szum PACKARD 8620 SWEEP OSCILLATORS

Three HP-IB Configurations
for Making
Microwave Scalar Measurements

The HP 8620C Option 011 Sweep Oscillator is directly programmable via the Hewlett-
Packard Interface Bus (HP-IB). Using any of the solid state plug-ins covering 3 MHz to 18 GHz,
it is now relatively easy to configure a calculator controlled microwave test set with the
accuracy enhancement, data manipulation capability and simplified operation that calculator
control implies.

This application note describes three HP-IB configured systems for measuring the scalar
transmission and impedance characteristics of microwave components. One employs the
HP 436A Digital Power Meter, another the HP 8755 Frequency Response Test Set, and the
third the HP 8410B Network Analyer. The specific hardware requirements are discussed
and the relative merits of each approach compared.
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THE SOURCE - HP 8620C Opt. 011

All of the analog sweep functions (full band,
marker and AF sweep) of the HP 8620C can be pro-
grammed through the HP-Interface Bus with the
frequency limits defined by the selected plug-in and
front panel controls. In addition, over 10,000 CW
frequencies can be programmed in any band. The
digital frequency command from the calculator is
fed serially into a storage register in the 8620C
Option 011 and converted to the appropriate analog
voltage which then tunes the oscillator. Thus, the
output frequency changes from fx to fx + 1 in one
discrete step with no random frequencies generated
during the settling time. Since most instruments are
capable of taking measurements in a step by step
fashion only as opposed to sampling analog infor-
mation, programming CW frequencies is the normal
mode of operation. Calibrating and testing at the
same discrete CW frequencies also permit system
frequency response to be normalized out of the
measurement.

The output characteristics of the sweeper are
defined by the individual plug-in specifications.
Several characteristics of the source are key to the
results obtained from an HP-IB microwave scalar
measurements system.

(A) Frequency accuracy, linearity and stability—
important for error correction and narrowband
frequency response measurements.

(B) Frequency overlap (less than 20 MHz} at the
switch points of the broadband plug-in—fre-
quency gaps or an overlap of several hundred
MHz can be totally unacceptable in some
measurements.

(C) Harmonic level—This often is the limiting factor
in the dynamic range of bandpass measurements
when using a broadband detection system. A
wideband power sensor or diode will detect the
total energy present at any time—fundamental,
harmonic and spurious. While the fundamental

signal is rejected by the filter, an harmonic can
pass through the filter unattenuated. The out-
of-band rejection then appears to be only as
good as the difference between the fundamental
and harmonic.

(D) Power available at the test device—This can
limit the upper end of the measurement dynamic
range. Power levels up to 40 mw are available
in solid state sources today. It should be noted,
however, that if dynamic range is critical, a
more sensitive analyzer is often a more cost
effective choice than a higher power source.
For example, the HP 8410B provides a 70 dB,
spurious free dynamic range using only a 6 dBm
source, whereas 60 dB is the maximum possible
dynamic range using the HP 8755 with even a
16 dBm sweeper.

Two Hewlett-Packard sweeper plug-ins in particular
—the HP 86222, 10 MHz - 2400 MHz, and the
HP 86290A, 2 GHz - 18 GHz—lend themselves to
HP-IB applications because of their wide bandwidth
and high performance. In addition, the unique com-
patibility between these plug-ins and the HP 8755
and HP 8410B analyzers is critical to some of the
measurements described in this application note. In
all the following examples, the 86290A plug-in
is used.
"ONFIGURATION NO. 1
DIGITAL POWER METER HP 436A

In this set-up, the detection system is comprised
of the HP 8481A Power Sensor and the HP 436A
Opt. 022 Digital Power Meter covering a frequency
range of 10 MHz - 18 GHz. This power meter is a
fully HP-IB compatible instrument and can be com-
manded to listen or talk through the Bus. During
the measurement, its digital output is fed back to
the calculator and plotted on the HP 9862A Graphic
Plotter as a function of frequency.

The block diagram for a transmission measure-
ment is shown below.
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Figure 1. Transmission Measurement Using HP 436 Digital Power Meter (Program No. 2)



The sweeper is leveled using the HP 11667A
power splitter (DC-18 GHz) and the HP 8470B Crystal
Detector which improves the effective source SWR
from about 1.9 to typically 1.2:1 or better. This
greatly reduces mismatch errors in a transmission
measurement and source match errors in an im-
pedance measurement. Flatness is also improved,
but since the system frequency response can be
normalized out with the calculator, this is not really
a concern. A directional coupler could also be used
for leveling purposes and has the advantage of
negligible mainline power loss compared to the 6 dB
loss of the power splitter. However, the power
splitter operates DC to 18 GHz and in most cases
has a better effective source match.

The total measurement involves both a calibration
and test cycle. Initially, the power sensor is con-
nected directly to the output of the HP 11667A
Power Splitter. The RF power is turned off (this is
not programmable) and the meter is zeroed. Sensor
zero is a programmable function of the 436A and
can be written into the software. This insures
accurate measurements down to the noise floor of
the power sensor used.

Next, the sweeper is turned on and stepped
across the frequency band of interest and the power
level at each frequency measured and stored in the
calculator memory. Then, the test device is inserted
and the source is stepped through the same fre-
quencies. The measured power levels are subtracted
from the calibration data and the difference in dB
plotted on the HP 9862A.

The dynamic range of this measurement is a
function of the power sensor, source power and
source harmonics. In Figure 2, the HP 8481A power
sensor was used which has a range of + 20 dBm to
approximately -30 dBm (also available is the HP
8484A mount with a range of -20 dBm to -70 dBm).
The typical source output power in this frequency
range is + 10 dBm, so after losing 6 dB through the
power splitter, the resultant dynamic range is 34 dB.
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Figure 2. Insertion Loss of a 4-6 GHz Bandpass Filter
Using the HP 436A/8481A Power Meter, HP 8620C
Opt. 011 Sweeper Mainframe.

Since the harmonics of the HP 86290A RF plug-in
in this particular case are down 40 dB, they do not
affect the measurement.

This same test set can be used to make scalar
impedance (return loss) measurements by simply
adding a directional coupler and measuring the
power at the reflected port in both calibration and
test. However, because of the typical 20 dB coupling
factor of broadband couplers the high sensitivity
sensor (HP 8484A) must be used or the effective
measurement dynamic range will be severely limited.

A significant contribution of the HP 436A/8481A
in the 4 to 6 GHz filter transmission measurement
is the 1.18 SWR of the mount which reduces the
mismatch uncertainty. This is especially valuable
in low loss measurements less than 10 dB. Because
the 436A is a fully HP-IB compatible instrument and
relatively inexpensive compared to broadband net-
work measurement instruments, it is cost effective
solution. On the other hand, its dynamic range is
somewhat limited and the broadband detector is
vulnerable to source harmonics. Also, it takes 100
msec to settle on the top three ranges and as long
as 10 sec on the lowest range. If any of these con-
siderations present problems, one of the other two
HP-IB configurations may be a better choice. A more
complete description of ““Automated Power Measure-
ments” can be found in Application Note AN-196.

CONFIGURATION NO. 2
FREQUENCY RESPONSE TEST SET HP 8755

The HP 8755 is designed specifically for making
microwave scalar measurements. It covers a fre-
quency range of 10 MHz to 18 GHz. The 8755
requires the RF be modulated at a 27.8 kHz rate
for detection. In the case of the 86290A RF plug-in,
the modulating drive signal provided by the 8755
can be used for direct modulation of the sweeper
since the AM bandwidth, sensitivity and symmetry
as well as the ALC loop of the 86290A were de-
signed specifically for this application. This elimi-
nates the need for an external modulator and its
associated insertion loss.

The 8755 has three detector channels, each with
a + 10 dBm to -50 dBm dynamic range. The absolute
signal level or ratio of two detected signals can be
displayed on the CRT or output on the rear panel
as a calibrated (dB) analog voltage. The 8755 is
not programmable, but by monitoring the rear panel
voltages with an HP-IB programmable digital multi-
meter the 8755 can ‘“talk’ to the Bus.

The block diagram for a scalar transmission
measurement is shown in Figure 3.

Using a ratio measurement for insertion loss
(B/R) has the same measurement benefits as leveling
the sweeper; i.e., source match is improved and
mismatch error uncertainty is reduced. Before the
measurement is made, however, the front panel
controls of the 8755 need to be set to assure all
signals will appear on screen. It is also important
that the display is accurately calibrated (dB/div.)
since this affects the rear panel voltage calibration.
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Figure 3. Scalar Transmission Measurement Using the HP 8755. (Program No. 4)

Position control channel B - adjust trace to be
two divisions below the top of the CRT.

Display - B/R
DB/Div - 10dB
Offset Cal - off
OffsetdB - 00

Smoothing - off

Now, any ratio where the measurement detector
(B) is between + 20 dB and -60 dB compared to the
reference detector (R) will stay on screen. This
covers all insertion loss measurements using the
HP 11667A Power Splitter and return loss measure-
ments using up to a 20 dB coupler.

Frgure 4. Insertion Loss of a 4-6 GHz Filter Using the
Set-Up Shown in Figure 3.

With the B detector connected to the output of
the HP 11667A Power Splitter, the sweeper is
stepped across the frequency range of interest. At

each frequency, the voltage at the AUX B output
which is proportional to B/R (normally zero volts
in this case) is measured by the HP 3490A Digital
Multimeter then stored in the calculator. Next, the
test device is inserted, the voltage output at AUX B
is measured at the same frequencies and subtracted
from the previously stored calibration data. The
difference in dB is plotted on the HP 9862A Plotter.

The sensitivity of the HP 8755 Frequency Re-
sponse Test Set is typically -53 dBm. With a 10 dBm
output power and a 6 dB loss through power splitter,
the maximum dynamic range for the measurement
is 57 dB. Note, however, that in Figure 4 the dynamic
range is limited to 40 dB at some frequencies due
to the harmonics of the HP 86290A plug-in.

Compared to the power meter measurement, the
HP 8755 set-up has the advantage of higher speed
and greater dynamic range. It also provides the
capability for looking at a measurement on a dy-
namic swept basis in manual operation before
making the HP-IB measurement. On the other hand,
the 436A/8481A is slightly more accurate. In the
passband of the filter (low loss), the power meter
instrumentation error is %.04 dB compared to
+.1 dB for the HP 8755. 30 dB down from the ref-
erence the power meter instrumentation accuracy
is still +.04 dB while the 8755 accuracy is +1.1 dB
(typically + .4 dB.) The mismatch error of the power
meter measurement is smaller at all points due to
the 1.18 SWR of the 8481A mount. On the other
hand, while the HP 11664A detector has a 1.33 SWR
through 8 GHz, it can be padded (10 dB) down to a
SWR equivalent to the power sensor and still have
more dynamic range than the 436A/8481A.

If a simultaneous measurement of insertion loss
and return loss is desired, the set up in Figure 5
can be used:
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Figure 5. Set-Up for Making Simultaneous Measurements of Insertion Loss and Return Loss using the HP 8755.

(Program No. 4)

In this application, the HP 11666A Reflectometer
Bridge (40 MHz - 18 GHz) is used. Both insertion
loss (B/R) and return loss (A/R), are measured and
proportional voltages outputed on the AUX B and
AUX A connectors on the rear of the HP 8755. The
HP 59307A VHF Switch selects the proper channel
and the DMM inputs the sets of data to calculator.
The results can then be plotted as in the previous
two examples.
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Figure 6. Simultaneous Insertion Loss and Return Loss
Measurement of a 4.1 GHz Low Pass Filter Using the
HP 8755

The system of Figure 5 must be calibrated for
both transmission and reflection. In the first case,
the B detector is connected directly to the HP 11666A
Reflectometer Bridge output, and the routine is the
same as with the power splitter. For the 0 dB return
loss calibration, the bridge output is first shorted

then open circuited. The DVM measures the AUX A
voltage for each case (short/open) at all frequencies.
The calculator then stores the linear average of
the two readings as the true calibration. This open/
short technique dramatically reduces impedance
measurement calibration error.

Although the HP 8755 system just described
does offer speed and dynamic range advantages, it
is still somewhat sensitivity limited (-50 dBm) and
vulnerable to source harmonics in multi-octave
bandpass measurements. The HP 8410B Network
Analyzer System described next makes a significant
contribution in both these areas.

CONFIGURATION NO. 3
TUNED NETWORK ANALYZER HP 8410B

The HP 8410B covers the 110 MHz - 18 GHz fre-
quency range. It is capable of measuring the relative
amplitude and phase differences between micro-
wave signals. However, in this application note the
8410B is used for making scalar measurements
only. This allows one to use much simpler, less ex-
pensive test sets than would be needed to assure
good phase tracking in complex S-parameter
measurements.

The 8410 is a dual channel receiver. The two
input signals are converted down to a fixed IF fre-
quency, using harmonic sampling, where their ratio
is measured. This IF technique greatly increases
system sensitivity. The system is capable of swept
frequency operation because the reference channel
is always tuned to the incoming signal by means of
a phase lock loop. This makes the 8410 immune to
the source harmonics which limited the 8755
measurement in the previous test.



The 8410B incorporates automatic frequency
range tuning which allows continuous multi-octave
measurements to be made with either the HP
86290A, 2-18 GHz plug-in or HP 86222, 10 MHz-
2400 MHz plug-in. The 8410B is not programmable,
but like the 8755 has analog voltage outputs pro-
portional to the measured ratio. These can also be
monitored with the HP-IB compatible 3490A. In
fact, at 10 dB/div the sensitivity of this output
(0.5V/Div) is the same as the 8755 and the same
software used in the previous example can be
applied here.

The set-up for making a scalar transmission
measurement is shown below in Figure 7.

The pads in front of the 8411A Harmonic Fre-
quency Converter perform two functions:

1) The 10 dB pad improves the effective SWR of the
test channel from 2:1 to better than 1.23:1 through
12.4 GHz.

2) They reduce the reference and test channel sig-
nals to levels which produce maximum dynamic
range.

Since the test channel has a specified range of
-10 dBm to -78 dBm, only +6 dBm of source power
is needed in this application. A special cable, P/N

08542-60121, is used in the test channel. This cable
has low loss and a good match to 18 GHz and is
flexible so that virtually any test device can be
inserted between the HP 11667A and HP 8411A.

Since we are not programming the 8410B, it is
necessary to set the manual controls properly.

Frequency range - auto (8620C-8410B spe-
cial interface cable &
Freq. Ref. cable must
be connected)

Freq. Range Vernier - CW

Test channel gain - 40dB
Mode - amplitude
dB/div - 10dB
video BW - 10dHz

Now any insertion loss measurement will stay on
screen. With the 8412A display, the resolution
(dB/div) always expands about the center of the CRT.

With the padded test channel cable connected to
the power splitter output, the 8620C Opt. 011/86290A
is stepped across the band. The 8410B measures
the ratio of the test and reference channel signals
and a proportional voltage is output from the rear
of the 8412A display. These voltages are read by
the DMM and stored in the calculator. The test
device is then inserted, and the measured values

subtracted from the calibration data.
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Figure 7. Scalar Transmission Set-Up Using HP 8410B Network Analyzer (Program No. 4)
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Figure 8. Insertion Loss of 4-6 GHz Filter Using the
HP 8410B (Set-up shown in Figure 7.)

The dynamic range of this measurement is greater
than 70 dB because of the semnsitivity of the 8410
and the fact that it is tuned only to the source
fundamental and not limited by harmonics. The
accuracy is a function of the 8412A recorder out-
put (.03 dB/dB). 30 dB down from the reference the
typical accuracy is better than +0.5 dB which is
comparable to the 8755. With the padding in the
test channel, the mismatch uncertainty is also com-
parable to both the power meter and 8755 measure-

ments. The 8410B system has the additional advan-
tage that phase measurements can also be made if
the appropriate test set (HP 8743A, Opt. 018) is
substituted for the power splitter shown.

The set-up shown in Figure 7 costs about $5,000
more than the 8755 system. The performance ad-
vantages of the 8410B are 30 dB more sensitivity,
greater than 70 dB spurious free dynamic range,
and the capability to add phase. Source harmonics
will not, of course, affect an 8755 measurement of
a broadband attenuator where the insertion loss of
all frequencies is the same (as opposed to a band-
pass measurement). Also, for 8755 measurements
less than an octave a low-pass filter can be used to
eliminate harmonics. But in a wideband swept test,
the tuned receiver (8410B) provides a dynamic range
that cannot be approached by a broadband detec-
tion system regardless of how much source power
is available.

Reflection measurements can be easily made by
replacing the 11667A Power Splitter in Figure 7
with the HP 11692D Dual Directional Coupler (Fig. 9).

The coupling of the HP 11692D (20 dB) reduces
the padding necessary compared to the transmission
measurement. Since the test and reference channels
are only 10 dB apart during the open/short cali-
bration, the test channel gain should be reduced
from 40 dB to 30 dB for this set-up. It is not possible
to measure insertion loss and return loss simul-
taneously using the 8410B. On the other hand, the
high sensitivity of the Network Analyzer makes it
one of the only instruments suitable for return loss
measurement on small signal amplifiers which re-
quire input levels of -30 dBm to -40 dBm.
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Figure 9. Reflection Measurements Using the 8410B (Program No. 4)



COMPARISON SUMMARY OF 3 HP-IB CONFIGURATIONS

(Using HP 86290A 2-18 GHz Plug-in, 6 dB Power Splitter, 4-6 GHz Band Pass Filter Measurement)

Instrument HP 436A
Frequency 10 MHz - 18 GHz
Range
Dynamic 34 dB w/8481A mount
Range 50 dB w/8484A mount
or
Sweeper harmonic level,
whichever is less
Accuracy +.02 dB for 1 dB meas.
Instrument +.04 dB for 34 dB meas.
SWR

(Affects mis-

1.18
match error) {1.28> 12.4 GH2)

<100 msec Top Three (10 dB)
Ranges

<1sec 30to 40 dB

<10 sec. Bottom 10 dB

Speed

{Per Freq. Step)
Ei’r;crt H;]B
CW Only

Miscellaneous
Single channel

Accurate absolute pwr. meas.

200 ft. extension cables avail.
Amplitude Only

Agprox. Prices,
HP-1B Compati-

HP 8755

10 MHz - 18 GHz

54 dB

or
Sweeper harmonic level,
whichever is less

0.1 dB for 1 dB meas.
1.1 dB for 57 dB meas.
(£.4dB Typ)

1.33 (1.5> 8 GH2)

1.2 w/10 dB Pad but
lose 10 dB dyn. range
(1.33> 12.4 GH2)

+*
-

10 msec - 8620C/86290A
but typically limited

by DMM & Caic. (400 msec
w/3490 DMM & 9830 Calc.

Not Programmable
Can sweep test DUT
in manual
Ratio capability
+ simultaneous trans./
refl. meas.
~+1dB Abs. Power meas.

>200 ft. ext. cables avail.
Amplitude Only

ble Sub-system $6,000 $10,000
(Excl. sweeper
plug-in and calc.
but inc. DMM if
required.)
PROGRAMMING CONSIDERATIONES

The programs listed in this application note are
written around the HP 86290A, 2-18 GHz Broad-
band Sweeper. Its wide bandwidth, together with
precision frequency accuracy, stability and har-
monic purity, make it an ideal general purpose
source for a microwave measurement system. How-
ever, any other HP 8620 family plug-in can be used
by making a few simple software changes.

The subroutine which converts a particular
measurement frequency to the analog voltage which
tunes the oscillator, must include the bandwidths
and switch points of the plug-ins used. The 86290A
values appear at the beginning of each program.
The use of any plug-in besides the 86290A is ac-
complished by simply re-defining these variables.
For example, if you are using the HP 8621B multi-
band drawer with two oscillators installed, say the
HP 86330B (1.8 to 4.2 GHz) and HP 86341A (3.2 to
6.5 GHz), and desire to test anywhere between 1.8
and 6.5 GHz, the following changes should be made
in either the 9820A or 9830A calculator programs:

R(@B)orD(1) = 1.8
R(9)orD(2) = 3.2

R(11)orD(4) = 2.4

HP 8410B

110 MHz - 18 GHz

>70 dB
(>60 dB >12.4 GHz)

Not affected by sweeper
harmonics

+.03 dB for 1 dB meas.
+2 dB for 70 dB meas.
(x1dB Typ)
1.23 w/10 dB Pad
which is always
recommended since no
dyn. range is lost
(1.38> 12.4 GH2)

10 msec - 8620C/86290A
but typically limited

by DMM & Calc. (400 msec
w/3490 DMM & 9830 Calc.

Not Programmable

Can sweep test DUT
in manual

Ratio capability

No abs. power

25 ft. ext. cable avail.
Can add phase meas.
capability

$15,000

R{12) or D[8]) = 3.7

R(14)or D (7) = 4.0
(or any frequency be-
tween 3.2 and 4.2)

R(15)or D (8) = 6.5

Or, if you are using just a single band plug-in such
as the HP 86250B (8.0 to 12.4 GHz) only four array
variables need to be changed:

R{8)orD(1) = 8.0
F(11)orD(4) = 4.4

R(14)or D (7) = 12.4
R(15)orD(8) = 12.4

All other values can remain unchanged since they
will not be used in the frequency setting subroutine
when only one or two bands are involved.

In addition to the ROM’s included with the HP-IB
(59405A, Opt. 20, 21, or 30), several others are
required for the programs listed in the application
note: HP 11220A and HP 11221A ROM'’s for the
HP 9820A calculator and HP 11271B (plotter control)
and HP 11274B (string variable ROM’s for the use
with the HP 9830A calculator.



The programs provided for the HP 436A Digital
Power Meter are for a single channel transmission
measurement shown in Figure 1. A description and
program examples of more complex HP-IB con-
figured systems can be found in Application Note
196, ‘““Automated Measurements Using the 436A
Power Meter”. The programs listed for the HP 8755
or HP 8410B, on the other hand, provide the flexi-
bility of measuring insertion loss, return loss, or
both. The choice is made during the execution of
the program. When inputs such as frequency limits,
number of points, etc., are requested, the program
will continue after the appropriate number has been
entered and the ““Execute” key punched on the
9830A or the “Run Program’ key on the 9820A. If
a command such as ‘“‘connect device" is displayed,
the 9830A will continue after typing ‘‘space bar’
and ‘“‘execute’’. The procedure for the 9820A is
again ‘“‘run program’’. The program will handle the
most general set-up (Figure 5) of a ‘‘simultaneous”

transmission/reflection measurement where a pro-
grammable switch selects the appropriate 8755
auxiliary output during both calibration and test.
However, it also works for just a transmission or
reflection measurement (Figures 3, 7, 9) since when
the switch is not on the HP-IB, the calculator will
still step through the associate switch command
statements.

Following a complete calibration and measure-
ment cycle, after the results have been plotted,
the calculator will display ‘‘connect device/insert
paper'’. When this is completed, the next measure-
ment can be made on another device and a separate
plot generated. Or, if one device is to be compared
to another, the plotter pen could be changed to a
different color and the two measurements super-
imposed. It is also simple to modify the program
to draw ‘‘go/no-go” limits on the plot for rapid
comparison to a specification in, say, a production
line application.
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