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Model 1038
Vertical Plug In

CERTIFICATION

PACIFIC MEASUREMENTS INC. (“PM”) certifies that this instrument was thoroughly tested and inspected and
found to meet all its published specifications when it was shipped from the factory. PM further certifies that its
calibration measurements are traceable to the U.S. National Bureau of Standards to the extent allowed by the
Bureau’s calibration facility.

ONE YEAR LIMITED WARRANTY

PACIFIC MEASUREMENTS INC. (“PM”) warrants to the original purchaser, and only the original purchaser,
that this instrument will be free from defects in material and workmanship, under normal recommended use and
operating conditions, for a period of one year after the date of delivery to the original purchaser.

PM’s obligation under this Warranty is limited to (1) repairing or replacing, at PM’s option, any part or parts
(excluding RF diodes, RF connectors, batteries, and fuses) which are returned to PM in the manner specified
below and which, upon inspection by PM’s personnel, are determined to be defective as described above; and
(2) calibrating the repaired instrument to current published specifications. If it is determined that the instrument
is not defective, a nominal inspection charge will be charged and the instrument will be returned with transporta-
tion charges collect. If it is determined that the defect has been caused by misuse and/or abnormal operating
conditions or that the instrument is not under Warranty, an estimate will be submitted prior to the commence-
ment of necessary repair and calibration work. If the purchaser does not authorize PM to commence such repairs
within fifteen days after such estimate is submitted, the instrument will be returned to the purchaser transportation
charges collect.

PM’S OBLIGATION TO REPAIR OR REPLACE DEFECTIVE PARTS, AS DESCRIBED ABOVE,
SHALL BE THE PURCHASER’S EXCLUSIVE REMEDY AND NO OTHER REMEDY SHALL BE
AVAILABLE (INCLUDING, BUT NOT LIMITED TO, INCIDENTAL OR CONSEQUENTIAL DAM-
AGES FOR LOST PROFITS, LOST SALES, OTHER ECONOMIC LOSS, INJURY TO PERSON OR
PROPERTY, OR ANY OTHER INCIDENTAL OR CONSEQUENTIAL LOSS SUSTAINED BY THE
ORIGINAL PURCHASER OR ANY OTHER PERSON).

THE WARRANTY DESCRIBED ABOVE IS THE ONLY WARRANTY APPLICABLE TO THIS PM
INSTRUMENT AND IS MADE EXPRESSLY IN LIEU OF ANY AND ALL OTHER WARRANTIES,
EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY WARRANTY OF MER-
CHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR INFRINGEMENT.

WARRANTY PROCEDURE AND SHIPPING INSTRUCTIONS

If any fault develops, the following steps should be taken:

a. Notify PM immediately, giving model number, serial or part number, code number, and a detailed description of
the nature and/or conditions of failure. On receipt of this information, service, operating, or shipping instructions
will be supplied to you.

b. On receipt of shipping instructions, ship the instrument transportation prepaid to PM. The instrument should be
shipped in the original shipping carton or, if damaged or not available, in a suitable rigid container with the instru-
ment wrapped in paper or plastic and surrounded with at least four inches or cushioning material on all sides. If
under Warranty, the instrument will be repaired and returned transportation prepaid.

RECEIVING INSTRUCTIONS

The instrument must be thoroughly inspected immediately upon receipt. All material in the shipping container
should be checked against the enclosed packing list. PM will not be responsible for shortages against the packing list
unless notified immediately. Upon receipt of shipment, if there is any visible evidence of damages, make a notation
on the way bill of such damage and immediately contact the nearest office of the carrier in your city. If there is
evidence of damage after the goods are unpacked, contact the nearest office of the carrier, request an inspection,
and save all packing and materials therein until the inspection has been completed. A full report of the damage
should be obtained by the carrier’s claim agent, and a copy of this report forwarded to PM. Upon receipt of this
report, you will be advised of the disposition of the equipment for repair or replacement. PM shall have no respon-
sibility for damaged instruments if the above inspection requirements are not complied with. Time is of the essence
regarding the above instructions.
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Model 1038
Vertical Plug-In

SECTION 1

GENERAL INFORMATION

1.1 DESCRIPTION

The Model 1038-V13 is a plug-in unit for the
Model 1038 measurement system. It fits into
either of the right-hand two slots in the Main-
frame and provides signals to drive the verti-
cal deflection system of the CRT. A horizontal
drive plug-in is required to form a complete
display system. The input to the vertical
plug-in unit comes from a microwave diode de-
tector. Several types are available from
Pacific Measurements with frequency range and
connector types to satisfy most requirements.
In addition, a special adapter cable is avail-
able to connect to detectors of other manufac-
ture. The adapter cable will also connect to
microwave devices which include internally
mounted detectors, such as return-loss bridges.

The input to the horizontal plug-in is general-
ly obtained from sweep voltage generated by a
swept -frequency RF source. Accordingly, the
horizontal (or X) axis of the CRT scales di-
rectly in frequency. The vertical (or Y) axis
scales in signal amplitude, expressed in
decibels.

In general, the vertical plug-ins will display
signal levels from -50 dBm to +10 dBm. The
display capability depends somewhat upon the
characteristics of the specific detector type
used; the dynamic range will be found on the
specification sheet for the detector. The plug-
in has display sensitivities selectable from
10 dB per division down to 0.1 dB per division.
Thus small variations with frequency can be
viewed on a sensitive scale with good resolu-
tion whereas larger variations can be seen on
the less sensitive ranges. For absolute power
displays, the dBm button provides accurate
calibration. For relative power measurements,
the dB button works in conjunction with the
Reference knob to make any arbitrary power
level the reference.

The reference line can be positioned to any of
the nine major horizontal lines on the CRT
graticule, using the REF. LINE switch. For
example, if the dBm button is depressed and the
REF. LINE switch is set to the center position,

the trace will cross the screen in the center
if 1 mW (0 dBm) is applied to the detector. An
OFFSET control allows high-resolution level
measurements to be made in much the same way
that voltage measurements are made using a dif-
ferential voltmeter. The sensitivity is made
low to begin with and the trace moved to the
reference line using the OFFSET control. The
sensitivity is successively increased and a
better adjustment made with the OFFSET control
until the best setting is found. The level
(either absolute or relative, as desired) is
read off the digit switch.

A more complete understanding of the instru-
ment's capabilities can be had by reading the
Operation Section of this manual.

This instrument js equipped with a version of
the Automemory d) allowing it to record the
average of two calibration curves and correct
measurements by subtracting this average curve
from the measured data. Since the calibration
and measured data are in logarithmic (dB) form,
subtracting is equivalent to forming the linear
ratio. The normal function of the memory is to
eliminate the effects of the variation in res-
ponse with frequency of the measurement system.
The 1038-V13 allows the operator to average two
response curves during calibration, so that
directional couplers and return-loss bridges
can be calibrated using both an open circuit
and a short circuit. This procedure substan-
tially eliminates the effect of the test-port
mismatch upon the calibration curve. It will
not eliminate the interaction of the test-port
mismatch with the device under test, but this
is normally a much smaller problem.

This unit stores data in a 1024 byte memory .
Since each byte has eight bits, the vertical
resolution is 1/256 of the screen size, or 1/32
of a major division. In order to provide hor-
izontal address information to the vertical
plug-in a horizontal plug-in with memory must
be used when the memory feature is desired.

1.2 PERFORMANCE SPECIFICATIONS

Detailed specifications are given in Table 1-1.
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TABLE 1-1

OFFSET CONTROL
Resolution 3 Digits
Range +99.9 dB

DISPLAY SENSITIVITY
Ranges
Accuracy
REFERENCE CONTROL
Range

MEASUREMENT RANGE

DRIFT, using Pacific Measurements
temperature compensated detectors

At 0 dBm

At -40 dBm
SYSTEM LINEARITY, using Pacific
Measurements detectors
TEMPERATURE

Operating

Non-operating

DIMENSIONS (H x W x D)

WEIGHT

+.02 dB/10 dB +.05 dB

0.1, 0.5, 1.0, 5.0, and 10 dB/DIV

+£3%

>+59 dB centered on approximately -20 dBm.

< -50 to >+10 dBm for a detector with between 0.5 and

1.0 mV dc output for -30 dBm input.

Its output

resistance must be less than 20 k ohms at -30 dBm.

< .01 dB/°C (+15 to +45°C)

< 0.5 dB/24 Hrs. at constant temperature

0.1 dB/10 dB.

At -50 dBm, an additional 0.5 dB

linearity error makes the total 1.1 dB if +10 dBm

is the reference.

0 to 50°C
-50 to +65°C

16.8 cm x 6.60 cm x 29.7 cm
06.6" x 2.6" x 11.7')

2.3 kg. (5 1bs.)

1.3 INPUT/OUTPUT CONNECTOR 1/0 CONNECTOR

PIN NO. SIGNAL
The following signals appear on the Input/Out- 11 Do not use
put Connector of the Mainframe when the Model 12 Do not use
1038-V13 is installed. Refer to the Mainframe 13 External Ratio to A Channel,
manual for additional pin assignments and 100mvV/dB*
information. 29 External Ratio to B Channel,

100mV/dB*

*These inputs are available to add marker pips to the display.

10V.

1-2

Input impedance 10KQ, maximum input
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SECTION 2

INITIAL INSTRUCTIONS

2.1 INSTALLATION

Vertical plug-in units can be installed in
either of the two right-hand locations of the
Model 1038 System Mainframe. They will not fit
in the left-hand location. A latching lever is
located at the bottom of the front panel of the
plug-in. It must be pulled straight out before
the plug-in is pushed all the way in. After
the plug-in can be pushed no further, the lever
is moved to the right. This forces the plug-in
into the connector and locks it in place. Use
care in inserting the plug-in and be sure that
the connector at the rear lines up with the

end of the plug-in board. This is particularly
important when the instrument is first set-up,

because shipping damage might cause misalign-
ment.

2.2 DETECTOR CONNECTION

In order to use the vertical plug-in, a detec-
tor is required. It connects to the front
panel female multi-pin connector. The connec-
tor has a keyway in the plastic to mate with
the keyway before pushing the connector to-
gether. All detectors will be damaged if too
much RF power is applied to them, so be sure
to observe the warning affixed to the detector.
In most cases you should not exceed 50 mW

(+17 dBm).

2-1
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SECTION 3
OPERATION
3.1 FRONT PANEL CONTROLS

The following controls are listed in order,

from the top to the bottom of the panel. A

photograph of the Model 1038-V13 front panel
appears in Figure 2-1.

a. OFFSET dBm/dB and POLARITY SWITCHES.
These controls permit the input signal
to be offset to a null on the reference
line. The amount and polarity of the
offset required can be read from the
digits on the OFFSET switch and the posi-
tion of the polarity switch. The reading
obtained is an indication of the differ-
ence (in dB) between the signal and the
reference. For example, if the INPUT
dBm button is used (0 dBm reference) and
an offset of -12 dB nulls the signal, the
level is just -12 dBm.

b. SMOOTH SWITCH. This switch reduces the
bandwidth of the log amplifier on all
dB/DIV sensitivity settings. Smoothing
is effective when the switch is depres-
sed. At low signal levels (below -40
dBm) there are random variations in sig-
nal amplitude due to noise and some sig-
nal feed through from the input chopper
circuit. Reducing the bandwidth of the
log amplifier reduces the noise displayed
at low signal levels. It also causes the
response to be slower at low signal
levels, $o that the displayed amplitude
will be incorrect if rapid variations
are displayed at excessive sweep speeds.
This may be checked by slowing the sweep
and observing whether the shape of the
display changes. The sweep used must be
slow enough that this does not occur,

€. REFERENCE KNOB. This knob must be pushed
firmly to engage the control. This fea-
ture is to avoid accidental mis-setting
of the control after a reference has been
established. The purpose of the control
is to permit the setting of an arbitrary
reference level when the INPUT dB button
is depressed. For example, when making
reflection measurements, it is desired
to calibrate the system for total reflec-
tion. To do this, a signal corresponding
to total reflection is displayed. The
OFFSET control is set to 00.0 dB and the
trace centered on the reference line
using the REFERENCE control. Subsequent
reflection measurements can be made using
the OFFSET switches and the return loss
read directly from them.

When using the memory, the OFFSET switch-
es are set to 00.0 and the REFERENCE knob
used to bring the trace on screen when

Model 1038
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the ACCESS MEMORY button is depressed.
The trace can then be recorded by press-
ing the PRESS TO STORE buttons.

DISPLAY SELECTOR SWITCHES. There are two
columns of display selector buttons. The
switches on the left select what is to be
displayed; those on the right select the
sensitivity, or resolution, of the dis-
play (except when MEMORY is displayed).
Individual switch functions are as
follows:

i. INPUT dBm. Displays the input
signal, with 0 dBm as the reference
level.

ii. INPUT dB. Displays the input sig-
nal, with the reference level set
by the REFERENCE knob.

iii. INPUT MINUS MEMORY. Displays the
input signal with the contents of
the memory subtracted (in dB). The
dB reference is the signal recorded
in the memory.

iv. MEMORY. Displays the contents of
the memory. Since the memory re-
cords the sensitivity of the dis-
play (dB/DIV) at the time data is
stored, the display of the memory
contents will be at the sensitivity
recorded. Therefore, the display
will be unaffected by the dB/DIV
button selected.

v. ACCESS MEMORY and PRESS TO STORE.
These buttons are electrically
interlocked so that the PRESS TO
STORE buttons are inoperative un-
less ACCESS MEMORY is depressed.
When ACCESS MEMORY is pressed, the
plug-in is set-up so that any part
of the trace that is on the CRT
screen can be recorded. Normally,
the OFFSET switches should be re-
turned to 00.0 and the trace moved
on screen using the REFERENCE knob.
The display sensitivity should be
increased by selecting an appro-
priate dB/DIV setting so that the
trace covers as much of the avail-
able vertical dimension as possible
without having part of the trace
off screen.

If you are making transmission mea-
surements or you only intend to
record one calibration curve, press
the PRESS TO STORE REF 1 button to
record the display. If you are
making return-loss measurements and

3-1
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intend to store the short and open
circuit average calibration curves,
be sure that they will both be on
screen with the same REFERENCE and
dB/DIV setting. In this case, you
must not touch either of these
controls between the time REF 1 is
recorded and AVG REF 1 § 2 has been
recorded. After recording is fin-
ished, you may select any dB/DIV
setting, but the REFERENCE knob
may not be adjusted without upset-
ting the calibration curve.

vi. dB/DIV. These switches select the
sensitivity, or resolution, of the
display. The number adjacent to
the switch indicates the scale for
each major vertical division on
the CRT.

e. REF LINE. This switch selects the major
horizontal line on the CRT graticule that
serves as the reference. That is, if a
signal equal in magnitude to reference
is applied to the input, it will lie on
the line indicated by the pointer on the
REF LINE switch. It is also the line
about which the display expands as suc-
cessively greater display sensitivities
aré selected.

3¢ HIGH LEVEL SCREWDRIVER ADJUSTMENT. This
adjustment is used to calibrate the in-
strument at +10 dBm using the calibrator
on the horizontal plug-in.

g. NOISE LEVEL SCREWDRIVER ADJUSTMENT.
This adjustment is used to calibrate the
instrument for zero signal input. With
no RF applied, at 10 dB/DIV, +4 REF LINE,
dBm, 00.0 OFFSET, and no smoothing, ad-
just so that noise is visible as the
trace almost, but not quite, touches the
noise-free bottom limit.

3.2 FRONT PANEL DETECTOR CONNECTOR

This multi-pin connector is keyed to prevent
misalignment. Be sure that the key on the plug
mates with the keyway on the panel connector
before inserting. Various types of Pacific
Measurements power detectors can be used and

an adapter cable is available for use with
detectors of other manufacture.

3.3 OPERATING PROCEDURE

The vertical plug-in must be installed in
either of the right-hand locations in the Model
1038 Mainframe, as described in Section 2:2.

In order to generate a complete display, a
horizontal plug-in is also needed. Horizontal
plug-ins are all compatible; however, in order
for the memory to work, a horizontal plug-in
with memory drive must be used in the horizon-
tal location. Connection of a suitable detec-

3-2

tor to the DETECTOR INPUT of the vertical
plug-in completes the system.

3.3.1 DETECTORS

RF Detectors supplied for use with the vertical
plug-ins are equipped with RF connectors for
connection to sources of RF power. Depending
upon the connector type and the characteristics
of the detector, the maximum frequency for the
detector will be different, so be sure to check
the specifications for the detector before
using it at the highest RF frequencies. Each
detector has slightly different detection
characteristics from another. If a detector
and an instrument are ordered together, the
instrument will be calibrated with the detec-
tor it is shipped with and a label will be
affixed to the instrument. to identify the de-
tector. If the instrument is used with other
detectors you should expect slight tracking
errors as RF power is varied over the range.
These errors will be slight, in most cases
limited to less than one half dB over the en-
tire dynamic range. If you want to calibrate
an instrument to a different detector, refer

to the detector calibration procedure of
Section 6.

An adapter cable is available for connecting
detectors or devices with built-in detectors
having BNC output connectors to the DETECTOR
INPUT of the plug-in. The use of the special
cable is recommended because it has a low-pass
filter to isolate the cable from the RF signal
and a temperature compensation sensor. While
the temperature sensor is close to the BNC
connector in the brass block to which the con-
nector is mounted, you should nonetheless be
careful to avoid subjecting it to sources of
heat not affecting the detector to which it is
connected. For example, sunlight coming in a
window where the detector is in a shadow and
the adapter is directly illuminated.

3.3.2 CALIBRATION CHECK

When the instrument is first set-up, its detec-
tor exchanged, the temperature of the room sub-
stantially changed, or you have any reason to
question the calibration, use the following
procedure.

a. High Level Calibration Check. Allow the
instrument to warm-up for at least 10
minutes--longer if it has been stored in
a cold place. Connect the detector to
the CALIBRATOR OUTPUT on the horizontal
plug-in, turn the CALIBRATOR switch to
ON, and set the HORIZONTAL INPUT switch
to INT. Set the OFFSET switch to +10.0,
the REF LINE to center, and press the
INPUT dBm and .1 dB/DIV buttons. The
trace should be in the center of the
screen; if necessary, adjust the HIGH
LEVEL control with a small, narrow SCrew-
driver to center the trace.



b. Noise Level Calibration Check. Connect
the detector to the measurement system
where it will be used. Allow the tem-
perature to stabilize for 5 minutes.
Turn the RF power off (be sure that it
is completely off--not just attenuated
20 or 30 dB). Set the OFFSET switch to
-40, the REF LINE to center, the SMOOTH
button out, and press the dBm and 10
dB/DIV buttons. On the horizontal unit
turn the CALIBRATOR to OFF and the input
to INT. Adjust the NOISE LEVEL control
so that the trace 'bottoms out' and the
noise disappears into a straight line--
then return the control until the noise
is a maximum and the trace is just clear
of the limiting line.

3.3.3 ABSOLUTE POWER DISPLAY

If power is to be displayed against another
variable, typically frequency, connect the
X-axis drive to the INPUT of the horizontal
plug-in and adjust for a full-screen sweep.
To obtain the display, connect the detector
to the signal to be measured, set the OFFSET
switches to -20 dB, SMOOTH button out, REF
LINE to center, and press the INPUT dBm and
10 dB/DIV buttons. Having obtained a display
set the REF LINE to the desired position. If
smoothing is desired, check to see that push-
ing SMOOTH does not change the shape of the
picture. If it does, slow down the sweep
until the effect is no longer noticed.

In order to see small variations in signal
level across a band of frequencies, you will
need to use greater display sensitivity (small-
er number of dB/DIV). To do this you must

move the portion of the display of interest to
the reference line, using the OFFSET switches.
The display is expanded using a more sensitive
dB/DIV setting. 'The reading on the OFFSET
switch is the power (in dBm) at the point where
the trace crosses the reference line. Varia-
tions from that level can be read directly off
the CRT graticule.

3.3.4 RELATIVE POWER DISPLAY

Set up a display according to the first para-
graph of Section 3.3.3. Press the INPUT dB
button and move the REFERENCE control until
the trace is in the desired position. In gen-
eral the REFERENCE control is set when the
unit is displaying a calibration curve. For
example, when making a transmission measure-
ment the detector is first connected to the

RF source and the trace centered on the refer-
ence line, with the OFFSET set to 00.0 dB.
Then the device to be tested is inserted be-
tween the source and the detector. The result-
ing trace is the loss vs. frequency. By in-
creasing the sensitivity to a small number of
dB/DIV and moving the OFFSET control to center

Model 1038
Vertical Plug-In

any desired portion of the trace on the refer-
ence line, the loss at that point can be read
precisely from the OFFSET switch.

3.3.5 USE OF THE MEMORY

a. Single Reference. The memory can be
thought of as an extension of the rela-
tive power mode. The display is set up
in the same way, except that the ACCESS
MEMORY button is pressed prior to adjust-
ing the REFERENCE control. The action of
the memory is to reduce the calibration
curve to a straight line lying on the
reference line. The OFFSET switch is
set to 00.0 and the trace centered on the
screen using the REFERENCE control. The
sensitivity is increased so that the
calibration trace fills the screen but
does not go beyond the screen. Now, when
the PRESS TO STORE REF 1 button is pressed
the trace will momentarily appear to be
made up of dots, then return to its pre-
vious form. This indicates that the trace
has been recorded in the memory. To check
the contents of the memory, press the
MEMORY button; you should see the same or
nearly the same curve as the calibration
trace. When INPUT MINUS MEMORY is
pressed a straight line should result, as
the calibration curve recorded is sub-
tracted from the calibration curve from
the input. When subsequent measurements
are made on an RF device, the data dis-
played will be just the characteristics
of the device, since the apparent cali-
bration curve is just a straight line
corresponding to the reference line. If
the OFFSET switch is used, its dial will
read the loss or gain of the device under
test directly. It is important not to
move the REFERENCE control after memori-
zation as this will move the reference an
unknown amount. The control knob dis-
engages from the shaft unless it is
pushed in, to avoid accidental movement.

b. Average of Two Reference Curves. When
making return loss measurements, there is
the possibility of storing an error
during calibration. The error is due to
the interaction of the directional de-
vice's source mismatch with the total
reflection of the short or open circuit
used during calibration. The magnitude
of the error depends upon the match of
the output port of the directional device
used. As a practical matter, errors of
the order of from one half to one dB are
frequently observed. This error will be
additive (in dB) to any measured value
subsequent to calibration.

To substantially avoid this error, two
reference curves can be averaged; the

3-3
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first made using an open circuit and the second
using a short. Since the phase of the reflec-
ted signals are opposite in the two cases, the
resultant curves will have equal and opposite
errors. By averaging them the final calibra-
tion curve will be the correct one.

The Model 1038-V13 accomplishes this by record-
ing the first curve, as described in a. above.
As the second curve is being determined, the
value of the first curve from the memory is
added to it at each point. The result is di-
vided by two and the dividend placed in memory,
replacing the data from the first curve. For
this process to work the two curves must be
made in the same way; thus the dB/DIV switches
and the REFERENCE knob cannot be changed from
the first curve to the second.

To make a recording, the REFERENCE knob and
dB/DIV selection buttons are set as in a. If

the trace is within a division of the edge of
the screen at any point in the display, it
should be checked with the opposite kind of
reflecting termination to be sure that both
curves will be on-screen without changing
these controls. If it won't fit, select a
lesser sensitivity. Typically, 0.5 dB/DIV
will accommodate both curves, but little is
lost if you must memorize on 1 dB/DIV. After
the display has been set up, record the first
curve by pressing REF 1 momentary contact but-
ton. Now change the reflecting termination to
the other kind and press the AVG REF 1 & 2 to
record the average. Note that the indicator
light indicates which button has been used last.
Also, after the AVG REF 1 & 2 has been pressed,
you cannot use it again unless REF 1 has been
pressed. The average is now stored and you can
change the dB/DIV setting to any convenient
value during measurement. Don't touch the
REFERENCE knob unless you want to recalibrate
the unit.



SECTION 4

PERFORMANCE CHECKS

4.1 GENERAL

The purpose of this section is to provide a
series of tests that will insure that the in-
Strument is operating properly. It is useful
for incoming inspection and for periodic per-
formance evaluations. Major specifications
are checked and other tests performed which
would point out a malfunction within the unit.

4.2 EQUIPMENT REQUIRED

The following equipment is needed to check the
performance of the Model 1038-V13.

a. A properly calibrated Model 1038 Main-
frame and Display Unit.

b. A properly calibrated horizontal plug-in
with memory drive is required.

c. A precision, calibrated step attenuator
Oor separate individual attenuators.
Steps of 10 dB from 0 through 60 dB are
required. Attenuators should be within
0.4 dB of the nominal value and their
exact attenuator should be known to
within 0.02 dB at 30 MHz.

d. A sweep signal source with a frequency
band compatible with the detector, to-
gether with a low-pass filter with a
cutoff frequency in the low end of the
band. The purpose is to generate a dis-
play with considerable amplitude varia-
tion across the band.

4.3 INITIAL TURN-ON

Install the plug-in in the Model 1038 Mainframe,
connect the Model 1038 to a line of suitable
voltage and frequency. Allow the instrument to
warm up for at least one-half hour in a room
with a temperature of 25°C *+ 5°C. The detec-
tor with which the instrument was calibrated
(as indicated by the label on the front panel)
should be connected to the DETECTOR INPUT
during this period.

4.4 POWER LEVEL TRACKING

a. Adjust the HIGH LEVEL and NOISE LEVEL
controls according to the procedure of
Section 3.3.2. The detector should be
screwed on to the attenuator when adjust-
ing the NOISE LEVEL control.

b. Connect the detector to the attenuator
if a step attenuator is used and set the
attenuator for 0 dB. Connect the input
to the attenuator to the CALIBRATOR OUT-
PUT of the horizontal plug-in. If fixed
attenuators are used, connect the detector

Model 1038
Vertical Plug-In

directly to the CALIBRATOR OUTPUT. Set
the OFFSET switch to read the insertion
loss of the attenuator at the 0 dB set-
ting for 30 MHz. Set to -00.0 if a fixed
attenuator is used. Press the INPUT dB
button and adjust the REFERENCE control
so that the trace is on the center of
the screen with the REF LINE switch set
to center. It will be easiest to see

the trace if the INT horizontal setting
is used. Start at 10 dB/DIV and increase
the sensitivity from there so that the
final adjustment is at .1 dB/DIV,

Press the 10 dB/DIV button and check to
see that the trace is within one-half of
a minor graticule mark of the center.
Using the REF LINE switch, set the trace
on each of the major graticule divisions.
It should lie within 1 minor division of
the graticule line. Return the REF LINE
switch to center.

Set the attenuation to 60 dB and set the
OFFSET switch to 60 dB. Adjust the NOISE
LEVEL control so that the trace crosses
the screen an amount above or below the
center corresponding to the correction
factor for the attenuator. For example,
if the correction factor indicates that
the ‘attenuation is less than nominal by
0.2 dB, the trace should be 1 minor div-
ision above the center on the 1 dB/DIV
range. Make the final adjustment on the
0.5 dB/DIV range. There will be some
noise on the trace and it will be neces-
sary to average this out when making the
final adjustment.

Return the attenuation to 0 and check
that the trace is centered except for
the insertion loss with the OFFSET set
to 00.0.

Step the attenuation from 0 to 60 dB in
10 dB steps. Set the OFFSET switch to
the same setting as the attenuator and
check to see that the trace goes across
the screen an amount above or below the
center corresponding to the correction
factor for the attenuation used, within
0.1 dB. This will be within one division
on the .1 dB/DIV range.

4.5 MEMORY OPERATION

a.

Connect the low-pass filter to the output
of the sweep signal source. Connect the
detector to the output of the low-pass

filter. Set up a display showing the

curve of the filter on 10 dB/DIV. Refer
to Section 3.3.3 and following for infor-
mation about how this is done. When the

4-1



MOJAC 4L 4LVJI0

Vertical Plug-In

4-2

set-up is complete you should have a
trace starting near the upper left corner
of the screen and ending near the lower
right corner. The actual details of the
appearance of the trace are not important
if it covers most of the horizontal and
vertical dimensions of the screen.

Press ACCESS MEMORY and be sure that

the trace is all on-screen. Record the
trace by pressing PRESS TO STORE REF 1.
Press the MEMORY button and examine the
display. The trace should be very simi-
lar to the display when ACCESS MEMORY was
depressed. Now press INPUT MINUS MEMORY ;
the display should be very nearly a
straight line.

Since the display was recorded on 10 dB/
DIV, pressing the 1 dB/DIV button should
expand the size of the vertical steps by
ten. In the region of the filter res-
ponse where there is considerable verti-
cal movement, the display will appear as
a series of diagonal lines. These lines
should be about one-third of a division
long, with some appearing to be twice
that long. If this is the case, the
memory can be considered to be working
properly.

Once again press ACCESS MEMORY and 10 dB/
DIV. This time memorize using PRESS TO
STORE AVG REF 1 & 2. Return to INPUT
MINUS MEMORY; the display should once
again be a straight line.
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SECTION 5

CIRCUIT DESCRIPTION

5.1 INTRODUCTION

Figure 5-1 shows a block diagram of the basic
amplifiers, logging and detector compensation
circuits. Figure 5-2 shows a block diagram of
the memory circuits. The block diagrams will
be described first then the details within the
blocks. For detailed descriptions of the
blocks, reference will be made to the circuit
diagrams. They will be found in Section Zia

5.2 DESCRIPTION OF THE BASIC CIRCUIT BLOCK
DIAGRAM

Because of the extremely small signals measured
by the detector and the resulting sensitivity
of the circuits amplifying them it is necessary
that no extraneous currents flow in the signal
ground leads. For this reason the input ampli-
fier circuits are isolated from the chassis
ground. An oscillator-type power supply pro-
vides an isolated source of dc to power these
circuits. A differential amplifier transmits
the signal from the isolated portion of the
circuit to the output circuits which are at
chassis ground. The differential amplifier

has a high input impedance for good isolation
and high common-mode voltage rejection so that
parasitic signals appearing on the bench ground
to which the detector is attached will be ig-
nored. We shall first consider the isolated
portion if the circuit.

The RF Detector converts the RF power incident
upon it to a dc voltage. This voltage is pro-
portional to power at very low input levels
and gradually becomes proportional to RF volt-
age at high input levels. The sensitivity at
low levels and the point at which it starts to
deviate from a power-law device are functions
of the detector temperature. Accordingly, the
detector temperature is monitored and appro-
priate corrections applied to the circuits
following the detector. Three leads come from
the detector: a common lead tied to the detec-
tor shell, a power sensing lead and a lead
from a thermistor. The thermistor is an inti-
mate thermal contact with the brass detector
shell.

The thermistor bridge amplifier converts the
high impedance signal from the thermistor to a
low impedance signal which is very nearly pro-
portional to temperature. The amplifier feeds
the compensation circuits and the log amplifier
so that the square-law compensation and sensi-
tivity of the system will be correct, regard-
less of detector temperature.

The pre-amplifier is a high input impedance,
low noise amplifier. It is chopper stabilized
to reduce drift to an absolute minimum. A one

kHz relaxation oscillator drives both the input
chopper stabilization amplifier and the one for
the log amplifier. The pre-amplifier has a
gain of 11. It feeds the log amplifier direct-
ly and indirectly through the compensation
circuit.

The compensation circuit starts to become
active for an RF input of approximately -27
dBm. At the output of the pre-amplifier this
is about 15 mV. At this voltage level there

is no need for chopper stabilization and none
is provided. The compensation circuit gener-
ates a current proportional to the square of
the input voltage. This current is summed in
with the current from the pre-amplifier at the
input to the log amplifier. As signal level
increases and the detector output voltage de-
parts from square-law, the amount of current
from the compensation circuit increases so that
the total current still corresponds to a square-
law signal.

The logarithmic amplifier has a very wide dy-
namic range, from less than 100 uV to greater
than an equivalent of 100 V. In order to be
free of drift over this range it is chopper
stabilized. A transistor is used as the log-
ging element; its output is temperature depen-
dent so it is placed in an oven. At the
operating temperature, its output is 6.6 mV/dB.
An amplifier follows the logging circuit. Its
gain of 15 raises the level to 100 mV/dB.
Critical parts of the compensation circuit are
also temperature sensitive and, like the log-
ging transistor, are located in the oven. The
oven is electronically regulated to provide a
constant 60°C environment. Its power comes
from the supplies referenced to chassis ground
but the components mounted in it are isolated.
A small power supply oscillator runs at ap-
proximately 20 kHz to provide power to the
isolated circuits through a transformer. The
ac voltage at the secondary is rectified to
give + and - 15 Vdc. Since the oscillator
runs off a regulated voltage, the secondary
voltage is independent of input line voltage.

A differential amplifier provides the means of
transferring the signal from the isolated cir-
cuits to a ground-referenced signal. It has a
high input impedance and good common-mode
rejection. Parasitic signals appearing on the
bench ground to which the detector is connected
are rejected by this arrangement. Potential
ground-loop currents are kept negligible be-
cause of the high impedance to ground seen by
the isolated circuits. Following the differ-
ential amplifier is a summing amplifier provid-
ing a common point at which OFFSET and REFER-
ENCE controls can supply currents corresponding
to their setting. It is also at this point



Model 1038

Vertical Plug-In

T-S F4NOId

WVHOVIA %2019 JISsve

AGL+

Y01V
=-112S0

AlQ/ap oL
IINIYIS 135440 OL AIG/8P 1 INI 43
¥ENWY |l
1VIIN3¥3341a ¥314dWY Em"w_%,q ¥I4IdWY
3ONVAIdWI 135440 O¢—O0*1 n4in0
> > QIHDLIMS
HOH
| |
AJOWIW WOR4
YOLVIVIWOD AYOWIW Ol
SINANI OILVY
LIND¥ID Q3Lv10s!
|\ YOLV¥INIO
¥3141dWY ¥31HIdWY
¥3ddoHd [* m_><pmw__d:om ™1  ¥3ddOHD
ap/AW 001
{ A
R—Vlo.|. YOLSIW¥IHL
ww | - wgp zz- IAOEY | ¥31H11dWY ONISNIS
gL X - o0t NOILYSNIdWOD -344 3 Y dW3L HLIM
ap/AW 9° 9
¥O10313a
:
1081 A S1-
R
dWV 390138
3314103 h JOISIWYIHL
——
10SI A S1+

5-2



Z-S WNOI4
WYYOVIA XD0T8 AYOWAW

Vertical Plug-In

Model 1038

*ONIYOLS B « B
* KIOWIW SNNIN YALSIOA [ | sadLIMS Z81 a34| [miois )
LNANT 404 wNOw (A1a/8p) 1 [ A10/8P Wo¥d bon oAV j| oL )
TYNOIS DID0T JONVY VIVa FONVY avo1 SSTUd
SN0 _ 2 104100 — 30 ]17°7
ONIWANS @ EDNREIN] L —————
LINDY¥ID avo1
DISve i il YALYIANOD
oL YOLVNNILLY 90TVNY 53
| NOILLOTWHOD a91T104.LNOD oL
XUOWEH 91901 1VLI9Ia
o LoHs=aNo |
HOLIMS - JONVAQY AT TTdNY
~€«—— xv14dSIa ‘ & ¥ALSIOTY NIVO
YATAITAWV |  XMOWAW 5 QIHOLIMS
1nd1no LINDY¥ID
TVILLYIA * ‘ o J1svd
oL 5% YOLVYVAWOD WOW4
ONIY¥OLS 3B
AVIdSIO AMOWAW o5
ONI¥NA NOW i :
TVNDIS DI901T & # [
po dso | NI-9n1d
t oo ¥ALSTOTY e
H oo NOILVWIXOYddV ONI
¥aLsIoay | S domrened YOXTTAILTNW WO¥d
141Hs | MOXITdILINW — 119 8 3AISSAONS [ 5
aLAS $20T “ TYNYILNI
SLINDYID AUOWIW

R R R R RIS

R RN

5-3




Model 1038
Vertical Plug-In

that the ratio signals are inserted and cor-
rection signals from the memory (when appli-
cable) are applied.

A switched-gain amplifier permits the selection
of various scale factors (dB/DIV). Signals
controlling its gain come from the front panel
switches. They are TTL logic levels which are
also used in the memory. A final output ampli-
fier has provision for offsetting the vertical
position in one division increments by using
the front panel REF LINE switch. Depending
upon the display selected, the amplifier
either connects to signal from the switched
gain amplifier or a signal direct from the
memory circuit.

5.3 DESCRIPTION OF MEMORY BLOCK DIAGRAM

The memory stores data at 1024 discrete points
along the horizontal axis. The circuits in
the Horizontal Plug-in determine the location
of these points. This is accomplished by sig-
nals telling the memory circuit: (1) It is
time to take a new reading or supply new data
(Increment or 'INC'). (2) That the final
horizontal address has been passed (Overspill
or '0SP'). (3) General timing information or
clock times ('CLK').

The memory has two modes of operation during
recording. It can either collect data and
place it directly in memory or it can collect
it, add it to the data already in memory, div-
ide it by two and then place it back in memory.
The first mode occurs when the STORE REF 1
button is used; the second mode is actuated

by STORE AVG 1 & 2 button. The manner in which
this is accomplished will be discussed later;
first we will describe the way in which the
data is collected.

During the record cycle the analog-to-digital
converter generates a digital word correspond-
ing to the negative of the analog data dis-
played. At this time the 8 bit Multiplexor
connects the output of the Successive Approxi-
mation Register to the Digital-to-Analog
Converter (DAC) and to the Internal Memory
Multiplexor. Together with the Comparator,
these components form a high speed Analog-to-
Digital Converter capable of making a conver-
sion in 25 us. The output of the DAC feeds
into the summing junction of the Basic Circuit
and the Comparator looks at the signal out of
the Circuit. During each conversion cycle,

the Comparator controls the Successive Approxi-
mation Register so that at the end of a con-
version the output of the Basic Circuit is
driven to zero. This requires that the digital
word in the Register correspond to the negative
of the signal there before conversion. The
data is now ready to be stored in memory,
either directly or averaged with the previous
data.

In order to make optimum use of the memory,
the range of its correction signal is limited
so that it just covers the screen on the range
(dB/DIV setting) used during recording. Thus,
the entire 8 bit resolution can be used to
cover the eight vertical divisions, and the
residual variation is 1/32 of a division. To
accomplish this, the Logic Controlled Attenua-
tor is set in accordance with the dB/DIV
switches. At the time of recording the dB/DIV
Register is latched, transferring the data
from the switches to the Attenuator and stor-
ing it thereafter. Since the data from the
switches is stored, other sensitivities can

be selected during measurement without chang-
ing the effect of the memory correction.

Since the degree of attenuation is proportional
to sensitivity (the greatest attenuation occur-
ring on 0.1 dB/DIV), the comparator requires
more resolution at high sensitivities than for
low sensitivities. This requirement is met by
having the comparator look at the signal after
the Switched-Gain Amplifier of the Basic
Circuit.

The 8 Bit Multiplexor connects the output of
the Successive Approximation Register to the
DAC and one of the inputs of the Internal
Multiplexor of the Memory Circuits during
recording. After recording it connects to the
output of the memory allowing data to recircu-
late through the shift register. This arrange-
ment allows the DAC to be used during the
recording process as part of the analog-to-
digital converter and during display as the
source of correction signals. When recording
REF 1 or recirculating, the Internal Multi-
plexor connects the memory input to the 8 Bit
Multiplexor. When recording AVG REF 1 & 2 it
connects to the output of the Adder. The Adder
inputs data from the Successive Approximation
Register and the output of the Memory. The
Adder is a bipolar circuit, so its output is
essentially the instantaneous binary sum of its
inputs. Since the average of the two inputs

is desired, the output must be divided by two;
this is accomplished simply by ignoring the
least significant bit (bit 0) and outputting
the remaining seven bits and the ''carry' bit

to the memory. This is analogous to moving

the decimal point to divide by ten in decimal
representation.

5.4 BASIC CIRCUIT BLOCK DESCRIPTIONS

The following detailed descriptions refer to
the circuit schematic diagrams in Section 7.

5.4.1 INPUT PRE-AMPLIFIER

The input signal divides into two paths, the ac
portion going directly to Ul5 and the dc portion
going by way of the chopper amplifier. Feed-
back is by way of R197 and R183 which form an
11.3:1 voltage divider. AC signals are coupled

-



to Ul5 by C79 with the feedback signal coupling
through C78. The chopper, Q29 and Q30 converts
any difference voltage between the feedback
divider and the input to an ac signal at the
drive frequency of 1 kHz. A transformer, T2
transmits this ac signal to Ul3. Ul3 is con-
nected together with a Twin-Tee network to

form a narrow-band active filter with a center-
frequency gain of about 3,500. The full-wave
balanced demodulator, Ul4 detects the signal
and its output at R161 supplies correction
signals to ULS so that the voltage at the feed-
back divider will be exactly equal to the input
voltage at dc and very low ac frequencies. At
higher frequencies, the action of UlS5 itself
assures equality.

Both the chopper and the demodulator require
two separate out-of-phase signals. They are
generated by a Schmitt Trigger consisting of
Q32 and Q33 with Q34 supplying a constant cur-
rent. Since a constant current is supplied to
the common emitters, whichever transistor is

on will have the same collector current as the
other when it is on. This results in identical,
but out-of phase, square waves appearing across
the equal collector load resistors. Q35 sup-
plies a constant current required by the demod-
ulator IC. To make the circuit oscillate, Q31
supplies current to the capacitor C77 when Q33
is on. When the voltage on the capacitor ex-
ceeds the common-emitter potential by a few
hundred millivolts Q32 turns on and positive
feedback to the base of Q33 turns it off. This
also turns Q31 off and the voltage on the
capacitor decays until it is a few hundred
millivolts above the new (and lower) potential
of the common emitters. At this point Q33
begins to conduct and positive feedback turns
it all the way on so that Q32 is off. This
once again turns Q31 on and the process re-
peats. The output voltages also drive the
choppers and demodulator for the log amplifier.

5.4.2 LOG CONVERSION CIRCUIT

The log conversion circuit is a high gain
operational amplifier with feedback from the
collector of a transistor. The emitter-base
voltage is proportional to the log of the col-
lector current over many decades of current
values. The logging transistor is located in
an oven operating at 60°C; at this temperature
the emitter-base voltage changes by 66.5 mV
for each factor of ten that the collector cur-
rent changes. Since a factor of 10 represents
10 dB, this is 6.65 mV per dB. An amplifier
follows the log transistor with a gain of 15,
raising the levels to 100 mV/dB.

The operational amplifier part of the log con-
version circuit is chopper stabilized in much
the same way as the pre-amplifier. Since the
sensitivity is not so great the circuit is
simpler. The integrated amplifier, Ul0, re-
ceives ac input directly through C45, dc sig-
nals are routed through the chopper amplifier
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and go to pin 3 of Ul0. The current summing
junction is common to the chopper input and
C45 with a voltage monitoring test point, J7
connected through an isolating resistor R74.

If at any time the summing junction is not at
zero dc potential, the chopper switching tran-
sistors, Q16 and Q17, will convert this poten-
tial to an ac signal. The ac amplifier, U9,
amplifies the signal and supplies it to the
synchronous demodulator, Q22 where it is con-
verted to dc. A low pass filter, R107 and C44,
removes the ac component and the dc correction
signal goes to pin 3 of UlO, causing its out-
put to change the current through the logging
transistor bringing the summing junction back
to zero. The 1 kHz drive for the chopper comes
from the circuit driving the input chopper.

It is required to reduce the noise present on
the display for low signal levels and when
viewing the signal at high sensitivity (e.g.,
0.1 dB/DIV). To accomplish this, Q25 connects
a capacitor, C50, in the feedback path. The
optical coupler, Q26, permits ground-referenced
signals to control whether Q25 is on or off.

Integrated amplifier Ull provides the gain of
15 required to raise the signal level to 100
mV/dB. It also offsets the signal so that
zero volts output represents approximately
-20 dBm.

5.4.3 SQUARE-LAW COMPENSATION CIRCUIT

Above -27 dBm the square-law compensation cir-
cuit generates a current proportional to the
square of the input signal to compensate for
the detector's becoming linear rather than
square-law at high input power. Q18 and U7
form a high input impedance operational ampli-
fier. Feedback through Q19 results in the
emitter-base potential of 019 being proportion-
al to the log of the input signal in the same
way as for the log conversion circuit. Opera-
tional amplifier U8 has a gain of very nearly
2 and its output drives the emitter of another
transistor, Q21, to generate an exponential
current. The mathematical effect of the
arrangement is to take the log, multiply by 2
then take the anti-log--simply resulting in
squaring the input signal. Since the charac-
teristics of the transistors are temperature
dependent, they are located in the oven.

The output current from Q21 is summed at the
input to the log conversion circuit along with
the direct signal from the pre-amplifier. The
direct signal is dominant at low levels with
the compensation signal becoming most important
at high levels.

To provide temperature compensation for the
detector Ul2 acts as a bridge amplifier for the
thermistor located in the detector mount. R130
is a resistor whose value was selected to lin-
earize the thermistor output over the range 0
to 50°C. The output at pin 6 changes
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approximately 2.5 mV/°C. Correction signals
from Ul2 go to U8 to compensate the shape of
the square-law compensation and to Ull to cor-
rect the absolute calibration.

5.4.4 OFFSET CIRCUIT

The offset circuit is referenced to chassis
ground. Differential amplifier Ul has its
inputs connected to the output of the log con-
version circuit and the isolated signal common.
Since it has good common mode rejection, only
the signal between the log conversion circuit's
output and isolated common will be amplified.
The differential amplifier has a gain of umity.
Its output feeds the offset summing junction
through R7 and R6. R6 is adjusted to match the
current steps from the OFFSET switch which is
10 pA/dB.

Several other signals are applied to the sum-
ming junction. Each input independently moves
the trace an amount corresponding to the cur-
rent applied. The inputs are: (1) HIGH LEVEL
cal, (2) The four ratio inputs, (3) The OFFSET
switch current, (4) The dBm calibration adjust-
ment, (5) A resistive divider R13 and R14 to
cause 0 dBm to be the reference when dBm is
depressed, and (6) The output of the REFERENCE
control through R13 when dBm is not depressed.
Integrated amplifier U2 amplifies the currents

at the junction and converts the sum to voltage.

S.4.5 SENSITIVITY CONTROL CIRCUIT

The integrated amplifier U3 has its input and
feedback circuits controlled by logic signals
derived from the front panel dB/DIV switches.
Its output swing is limited by the action of
Q6 and Q7 so that its recovery time following
an overload will be short. The four gates of
US are connected to generate a three big logic
code convenient for the control of the FET
switches which determine the gain of the cir-
cuit. The basic gain of the circuit is one-
half and gives 1 dB/DIV. Q4 increases the

gain by a factor of 2 when active (on the .5,
.1, and 5 dB/DIV ranges). Q3 increases the
gain by an additional factor of 5 on the 0.1
dB/DIV range. Q5 reduces the feedback resistor
by a factor of ten resulting in an equivalent
gain reduction on the 5 and 10 dB/DIV ranges.
The signal from U3 goes to U4 for output to

the display, except when MEMORY is selected for
display, in which case Q8 is opened and the
input to U4 is on pin 2 from the memory. The
REF LINE position current feeds pin 2 of U4
also, except that the front panel switches dis-
connect it for MEMORY or ACCESS MEMORY.

5.4.6 ISOLATED POWER SUPPLY
Power to run the isolated circuits comes from
an oscillator-type power supply. Q14 and Q15

obtain positive feedback base drive from Tl.
The action of Tl is to supply base current to
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whichever transistor is turned on until the

transformer saturates. At the saturation point

the base-drive winding is effectively uncoupled =
from the primary. Without base drive, the

previously conducting transistor stops conduct-

ing so the primary current drops, allowing the

magnetic field to start to collapse. The col- -~
lapsing magnetic field induces a voltage of the

opposite polarity in the base-drive winding

causing the previously nonconducting transistor

to switch on. This new state continues until

the transformer is saturated in the new direc-

tion, then the process repeats. The frequency

of operation is about 20 kHz.

A bridge rectifier supplies dc from the second-
ary to the isolated circuits. Voltage break-
down diodes CR7 and CR8 provide precisely
regulated sources of + and -6.2 V to critical
points. RC filter networks remove ac ripple
and spikes on the secondary side and an LC
filter keeps ac currents from disturbing the
+15 V primary supply.

5.4.7 OVEN CONTROLLER

The oven controller maintains the temperature

of the oven at 60°C. At that temperature the —
thermistor in the oven resistance has changed
from its 25°C value of 100 k@ to a value equal
to RS6, or 23.7 kQ. At this value the two in-
puts to the amplifier, U6, are equal. If the
oven cools slightly, the value of the thermis-
tor increasSes causing the output of the ampli-
fier to move positive increasing the current
through Q12 and Q13. This causes Q13 to gen-
erate more heat, returning the oven to the
proper temperature so that the thermistor cir-
cuit is once more in balance. At equilibrium,
the circuit is just slightly off balance and
the transistor supplies just enough heat to
account for the heat loss to the surroundings.

5.5 MEMORY CIRCUIT BLOCK DESCRIPTIONS

The following material relates to those units
equipped with memory. The memory block diagram
is shown in Figure 5-2 and the schematic dia-
grams are found in Section 7.

5.5.1 MEMORY CONTROL LOGIC

The purpose of the Memory Control Logic is to ke
provide signals which cause the memory to load

new data for one horizontal sweep and to con-

trol the flow of data through the two multi-

plexors.

The inputs from the buttons STORE REF 1 and
STORE AVG REF 1 & 2 are latched so that the
button need only be depressed for an instant to
cause storage to take place. Ul6A and Ul6B
perform this function for STORE REF 1; U2A does
it for STORE AVG REF 1 § 2. If either of the
store buttons are pressed during a sweep,
nothing happens until the end of that sweep



but then storage starts. If either of the
latched requests to store are high, U4A or

U4B will respond to the OSP signal at its 'T'
input, transferring the request to its output.
This occurs at the end of a sweep, generating
either the Load 1 or the Load 2 signal. These
signals immediately clear their respective
store button latch so that when OSP again
occurs at the end of the next sweep the Load
signal will be terminated. Thus, the Load sig-
nal will be true for just one sweep following
a request to store. In the case of STORE REF 1,
holding the button down has the effect of re-
peating the request, so loading is repeated.
However, as soon as the button is released,
loading will stop at the end of the current
sweep.

In the case of AVG REF 1 & 2, it is important
that data only be taken once after the button
is pressed. Otherwise, data will continue to
be averaged with itself instead of the data
stored as REF 1. To insure that there will be
no bounce from the button, U20A generates a
1.2us pulse to buffer the storage circuits
from the button. In addition, it is disabled
through its 'Not Clear' input after recording
so that it cannot be triggered until STORE
REF 1 has been pressed. This signal comes by
way of gate U3B from the Memory Status Regis-
ter, UISA and UISB.

The Memory Status Register has three states;
nothing stored, REF 1 stored and AVG REG 1 § 2
stored. Each latch is cleared by either
'power on' or the alternate memory state. USA
and USB generate these signals. The appro-
priate latch is clocked by Load 1 or Load 2

to indicate the status. The latches cannot be
set unless ACCESS MEMORY has been depressed.
As soon as the Load signal goes away at the
end of the sweep, gates U3A and U3B transmit
the status to the indicator lamps. Therefore,
the indicator lamps will indicate nothing
stored after power is applied until STORE REF 1
is pressed; then the REF 1 indicator will
light. When STORE AVG REF 1 & 2 is pressed,
the first indicator will g0 out during the
sweep during which storing is taking place,
then the AVG REF 1 § 2 indicator will light.

5.5.2 dB/DIV REGISTER AND LOGIC-CONTROLLED
ATTENUATOR

Latches ULA, U1B and U2B store the dB/DIV
functions Sg, S1, and Sy which come from US of
A2 (see Section 5.4.5). The data at the D in-
puts of the latches are transferred when the
output of USC goes up at the beginning of the
recording process and it remains at the outputs
of the latches until another recording is made.
The latches drive the Logic-Controlled Attenu-
ator.

In the logic controlled attenuator, transistors
Q4 through Q7 operate FET switches which change
the attenuation. Minimum attenuation occurs
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when Q11 and Q12 are on and all other switches
are off; this happens on the 10 dB/DIV setting.
Attenuation increases by a factor of 2 when
Ql3 goes on and Q12 is off; this happens on

the 5 dB/DIV, .5 dB/DIV and .1 dB/DIV settings.
Attenuation increases by a factor of 10 when
Ql4 turns on; this happens on ranges more sen-
sitive than 5 or 10 dB/DIV. Attenuation in-
creases by an additional factor of § when Q11
opens on the .1 dB/DIV range. Each attenuation
factor is independent of the others and more
than one part of the attenuator may be in use
at any one time.

A similar drive circuit controls Ql0. When
Ql0 is on, the signal from the attenuator is
connected to the offset summing point on A2,
and corrections from the memory are effective.
Q10 is on when in the MEMORY, INPUT MINUS MEM-
ORY modes, or when recording. In INPUT-MEMORY
mode or while loading the memory, Q10 is turned
on by Q8. In the MEMORY display mode, Q15 is
turned on by Q9 to send a signal directly to
A2U4. 1In addition the function "control A" is
generated by Q16 to disconnect the other sig-
nals to A2U4.

5.5.3 SUCCESSIVE APPROXIMATION LOGIC AND
MEMORY ADVANCE TIMING

The Successive Approximation Register is reset
to start a conversion. This sets all outputs
high except for the most significant one. If
the comparator is high during the first clock
pulse following reset, the most significant bit
will be set high and the next most significant
bit reset and then on the following clock pulse
that bit will be set low or high depending

upon the comparator's state. This proceeds
through all eight bits. For a complete des-
cription of this process see Linegr Data Book,
National Semiconductor Corporation, 1976,

pages 8-14. At the end of the process, the
Register has data corresponding to the negative
of the signal displayed.

The Successive Approximation Register is told
to start a conversion and the memory location
is advanced by a signal from the Horizontal
Plug-in, INC. It is required to advance the
shift register to move the previously converted
data before the next conversion is started.

Use is made of the fact that the register will
not reset until the leading edge of the clock
pulse following a start command. As it happens,
INC occurs at thetrailing edge of the clock and
the leading edge of the next clock will not
occur for about 2.5 yus. By using the leading
of INC to trigger the Register Advance One-Shot,
U20B, a 1 us pulse is generated to advance the
shift register. Thus, the shift register is
advanced about 1.5 us ahead of the resetting

of the data.
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SECTION 6

MAINTENANCE

6.1 PERIODIC MAINTENANCE

The following maintenance should be performed
once a year unless the instrument is operated
in an extremely dirty or chemically contamina-
ted environment or is subjected to severe
abuse. In such cases, more frequent mainte-
nance is indicated.

a. Blow out all accumulated dust with
forced air under moderate pressure.

b. Inspect the instrument for loose wires
and damaged components. Check to see
that all wire lead connectors are
properly seated on their PC board pins.

c. Make a performance check in accordance
with the procedure of Section 4. If
the performance is within specifications
no further service is required.

6.2 INTERNAL ADJUSTMENTS AND TEST POINTS

The following is a list of adjustments and
test points supplied for ready reference. Do
not attempt to make any adjustment wntil you
have carefully read the material in Sectiom
6.3.

6.2.1 DESCRIPTION OF ADJUSTMENTS

The function of each adjustment is described
below.

a. A2C88, CHOPPER COMPENSATION. Used to
balance the capacity of the two FETs
used in the pre-amplifier chopper.
Adjust for correct phase at TP211.

b. A2R6, OFFSET CAL. Used to adjust the
signal from the log amplifier so that
it matches the current from the OFFSET
switch.

€. A2R21, 0 dBm CAL. Used to set the abso-
lute calibration of the instrument with
the front panel HIGH LEVEL adjustment
centered.

d. A2R28, OUTPUT ZERO. Used to center the
trace for 10 dB/DIV.

e. A2R79, SECOND STAGE INPUT NULL. Used to
set the voltage measured at TP207 to 0 V
within 10 uv.

f. A2R85, -27 dBm CALIBRATION ADJUSTMENT.
Used to adjust the compensation ampli-
fier so that it just becomes active at
-27 dBm RF input.

g. AZ2R89, MEDIUM LEVEL CALIBRATION

ADJUSTMENT. Used to adjust the compensa-
tion circuit for correct amplitude track-
ing at RF input levels near 0 dBm.

h. A2R94, MAXIMUM LEVEL CALIBRATION ADJUST-
MENT. Used to adjust the compensation
circuit for correct amplitude tracking
at RF input levels near +10 dBm.

i. AZ2R163, PRE-AMPLIFIER CHOPPER BALANCE.
Used to adjust the pre-amplifier for
minimum chopper frequency noise signal.

j. A2R181, PRE-AMPLIFIER COARSE ZERO. Used
to adjust the pre-amplifier for zero out-
put voltage with no RF power applied to
the detector and the NOISE LEVEL control
centered in its range.

k. MM%,N&WWYE@W%.Uudeﬂ
the pre-amplifier for minimum settling
time when the input RF signal is changed
abruptly from +10 dBm to -50 dBm.

1. A327, MEMORY ZERO. (Units with memory
only.) Used to set the memory so that
the recorded reference line is displayed
on the line set by the REF LINE switch.

m. A4R1l (or A2R72 on units with code 04 or
higher) +10 dBm COMPENSATION, Used to
correct amplitude tracking at +10 dBm.

6.2.2 DESCRIPTION OF TEST POINTS

The signal available at each test point or its
function is described below.

a. A2J1 (TP201), +5 Vdc LOGIC SUPPLY. Mea-
sure between TP201 and Ground, TP203.
Voltage should be +5 V +0.2 V. Can also
be used to power a logic probe.

b. A2J2 (TP202), OFFSET AMPLIFIER OUTPUT.
Used to monitor the operation of the cir-
cuits ahead of the offset amplifier.
Voltage coefficient should be 100 mV/dB
within about one percent.

c. A2J3 (TP203), GROUND. Used as a refer-
ence point for measurements on the
grounded portions of the circuit.

d. A2J4 (TP204), OVEN CURRENT MONITOR POINT.
The oven current can be measured here by
subtracting the test point voltage from
15 V and dividing by 11 ohms.

NOTE: THE FOLLOWING TEST POINTS ARE
MEASURED WITH RESPECT TO THE FLOATING
COMMON, TP209.

e. A2J5 (TP205), +15 Vdc ISOLATED SUPPLY.

6-1
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Nominal 15 V supply, actual voltage will
be between 14.4 to 14.8 Vdc.

A2J6 (TP206), -15 Vdc ISOLATED SUPPLY.
Nominal -15 V supply, actual voltage will
be between -14.4 and -14.8 Vdc.

A2J7 (TP207), SECOND STAGE SUMMING
JUNCTION. Measure with a sensitive volt-
meter. Set A2R79 so that the voltage is
within 10 uV of zero.

A2J8 (TP208), COMPENSATION AMPLIFIER
FIRST STAGE OUTPUT. Used to monitor the
operation of the compensation amplifier,
particularly when adjusting A2R85. Ad-
just so that the polarity of the voltage
measured changes as the RF input signal
goes through -27 dBm.

A2J9 (TP209), INPUT CURCUIT FLOATING
COMMON.

A2J10 (TP210), CHOPPER FREQUENCY. Use a
frequency counter with a high input im-
pedance. The frequency should be 1 kHz
within 30 Hz.

A2J11 (TP211), CHOPPER DEMODULATOR INPUT.
Used to monitor the action of the pre-
amplifier chopper circuit when setting
A2C88. Monitor with an oscilloscope and
set for minimum signal and spikes lying
at the zero-crossing points on the sine-
wave.

A2J13 (TP213), PRE-AMPLIFIER OUTPUT.
Measure with a sensitive voltmeter. With
no RF signal applied to the detector, ad-
just A2R181 for 0 Vdc within 10 uV. The
NOISE LEVEL control should be centered
when this is done.

A3J1 (TP3l), +5 Vdc LOGIC SUPPLY. Mea-

sure between TP31l and logic ground TP34.
Voltage should be +5 V #0.2 V. Can also
be used to power a logic probe.

A3J2 (TP32), DIGITAL TO ANALOG CONVERTER
OUTPUT. Used to monitor the action of
the digital to analog converter. Depend-
ing upon the digital word at the input

to the D to A converter, the voltage

will be between the limits of -4 and +4 V.

A3J3 (TP33), COMPARATOR OUTPUT. Used to
monitor the action of the voltage com-
parator in the analog to digital con-
verter.

A3J4 (TP34), INCREMENT PULSE (INC). A
pulse appears here each time the memory
address is incremented. Useful to trig-
ger a monitor scope.

A3J5 (TP35), -12 Vdc SUPPLY. The volt-
age will be -12 Vdc within 0.2 V.

T.

A3J6 (TP 36), LOGIC GROUND.

6.3 CALIBRATION

6.3.1 EQUIPMENT REQUIRED FOR CALIBRATION

The following equipment is required in order to
perform the calibration procedure.

a.

Pacific Measurements Model 1038 Mainframe
and Display. The display section can be
of any type supplied with the Mainframe.
It is important that the Unit be correct-
ly calibrated, as its calibration affects
that of the plug-in to be tested.

Pacific Measurements Power Detector Cable
Part No. 12868.

Pacific Measurements Model 1038, Horizon-
tal Plug-In. For calibrating units with
memory, the Horizontal Plug-In must have
memory drive capability. The calibrator
should put out 10 mW, if you are calibra-
ting with a detector, step o. It is im-
portant that the Horizontal Plug-In be
properly calibrated before using it as
part of the calibration set-up for the
Vertical Plug-In.

An oscilloscope with 5 mV/Division sen-
sitivity and at least 100 kHz bandwidth.

A Digital Voltmeter with 5-1/2 digit
resolution and 1 uV per digit resolution.
For example, Data Precision Model 2540Al.

A Precision Power Supply with 10 uV reso-
lution in the range from 1 mV to 1 V.

For example, John Fluke Model 382A
Voltage/Current Calibrator.

An attenuator made up of resistors as
shown in Figure 6-1. The circuit can be
conveniently constructed in a small phen-
olic box such as Pomona Electronics Model
2098. The box is equipped with banana
plugs and jacks; since the output will
connect to a BNC plug, a Double Banana

to BNC adapter will be needed.

This item is required for calibration of
units with memory. A Low Frequency Func-
tion Generator capable of generating a
ramp going from 0 to 10 V into 50 kilohms
The time to go from 0 to 10 V should be
capable of being set to 40 ms.

An electronic counter capable of measur-
ing 1 kHz. Input impedance 1 M2 shunted
by less than 100 pF.

The following items will be needed if the cali-
bration is to be checked with an RF detector.
This calibration will normally be performed if
the specific RF detector with which it will
normally be used is available.



j. The RF detector with which the instrument
will be used. Normally this will be the
Pacific Measurements detector supplied
with the instrument.

k. A precision attenuator calibrated at 30
MHz. If a step attenuator is used it
should have steps of 10 dB from 0 to 60
dB. Individual attenuators can be used
with some sacrifice in convenience. The
actual attenuation should be known to
better than 0.02 dB at 30 MHz.

SPDT 6.8K Q
SWITCH 5% L BNC
JACK
DOUBLE
BANANA
PLUG

ATTENUATOR USED FOR CALIBRATION
FIGURE 6-1
6.3.2 CALIBRATION PROCEDURE

The components used in this instrument are
extremely reliable and generate little heat.
Consequently there is little drift due to com-
ponent aging, and adjustments are rarely re-
quired. We therefore strongly recommend that
if measurements indicate that an adjustment is
set within the stated range, that you do not
attempt to put it 'right on''. It is often the
case that variations in the equipment used to
test the instrument account for small differ-
ences in measured values. Other adjustments
dependent upon a given adjustment will be af-
fected if it is reset. In short, BE ABSOLUTE-
LY SURE THAT AN ADJUSTMENT IS REALLY REQUIRED
BEFORE MAKING IT.

If a component is replaced, depending upon
where in the circuit it is located, only cer-
tain of the calibration steps need be performed.
In general, only those steps shown in the sec-
tion pertaining to the specific circuit re-
paired need be carried out.

It will be most convenient to gain access to
the adjustments by placing the plug-in on an
extender cable. Such a cable can be ordered
from Pacific Measurements, Part No. 12715,
Extender Cable Kit. Alternatively, place the
plug-in in the middle plug-in location of the
Mainframe and remove the side cover from the
Mainframe/Display unit. It will be necessary
to move the plug-in to the right-hand location
to perform step 1.

Model 1038
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Set the horizontal plug-in to display the chan-
nel into which the vertical unit to be calibra-
ted is connected. This will be A or B; do not
use the A/B, B/A, A/REF, or B/REF. Be sure the
unused channel is OFF to avoid a confusing
display. Select INT operation and turn the
CALIBRATOR OFF.

The steps listed below must be carried out in
the order listed. It will be helpful for you
to read the entire procedure once through be-
fore starting. Allow at least one-half hour
warm-up before starting. If the code number
of your unit is code 02 or 03, start the pro-
cedure by setting A4R1 full CCW. If your unit
is code 04 or higher, set A2R72 full CCW.

a. Check the + and - 15 V isolated supplies.
Measure between TP205 and TP209 then be-
tween TP206 and TP209. The magnitude of
the voltage should be between 14.4 and
14.8 V. If the voltage does not fall be-
tween these limits, trouble is indicated.

b. Check the operation of the oven regula-
tor. Measure between TP204 and TP203.
The voltage should be approximately
-13.7 V immediately after turn-on, drop-
ping to about -14.7 V after 1 to 5 min-
utes (depending upon the ambient
temperature and how long the oven has
been turned off). Operation markedly
different from the above is an indication
of trouble with the oven circuit.

c. Using the electronic counter, measure the
frequency at TP210 with the common lead
of the counter connected to TP209. The
frequency should be 1 kHz within 30 Hz.
If not, A2R166 tan be changed to correct
a g -

d. Connect the Power Detector Cable to the
DETECTOR INPUT and connect the BNC end
of the cable to the attenuator described
in Section 6.3.1g. Turn the switch on
the attenuator to the 'off' position.
Set the attenuator and detector cable
assembly on an insulated surface not con-
nected to ground. Connect the input of
the oscilloscope to TP211 and the ground
lead of the oscilloscope to TP209. Be
sure that the oscilloscope and the Model
1038 both have their chassis grounded
through the 3 prong power cords.

Connect a trigger input lead from the
external trigger connection of the oscil-
loscope to TP210, set the sweep to 0.5
ms/DIV and adjust the trigger level con-
trol on the scope to obtain a stable
display. Set the input sensitivity to 5
or 10 mV/DIV as desired.

Adjust A2C88 (use an insulated tool) to
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obtain the minimum signal viewed by the
scope. When the correct adjustment is
obtained the sharp spikes on the wave-
form should be centered on the zero-
crossing points of the sinewave. See
Figure 6-2, which shows the waveform at
that point. Since the capacitance of
the tool will slightly affect the wave-
form, be sure that you look at it with
the tool removed to check the final ad-
justment. Disconnect the oscilloscope.

Connect the attenuator input to the power
supply. The positive terminal of the
supply should be connected to the common
side of the attenuator and tied to bench
ground. Leave the switch on the attenu-
ator set to 'off'. Set the power supply
to 0 V. Connect the voltmeter input to
TP213 and the low side of the voltmeter
to TP209. The voltmeter should be float-
ing free of ground. Adjust A2R181 to
obtain 0 V within 10 uV.

Move the voltmeter input to TP207 and
adjust A2R79 to obtain 0 V within 10 uV.

Move the voltmeter input to TP208 and
reduce the sensitivity to 1 V full scale.
Set the power supply to 0.140 V and turn
the switch on the attenuator to 'on'.
Adjust A2R85 for -.45 to -.49 V at TP208.
Remove the voltmeter and return the at-
tenuator switch to 'off'. Remove the
attenuator from the supply and set it on
an insulated place.

Connect the negative side of the power
supply to TP207 and the positive side
(which should also be connected to earth
ground) to TP209. Set the supply to 20
mV. Press the INPUT dB button, set the
OFFSET to -20.0 dB. Use the REFERENCE
control to center the trace. When the
final centering adjustment is made, the
REF LINE switch should be in the center
and the 0.1 dB/DIV switch depressed.

Set the supply to -2.0 mV and the OFFSET
to -30 and adjust the NOISE LEVEL control
to center the trace. Repeat the 20 mV
setting described above and the 2.0 mV
adjustment as required. Set the power
supply to 2.0 V and the OFFSET to 00.0
dB. Center the trace with A2R6. Check
to see that the trace is centered with
-0.2 V and -10.0 dB OFFSET and with -20 V
and +10.0 dB OFFSET. It should track
within +.02 dB except at +10.0 dB it can
be +.04 dB. Disconnect the power supply.

Reconnect the attenuator and detector
cable to the power supply (common posi-
tive tied to bench ground). Turn the
switch on the attenuator 'on' and set
the power supply to 0.070 V.

Set the OFFSET switches to -30. Press
the dB button and center the trace using
the REFERENCE control. Make the final
adjustment on 0.1 dB/DIV. Be sure that
the REF LINE switch is centered. Set the
power supply to -7 mV and the OFFSET
switches to -40.0 dB. Center the trace

L
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TP211 WITH A2C88 INCORRECTLY ADJUSTED
FIGURE 6-2a

TP211 WITH A2C88 CORRECTLY ADJUSTED
FIGURE 6-2b

6-4

WAVEFORMS AT TP211

FIGURE 6-2



with the NOISE LEVEL control. Remove the
attenuator and connect the detector cable
directly to the power supply, observing
the same polarity as with the attenuator.
Set the OFFSET to -00.0 dB and the power
supply to 0.228 V.

In making the following adjustments it
will be easiest to start using 1 dB/DIV
then, as the adjustment improves, increa-
sing the sensitivity to 0.1 dB/DIV. The
final adjustment must be made at 0.1
dB/DIV.

Adjust A2R89 to center the trace. In-
crease the voltage to 0.844 V and set the
OFFSET +10.0 dB. Note where the trace
is with respect to the center line. Ad-
just A2R94 so that the trace moves to a
point five times as far on the opposite
of the center line as it had been. For
example, if the trace is found to be 0.1
dB above the center line, it should be
adjusted to be 0.5 dB below the line.
Now return to 0.228 V and recenter the
line using A2R89. Repeat this procedure
until the line is centered for both
0.229 V and 0.844 V at 0.1 dB/DIV with
the respective OFFSET settings. When
finished, leave the voltage at 0.228 V.

Adjust the front panel HIGH LEVEL control
to the center of its range. Press the
INPUT dBm button, set the OFFSET to 00.0
and adjust A2R21 to center the trace.

The final adjustment should be made using
the 0.1 dB/DIV sensitivity.

When finished with step j, the trace
should be centered on the 0.1 dB/DIV
range. Press the 10 dB/DIV button and
adjust A2R28 to recenter the trace. The
adjustment has relatively limited range
and when it is adjusted correctly the
trace should go right across the center
graticule mark.

Connect the function generator to the in-
put to the horizontal plug-in. Set the
generator and the controls on the hori-
zontal plug-in to give a linear (ramp)
sweep that just covers the screen at 40
ms per sweep. That is, 4 ms per screen
division. Since the retrace time is
substantial for most function generators,
this will be a sweep repetition frequency
somewhat less than 16 per second. Press
the 10 dB/DIV and ACCESS MEMORY buttons.
Adjust the REFERENCE control to put the
trace on the screen. Momentarily press
the PRESS TO STORE REF 1 button. Press
INPUT MINUS MEMORY and 1 dB/DIV buttons.
If the trace is not centered, slightly
reset A3R27 and repeat this step. It is
normal to see small deviations due to the
resolution of the memory.

Model 1038
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m. Connect the detector cable to the attenu-
ator and the attenuator to the power
supply (positive ground). Set the power
supply to 0 V and the attenuator switch
to 'off'. Adjust the front panel NOISE
LEVEL control (see Section 3.3.2b--the
attenuator replaces the detector). Turn
the attenuator switch to 'on' and set
the power supply to 7 mV. Press the §
dB/DIV button and bring the trace on
screen with the OFFSET switch. Adjust
A2R163 for minimum 1 kHz noise.

n. Set the power supply to 22.9 V and press
the 10 dB/DIV button. Turn the switch
off and observe the action. The trace
should move rapidly for 40 dB then set-
tle slowly downward. It may be necessary
to reposition the trace to see the entire
movement. Adjust A2R186 so that when the
switch is turned off you see the best
response without excessive overshoot.

If you have the detector with which the plug-in
will be used you can improve the tracking with
that detector. The following procedure will
adjust the instrument for optimum tracking with
a specific detector. NOTE: The adjustments
called for can be made through holes in the
right hand cover of the plug-in.

0. Connect the detector to the DETECTOR
INPUT. Screw the detector to the pre-
cision attenuator of Section 6i8i15%
Connect the input of the attenuator to
the CALIBRATOR OUTPUT of the horizontal
plug-in. Set the attenuator for 40 dB.
With the calibrator turned off, adjust
the NOISE LEVEL control per Section
3:3°28.

Turn the calibrator on, press dBm, set
the OFFSET switch to -30 and adjust the
HIGH LEVEL control so that the trace is
as much above or below the reference line
as is called for by the calibration data
for the attenuator. The final adjustment
should be done on the 0.1 dB/DIV setting.
Set the attenuator to 10 dB and the OFF-
SET to 00.0. If necessary, slightly re-
adjust A2R89 to bring the trace as much
above or below the reference line as
called for by the attenuator calibration
data. Repeat at 0 attenuation and +10.0
OFFSET, adjusting A4R1 (or A2R72 on units
with code 04 or higher) if necessary.
Remove the attenuator. This step com-
pletes the calibration procedure.

6.4 TROUBLESHOOTING

In order to localize the source of trouble in
an instrument such as this, it is necessary to
have a rather detailed working knowledge of the
instrument. You are urged to read Section S,
Circuit Description and to make use of the
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circuit diagrams of Section 7. Relevant dc
voltages are shown on the schematic diagrams
and are typical of values to be found during
normal operation. The data were taken with a
digital voltmeter with 10 M ohm input impedance.
The detector was connected to the calibrator of
a horizontal plug-in and the calibrator turned
on. The display switches of the horizontal
plug-in were set so the channel under test was
on and the other channel off. The controls of
the vertical plug-in under test were set as
follows:

OFFSET 00.0
SMOOTH OFF
DISPLAY dBm
DISPLAY 10 dB/DIV
REF LINE CENTER LINE

In general, dc voltages will not be shown at
points where they will vary substantially de-
pending upon the mode of operation. In many
cases, such points will have a waveform shown.
Figures 6-3 and 6-4 show various waveforms .

Since the vertical plug-ins are only part of
the total system, trouble in other parts of
the system can lead the technician to suspect
the vertical units when, in fact, the trouble
is elsewhere. Be sure that the power supplies

is elsewhere. Be sure that the power supplies
are at their correct voltage and that the de-

flection circuits of the mainframe are working.
Also, the memory depends upon signals from the
horizontal unit; be sure that these are normal.

6.5 SEMICONDUCTOR DEVICES

A variety of semiconductor devices are used in
this instrument. The type numbers shown are
either EIA registered numbers or manufacturer's
numbers. Devices meeting the corresponding
specifications can be used for replacement pur-
poses and can probably be obtained locally.
Individual instruments may have equivalent
devices of other manufacturers installed and
the type number may not agree with those showm
on the schematic diagram or parts list.

6.6 ACCESS TO INTERNAL COMPONENTS

Access to the internal components is obtained
by removing the side covers. The covers are
retained in slots and held in place by two
screws at the rear of the unit.

Access to the back side of the PC boards in
units with memory is obtained by removing the
screws that secure the memory board and swing-
ing the board out on its flat flexible cable.
Remove the shield between the boards if access
to the rear of the amplifier board is required.
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FIGURE 6-7a

NOTE: INTERNAL TRIGGERING WAS USED.

Q3 OR Q4 BASE

FIGURE 6-7b

WAVEFORMS OF THE ISOLATED POWER SUPPLY
FIGURE 6-3
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NOTE: A HIGH IMPEDANCE SCOPE PROBE WAS USED. FOR WAVEFORMS AT Ul4, SEE FIGURE 6-2,
THE TRIGGER SOURCE WAS TP210.

WAVEFORMS OF THE CHOPPING CIRCUIT
FIGURE 6-4
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SECTION 7
SCHEMATIC DIAGRAMS

Schematic diagrams in this section are filed in the order of their reference designators.

Reference Drawing

Designator Title Number
-- Log Amplifier/Memory 14212
Al Digit Switch 14212
A2 Log Amplifier (4 Sheets) 12433
A3 Memory Circuit (2 Sheets) 14073
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