output of R22 balances the
input voltage change to U1048. As the current increases
through the YIG main coil, the frequency of the oscillator
increases.

When the FREQ SPAN/DIV isreducedto 2 MHz or less,
the sweep voltage is removed from the input to U1048 and
applied to the FM coil driver (U2042, Q2041 and Q2039).
Current through the main coil is now dependent on the dc
level from the tune potentiometer R22, which sets the
center frequency of the YIG oscillator. K1063 is energized
to shunt the main coil with a filter network consisting of
R1065, C1062, C1063 and C1059.

The FM coil driver is similar to the main coil driver, with
the addition of Q2041 supplying positive currenttothe FM
coil.

R1045 adjusts an offset voltage into the summing point
of LU1048 so the center frequency of the YIG oscillator can
be calibrated. R1044 and R1052 set the gain of the
operational amplifiers so the frequency span of the YIG
oscillator is calibrated for spans of 100 kHz/div and
higher.

Frequency Span @ @

The sweep ramp from either the sweep generator
(U1170), the external sweep source, or the manual control
circuit, is applied through R1254 to the inverting input of
operational amplifier U1250A. This is a voltage ramp from
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0 to about 9volts, which is summed with a dc offset voltage
set by R1255. The output sweep amplitude of U1250A, is
set by R1250 (Swp Gain) so the ramp is a calibrated 20 V
centered about 0 V. This voitage ramp drives both the
search marker generator (U3015A and U3015B) and the
frequency span attenuator circuit.

U12508 is the active component of an operational
amplifier whose gain is afunction of the input-to-feedback
resistance ratio. This ratio is selected by the FREQ
SPAN/DIV selector S108B. The output voltage ramp of
U1250B is applied to the YIG oscillator main tuning coil
driver U1048, for frequency spans of 5 MHz/Div or more,
and to the FM coil for spans of 0.1 MHz/Div and
2 MHz/Div. When the FREQ SPAN/DIV is 50 kHz or less,
thissweepis appliedtothe phaselock loopforthe 2nd LO.

Marker Generator @

Switching the FREQ SPAN/DIV selector to MAX SPAN,
closes cam 34 and opens cams 33 and 32. This routes the
tune control dc voltage and sweep voltage output from
U1250A on diagram 13 to the input of amplifier U3015A.
The YIG oscillator is now swept its full frequency span and
a marker is generated that is commensurate to the dc
potential out of the 1st LO tune control (R22).

The output of U3015A causes diodes CR3013 and
CR3012 to switch as the sweep ramp crosses through the
dc level setting of the tune control circuit, developing a
positive ditch or marker at the output of U3015B. This
marker is applied to the vertical output circuit to provide
the center frequency marker on the display.

105 MHzIF Amplifier, 3rd Mixer and Oscillator @

Signals within the 10 MHz bandwidth of the 105 MHz
IF, are amplified by Q85. The outputloadfor Q85isathree
sectional helical resonator that is tuned so the bandwidth
is reduced to 3 MHz. The 3rd mixer converts the 105 MHz
IF to 10 MHz IF, by mixing 105 MHz with the output of a
crystal controlled 95 MHz oscillator.

Aperature coupling is used between each section of the
helical resonator. The 3rd mixer is a balanced mixer. L85,
and C95 are tuned to the sum of the two input frequencies
(about 200 MHz). This reflects the upper sideband back
into the mixer and reduces IM signals. C87, R87, L89, and
R241 provide a constant impedance-matching circuit to
the input of the 10 MHz IF amplifier.

10 MHz IF Pre-resolutio
Filter Circuits

Amplifier and Resolution

Three circuit blocks comprise the resolution circuit; the
10 MHz preamplifier, five selectable resolution filters, and




a post-resolution amplifier. As theresolution bandwidthis
selected, gain compensation is provided to maintain a
constant signal level input to the Function IF amplifier.
The Function IF amplifier is then adjusted so a constant
signal reference level is maintained on the display for
changes of resolution or display modes.

The signal path through the resolution preamplifier
depends on the position of relay K281.This relay is
energized in all positions of the Gain selector except the
first two (0 dB and 10 dB). When energized, the signal
path is through Q280 and Q290, which has a gain of 20 dB.
Gain of the operational amplifier, containing Q250 and
Q260, is increased by 10 dB when the base of Q270 is
grounded through the gain selector. This occurs every
odd 10 dB step of the selector.

With the gain selector fully ccw (0 dB), the 10 MHz
input signal to T240 is amplified by the IF amplifier Q240
and the operational amplifier that contains Q250 and
Q260. The front panel AMPL (CAL) adjustment R80, sets
the gain of Q240 so a —30 dBm, 50 MHz signal, at the RF
INput provides full-screen signal amplitude.

Switching the Gain selector one position cw, grounds
the base of Q270, turning the transistor on, and bypasses
some of the feedback current of the operational amplifier
Q250. The closed loop gain of the stage is therefore
increased 10 dB. Gain is accurately calibrated by the
10 dB gain adjustment R267.

Increasing the Gain selector position an additional
10 dB, opens the base of Q270 and energizes relay K281.
The output of T264 is now switched through Op Amp
Q280-Q290, for 20 dB of additional gain.

Increasing the Gain position to 30 dB grounds the base
of Q270, increasing the gain of the preamplifier an
additional 10 dB for a total gain increase through the
preamplifier of 30 dB. As previously described, the relay
K281 remains energized through the remaining four
positions of the Gain selector.

The resolution section contains four crystal filters (for
30 Hz to 30 kHz resolution) and a 300 kHz coupled-
resonator filter. The 300 kHz filter consists of six resonant
sections and an amplifier. Signal path through or around
thefilters, is directed and controlled by relays K300, K353,
K354, K355, K356, and K357. (The 30 Hzfilterislocated on
YIG Driver, Voltage Memory and 30 Hz filter board,
Diagram 5). These relays are energized as the
RESOLUTION cam switch S108A is switched to positions
that connect the relay armature to the —15V power
source.
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Amplitude adjustments for each filter section establish
a signal output level as the resolution is changed, so the
signal reference level on screenremains constant through
the RESOLUTION range. It isimportant when aligning the
filters, that their center frequency is centered on the
others. This is done by switching in one of the crystal
filters periodically to re-establish the center of the band-
pass for the 300 kHz and 3 MHz filters.

The resolution output amplifier provides approximately
15 dB of gain. The gain compensates for loss in sensitivity
through the microwave circuits. The response across the
1.8 GHz span remains relatively flat (within +1 dB,
—2 dB).

The 10 MHz IF signal isrouted (by K357) through either
a wide filter (3 MHz) or a narrow filter, for additional
shaping and noise reduction. Bandpass of the narrow filter
is 300 kHz. K357 is de-energized when the RESOLUTION
is switched from 3 MHz to 0.3 MHz.

30 Hz Filter <5>

This filter contains an amplifier, crystal filter, and a 10 dB
gain boost circuit. The 10 MHz IF is routed through the filter
when K354 on diagram 7 is de-energized, and K3021 is en-
ergized. Q3024 and Q3022 are emitter coupled amplifiers.
Gain of the amplifier is set by adjusting the amount of feed-
back from the output of T3029 to the base of Q3024. This
adjustment is R3038.

The additional 10 dB of gainis provided when the 30 Hz
filter is in the signal path andthe gain selectoris advanced
to its cw position. This turns on Q3032 and decreases the
negative feedback for the amplifier. Gain is calibrated by
adjusting R3030.

50 MHz Calibrator

The calibrator is a crystal controlled oscillator con-
figured with the crystal in the feedback loop of a mul-
tivibrator. Output of the oscillator is calibrated to a
—30 dBm with adjustment R956. Output impedance is
50 Q.

Function IF Amplifier

The Function IF consists of six cascode amplifier cells
or blocks, connected in cascade. Each cell operates as a
linear or logarithmic amplifier depending on the display
mode selected to provide the gain characteristics required
forthethree display modes of 7L14. The gain of each cell is
a function of the emitter resistance of the input transistor.
In the Log mode, diodes in the emitter circuit of the
amplifier reduce the gain at a logarithmic rate from 10 dB
to 0 dB as the signal level increases.
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When the operator depresses the 10 dB/DIV display
button, +15 Vs applied through S130A, pin 1 of P135and
pin 2 of P520 to the anodes of the log diodes; CR511-
CR512, CR514-CR515, CR517-CR518, CR521-CR522,
CR524-CR525, and CR531-CR532. These diodes are
forward biased (with no signal input) and the amplifier cell
operates at full gain. As the signal input level increases,
the emitter voltage approaches the bias of the diodes to
turnthe diodes off. The amplifier gaintherefore decreases
to 0 dB.

The gain decreases to 0 dB progressively as the signal
level increases, starting with Q720-Q710 and progresses
toward the front end.

In the 2 dB/DIV mode, +15V is applied to diodes
CR527-CR528 and CR534-CR535 in the emitters of Q680
and Q720, and +15 V is removed from the anode of the
10 dB log diodes so they are now back biased.

CR534-CR535, in the emitter of Q720, and CR527-
CR528 in the emitter of Q680, provide approximately 4 dB
of log gain per amplifier cell. This provides two break
points, at about 4 dB and 8 dB of the gain curve over the
dynamic window. These two break points change the
curve slope suffieiently to shape the curve for 2 dB/DIV.
R737 and R697 set the slope of the curve after the break
point.

The 10 dB and 2 dB/Div Ref Level adjustments R802
and R801, position the linear portion of the log gain curve
(see Fig. 3-2) within the 8 division graticule window.

8 Div —

0dBm

Volts in log scale

Fig. 3-2. Log converter curve.
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The 2 dB/DIV and LIN mode displays require at least
70 dB of gain through the analyzer's IF; therefore, ad-
ditional stages are switched in to increase the Function IF
gain. S130A is disengaged then the 2 dB/DIV or LIN mode
buttons are pressed. The base of transistors Q570 and
Q600 now have areturn path to ground, through U2890in
the 40 dB or 50 dB positions of the gain selector. Groun-
ding the base of the transistors, turns them on and boosts
the gain through these amplifier cells an additional 10 dB
per cell. Transistors Q630 and Q660 are turned on when
the gain selector is switched to the 60 or 70 dB positions.

Gain of the Function IF amplifier, in the LIN and 2 dB
modes, is calibrated at the 40 dB and 60 dB steps by
adjusting R603 and R663. Q730 is turned on when the LIN
mode is selected and R733 (LIN Ref Lvl) setsthereference
level of the display to the top line of the graticule.

The output signal of Q700 is coupled to a linear
detector. The linear detector consists of Q740 driving the
common emitter amplifier Q750-Q760 with feedback
through C766, the detector diodes CR772-CR771,
resistors R775-R776, and C776 to the input of the
amplifier.

During the positive and negative excursion of the IF
signal, feedback current is supplied through CR772 and
CR771. This produces a circulating current through the
diodes proportional to the average signal input level. The
negative video output signal is developed across R772-
R819 and R771. The video is then applied through a filter
network to the vertical output stages.

Linear Baseline Offset adjustment R803, compensates
for baseline shift when the display mode is switched from
LOG to LIN.

Video Filter, Baseline Clipper and Vertical
Output

Video signals from the detector are amplified by
operational amplifier U820B. Its feedback resistance,
R826, is shunted by baseline-clamping diodes and fast or
slow video filter circuits that are switched in by U830 and
u840.

Clamping diode CR825 maintains the video baseline
reference by clamping the amplifiers input signal level.
CR825 clamps the input of the amplifier from shifting
positive.

The three sections of U840 are connected so they
operate as OR gates to connect C840 inthe feedback loop
for UB20B. Pulling pin 2 or 3 of P830 low, or activating the



30 kHz video filter, turns one section of U840 on, to
connect C840inthe feedback loop. Pin 2 of P830is pulled
low when the front-panel RESOLUTION selector is
switched to the 30 kHz position. Pin 3 of P830is pulled low
when the RESOLUTION is switched to 3 kHz or 300 Hz
position.

The three sections of U830 and one section of U840 are
connected to operate as an AND-OR gate. Whenthevideo
filter selection switch is closed, one section of U830 is
turned on to connect C830 in the feedback loop. Closing
both S90A and S90C (300 Hz and 30 kHz) turns two
sections of U830 and one section of U840 on. This
connects C830, C832, and C840in the feedback loop. The
following logic describes the three filter combinations:

30 kHz = (30 kHz RESOLUTION}) OR (3 kHz to 300 Hz
RESOLUTION) OR (C90C closed).

300 Hz = (SS0A closed).

10 Hz = (S90A) AND (S90C closed).

The output of UB20B is isolated from summing
amplifier U820C by Op Amp U820D. U820C sums the
video signal with the dc level set by the vertical position
control plus the search marker, when present. The output
of U820C drives the positive output for the oscilloscope
interface, the inverting amplifier U820A (which drives the
negative output to the oscilloscope interface) and the
Baseline Clipper circuit.

The Baseline Clipper circuit consists of a common
emitter current switch (Q887-Q890) and a logic circuit
(Q895-Q898) that modulates the Z Axis switching circuit.
The Z Axis switching circuit consists of a current switch
(Q2320-Q2330) that is controlled by an exclusive OR gate
(Q2335 and CR2336). The output of the current switch
drives the Zaxiscommon (pin B17) and the Aux Z axis (pin
A17).

Q2335 with CR2336, operate as an exclusive OR, to
gate the state of either interface pin B7 (channel switch) or
A16 (mode info) to the base transistor Q2330. When this
state is high, Q2320 is switched on and positive current
through the interface pin A17 (High) reduces or clips the
crt beam intensity.

The CONTRAST control sets the quiescent current
through CR898 which establishes the contrast between
the clipped and unclipped portions of the display.

The amount of current through Q2320 or Q2330 is a
function of the Baseline Clipper logic circuit. The common
emitter current switch Q887-Q890, switches transistor
Q898 off when Q887 is on. Composite video from U820C
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will cause the circuit to switch at some level set by the
BASELINE CLIPPER control R96. When Q890 switches
on, Q898 is switched on increasing the current through
Q2320 to decrease the crt beam intensity.

The BASELINE CLIPPER control range is about 100%
of the display amplitude.

Frequency Readout @ @

The frequency readout system looks at the frequency
tune control voltage and outputs both a standard readout
signal for the mainframe, and a LED readout for the
frequency indicator on the 7L14. The system consists of a
digital voltmeter, drivers for multiplexingthe LED readout,
and an A to D converter to drive the mainframe readout
circuits. Fig. 3-3 is a basic functional block diagram.

The DVM is a precision oscillator. An integrator is
ramped up and down by switching its input currents.
These input currents are switched by commands from a
digital counter and an analog comparator. During one
transition, the count is loaded into latches. This numberis
then displayed during the next transition.

The integrator generates an output ramp with atiming
sequence proportional to the dc level set by the tuning
potentiometer for the 1st LO. The comparator generates a
step signal output when the ramp signal crosses a
reference voltage which triggers the multivibrator.

The counter counts towards 20,000 during the run-up
time of the ramp. When the output of the comparator steps
positive, it triggers the flip-flop which loads the count into
the latch and also shifts its number into decoders and
drivers for the LED readout. The new state of the flip-flop
also switches the reference current off and the output
voltage of the integrator ramps down towards 0 volts.

Referring to the schematic diagram 20, the voltage
output of the amplifier U2110 is proportional to the input
voltages at pins 2 and 3. The voltage at pin 3is from the
tuning potentiometer, and ranges from about —9 volt to
+9 volt. An offset voltage can be summed in with this
tuning voltage, for calibration, by adjustment R2135.

Reference current for the integrator U2140, is supplied
by a buffered operational amplifier U2120 and Q2120. An
input reference voltage of 11.7 volts to U2120 is set by
Zener diode VR2115. This sets the current output of Q2120
to a value that is independent of the signal voltages. The
current from this sourceis steered eithertotheinput of the
integrator, or to the power supply by diodes CR2130,
CR2132, and CR2134,
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Fig. 3-3. Functional block diagram of the frequency readout circuit.

The voltage state of pin F is set by the multivibrator
U2030A, U2030B in the digital section of the DVM. When
the state is low, CR2132 and CR2134 are off and reference
current is steered through CR2130 to the input of the
integrator. When the stateis high, the diodes areturned on
to steer the reference current through R2147 to the power
supply.

As indicated in Fig. 3-3, the reference current is larger
than the signal current so the output of the integratorisa
positive-going ramp when it is summed with the signal
current. When the reference current is switched off, the
output of the integrator is a negative-going ramp.

The reference voltage source for the comparator
U2145, is the output of operational amplifier U2130. The
11.7 V Zener diode VR2115 sets this output at avery stable
11.7 V. This source provides the reference for the offset
current through R2135 and the reference for the negative
input of the comparator U2145,

As the positive-going ramp from U2110 crosses the
reference voltage, the output of the comparator steps
high. This triggers the multivibrator U2030A, U2030B and
the voltage at pin F goes high to turn diodes CR2132 and
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CR2134 on. The output of the integrator swings past the
reference voltage a slight amount before it starts negative.
When it again crosses the reference potential, the output
of the comparator switches low.

U2015, in the digital section of the DVM, is a 0to 20,000
counter and latch. When it counts to 20,000 or 0, pin 18
goes high. This high is fed back through two inverters
U20000B and U20000C to reset the flip-flop. The resultant
low on pin F turns diodes CR2132 and CR2134 off. The
reference current is again summed with the signal current
and the cycle repeats. The slope of the positive-going
ramp determines the time required for the voltagetoreach
the reference that determines the count of the counter.

The clock input to the counter U2015 is generated by
oscillator Q2005-Q2010. The output of the oscillator is
applied through emitter follower Q2015, to pin 1 of U2015.
The digit output on pins 4,5,6, and 10 is in binary format.
The count in the latch of U2015 is transferred, when the
latch is strobed, to a BCD-to-7 segment decoder (U2020)
and through inverter drivers (U2000A, U2000D, U2000E,
and U2000F) to a digital-to-analog converter U2065. The
converter sums the digital current input and provides
column sense data (at pin 19) for the readout circuits of the
mainframe.



The digits are displayed sequentially. The seven digit
code for the LED’s is applied from decoder U2070;
however, only one digit lights at atime. The command to
light each digit is sent out on pins 8,7, 17, and 22 of U2015,
to LED DS2075. The clock pulse that strobes the display
command from one digit to the next is applied to pin 11 of
U2015 from NAND gate U2030D. When a time slot goes
low, the clock continues to strobe the counter from one
digit to the next (1, 10, 100, 1000) until the corresponding
digit display command is gated through AND-NOR gate
U2040. At this time the clock signal through the NAND
gate U2030D is blocked and the column sense signal
current issentfrom pin 19 of the Dto A converter U2065, to
the mainframe readout.

One unit of current differential exists between the LED
readout and the mainframe. Resistors R2020, R2026,
R2133, and R2137 are connected between the respective
time slot line and the senselineto add an additional unit of
current for the mainframe readout circuit.

Uncal Circuit @

Reference level calibration of the display depends on
the combination of frequency span, resolution bandwidth
sweep rate, and video filter bandwidth. It was determined
from the amplitude loss factor equation

D 2 -1/4
[1 + 0.195 ( th) ]

that the display is calibrated when the combination of the
above parameters cause the equations

< =

Freq Span
0.5 (min B, V) (B) (1)

to equal or exceed 1, where

min B, V= minimum bandwidth of either theresolution
or video filter

B = Resolution bandwidth

t = Sweep time

The multiplication and division of quantities in this
equation can be done by summing the logarithm of the
various parameters. The equation becomes:

tog (freqapan) —log (0.5) —log (min B,V) —log (t) =1

By normalizing these parameters so each term is equal
to or greater than zero, the equation becomes:
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200 x 10° 10° 10°
log ( Freq Span) log max ( B TV

6
log (%) ~ log (5 Xt10_3)— 1,097 >0

The logarithmic summation of these parameters is
performed by an analog circuit and compared against
ground or zero. The resultant indicates if the display is
uncalibrated or calibrated. Fig. 3-4 illustrates the basic
uncal circuit.

Sweep Triggering, Sweep Geperator and Horizontal
Amplifiers @ @ é

The sweep ramp is generated by U1170 whenitis gated
on by a positive gate signal from U1180. U1180 can be
triggered, or it will automatically recycle after an RC time
interval (set at pin 12) to provide a constant baseline.

Triggering for the sweep generator circuit is supplied
from one of three sources which are selected by S101. The
selected trigger signal is applied to the input of an
operational amplifier U1010B. The output of U1010B is
summed with the dc level set by the LEVEL control R100.
When the triggering signal amplitude exceeds this dc
level, CR1038 is switched on to generate a positive trigger
signal for the trigger input to U1180. The following occurs
as each source is selected: 1) EXT connects the EXT IN
HORIZ/TRIG connector to the input of operational
amplifier U1010B. 2) INT selects the output of a differential
amplifier U1010A, which receives its trigger signal from
the mainframe interface. 3) LINE selects a sample of the
line voltage from the mainframe interface and applies it to
the input of U1010B. FREE RUN (a triggering mode)
grounds the input of U1010B, which sets the output of
U1010C to approximately 0 V and the input to pin 4 of
U1180 low (approximately —0.7 V). The gate generator
free runs when pin 4 is low.

The positive gate out of U1180 provides the signal for
the sweep generator U1170. The negative gateis amplified
and inverted by Q1230 to provide the unblanking gate for
the crt. Pin 15 goes high at the end of the sweep gate and
gates a holdoff pulse through U1160A, U1160Band Q1160
to the mainframe interface.

Current for the SWP indicator light DS1152, is supplied
by transistor Q1150. During gate time, in the SGL SWP
mode, the lamp drive from U1180 goes low. This gates a
low out of U1160B to turn transistor Q1150 on. Inthe SGL
SWP mode, pin 6 of U1180 is grounded so the gate
generator will not run until it has beenreset by pushingthe
Start button and gating a signal through the NAND gate
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Fig. 3-4. Basic functional block diagram of the uncal circuit.

U1160C to trigger Q1120. This pulls pin 7 of U1180 high
and resets the gate generator so it recycles.

U1170 generates a sweep ramp of 10 V, with a duration
that depends on the timing current into the summing point
at pin 9. The timing current for the capacitors C1173,
C1174, and C1175 is supplied through timing resistors
R1220, R1221, R1222, and R1224 by operational amplifier
U1120A. Timing combinations are switched into the
circuit by the TIME/DIV selector S104.

The dclevel attheinputto U1120Ais adjusted by R1200
to compensate for offset of the IC U1170. The jumper
across P1200 permits a step compensation when U1170is
replaced and the offset is outside the range of R1200.

Pin 6 of P1160 is an input from a tracking generator.
When this input is high, Q1215 and Q1216 are turned on.
Q1216 shunts the integrating current for U1170 from
U1120A to ground. Q1215 sets the sweep output linetoa
dc level that represents center sweep. R1215 adjusts or
calibrates this offset dc level of the sweep integrator in
U1170 so the crt beam is centered during the input signal
period from the tracking generator.
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The sweep output of U1170is connected through cam
29 of S104, to the output amplifier U1050A. U1050A drives
U1040D and both amplifiers supply approximately 0.5 V of
push-pull drive tothe mainframe deflection circuit. Gain of
U1050A is set by SWP CAL adjustment R107. U1050C
provides a sweep to the mainframe for sweep logic, which
provides the + Sawtooth Output at the front panel of the
7000-Series oscilloscope.

Digital Storage @ @

Digital Storage provides the operator with the capabili-
ty of selecting the method for displaying and processing
information contained in the digital storage memories.
This allows operations such as determining the highest
amplitude that occurred during a selected period (MAX
HOLD mode), storing a signal for later examination (SAVE
A mode), subtracting one signal from another (B—SAVE A
mode), and comparing signals (DISPLAY A, DISPLAY B
modes). Two memories are used independently in these
operations to store two complete signals that are each
digitized at 512 points acrossthe sweep. Thus, two signals
may be observed simultaneously or processed in various
ways.



In MAX HOLD mode, the highest amplitude at each of
the 1024 points in successive sweeps is stored and
displayed. In SAVE A mode, a signal is stored in one
memory for later examination, and is not updated. In the
B—SAVE A mode, the A signal is stored and not updated,
then arithmetically subtracted from the B signal, whichis
stored and continually updated. In the AVERAGING
mode, the display area is divided by a horizontal cursor.
Above the cursor, signals are peak detected and dis-
played; below the cursor signals are averaged. In the
DISPLAY A and DISPLAY B modes, the contents of the
selected memory or memories are displayed.

Graphical presentation of mathematic functions or
experimental data is common today. One class of such
graphs is those that have a single Y value for each Xvalue.
An alternate presentation of the data in this graph would
be a table in which the X coordinate values were simply
listed along with a corresponding Y valuefor each X value.
In further simplification, if the first Xvalue andthe spacing
between X values (assuming that all spacings are equal)
were known, the two column table could be reduced to a
single column with the X value implied by the position of
the Y value in the column. This then is the essence of
digital storage: to convert a vertical analog voltage (Y
coordinate value) to a binary number and insert that
number in a stored table. The location of the Yvalueinthe
table is determined by converting to binary the analog
sweep voltage (X coordinate value). Once the table is
created by storing a set of binary numbers respresenting
values across a waveform, the waveform can be recreated
at any time by converting the tabie values (Y) and
positions (X) back to analog voltages representing
amplitude and sweep position.

The digital storage system used in the 7L14 uses two
tables: A and B. Table Bis always updated on every sweep.
Table Ais changed unless SAVE A mode is selected. There
are 512 A values and 512 B values. The spacing between
values is the same throughout both tables, but the starting
point for table B is shifted slightly so that, when bothtables
are being read, the read-out values are interlaced.

When the signals are recreated, the operator has the
option of displaying either A or B, or both A and B. If both
areto be displayed, and SAVE A modeis alsoselected, the
contents of both table A and table B are drawn, each
display inits owntrace. If SAVE A mode is not selected, the
contents of both table A and table B are displayed on one
trace, with 1024 value positions across the screen. A third
trace option is also available. In the B minus A mode, the
displayed values are those resulting from an arithmetic
operation and are the difference between the contents of
table A and table B for each X value of analog sweep
voltage.
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Since a signal waveform is continuous and a table has
discrete X values, an algorithm is used to determine the Y
value to be stored for a particular X value. This allows the
operator to select one of two methods for determining Y
values: peak or average. The Y analog voltage is continual-
ly sampled, with the sampling rate dependent upon sweep
speed. For each X value, there are always at least two
samples and there may be as many as 2" samples. From
this set of samples then, the user may select either the
largest sample value (peak value) or the mean of all of the
samples (average value). Selection between peak and
average is controlled by the front-panel PEAK/AVERAGE
control, which sets a dc level that is compared with the
analog vertical input to produce the PEAK/AVERAGE
logic signal. When the input signal is below the level
selected by the front panel control, the signal is averaged;
when the input is above that level, the peak signal is
displayed. The dc level appears on the display as a
positionable horizontal line. This marker line is created by
switching the dc level to the analog output line during the
marker cycleto produce the MARKER logic control signal.

Superimposed on the marker line is an intensified spot
called the UPDATE MARKER, which indicates the X value
at which new Y values are being computed for display
update. The update marker is formed by comparing the
analog sweep input to the display analog X output. When
the two are the same value, the sweep is forced to pause,
thus increasing the marker intensity at that point.

Central to the 70114 digital storage system are two
specially designed and manufactured IC's; U2045 and
U2020. Vertical section IC U2045 contains the vertical
acquisition and display logic, peak detection, signal
averaging, Z axis blanking, and special Y-value process-
ing circuits. Horizontal section IC U2020 contains the
horizontal acquisition address counter, horizontal display
counter, 10-bit RAM address multiplexer, and a program-
mable logic array system control matrix. The remainder of
the digital storage control circuits consists of two 8-bit
digital-to-analog converters, two 10-bit digital-to-analog
converters, one 10-bit latch, 8k bits of random access
memory, and various ancilliary circuits.

Vertical Section @

The input video signal is applied to input buffer U3084,
which amplifies the video signal to the level necessary for
proper operation of the digital storage. The buffered video
signal is applied to sample and hold U4084, which is used
as a peak detector. Whenever the input video signal
exceeds the output of U4084, asample pulse is generated
for U4084 by comparator U3079B and gate U4032, thus
performing a peak-detecting function. A sample pulse is
also generated by the ST DIVIDE signal for U2020, which
serves to reset the peak detector at the beginning of each
sweep. The peak detector is disabled whenever the video
signal is below the level set by the peak average/baseline
clipper level.
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The output of peak detector U4084 is appliedtosample
and hold U3092, which is controlled by flip-flop U1058A.
Flip-flop U1058A generates the sample pulse, and is
enabled during the clock cycle after the last sample, as
indicated by the least significant bit from the successive
approximation register in U2045. The sample is then
applied to a summing junction, at which point the output
current from the digital-to-analog converter, which is
supplied from the successive approximation register, is
subtracted from the sample current. The difference
current is applied through comparator U2063 to pin 18 of
U2045 as the UP/DOWN signal. Thus the combination of
the successive approximation register, the digital-to-
analog converter, and the sample and hold circuit effec-
tively produces the binary equivalent of the input sample.

The peak average/baseline clipper from the front panel
is scaled to 0-5 V by buffer U3086A. This voltage is then
compared to the buffered video signal to determine the
state of the peak-average line. The peak-average line is
gated into peak register of U2045 by the valid data line.
When the peak average input of U2045 is high, the M180
will store the peak data taken during this time. Flip-flop
U3032 is used to determine when data is valid. U3032 is
cleared at power-up and at the end of each sweep. It is set
at the start of the sweep by the ST DIVIDE line, which
originates from U2020.

The vertical analog voltage is converted to a Y binary
value using an 8-bit successive approximation register.
Nine clock cycles are required for each Y conversion. After
the conversion has taken place, the successive ap-
proximation register produces the negative-going SYNC
signal. Most functions on both the vertical and horizontal
control IC’s are synchronized by this signal. On the
negative-going transition of SYNC, the successive ap-
proximation register is reset to 10 00 00 00 (binary) and
the next conversion cycle begins. Incoming data bits are
latched into the successive approximation register on the
negative-going clock transition. From the register, the
output data are applied to the peak and the averaging
circuits.

The averaging circuit consists of three groups of
circuits: those that accumulate the grand total of all of the
Y values for a given X value (this total is called the
numerator), those that count the number of samples that
make up the numerator (this total is called the
denominator), and those that subtract and shiftto perform
the division process.

As each new Yvalueis converted, itis addedtothe eight
least significant bits of the numerator. Each carryfromthe
most significant bit of this addition is counted by a 17-bit
ripple counter. The contents of this counter and the 8-bit
sum are cascaded to form a 25-bit grand total. Eachtimea
new sample is added to the numerator, a second 17-bit
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ripple counter is incremented

denominator.

to produce the

A division cycle is initiated when the horizontal control
IC U2020 detects a change in the X value. At that time,
U2020 produces the ST DIV (start divide) signal. Upon
receipt of this signal, and in synchronization with the
SYNC signal, vertical control IC U2045 performs several
functions: 1) It latches the current numerator in a 25-bit
latch, and latches the denominator in a 17-bit latch. 2) It
clears the numerator adder circuits. 3) It performs a 17-bit
priority encode on the denominator and loads a 1 in the
appropriate cell of the 25-bit shift register. 4) It loads the
latched numerator and denominator serially into the
divide circuit, using the contents of the 25-bit shift register
as a mask. 5) It clears the denominator ripple counter to
zero.

Ten clock periods are required to load the numerator
and denominator into the divide circuit. The cycle starts
onaSYNC pulse andthe first bit of the quotientis available
shortly after the first clock pulse following the next SYNC
pulse. Division is performed by repeated subtract and shift
operations. The quotientis arrived at serially with the most
significant bit first. Only 8-bit accuracy is required, so, by
using the priority encoder output as a mask, the divider
circuit is loaded with the 8 most significant bits of the
denominator and the 16 most significant bits of the
numerator. (Ripple borrow for a 17 by 25 bit subtractor
would be so long as to be impractical.)

The peak circuit consists of a peak detector and an 8-bit
peak shift register. In operation, the previous peak Y value
from the last set of samples is still stored in the peak shift
register at the start of a conversion cycle. At that time, the
peak detector, which is a serial compare circuit, is set to
the state that will question whether the old or new number
is larger. Each bit of the new value is then compared with
the corresponding bit of the old value, most significant bit
first. When one value is found to be larger, a flip-flop is set
and the smaller number is gated out of the shift register.
The start divide logic signal being true then forces the
peak detector to select the new value and ignore the
number in the shift register.

The peak/avg selector, a multiplexer, selects either the
peak or average value to be routed to the memories under
control of the PEAK/AVE signal. The selector output is
routed through the max hold circuit, which functions in
the same manner as the peak detector. When the MAX
HOLD signal is high, the value that is routed to the output
multiplexer is the larger of two values: the current memory
value at the subject X coordinate or the previously
selected peak or average value.

Timing for setting up the divide operation and cleaning
the numerator, denominator, and peak circuitis controlled
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by a 10-stage Johnson counter. NOR-gate taps are taken
from appropriate stages to develop the necessary clear
and latch timing pulses. Because the denominator is
loaded into the divide circuit using a priority encoder, the
most significant bit is always a 1. Space and power were
saved by modifying the subtractor and not storing this 1.

All data enter and leave the memory serially. Data read
from memory enter an 8-bit shift register, and timed by
SYNC, are transferred to the vertical display output latch
(display register on the block diagram). The same shift
register is used for other purposes, so the DISPLAY
ENABLE signal prevents non-display information from
being transferred to the output latches. An example of
data moving through this shift register is that during the B
minus A display mode. The A value is first read from
memory and stored in the shift register. As the B value is
ready, the subtration is done serially and the answer is
applied to the shift register. Since the subtraction must be
performed least significant bit first, a set of exclusive-OR
gates change the order of extracting B from memory. The
direction of shift for the shift register is reversed also to
present the most significant bit to the proper display latch.
The shift register output is also applied to the output
multiplexer.

In the subtraction, the operation performed by the
serial calculator is not merely B minus A. The actual
expression implemented if (B-A) + K, where Kiis a serial
input external constant specified by the user. This permits
zero to be placed anywhere on the screen. To avoid
confusion, when (B—A) + K results in an off-screen
position, the subtractor blanks the display. Thisis done by
examining the carry bit and borrow bit when the most
significant bit is calculated. If either bitis a 1, thescreenis
blanked.

When SAVE A mode is not selected and both A and B
are being displayed, maximum resolution is obtained
(1024 points across the display). If this display includes a
very narrow pulse, it is possible that the top of the pulse is
only as wide as a single X coordinate (2to 2'" samples). If
this maximum value were in the B table and SAVE A mode
were selected and B turned off, there would be an
apparent drop in amplitude. Forthisreason, when SAVE A
mode is selected, a special set of circuits in U2045
compares all A and B values that have the same X value
and stores the larger in table A. This is accomplished by
first reading the B value and storing it in the display shift
register. Then, as the A value is read, it is compared with
the B value and the larger of the two is loaded into the
display shift register. Finally, the number in the shift
register is written into memory fromthe shift register. This
operation is performed once each time that SAVE A mode
is selected.

Vertical control IC U2045 also contains a 3-bit syn-
chronous counter that identifies the specific bit of an 8-bit
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vertical valuethatisto be read from memory or writteninto
memory. This is the only memory addressing that is
performed by the vertical control IC. All other addressing
is under control of the horizontal control IC (U2020).

Maximum Hold. As described previously, when MAX
HOLD mode is selected, circuits in U2045 compare the
binary equivalent of the input signal for a given X value
with the information in memory for that same X value and
cause the larger of the two to be stored in memory.

Constant Circuit. As described previously, in the B
minus A operation, a constant is used. This constant is
internally selectable with switch S1046. This switch, in
combination with multiplexer U1028, supplies the cons-
tant to U2045. Multiplexer U1038 is in turn controlled by
address bits 0, 1, and 2to provide the proper switch signal
to U2045.

Output Circuits. From the U2045 vertical display
register, the parallel data output is applied to 8-bit digital-
to-analog converter U2052. The converter output is then
applied through a vector generator, consisting of an
integrator (U2072 and C1086) with an associated feed-
back loop sample-and-hold circuit, to the output
storage/cursor switch. Integrator U2072 has a time cons-
tant that provides a ramp lasting between the existing
sample and the newsample (thatis, betweensync pulses).
Sample and hold U2088 retains the last sampie.

From U2088, the output current through resistor K1084
subtracts from the digital-to-analog converter output
current to modify the slope of the output ramp. The output
of the vector generatoristhen appliedtoswitch Q3072 and
Q2069 which selects between the stored data and the
marker under control of the buffered PK/AVG LVL
(peak/average level) control signal from U3052, and
supplies the output to the horizontal circuits.

Horizontal Section @

The horizontal analog voltage is converted to a current
table value through the use of a 10-bit tracking analog-to-
digital converter, which consists of a 10-bit up/down
counter (U2020) and an external 10-bit digital-to-analog
converter (U2012). As the sweep moves to the right, the
counter increments; as the sweep retraces, the counter
decrements. Each time the counter increments, a new X
coordinate value is generated (the digital-to-analog con-
verter output) and a ST DIV (start divide) signal is
generated to start the storage cycle. The increment clock
is the SYNC signal, the decrement clock is the basic
0.9 MHz clock divided by two. When SAVE A mode is
selected, the counter skips every other binary number.
Thus, only B coordinates appear as addresses.
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Intelligence for the horizontal system is provided by a
programmable logic array ROM state device (PLA). This
PLA determines which trace is to be written onthe screen,
determines when to switch from read to write, generates
the B-A coordination signals for vertical control IC U2045
and controls theincrementing of the 9-bit display counter.

The combination of the 10-bit up/down register, 9-bit
display counter, and horizontal display multiplexer con-
stitute the primary circuits that: 1) convert the sweep
voltage to binary form to generate X values to be written
into memory, or 2) read the X values from memory by
counting sync cycles and causing the external logic to
read stored data from memory and produce a vertical
signal (Y value) for each corresponding X value. During
acquisition cycles, the 10-bit up/down counter operatesin
a loop with the external 10-bit digital-to-analog converter
to derive the equivalent (X value) of asample section of the
sweep voltage. From the counter, the 10-bit output is
applied to the 10-bit up/down register. During display
cycles, the 9-bit display counter counts sync pulses to
derive the X value. Either the 10-bit up/down register
output or the display register output is applied to the
horizontal multiplexer under control of the SELECT signal
from the PLA. From the multiplexer, the output is applied
to the memories.

Tracking Analog-to-Digital Converter. As discussed
previously, the 10-bit digital-to-analog converter operates
as part of the loup that derives a binary equivalent of the
SWP (sweep) input signal from the Sweep board.
Converter U2012 accepts the output from the 10-bit
up/down counter and converts that output to an analog
current that is subtracted from the sweep signal, which is
applied at connector pin K and through buffer 1J4024B.
The result of this subtraction is then supplied to up
comparator U4022B and down comparator U4022A to
produce the UP or DOWN signal, as appropriate to control
the direction of the count of the 10-bit up/down counterin
U2020. The counter then counts in the appropriate
direction, thereby changing the digital-to-analog con-
verter output to reflect the proper value.

From buffer U4024B the sweep isinverted and addedto
the STORE HORIZ sweep (U2082). Comparator U3052A
uses this to detect a zero crossing. This output triggers
one-shot U3034. When the output of U3034A goes high,
the the MARKER signal is also high, the 9-bit display
counter in U2020is stopped and the STORE HORIZ sweep
terminates for the duration of the pulse out of U3034A.
When the sweep is stopped, it generates an intensified
spot on the display.

Fast Retrace Blanking. Between the display of the B
memory contents and display of the A memory contents, a
fast retrace occurs. This retrace, unlike that following the
A memory display (cursor), is not required to be seen and

3-16

is thus blanked. This is accomplished by blanking control
one-shot U3034B which is controlled by the most signifi-
cant bit of the memory address and the display enable
signal during a marker cycle.

Memories. Integrated circuits U1010 and U1026
provide 8k bits of random access memory for storage of
the 1024 data points used in the digital storage system.
Addressing is controlled by horizontal control IC U2020.

Reference Level Readout @

The Reference Level Readout circuit receives atten-
uator and gain setting information. With the gain informa-
tion, it sets the gain of the instrument in steps of 10. Italso
calculates the reference level, depicts it on LEDs on the
front panel, and provides appropriate current for the crt
readout.

Nine discrete gain steps (0 to 80 dB) of the IF Gain selec-
tor generate a four-bit word for multiplexer U2880, which
sets the four output lines according to the state of its control
lines, or a predetermined condition. The predetermined con-
dition is when U2880 pin 6 or 3 is high, and P5 Pin 4 is high;
this causes U2880 pin 1 to go low, giving a high output at
pins 12 and 19 and a low output at pins 7 and 4. This condi-
tion occurs to prevent exceeding 30 dB of gain when in
10 dB/Div, which would permit invalid reference levels.

The four output lines from multiplexer U2880 contro!
the gain and provide reference level information.
Reference level ROM U2885 takes the attenuatorinforma-
tion plus the gain information and selects the reference
level. Gain control ROM U2890 takes the four gain control
lines plus a fifth line with the status of the 30 Hz filter from
P7-2 (line is —15 V when the filter is on) and controls the
gainin the analyzer through P84 pins 1 and 5and P83 pins
1 and 2. One of the lines is buffered by transistor Q2880. A
line also goes to P7-1 to control the 110 dBm reference
level step, which provides 80 dB gain (—15 V on the line
tells an amplifier to add 10 dB of gain). This position is
valid only when the 30 Hz filter is in, and the amplifier is at
the 70 dB gain position.

The output of the reference level ROM U2885is on lines
B1 through B8, which go to the other two boards. Four of
the lines (B1 through B4) controt the third digit; the fourth
digitis hard-wired (in U2800 and U2802) sothatitis always
zero. Integrated Circuits U2800, U2802, U2804, and U2808
multiplex the display; U2815B, U2815C, and U2815D form
a clock oscillator. U2804 is a divide-by-four circuit whose
two output lines Q1 and Q2 provide four logic states: 00,
01, 10, and 11. U2808 decodes these lines to sequentially
turn on each digit. U2800 and U2802 decodethe reference
level lines to provide the inputs to the BCD-to-seven
segment decoder/driver, U2806.
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The reference level outputs of U2885 also control the AND gate to turn off Q2855, and hence all current gates,
crt readout by switching the appropriate currentsthrough when the reference level is 0 dBm. U2878 and CR2878
analog switches U2820 and U2830, via buffers Q2825 function as a —6 V regulated supply for Q2855.
through Q2850. Q2895 and Q2896 function as a wired
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