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Introduction

The 8970A Noise Figure Meter is a very sensitive, tuna-
ble, automatic receiver. Its capability is greatly enhanced by
a microprocessor used for many control, timing, and calcu-
lation purposes. With an appropriate solid state noise
source, such as the 346B Noise Source, it automatically
measures the noise figure of the device under test (DUT)
inserted between the output of the noise source and the
input of the 8970A. The 8970A may be tuned to any fre-
quency between 10 and 1500 MHz and digitally swept over
all or part of this range. To measure DUT’s with output
frequencies greater than 1500 MHz, an external mixer and
local oscillator (LO) are required to down convert the fre-
quency into the 10 to 1500 MHz range. The 8970A can also
automatically remove the noise contribution of the second
stage (the measurement system) from the measurement. It
can measure and display both gain and noise figure of the
DUT.

Noise properties of the DUT may be displayed as noise
figure (dB or ratio), effective input noise temperature (kel-
vins, K), or Y factor (dB or ratio). Gain is displayed in dB. A
table of excess noise ratio (ENR) vs frequency data for the
noise source being used may be entered from the front panel
for as many as 27 frequencies. The table is automatically
used by the 8970A to correct for variations of ENR with
frequency. When the 8970A is turned off, the ENR vs
frequency data (the ENR table) remains because it is stored
in non-volatile memory. Swept measurement of noise figure
and gain vs frequency may be displayed on an oscilloscope
or plotted onan X-Y analog or strip chart recorder using X
and Y axis outputs on the rear panel. The Z axis output
from the 8970A blanks the retrace of the oscilloscope or lifts
the pen of the recorder.

Most functions may be remotely programmed via the
Hewlett-Packard Interface Bus (HP-IB).

How the 8970A Measures Noise

The 8970A determines the noise added by a device under
test (DUT) to that noise already present at the DUT input.
Consider the representation of noise power at the output of
the DUT vs the temperature of the source impedance at the
DUT input.

Np =N, +KkGBT

FigureI-1is a graph of this equation. In the equation, N,is
the noise added by the DUT, k is Boltzmann’s constant, G is
the gain of the DUT, B is the measurement bandwidth, and
Ts is the temperature in kelvins of the source termination.
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The 8970A drives a solid state noise source on and off to
generate two temperature points (T and Ty,) on the straight
line kBG, and measures the two power outputs of the DUT
(N and N») for these two temperatures. Extrapolating the
straight line to the Tg =0 point gives N, the noise added by
the DUT.This noise added is transformed to a figure of
merit for the DUT, such as noise figure, F, in d B, or effective
input noise temperature, Te, in kelvins. Using self-
calibration, the 8970A also measures its own noise figure
and sets a gain reference. It can then correct for the noise
figure of the measurement system and calculate and display
the noise figure and gain of the DUT alone.

Np = Na + KGBTg
Added Amplified

Noise Input
Zs@Tg Noise
Noise

Np /‘S{ope
kGB
N2
Power

Qutput Ni
Na

]

— T
0 Te Th S

Temperature of Source Impedance

Figure I-1. Available Noise Power

Key Features of the 8970A and 346B
Accuracy Features - 8970A

1. Complete table entry of noise source ENR vs frequency
(interpolated as necessary).

Compensation for T, not equal to 290K.

High display resolution (0.01 dB).

Variable smoothing to reduce display jitter.

Correction for measurement system (second stage) noise
contribution, in real time.

SR LN

~ar

Accuracy Features - 346B

1. ENR calibration at 20 frequencies, (+ 0.1t0 0.2dB RSS
uncertainty at each frequency).

2. Low reflection coefficient (SWR < 1.15 to 5 GHz and
1.25 to 18 GHz).

3. Adapters not needed for many noise source applications
(346B available in 4 connector types). .

4. Broad band (10 MHz to 18 GHz) allows one noise
source for both RF and microwave frequency appli-
cations.
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Measurement Examples

This chapter introduces the front panel and shows how to
get started on the 8970A. Several specific measurement
examples are introduced step-by-step, including:

. An RF amplifier measurement

2. A swept LO microwave amplifier measurement

3. A swept IF microwave amplifier measurement (single
sideband)

4. A swept LO mixer measurement

5. A swept IF receiver measurement

These examples include detailed information on how to
use many of the features of the 8970A such as:

ENR table entry

Calibration for corrected measurement

T, correction

Oscilloscope output

Smoothing

Te (effective input noise temperature) display
Single sideband measurement

Real time adjustment

Mode and sideband selection

Lo NN AW~

The measurement examples discussed in this chapter use
an equipment set that is detailed in Appendix A. In addi-
tion, two amplifiers are used as DUTs. The first is a narrow-
band RF amplifier with a nominal center frequency of 136
MHz, a gain of approximately 25 dB, and a minimum noise
figure of approximately 0.5 db. The second is a microwave
amplifier with a 50 to 4500 MHz bandwidth, a gain of
approximately 10dB, and a noise figure of approximately 7
dB. A 4.4 GHz low pass filter is also needed for Swept IF
Microwave Amplifier Measurement later in this chapter.

NOTE:

1. The DUTS measured in the following
examples may be easily exchanged for others
with different noise figures, gains, and fre-
quency ranges by merely substituting different
numbers in the examples given.

2. Since one or more features are discussed in
each of the examples, it would help to read
through all of the examples to gain an under-
standing of each feature discussed.

It will be helpful to make frequent reference to the three
pullout cards in a slot at the bottom of the 8970A front
panel as special functions, measurement setups, and error
codes are mentioned, to strengthen understanding. Useful
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foldout pages, Figure II-1 in this chapter and Figure A
inside the back cover, show the front panel pullout cards,
respectively.

Getting Started
Front Panel

There are three digital displays on the front panel of the
8970A (see Figure II-1). The displays, moving from left to
right, are primarily used for frequency, insertion gain and
noise figure, but are sometimes used to display other data.

The keys on the front panel are in several groups. Starting
on the left, LOCAL is used to return control to the 8970A
front panel from an external controller when HP-1B is used.
PRESET enters default values and initializes certain special
functions, and LINE is the on-off switch. The ENR key is
used to enter the ENR vs frequency table of the noise source
into the 8970A. Below it is the 28 volt pulsed output to drive
the noise source.

Next is a group of keys to control the sweep function.
START FREQ, STOP FREQ, and STEP SIZE set the
start frequency, stop frequency, and step size increments of
the desired sweep. Pressing any one of these keys displays its
current value. If one of these keys is followed by number
keys, then by ENTER, this will enter a new frequency in
MHz. The two keys at the bottom, AUTO and SINGLE,
when pressed, initiate a repetitive or single sweep,
respectively.

The next group of keys is for controlling a single fixed
frequency. Pressing FREQUENCY, followed by numerical
digit keys, then ENTER, sets the fixed measurement fre-
quency of the 8970A. FREQUENCY may also be used as a
convenient “clear entry” key for mistakes made during entry
of other parameters. Pressing FREQ INCR, number keys,
and ENTER displays and allows entry of the frequency
increment used by the @ and @ keys to incremen-
tally tune the 8970A. Pressing 4 or - once moves
the measurement frequency up or down by the amount of
the increment. Holding either key down causes repeated

frequency increments to occur.

The next group of keys is for data entry. The right
column in this group consists of the ENTER, STORE,
RECALL, and SEQ keys. ENTER executes entry of data.
STOREand RECALL are used to store and recall the front
panel and internal instrument states of the 8970A in any of
10 internal storage locations. SEQ allows sequencing
among as many as 9 of the stored states. The SPECIAL
FUNCTION (SP) key extends the capability of the 870 A

3



beyond front panel functions. Pressing a number key
sequence, followed by SP, makes available about 150 extra
functions that include various measurement. data display,
and data entry modes.

The last group of keys is for measurement. Pressing
CALIBRATE measures and stores the measurement sys-
tem noise figure and sets a power reference. These allow
gain measurement and second stage correction when
NOISE FIGURE AND GAIN is pressed. NOISE FIG-
URE is pressed when second stage correction is not desired.
NOISE FIGURE or NOISE FIGURE AND GAIN may
also be used as “clear entry” keys. INCREASE and
DECREASE, the smoothing keys, make it possible to
reduce display jitter. These keys increase or decrease the
number of measurements averaged before displaying a
measurement result.

More information on all of these functions is contained in
Chapter V of this note. In addition, the three 8970A pullout
cards summarize user special functions, HP-IB informa-
tion, error codes, and measurement setups.

Power Up and PRESET

Turn on the noise figure meter. All LED indicators
should light up for a few seconds as the 8970A performs
power-up checks. Press

PRESET

Within a few seconds the left display should read 30
MHz, the default measurement frequency. The small LED
next to UNCORRECTED above the NOISE FIGURE
button should be lit, showing that the indicated noise figure
is uncorrected for second stage noise. The right display
(noise figure) will show two dashes, indicating noise figure
greater than 32 dB, until the noise source is connected.
Connect a BNC cable from the 28V NOISE SOURCE
DRIVE OUTPUT on the 8970A to the 346B Noise Source
(28V dc) input. Then connect the 346B output to the RF
INPUT on the 8970A (Figure I1-2 shows the connections).
An adapter will be needed on the 8970A input unless the

10—1500 MHz
Input

Noise Source
Drive

Noise Source

Figure I1-2. 8970 Self- Measurement

346B is an Option 001 (Type N male) output connector.
When connection is made, the 8970A’s own noise figure at
30 MHz will be displayed, about 5 dB.

ENR Entry

The 8970A stores the excess noise ratio (ENR) calibra-
tion table data for the 346B Noise Source in non-volatile
memory. A linearly interpolated value is automatically used
at each measurement frequency whether measuring uncor-
rected noise figure or corrected noise figure and gain. With
every 346B a calibration report is supplied containing the
ENR values at 20 frequency points. These points are also
plotted on a chart on the 346B body. The report and chart
label are shown in Figure 1I-3.

HEWLETT FACEARD
CALIERATION REFORT

MODEL 23%F SER NO: Za2TReTIIOY
DATE: B0:-63-22 TECHHICIAH: V537
FRED EHF FEFL 0OH FEFL DEF'
MHz dE MAG RHS MAG HHE

1a
11
160600
e fuye]

Figure 11-3. 346 B Calibration Report and Label

To enter the calibration table into the 8970A, press

(The 346B need not be connected.) The 8970A displays the
first calibration table frequency (10 MHz initialized at the
factory) in the left display and the ENR value (15.20 initial-
ized at the factory) at that frequency in the middle display.
The MHz units LED will be flashing in the left display,
indicating a new frequency entry is possible. Key in the
proper number or leave the current value. Press

ENTER

This will enter the digits in the left display into the 8970A
memory and will cause the dB unit indicator to flash in the



middle display, indicating ENR entry is possible. To enter
the noise source ENR value for 10 MHz, key in the approp-
riate ENR value (from the 346B calibration report) or leave
the current value. Press

)

The frequency of 100 MHz with a flashing MHz annuncia-
tor will appear in the left display. Repeat the previous steps
until the complete 346B table is entered. The table must be
entered in increasing frequency order. The 8970A recog-
nizes the end of the table by a frequency inserted in decreas-
ing order. The ENR for any additional frequencies will be
ignored. The 8970A will use the ENR value for the last
frequency in increasing order for all additional frequencies.
Forexample, in FigureII-3, if 2000 MHz were erroneoysly
entered as 200 MHz, an ENR of 15.35 d B would be used for
all frequencies above 1000 MHz. After entering the last
table frequency, enter zero or any frequency smaller than
the previous one.

If a mistake is made before ENTER is pressed, press

to recover. Simply reenter the digits. If ENTER has been
pressed, complete the table because it is easiest to return
again for corrections. To return, press

ENR

Then press

ENTER

repeatedly until the error is in the display with the flashing
unit indicator. Key in the correct value and press

ENTER

The rest of the table will not be affected. If more than one
error was made after ENTER was pressed, proceed through
the table as shown above to make all corrections.

To exit the table entry mode press

FREQUENCY

-+ DL\

Amplifier Measurement (Swept RF)
The following steps characterize the noise figure and gain

of the 136 MHz low noise amplifier mentioned at the begin-
ning of this chapter.
Press

PRESET

to put the 8970A ina known state. This places the 8970A in
the RF mode (mode 1.0).

RF Calibration

Calibration is necessary to correct for the noise contribu-
tion of the measurement system (the 8970A). This calibra-
tion automatically measures the system noise figure, with
no DUT in place, at three 8970A input attenuator settings.
Three attenuator settings are used because the 8970A does
not yet know what the gain of the DUT will be and must
prepare for a range of gain values. Connect the 346B output
directly to the 8970A input (CALIBRATION line in Figure
II-4). For best accuracy during a swept measurement, the

8970A

Noise Source 10—1500 MHz
Drive Input

ALIBRATION
Noise Source CALIBRATIO

DUT

Figure II4. RF Measurement Setup

desired start, stop, and step frequencies should be selected
before calibration. For this amplifier, suitable frequencies
are:

start: 110 MHz,
stop: 160 MHz, and
step size: 2 MHz.

Enter these frequencies by pressing

i[eesom
@D
@D

Any values between 10 and 1500 MHz may be used, as long
as the number of steps does not exceed 81 (The 110 to 160
MHz sweep in 2 MHz steps uses 26). Press

CALIBRATE

The 8970A proceeds through the frequency range three
times, measuring its own noise characteristics. When the
small LED near the CALIBRATE key goes out, calibration
is complete. It takes less than 30 seconds for the 26 steps
when smoothing is at a minimum.

Smoothing

The 8970A has smoothing to reduce the jitter of the
readout of both gain and noise figure. This jitter is a natural
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result of all noise measurements. Increased smoothing pro-
vides smoother oscilloscope traces at the sacrifice of mea-
surement speed. Smoothing is set with a smoothing factor,
n, which is the number of measurements averaged for each
frequency point displayed. Chapter V, Smoothing, has
further information. With minimum smoothing (a smooth-
ing factor of 1) 3 to S measurement points per second are
displayed during a sweep. With maximum smoothing (a
smoothing factor of 512) the time between displayed data
points during a sweep increases to approximately | minute.
For most measurements, a smoothing factor between 2 and
8 is satisfactory. To increase the smoothing press

and the smoothing factor is displayed in the left window
while the key is held down. Each time INCREASE is
pressed, the smoothing factor is doubled until 512 is reached.
To decrease smoothing, press

and the factor decreases in the same way. The smoothing
factor may also be entered by pressing

SPECIAL
l 1 H 3 ll . l‘ 2 ]ancmu
then the desired smoothing factor digits and then

ENTER

Corrected Noise Figure and Gain

- Measurement

~ Tomeasure noise figure that is corrected for second stage
(measurement system) effects and to measure gain, press

NOISE FIGURE
AND GAIN

With calibration completed and no DUT inserted, both
gain and noise figure should be near zero dB, showing that
the 8970A is indeed removing the noise from the measure-
ment system. Since the input is noise, there will be some
variation above and below zero. (If an error message, E20,
appears in the right display when corrected measurement is
attempted, it means that calibration is not valid or has not
been done. Perhaps the frequencies have been changed.
Error messages are described further in Pullout Card 2, or
Chapter V, or the Operating and Service Manual).

To make a corrected measurement of the RF amplifier,
connect its output to the 8970A input. Connect the 2468
Noise Source 28V dc input to the 28V noise source drive
output and the 346B output to the input of the amplifier, the
device under test (DUT), as shown in Figure II-4. Apply
proper dc power to the amplifier (in this case 12V). Select
the frequency of interest, usually the amplifier center fre-
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quency, by pressing

) () () (&) )

The corrected noise figure in dB is displayed in the right
window. Gain is displayed in the center window. To find the
frequency where noise figure is minimum, select a frequency
increment such as 2 MHz by pressing

(FREO lm [i] (ENTEHJ

Pressing FREQ INCR provides only a momentary dis-
play of the increment value. To obtain continuous display,
hold FREQ INCR down. Move the frequency of the 8970A
above or below 136 MHz to find the minimum noise figure
by pressing

(@)er(=)
Note the minimum noise figure for later comparison with
uncorrected noise figure.

For repeated automatic sweeps press
AUTO

()

Note that the sweep starts at the current measurement
frequency, and sweeps toward the stop frequency. A full

sweep is started by pressing
AUTO

ART
men (o)
For a single full sweep, press
SINGLE

(]

To stop the sweep, press whichever sweep key is lit a second
time. These keys toggle the sweep on and off.

Uncorrected Noise Figure Measurement

To make an uncorrected measurement, press

AUTO
NOISE FIGURE | and then @

Compare the minimum noise figure obtained from the
corrected measurement with that from the uncorrected
measurement. The difference is due to the second stage
correction in the previous measurement.

Oscilloscope Display

Swept measurements are more easily observed when dis-
played on an oscilloscope. The 8970A provides accurate
display of noise figure and gain on any ordinary oscillo-
scope with A vs B (or X vs Y) capability. Suitable oscillo-
scopes are the HP 1740 or 1742. A storage oscilloscope such



as the HP 1741 may also be used. To adjust the oscilloscope,
connect the 8970A rear panel X, Y, and Z outputs to the
oscilloscope A, B, and Z (or X, Y, and Z) inputs, and place
the oscilloscope in the A vs B (or X vs Y) mode. The 8970A
X output increases linearly as the frequency increases dur-
ing the sweep. The Y output is proportional to the measured
noise figure and gain values (when measuring corrected
noise figure and gain), and proportional to the noise figure
alone (when measuring uncorrected noise figure). The Z
output is used to blank the oscilloscope on retrace and to
make the gain trace dimmer. Set the oscilloscope input
coupling to dc for both horizontal and vertical deflection.

Make the 8970A send a test pattern to the oscilloscope by
pressing

@ @ @smm
FUNCTION

Adjust the oscilloscope position and then the gain con-
trols to make the test pattern fill the graticule, touching the
outer lines on all four sides (see Figure II-5). There should
be a crossing at the center of the screen. The oscilloscope is
now scaled to the 8970A, and the limits on noise figure and
gain may now be set from the front panel of the 8970A for
any measurement without adjusting the oscilloscope. It may
be necessary to readjust the oscilloscope occasionally
because its amplifiers may drift.

Figure II-5. Oscilloscope Test Pattern

Return the oscilloscope to the normal display of noise
figure and gain by pressing

@ SPECIAL
FUNCTION
(The @ and @ may always be omitted.)

Assume the RF amplifier measured has a noise figure
range of 0.5 to 4 dB and a gain range of 0 to 25 dB over the
110 to 160 MHz frequency range. Display the noise figure
lower limit for the oscilloscope in the left window of the
8970A by pressing

Qles[en]0
FUNCTION
The default value is 0.00 d B, which is suitable for the 0.5

to 4 dB noise figure range of this amplifier. To display the
upper limit for the noise figure oscilloscope display, press

SPECIAL
& D@ [+
The default value is 8.00 dB. For this amplifier, change

the upper limitto4 dB (0.5 dB per division, 8 divisions high)
by pressing

(4 ) (owes

Similarly display the lower and upper limits on the oscillo-
scope for gain by pressing

SPECIAL
FUNCTION

and then

()T (o) (o s
respectively. The default values of 0.00 dB and 40.00 dB (5
dB per division) are satisfactory values for the 0 to 25 dB

range of the RF amplifier, and need not be changed unless
more gain resolution is desired.

Todisplay the corrected swept measurement on the oscil-
loscope, press

NOISE FIGURE
AND GAIN

Then for a repeated swept measurement starting at the
start frequency, press
AUTO

START
Ce)

The oscilloscope display data are digitally stored and are
refreshed at a rate between 250 and 3000 Hz for a flicker-
free display. The display is updated during the sweep at each
measurement point. To stop the sweep, press

AUTO

(o)

again. A typical oscilloscope display for the 136 MHz
amplifier is shown in Figure II-6.

If necessary, adjust the gain trace to be fainter than the
noise figure trace using the screwdriver adjustment marked

2



Noise Figure
Gain, dB

110 160
Frequency, MHz

Figure I1-6. Typical Oscilloscope Display
Jfor 136 MHz Amplifier

GAIN TRACE on the 8970A rear panel. A combination
of the screwdriver adjustment and oscilloscope intensity
adjustment will likely provide the most pleasing display.

Store the 8970A settings, including the oscilloscope lim-
its, in storage location | by pressing

STORE @

These settings will be used later.

Display of Effective Input Noise
Temperature, To
Some users prefer the display of noise performance in

units other than noise figure in dB. To obtain effective input
noise temperature in kelvins, K, press

GO [ e

The maximum possible effective input noise temperature
display is 9999K (equivalent to a noise figure of 15.5 dB).
For other units consult Pullout Card 1.

The X, Y and Z rear panel analog outputs correspond to
any new units chosen using 10.N. Therefore upper and
lower noise figure limits, 8.1 and 8.2 SP, usually require
adjustment for the range of the new units. For example,
when 10.4 SP is selected using the oscilloscope limits set
previously (0 to 4 dB), the limits become 0 to 4K. For the
136 MHz amplifier, a maximum T value of 200K is suit-
able (25K per division on the graticule). Therefore, press

@@@?‘Sﬁ%‘%n[ 2 )[ o ]m[ﬂnfn)
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Start a sweep by pressing
AUTO SINGLE

(o) or (o]

Toreturn the display to Fin dB and to recall the previous
oscilloscope limits, press

RECALL @

T¢ Correction

Before the 8970A, noise figure meters assumed that T,
was 290K because of the difficulty in making exact calcula-
tions for other values. From Figure II-7 this assumption can
be seen to introduce error. The measurements Ny and N |
are noise power measurements made by all noise figure
meters at T, (input noise temperature with the noise source
biased off) and Ty, (input noise temperature with the noise
source biased on). If T is assumed to be 290K and is in fact
different, the noise added by the amplifier, N,, will be
calculated as N, in Figure I1-7 when in fact it is N,,. This
will lead to an incorrect calculation for noise figure, F, or
effective input noise temperature, Te.

I\NaxTe'{Ng
L~

Ny
Zs@Tc&Th
Np
\ /
N2
Noise
Power
Output Ni
Ng :
Na |
|
1 B
To =290 T, Th Ts

Temperature of Source Impedance

Figure I-7. Effect of Changing T,.

The amount of error introduced is illustrated in Figure
11-8, a plot of error vs noise figure for selected values of
actual T.. If T, is higher than 290K, as it usually is, the
measured noise figure will be too high.

The 8970A does not assume T is 290K. To illustrate this,
select the T, display by pressing

GO @) (o ),

Note the effective input noise temperature, Te, of the ampli-




Error in dB (Fmeas — Factual!

T T T T
2 4 6 8 10 12 14 16 18 20
Noise Figure in dB

Figure II-8. Errors Introduced by Assuming
T, = 290K (Actual T, Shown)

fier at its minimum value by adjusting the 8970A frequency.
Display the assumed ambient, T, by pressing

E] SPECIAL

FUNCTION

This shows 296.5K, the default value. Change T to 290K by
pressing

Boam

and note the change in T,. This change is nearly 7K (the
noise figure change is nearly 0.1 dB), which is significant for
an amplifier with a T, near 35K (a noise figure near 0.5 dB).

Restore the default value of T, to 296.5K and the noise
units to F in dB by pressing

RECALL @

which recalls all of the temperature, frequency, display unit,
and oscilloscope settings previously made when measuring
corrected noise figure and gain.

Microwave Amplifier Measurement
(Swept LO)

Microwave amplifier measurements are nearly as simple
as RF measurement, with the addition of a local oscillator
and mixer. The following example uses the 8672A Synthes-
1ized Signal Generator as a local oscillator and the Hewlett-
Packard HMXR-5001 mixer to down convert to the fre-
quency range of the 8970A. The system is used to measure
the 50 to 4500 MHz amplifier over a 3.7 to 4.2 GHz fre-
quency range. The noise figure for the amplifier typically
varies from 6 to 10 dB and the gain from 5to 15 dB over this
reduced frequency band.

8970A LO Control

The 8970A can control the 8672A over HP-1B without
the need for an external controller. To set the 8970A up to
measure the microwave amplifier using the swept external
LO and a fixed IF, make the connections shown in Figure
11-9 (the CALIBRATION line). Connect the HP-IB cable
between the rear panel connectors on each instrument. Turn
on both instruments. Press

PRESET

to return the 8970A to a known state. Select mode 1.1
(variable frequency external LO, fixed IF) by pressing

(D)) (o) e

8970A

. [

Drive Input

T
e

LO

Output Local Oscillator
LO

CALIBRATION

Noise Source
RF IF
DUT

MIXER

Figure II-9. Swept LO Amplifier Measurement Setup

Error message E42 (no external LO) may occur. How-
ever, the cause will soon be removed, so ignore it. E42 is
discussed later in this example. Select an appropriate IF,
such as 40 MHz. Display the current IF and change it to 40
MHz from the 30 MHz default value by pressing

(3) @ sk (8 ) (o ) (onm)

Instruct the 8970A to output the preprogrammed level
and frequency commands for the 8672A over HP-1B by
pressing

COCICIE) (o) e

Turn on the 8970A controller function by pressing

[ ] [ ] ( ] SPECIAL
e hd 1 @ FUNCTION
This will light the 8970A TALK annunciator. Note that

after making mode selection (1.1 SP), the above steps may
be performed in any order.




The 8672A REMOTE annunciator should now be lit. If
itis not, the 8970A may be using an incorrect address for the
8672A. Display the assumed external LO address by
pressing

DEEIE (e
FUNCTION
The address may be changed to match the actual 8672A

address (factory set to 19). To set the address to 19 (after
first entering 40.1 SP) press

(D)

If the address of the 8672A is not 19 and is not known, the
8672A cover may be removed and the switch settings
checked as explained in the 8672A Operating and Service
Manual. However, it may take less time to try addresses 0
through 30 until the correct one is found.

To assure that the 8970A is talking to the 8672A, press the
8970A

START STOP
rreq | and FREQ

keys. This should change the 8672A frequency to match the
8970A start and stop frequencies.

If E42 ever appears in the right display of the 8970A, this
error message indicates that no external LO is connected
(see Pullout Card 2). The problem is most likely one of the
following:

I. the HP-IB cable is either not attached or is not making
proper contact,

2. the external LO (in this case an 8672A) is not turned on,
or

3. the 8970A has the wrong address for the external LO.

Microwave Calibration (Swept LO)

Calibration of the microwave measurement system is
similar to RF calibration. If not done already, attach the
mixer LO port to the 8672A. connect the 346B Noise Source
output to the mixer RF input, and connect the mixer 1F
output to the 8970A input (see Figure I1-9, the CALIBRA-
TION line). Set start, stop and step size frequencies for the
amplifier to be tested. For the example microwave ampli-
fier, appropriate figures are

start: 3700 MHz,
stop: 4200 MHz, and

step size: 20 MHz.

Press

CALIBRATE

The calibration cycle again sweeps three times. During the
first sweep, noise figures of about 10 dB are reasonable.
Values near 6 dB are exceptional, and values near 15 dB
indicate that the added parts (mixer, LO, adapters, cables)
may be introducing too much noise.

When calibration is complete (CALIBRATE annunciator
off), the measurement system is calibrated at the mixer
input. The second stage includes the mixer, the 8672A, the
cables, adapters, and the 8970A.

Corrected Noise Figure and Gain
Measurement (Swept LO)

A measurement corrected for the second stage contribu-
tion may now be made. It is good practice to measure the
gain and noise figure of the direct connection. Values for
gain and noise figure of 0dB +0.3dB are not unusual when
measuring with a smoothing factor of one. Insert the ampli-
fier (DUT) into the system as shown in Figure I1-9. The
results may be displayed on the oscilloscope using the same
steps as those described in the RF amplifier measurement
under Oscilloscope Display. A typical oscilloscope display
of noise figure and gain is shown in Figure I1-10.
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Noise Figure
Gain, dB

Noise Figure

42

Frequency, GHz

Figure II-10. Typical Display of Microwave
Amplifier Measurement

The measurement just made is a double sideband mea-
surement. The result is essentially an average of two mea-
surements 80 MHz apart (each in a 4 MHz band, one 40
MHz above the LO frequency, the other 40 M Hz below). A
low IF was chosen so the two measurement bands would be
close together and minimize the effect of averaging. This
effect is important if the gain or noise figure varies rapidly
with frequency (such as a very narrow band amplifier, one
with sharp corners at the band edges, or one with large



variations in the pass band). See Figure II-11 for the effect
of a low IF vs a high IF when measuring an amplifier in
double sideband mode.
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Figure Il-11a. Effect of Low IF
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Figure II-11b. Effect of High IF

There is usually no need to “correct” for double sideband
when the above measurement is made. The total measure-
ment bandwidth is the same during both calibration and
measurement, so the gain and noise figure are displayed
correctly. There is no need for a 3 dB or other adjustment.
Problems only occur when the noise figure and/ or gain vary
greatly from one sideband to the other.

There is more discussion on single vs double sideband
measurement in this chapter (the next example and at the
end of the chapter) and in Chapter V, Sideband Selection.

X-Y Recorder Display

Inaddition to the digitally stored oscilloscope output, the
8970A can provide analog outputs foran X-Y recorder such
asthe HP7015B and 7045B X-Y Recorders. It saves time to
first obtain the desired display on an oscilloscope, although
not strictly necessary, before making a hard copy on the
X-Y recorder.

To make a plot, first set the desired display limits for
noise figure and gain using 8.N SP (see Pullout Card 1). If

an oscilloscope was used to set the limits, the same limits are
probably appropriate. Appendix B is a graph paper sheet
ruled for oscilloscopes with 8 vertical and 10 horizontal
divisions, and may be copied for X-Y recorder use.

Match the X-Y recorder limits to the 8970A by first
pressing

@ @ @ SPECIAL

FUNCTION
for lower left (zero volts). Connect the X, Y, and Z rear
panel outputs on the 8970A to the X, Y, and pen lift inputs

onthe X-Y recorder and turn it on. Adjust the X and Y zero
set on the X-Y recorder.

For upper right press

@ @ @ SPECIAL

FUNCTION
and set the X and Y vernier controls for the upper right
corner. The Xand Y output voltages range from 0 to 6 volts,
so the X and Y recorder amplifiers (voltage ranges) may
need to be adjusted to accommodate the 6 volt value. Check
the lower left again to account for any interaction of the

limit setting. The X-Y recorder is now scaled to limits
previously set by the 8.N SP entries.

Noise figure and gain must be plotted separately. Use a
single sweep if only a single trace is desired. To plot noise
figure, press

SPECIAL
FUNCTION

for a single sweep. For a gain plot, press

SINGLE
(2)(3) o) Co)
Microwave Amplifier Measurement
(Swept IF)

With the 8970A it is not always necessary to have a swept
LO to make swept measurements. The LO can be fixed and
the 8970A input frequency can sweep, giving a swept mea-
surement. Thus the LO may be a klystron or cavity-tuned
oscillator. The following example is based on the same
equipment used previously, but requires the addition of a
4.4 GHz low pass filter such as the HP 11689A (see Figure
11-12).

SINGLE

Single Sideband Measurement

A microwave amplifier measurement with swept IF,
mode 1.2 (1.2 SP), always requires a single sideband mea-
surement. External filtering is needed to eliminate the noise
power in the unwanted sideband. If double sideband mea-
surement is attempted in mode 1.2, the error message E34
(Double sideband not allowed in mode 1.2) is displayed.



Noise Source 10-1500 MHz
Drive Input

e )
@HP-IB

LO l? ’

Output ' Local Oscillator

LO
CALIBRATION .
Noise Source S rr—T Filter .
put Mixer

Figure 11-12. Swept IF Amplifier Measurement

The reason for this may be seen in Figure 11-13a, depicting
power output vs. frequency for the microwave amplifier to
be measured overa 3.7 t0 4.2 GHz range. With the LO fixed
at 3.95 GHz, for example, a double sideband measurement
(the default) would make no sense. This is because the
average frequency of the two microwave frequency side-
bands (LO % IF) is always the same, regardless of the IF
value. The output obtained is not useful.

Lo
N Fied
5
2
<
LO-IF +—— F— LO+IF
T T T
30 40 50 60

Frequency in GHz

Figure 11-13a. Mode 1.2 Double Sideband Measurement
(not allowed)

4.4 GHz LP Filter (HP 11689A,
_______ N Lo
% \ Fixed) iFiltered Out:
. I l}
o \ [P
IF \ PR
1.0 to ) (1.0to
05GHz| \ 10.5 GHz)!
T + t
30 37 4042 47 50 52 57 60

Frequency in GHz

Figure II-13b. Mode 1.2 Single Sideband Measurement
(with filter)

12

Figure 11-13b depicts the frequencies involved in a single
sideband measurement of the microwave amplifier over a
3.7t04.2 GHz range. To make this measurement, first press

PRESET

to return the 8970A to a known state. Set the start, stop, and
step size frequencies to 3700, 4200, and 20 MHz respec-
tively. Select the mode for fixed LO, swept IF (mode 1.2), by
pressing

COCDE) (o),

The indicated error message, E34, is corrected by selecting
the correct (lower) sideband. Press

SPECIAL
DO
The indicated error message, E33 (IF will be out of range), is

corrected by the following step. Set the LO to 4.7 GHz and
tell the 8970 this LO frequency by pressing

EICICD (o),
HO®E) @

If the 8970 is enabled as a controller as in the previous
section, and the LO is one that can respond over HP-IB
(like an 8672A), this automatically sets the LO to 4.7 GHz.

Calibration and Measurement

Before calibrating, the 4.4 GHz low pass filter must be
inserted as part of the measurement system as shown in
Figure 1I-12. Press

CALIBRATE

The 8970A will sweep its tunable input frequency (the IF)
from 1000 to 500 MHz three times, but will display the
microwave measurement frequency sweeping from 3.7 to
4.2 GHz.

During measurement with the DUT inserted, it is impor-
tant that the filter be on the mixer input rather than the
346B output. Otherwise some added noise from the DUT
will likely be in the unwanted sideband and create a mea-
surement error. The filter must be in place for both calibra-
tion and measurement. It will filter out the upper sideband
(5.7 to 5.2 GHz). For the measurement, press

AUTO
NOISE FIGURE
AND GAIN Iand ®
Single Sideband Measurement

(Swept LO) (1.1 SP)

This same single sideband measurement result may be
obtained in mode 1.1 (1.1 SP) as shown in Figure II-13c,
using a fixed IF frequency and the same physical setup. The




start, stop and step frequencies are still 3700, 4200, and 20
MHz. The lower sideband (2.1 SP) is still the correct one. A
fixed IF of 1000 MHz may be used (3 SP 1000 ENTER),
giving an LO sweep from 4.7 to 5.2 GHz as shown below

4.4 GHz LP Filter (HP 11689A)
it | i Filtered Out)
20T \ Lo : |
g b\‘_\ 1Swept) : ll
1 1
& \ e
z ' 1GHz
T \‘ T ; T :
3.0 37 40 42 47 5052 57 6062

Frequency in GHz

Figure II-13c. Mode 1.1 Single Sideband Measurement
(with filter)

When making this measurement in mode 1.1, the IF must
always be greater than one-half the measurement frequency
sweep range to assure filtering of the unwanted sideband.
How much greater depends on the filter cut-off frequency.
For this example the IF is set to 1000 MHz. Witha 4.4 GHz
low-pass filter, a 1000 MHz IF assures that the upper
sideband sweep (from 5.7 to 6.2 GHz) will always lie in the
reject band of the filter.

The results from this measurement in mode 1.1 (1.1 SP)
should agree with those obtained using mode 1.2 (1.2 SP).

Real Time Adjustment

The 8970A can easily be used to make real-time adjust-
ments to the DUT by displaying swept measurements at a
few frequencies on the oscilloscope. To do this, reduce the
number of steps in the frequency range to about 5 by
increasing the step size. Since the 8970A makes approxi-
mately 5 readings per second, the effect of any DUT
adjustment is updated approximately once each second,
allowing easy observation while adjusting. It is often helpful
to choose the step size to place measurement points on or
near particular frequencies of interest. As an example of
simulating device adjustment, decrease the power supply
voltage to the DUT and note the result on the oscilloscope
display. (Be careful not to increase the power supply voltage
enough to burn out the amplifier). After initial DUT
adjustment is made, decreasing the step size will increase
resolution for any final adjustment or observation.

Amplifier Mode and Sideband

Summary

Tablell-1is a summary of the advantages and limitations
of each of the mode/sideband selections for amplifier mea-
surements above 1500 MHz.

In summary, the mode 1.1 double sideband measurement
is broadband, is simpler, and requires less equipment. It
may, however, introduce averaging errors and cannot cover

Table II-1. Amplifier Mode and Sideband Summary

Mode Sideband Advantages Limitations
1.1 (Variable LO, | Double Sideband | Covers broadest frequency range Errors at band edges of narrow-band amplifiers.
fixed IF) (DSB) (2—18 GHz with 8672A).
Needs no filter. Errors possible due to ripple in passband.
Can use a mixer with narrow IF Cannot cover 1500 to 2000 MHz with most
range. sweeping LOs.
Single Sideband | Overcomes 1.1 DSB limitations. Sweep widths cannot exceed 3000 MHz.
(SSB) Requires filter
Sweep widths possible up to Usually higher second stage NF than DSB (due
3000 MHz. to higher IF and 3 dB more NF in Mixer).
Covers 1500 to 2000 MHz. Requires mixer with broad IF range.
1.2 (Fixed LO, Single Sideband Overcomes 1.1 DSB limitations. Sweep widths cannot exceed 1500 kHz.
variable 1F) (SSB) Covers 1500 to 2000 MHz. Requires filter.
Does not require swept or HP-IB LO. | Usually higher second stage NF than DSB (due
to higher IF and 3 dB more NF in mixer).
Requires mixer with broad IF range.




1500 to 2000 MHz with most sweeping LOs. Single side-
band measurement, in either mode 1.1 or 1.2, overcomes the
above Iimitations. Mode 1.1 single sideband has a wider
possible sweep range (3000 MHz) than mode 1.2 (1500
MHz), but mode 1.2 does not require a swept or HP-1B LO.

Mixer Measurements

Mixer noise figure measurements usually raise the ques-
tion as to whether the measurement is single sideband or
double sideband. Mixers ordinarily convert input power
from two different frequency bands to the IF. The two input
frequency bands are f] (j + f] (called the upper sideband
or USB)and f] o —{]F (called the lower sideband or LSB).
In most applications, however, useful input signal enters the
mixer in only one of these bands, the desired sideband.
Unless the mixer is specially designed or unless special filters
are included ahead of the mixer, noise enters in the unde-
sired sideband, gets converted to the IF, and obscures useful
signals that enter in the desired sideband. If the measure-
ment system includes the input noise in the undesired side-
band, the measurement is said to be double sideband
(DSB). If it rejects input noise from the undesired sideband,
the measurement is said to be single sideband (SSB). The
results are usually different; it is important to qualify

whether the mixer or converter measurement is SSB or
DSB.

When a mixer is added ahead of the 8970A, the 8970A
measures the actual situation. If the external mixer is
arranged to reject one sideband, the 8970A gives the SSB
result. If both sidebands are converted by the external
mixer, the 8970A gives the DSB result. Confusion and
arguments arise when a DSB result is to be used for predict-
ing performance in a SSB system or in a system where signal
arrives in only one sideband. The next three paragraphs will
discuss various aspects of this situation.

When measuring the noise figure and gain vs frequency
of a microwave amplifier, it normally makes no difference
whether the measurement system is DSB or SSBif the DUT
noise figure and gain are flat with frequency. The results
should be the same. However, because the DSB measure-
ment is an average of performance in the USBand LSB, the
DSB result could have some errors because of fine-grain
variations with frequency.

When making a DSB measurement on a mixer, receiver,
or other frequency converting device, the 8970A indicated
gain will be about 3 dB too large. If the 8970A indicates the
gainis —6dB (6 dBloss), the actual gainis—9 dB (9 dB loss).
The 8970A overstates the gain by 3 dB because the band-
width changed between calibration (when the 8970A mea-
sured the noise from the source over a single 4 MHz band
centered at the IF) and DUT measurement (when the noise
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coming into the 8970A was from two 4 MHz bands, one for
each sideband). This correction of 3dB is proper when the
gain (conversion loss) in each sideband is the same.

If the DSB noise figure measurement data is to be used to
predict performance ina SSB system or a system with signal
in only one sideband, the indicated noise figure on the
8970A should be increased by 3 dB. Some 8970A special
functions can automatically apply the 3 dB corrections to
noise figure and gain. This will be covered below under
Automatic 3 dB Adjustment.

For further discussion of sideband noise figure and gain
adjustments see Chapter V under Sideband Selection.

Mixer measurements may be made with a variable LO
and fixed IF in mode 1.3 (1.3 SP) or with a fixed LO and
variable IF in mode 1.4 (1.4 SP). Note that any mixer
measurement includes the effect of the LO, so a noisy LO

"may result in a larger measured mixer noise figure.

Mixer Measurement (Swept LO)

This example will measure the mixer used previously, the
HMXR-5001, from 2to 12 GHz. It usually has a conversion
loss for this frequency interval of 6 to 10 dB and a single
sideband noise figure of about the same value. Use the
measurement setup for mode 1.3 shown in Figure II-14.

10—1500 MHz
Input

Noise Source
Drive

7

A I
ifyr— ]

Output L Local Oscillator

RF IF
Noise Source

@_’ CALIBRATION DUT 2

Figure II-14. Mixer Measurement Setup

To make the measurement, first, return the 8970A to a
known state by pressing

PRESET

Select mode 1.3, (swept external LO, fixed IF, conversion in
the DUT) by pressing

COCDED (o)




Set the start, stop and step size frequencies to 2000, 12000
and 500 M Hz respectively. Set an appropriate 1F such as 20
MHz by pressing

(3D (o) et (2 (o)
NOTE

An IF of 30 MHz is suitable for most mixer
measurements. However, in some cases high
LO noise or sharp variations in noise figure or
conversion loss in a 2 times I F frequency inter-
val may affect the measurement. If either of
these problems are suspected, vary the I'F until
the measurement is “well behaved”. Generally,
a lower IF will increase the measurement reso-
lution for a varying noise figure, and a higher IF
will reduce the effect of LO noise. The IF used
must, of course, be within the IF output range
of the mixer under test.

Calibration and Measurement

For calibration, connect the 346B directly to the 8970A
input. Press

CALIBRATE

The 8970A will calibrate at 20 MHz on each of the three
RF attenuator settings. The displays of corrected noise
figure and gain may not show 0 d B (plus jitter) after calibra-
tion with no DUT inserted. This is because the 8970A is now
using the microwave frequency ENR, while the 8970A input
is tuned to the IF (expecting a mixer as the DUT).

Connect the appropriate ports on the mixer to the exter-
nal LO, noise source, and 8970A input. Insure that the
8970A is the controller by pressing

SPECIAL
(2 O (e
Also insure that the 8970A is properly set to program the
LO. For an 8672 press

(4J(1J(-][zj@§::€:.;n

On the oscilloscope, the gain limits must be changed,
using 8.N SP, to accept a negative reading, since the mixer
hasloss. To set the limits for zero to 8 dB of conversion loss

(-8 to zero dB of gain), press
(o) (DG (o), (5 (5] (o)
(o) CI 0T (o] e (o) (o)

After calibration, a fixed or swept measurement may be
made. This will be a double sideband measurement and (the

PRESET default condition was double sideband). For a
repeated sweep, press
AUTO

A typical oscilloscope display i1s shown in Figure 1I-15.
The 8970A and oscilloscope show double sideband noise
figure and an overstated value for insertion gain (corres-
ponding to a doubled measurement bandwidth). To obtain
actual insertion gain (assuming equal gain at each sideband
frequency) subtract 3dB from the displayed value (e.g. if -6
dB is displayed, the proper value is -9 dB). Similarly, to
obtain single sideband noise figure from the double side-
band displayed value add 3 dB.
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Figure II-15. Typical Display of Mixer Measurement

Automatic 3 dB Adjustment

The loss compensation special function (34.N SP) may be
used to make the correction of double sideband data to
estimate single sideband results by entering a fictitious nega-
tive input loss at 290K. This will subtract 3 dB from the
displayed gain and add 3 dB to the displayed noise figure.
Steps are as follows

Enable the loss compensation function by pressing
SPECIAL
@ [4){ J [1 } E]rupncnon
The adjustment loss) in dB (-3 dB) is entered by pressing

E( JBS!*;:@':‘;N aal:

The temperature of the fictitious loss (290K) is set by

pressing
@G (o)

E3E3]E3CD




This adjusts both noise figure and gain. Note that using
this correction lights the annunciator in the SPECIAL
FUNCTION key. This warns the operator that the mea-
surement is being made in a way not obvious from the front
panel: The measurement is being corrected for an extra loss
to form the displayed result.

A fixed or swept measurement may be made as in pre-
vious examples. Turn off loss compensation by pressing

SPECIAL SPECIAL
@ @ E}mucnnu or @ @Funcnou

Mixer and Receiver Measurement
(Swept IF)

Both double and single sideband measurements may be
made in mode 1.4, unlike mode 1.2. This example will use
the HP HMXR-5001 mixer and will include the 8672A as
the LO. It will make a simulated receiver measurement
which will include the 8672A as part of the DUT. The
measurement will be double sideband at 4 GHz and will
sweep the 8970A IF from 10 to 1000 MHz. This measure-
ment may be useful to choose the optimum IF for a mixer or
receiver or to measure how mixer or receiver noise figure
and gain vary with IF.

To return the 8970A to a known state, press

PRESET

Select the variable 1F, fixed LO mode (mode 1.4) by
pressing

‘ ] SPECIAL

[ 1 ]l . ] 4 @Fuucmu

Note that the left display (frequency) is shown at the 1F (30
MHz default), rather than the LO frequency.

PRESET, pressed above, has reset the sideband selection
to double sideband (2.0 SP). The default start and step size
frequencies of 10 and 20 MHz are satisfactory for this
measurement. The stop frequency should be set to 1000
MHz (the maximum IF of the HMXR-5001) by pressing

(@D ()6

Tell the 8970A the frequency of the LO by pressing
CICD GO o),
k3

and set the LO to 4 GHz. (The previous special function
entry willautomatically set the 8672A to 4 GHz if the 8970 A
is in controller mode (4.1 SP), the proper external LO
program is selected (41.2 SP), the 8970A has the correct
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8672A address, and an HP-IB cable is properly connected
between the rear panels).

Calibration and Measurement

To calibrate, connect the 346B directly to the 8970A and
press

CALIBRATE

The 8970A sweeps from 10 to 1000 MHz on the three RF
input attenuator settings. The CALIBRATE annunciator
goes out when 8970A calibration is complete.

To make the measurement on the simulated receiver,
connect the 346B to the input of the receiver (the mixer RF
port). The receiver is the mixer/8672A combination, with
the 8672A output connected to the mixer LO port. Connect
the receiver output (the mixer IF port) to the 8970A. To
observe a sweep, press

AUTO SINGLE

or (0]

This measurement is double sideband if the receiver is
double sideband and should be adjusted as described in the
previous example (swept LO mixer measurement) if single
sideband data are desired.

Mode and Sideband Selection Chart

The previous examples and Pullout Card 3 illustrate
mode and sideband selection. For a more complete treat-
ment of the selection process, see Figure II-16.

The mode and sideband selection decision depends on
answers to several questions including the following:

I. Does the DUT have frequency conversion?

2. What is the DUT frequency and bandwidth?

3. Can the LO frequency range (extended if necessary by
using the 8970A maximum frequency of 1500 MHz)
cover the DUT frequency range?

4. Is the DUT a transistor?

Is the LO HP-IB compatible with the 8970A?

6. Doesthe DUT have noise figure and gain variations in a
2 times IF range that would not be properly resolved by
double sideband measurement (such as at sharp band
edges)?

7. ls a single sideband or double sideband measurement
desired”?

8. Are filters needed and are the proper ones available if a
single sideband measurement is made?

b

Consider a 3.7 to 4.2 GHz swept amplifier measurement
(a previous example). It may be made in three ways: Mode
I.1 double sideband, mode 1.1 single sideband (if the LO is
HP-IB compatible with the 8970A), and mode 1.2 single
sideband. Chapter V., under Automatic Control of an
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External Local Oscillator, comments on HP-IB compatibil-
ity. If a fixed LO is used, only mode 1.2 single sideband may
be used for swept measurements.

As another example, to measure a standard (i.e. not
image rejection) 2 to 18 GHz mixer over the full range, only
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amode |.3 double sideband measurement is possible. From
this measurement, single sideband performance may be
inferred as discussed previously, using loss compensation.
(However, the 8970A can measure nearly 3 GHz segments
of the mixer range using mode 1.3 in single sideband if a
suitable filter is available).



Additional Topics

This chapter gives brief comments on several topics
that are often of special concern. The topics are listed in
the table of contents.

Selecting a Local Oscillator

Several questions should be considered in choosing an
LO for use with the 8970A:

1. Is the frequency range suitable to measure the DUT?

2. Is swept LO (8970A control) or fixed LO (8970A
swept IF) measurement desired?

3. Isthe broad band noise floor of the LO low enough for
mixer measurements? (About =130 dBm/Hz at £ 30
MHz from the carrier is usually sufficient. For ampli-
fier measurements, if calibration can be performed,
the LO noise is usually low enough).

4. Is the power output sufficient to drive the mixer? (7 to
10 dBm is usually adequate).

5. Is the frequency accuracy sufficient for the measure-
ment application?

6. Is HP-IBavailable and necessary for control by either
the 8970A or an external controller?

For measurements using the HP 8970A to control the
LO, the HP 8672A Option 008 is a good solution. The
8350A Sweep Oscillator with a 2 to 20 GHz 83590A or
the 8350A with the 2 to 18.6 GHz 86290B plug-in and
11869A adapter are lower cost alternatives, if lower fre-
quency accuracy is acceptable. For narrow band mea-
surements using a fixed LO and varying the 8970A input
frequency (IF), the 2.3t0 6.5 GHz 8683A Option 001 and
5.4to 12.5 GHz 8684 A Option 001 are good choicesif X 1
percent frequency accuracy is sufficient. The 8350A,
8683 A and 8684A (as fixed LOs) may be complemented
by a counter if high frequency accuracy is desired.

Other LOs may be used, but should usually be tried to
make sure their noise is low enough. LO noise can cause a
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sharp increase in noise figure for the mixer/ LO combina-
tion and noise calibration of the system might not be
possible. A broad band, high gain amplifier at the LO
output usually generates unacceptable noise. This is
almost always the case when a heterodyne-type sweep
oscillator or signal generator is used.

Transistor Measurements

Transistor noise figure and available gain depend on
source impedance. The insertion gain measured by the
8970A depends on both source and load impedances.
Figure IIl-1 shows a typical setup to measure noise figure
and available gain. Available gain is approximated by the
insertion gain measured by the 8970A.

One possible outline used to measure a transistor at a
single frequency point is as follows:

1. Select mode 1.1 or 1.2 and single sideband measure-
ment. (Single sideband measurement is required be-
cause of the variations in tuner impedance with
frequency).

2. Decrease ENR by the “backed out” input tuner loss
plus the input bias tee loss. (These losses are the nega-
tives of the available gain (dB) for each device).

3. Calibrate with tuners backed out and a through con-
nection in place of the transistor.

4. Insert the transistor, tune tuner #2 for maximum gain
and tuner #1 for minimum noise figure (assuming
minimum noise figure is desired).

5. Repeatstep 4 above until no further reduction in noise
figure is possible.

6. Correct for added tuner loss using loss compensation.
Enter the added loss before the DUT using 34.2 SP,
added loss after the DUT using 34.4 SP, and the
ambient temperature of both losses using 34.3 SP.
Enable loss compensation, 34.1 SP.

7. Read the noise figure and gain.

— [ Biassupply }———
. ply |

-~

milli-ammeter

o @

] 2

Tuner #1

346B

-
"1

Bias Tee

Fixture for DUT

Noise Source On/Off

= |}

Tuner #2

Preamp is often helpful here.

Bias Tee | LPF for SSB

Figure Ill-1. Typical Transistor Measurement Setup
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Waveguide Measurements

Noise figure measurements of amplifiers and receivers
with a waveguide input are accommodated by using
waveguide-to-coax adapters. HP X281C (for WR90) and
P281C (for WR62) low SWR, low loss adapters are
recommended if applicable. Figure I1I-2 includes the fre-
quency ranges and correction factors. HP 281 A adapters
for the S, G, J, and H bands may be used if the insertion
loss i1s measured and compensated for.

Waveguide Input
Low Noise
281 Pre-Amp
Loss
Band Compensation
3468 «GHz. Adapter 134.2 SP
Opt 002
82— 124 X281C +0.08 dB
124 —18.0 pP281C +0.10 dB

Figure 111-2. Measuring Noise Figure of
Waveguide Preamps

The measurement steps to measure an amplifier with
waveguide input, using an adapter, are as follows:

I. Load the actual 346B ENR table in the §970A.

2. Connect the 346B to the measurement system and
calibrate.

3. Enter the loss of the adapter using 34.2 SP.

4. Enter the ambient temperature of the adapter using 34.3
SP.

5. Compensate for the adapter loss by using 34.1 SP. (Note
that the annunciator in the SPECIAL FUNCTION key
comes on).

6. Insert the adapter and DUT.

Measure the DUT (compensated for the adapter loss).

8. Read the noise figure and gain.

~

For a measurement at 12 GHz, for example, the loss
compensation of 0.08 dB would be entered by pressing

)2 o) em,
soam

Further information on loss compensation is contained
in Chapter V. under Loss Compensation (34.N SP).

Amplifier Measurements From 1.5 to
2.0 GHz

Method 1. Measurements between 1.5 and 2 GHz using
an LO with 2 GHz minimum frequency may be made
much like the swept IF microwave amplifier measurement
example in Chapter Il. Pullout Card 3. mode 1.2, shows
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the filter and Appendix A includes the extra equipment
necessary. The microwave amplifier discussed previously
may be used as an example, since its frequency range is 50to
4500 MHz. Figure I11-3a shows the signals.

2.2 GHz LP Filter

(HP 360C f.Lod
———-D—UT—-——\ (rixeg!
]
5 !\ \ ] :
3 Pz [ 1
& ||IF 071002 GHz) \ | (Filtered Out: !
-
| I
\ ! |
I ]
1 ]
H : T d T
15 2.0 2.2 24 25 2930

Frequency in GHz

Figure IlI-3a. 1.5 10 2.0 GHz Swept LO Measurement

Proceed as follows:

I. PRESET to get a known state.

2. Select mode 1.2. Ignore the E34 (Double sideband not
allowed) in the 8970A display.

3. Select lower sideband (2.1 SP). Ignore the E33 (IF will
be out of range) in the 8970A display.

4. Enter LO frequency (3.1 SP), (such as 2200 MHz).

5. Enter start, stop, and step size frequencies (such as 1500,
2000, 10).

6. Make the connections shown on Pullout Card 3 for
calibration (with filter).

7. Calibrate.

8. Insert the DUT between the 346B and filter as shown
on Pullout Card 3.

9. Make the measurement.

The LO will remain fixed at 2200 MHz. The 8970A will
sweep its frequency to get the 1500 to 2000 MHz sweep
(sweeping its input frequency from 700 down to 200 M Hz).

Method 2. As with the Swept LO single sideband
amplifier measurement in Chapter Il, this measurement
may also be made in mode 1.1 (1.1 SP), with a swept LO
and the same filter. Figure I1I-3b shows the frequency
relationships, using an IF of 500 MHz and a swept LO
going from 2000 to 2500 MHz.

2.2 GHz LP Filter tHP 360C)

______ \
& DUT | ]
ug) \ \ 1 1
- 1
o \ : !
- > \ L o
IF (0.5 GHz Fixedll LO \(Swepn : (Filtered outy !
|
\ 1 |
. : 1

1.5 20 25 30

Frequency in GHz

Figure I11-3b. 1.5 10 2.0 GHz Swept LO Measurement



Measurement Error Considerations

The measurement of noise figure includes the following
errors:

Second stage errors.

T, errors (T, not equal to 290K).

Adapter loss.

ENR variation with frequency.

ENR uncertainty at noise source calibration points.
Mismatch uncertainty.

Instrumentation uncertainty.

NSk~

The 8970A has second stage correction and allows entry
of T, for use in measurement. Loss compensation gives
simple correction for adapter loss. The 8970A interpolates
between the 20 calibration points of the 346B to reduce the
effect of ENR variations with frequency. Therefore, errors
I, 2.3.and 4 can be eliminated except for the uncertainties
involved in the corrections. The remaining three errors can
only be minimized through good instrument design and
good measurement practice. The root-sum-of-the-squares
ENR uncertainty is typically +0.1 dB at the noise source
calibration frequencies. Mismatch uncertainty i$ usually the
greatest single source of error. It is a function of the DUT
parameters (noise figure and SWR). It is also a function of
the noise source output SWR for the noise source on as well
as off. Common values of mismatch uncertainty range from
+0.1 to £0.4 dB, with 0.15 dB being average. The 8970A
instrumentation uncertainty for noise figure measurement
1is+ 0.1 dB.

In Table I1I-1 are uncertainty values for two typical
measurements, one measuring an RF amplifier, and one
measuring an X band microwave amplifier. Total uncer-
tainty is calculated using the root-sum-of-the-squares (RSS)
method.

The (RSS) method is a realistic method of combining
uncertainties that is gaining in popularity. The RSS uncer-

tainty is based on the fact that most of the errors in power
measurements, although systematic and not random. are
independent of each other. Since they are independent, they
are random with respect to each other and combine like
random variables. The RSS method of combining random
variables is justified by statistical considerations that are
beyond the scope of this note. The calculation is made by
squaring the individual uncertainties, summing them, and
then taking the square root. The total RSS uncertainty is
usually less than half the total worst-case uncertainty.

Table 111-1. Example of Measurement Uncertainties

RF Micro-
wave

Second stage correction 0.01 dB 0.10dB
uncertainty

Second stage noise figure 6dB 10 dB
T, correction uncertainty 0.01 0.01
ENR uncertainty 0.10 0.15
Mismatch uncertainty 0.15 0.15

Source SWR <1.10 <L.13

DUT SWR <140 <15
Instrumentation
uncertainty 0.10 0.10
Total uncertainty (Root-
sum-of-the-squares) 0.21 dB 0.25dB

Method Comparison

Noise figure measurements may be made with instru-
ments other than a noise figure meter. Table I11-2 (next
page) compares three methods of noise figure measurement:
the 8970A, the power meter, and the spectrum analyzer. For
accuracy, sensitivity, and convenience, the 8970A is the best
choice. It is a product optimized for noise figure measure-
ments. An external controller is not necessary.
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Table 111-2. 89704 Compared to Other Noise Figure Measurement Methods

8970A

Power Meter

Spectrum Analyzer

Measurement Accuracy
Limitations

Very good accuracy, usually
limited by:

e ENR accuracy

e Mismatch uncertainty

Very good accuracy, usually
limited by:

e ENR accuracy

e Mismatch uncertainty

Poor accuracy limited by:

e Instrumentation
uncertainty

e ENR uncertainty

e Mismatch uncertainty

Estimated System Accuracy in +0.25dB RSS +0.25dB RSS +1.1dBRSS
X-Band

Method of Operation Stand-alone or HP-IB Manual or HP-1B HP-1B only

Sensitivity in dMHz B.W. Very good Fair Fair

>—-100 dBm, doesn’t need
pre-amp

>-50 d Bm, needs pre-amp

>—65 dBm, needs pre-amp

Speed Good Fair Fair
i =().2 to 0.3 sec/ meas. ~2 sec/meas. =5 sec/meas. (depends on
averaging)
Convenience Excellent Good if HP-1B Good

Automatically makes all
the conversions and
corrections.

Needs additional compo-
nents such as controller
filter, pre-amp, and step
attenuator

Needs additional compo-
nents such as controller,
and pre-amp

General Comments

Product optimized to noise
figure measurements.

Special application of a
general purpose product.
Requires an ext. controller.

Special application of a
general purpose products.
Requires an ext. controller.
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Theory of Operation

The 8970 Noise Figure Meter is a microprocessor-
controlled, triple conversion, tunable receiver. It turns the
noise source on and off, measures noise power ina 4 MHz
bandwidth tunable from 10 to 1500 MHz, and makes the
calculations necessary to obtain noise figure and gain. The
following discussion explains the block diagram in Figure
1v-1.

Input Section

A low pass filter at the input of the 8970A helps reject
frequencies greater than 1550 MHz. It also filters any 2050
MHz signal (such as from an external LO) that would
interfere with the signal at the first IF. The remainder of the
input section consists of a switchable 20 dB broadband
preamplifier, three switchable 10 dB attenuators, and a
power detector. These are used to set the signal power
incident on the following First Converter. RF power is
detected and converted to a dc voltage by the input power
detector circuit. This voltage is used by the Controller to set
the overall gain of the input assembly through the switch
control lines. The net gain of the Input Section ranges from
-30dBto+20dBin 10 dBsteps. The broadband RF power
output (10 to 1500 MHz) to the First Converter is kept as
high as possible but less than —20 d Bm with the noise source
on.

First Converter

The First Converter up converts the 10 to 1500 MHz
input noise power to a fixed 2050 MHz intermediate fre-
quency (IF). The first LO i1s a Y1G oscillator covering the
range of 2060 to 3550 MHz. The 1550 M Hz low-pass filter
before the mixer rejects the image response (4110 to 5600
MHz), allowing only the desired sideband to pass. The 2050
MHz first IF output signal passes through a 5000 MHz low
pass filter (to reduce harmonic mixing products) and an
1isolator to the Second Converter.

Second Converter

The 2050 MHz IF signal enters the Second Converter
through a band pass filter consisting of three circular slug-
tuned cavity resonators. The cavities provide high Q for
good selectivity at 2050 MHz. A 1750 MHz LO converts the
2050 MHz IF to 300 MHz. The 300 MHz second IF signal is
coupled through a low pass matching filter to the 300 MHz
IF Section.

300 MHz IF Section

The 300 MHz IF Section amplifies, filters, and down
converts the 300 MHz IF, mixing with a 280 MHz LO to get
the 20 MHz third IF. Input signals are first amplified by a
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300 MHz IF amplifier with a gain of about 20 dB. The
signal then passes through a 300 MHz bandpass filter which
filters out the first LO feed-through and selects the proper
sideband for down conversion to 20 MHz. The filtered
output then enters the third converter where it is mixed with
the 280 MHz LO signal from a crystal oscillator. The 20
MHz output is passed to the 20 MHz IF Section. The signal
gain through the 300 MHz IF Section is approximately 10
dB.

20 MHz IF Section

The 20 MHz IF Section is a series of filters, amplifiers,
and attenuators which determine the bandwidth and adjust
the power level of the 20 MHz (center frequency) noise
signal sent to the Noise Power Detector. The nominal
bandwidth of the complete 20 MHz IF Section is 4 MHz.
The gain of this section is set by the Controller in 5 d B steps
from +40 dB to +75 dB by means of control lines to three
attenuators (5, 10 and 20 dB). An extra detector circuit is
included in this IF section to detect first LO feed-through
during a frequency calibration operation, when the LO is
tuned near 2050 MHz.

The first elements in the 20 MHz IF Section are two 20
MHz bandpass filters on either side of a 22 dB amplifier.
These two filters plus a third filter in the noise power
detector combine to form an 8-pole bandpass filter with a
nominal4 MHz 3 dB bandwidth. These filters also reject the
first LO feed-through.

For frequency calibration, the Controller tunes the first
LO to 2050 MHz. This feedthrough is at the first IF fre-
quency and is not filtered out by any of the IF sections. The
Controller adjusts the first LO frequency to obtain maxi-
mum signal from the frequency calibration detector during
the calibration routine. This insures that the first LO feed-
through (converted to 300 MHz, then 20 MHz) is at the
center of the 20 MHz IF passband at the end of the routine.
This is equivalent to tuning the instrument to zero fre-
quency to set the frequency reference. The frequency cali-
bration detector is isolated from the 20 MHz IF circuit by a
buffer amplifier. A filter (100 kHz) provides a narrow
bandwidth to set the frequency reference within£100 kHz.
The Controller performs this frequency calibration auto-
matically at defined intervals unless overridden by a special
function.

The remainder of the 20 MHz IF Section consists of the
20, 10, and 5 dB attenuators, each preceeded and followed
by an amplifier. These amplifiers provide gain and have the
input and output impedances required by the attenuators.
The output of the last amplifier is passed to the noise power
detector.
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Noise Power Detector

The Noise Power Detector includes the third 20 MHz
band pass filter, the detector itself, and auxiliary outputs for
IF and detector voltages. The detected dc voltages are
passed to an analog-to-digital converter so the microproces-
sor in the Controller can process the data for display.

Controller

The Controller provides the timing, calculation, and con-
trol for the instrument. It provides timing for the noise source
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drive, controls the YIG local oscillator driver, and controls
switches for the RF and IF gain/attenuation as needed. The
Controller accesses the memory, both ROM (26k bytes)
and RAM (4k bytes) and processes the digitized noise
power detector output for display. The Controller is also the
interface for the oscilloscope digital storage and X-Y
recorder analog outputs, the front panel display, the key-
board, and the Hewlett-Packard Interface Bus (HP-IB).
HP-IB allows control by the 8970A of an external LO as
well as control of the 8970A by an external controller.
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Front Panel and Special
Function Summary

The purpose of this chapter is to provide a summary of
front panel function and special function operation to sup-
plement the material provided in Chapter 11. More detailed
information is available in the 8970 A Operating and Service
Manual.

Front Panel Operation
Entry Protocol

The entry protocol for front panel functions is generally in
the following order:

1. A prefix (such as FREQUENCY),

2. One or more digits of data, which may or may not
include a decimal or minus sign, and

3. the ENTER key, which is the only suffix key.

There are some exceptions which will be noted as they are
encountered. See Figure II-1 in Chapter 11 for a reproduc-
tion of the front panel.

LOCAL returns the 8970A to local front panel control
from HP-IB control unless Local Lockout has previously
been sent over HP-IB. LOCAL turns the REMOTE
annunciator off but leaves the TALK or LISTEN lights on
if they were on before. Otherwise, the state of the 8970A
remains unchanged.

PRESET places the 8970A in a known standard state. It
sets all standard functions to their default values except the
ENR table, the HP-IB addresses, and the external LO
commands. It resets nearly all special functions to their
default values. It does not, however, erase the data stored by
pressing CALIBRATE nor the front panel settings stored
using the STORE key (see Pullout Card 1 for details).

ENR Entry Key

ENR is used to enter the the tabie of ENR vs frequency
for the noise source, using the left and center display win-
dows. The ENR table is factory set to 15.2 dB at each
frequency. The list of frequencies initially stored in the table
corresponds to those for which the 346B Noise Source is
calibrated. Pressing the appropriate digit keys followed by
ENTER changes the table entry for which the annunciator
is flashing (MHz or dB). Pressing ENTER with no preced-
ing digits leaves that table value unchanged. Twenty-seven
frequency/ ENR pairs are allowed. Frequencies must be in
ascending order because the 8970A considers a decreasing
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frequency value as the end of the table. The 5.N SP part of
the Special Functions section in this chapter has further
information.

Sweep Frequency Keys

These keys set and select the start, stop, and step size
frequencies for calibration and swept measurements, and
execute either automatically repeated or single sweeps. The
START FREQ or STOP FREQ keys, when pressed, dis-
play the start or stop frequency of the sweep in the left
window. They also tune to the start or stop frequency,
measuring continuously at that selected frequency. The
start or stop frequency may be changed by first pressing
either key as a prefix, then entering the digits, and pressing
ENTER. If the stop frequency is less than the start fre-
quency, the measurement frequency will sweep downward.
Pressing either button will stop the sweep. All frequency
entries are accepted only in MHz; decimal fractions are
rounded to the nearest MHz.

STEP SIZE, when pressed, displays and enables chang-
ing of the step size used during sweep. It displays the step
size only as long as the key is held down.

The AUTO key, when pressed, starts a sweep at the
current frequency, continuing the sweep until terminated.
The AUTO key is a toggle key; it will stop the sweep when
pressed a second time. Most other front panel keys also stop
the sweep. Exceptions are LOCAL, DECREASE, IN-
CREASE, SP, NOISE FIGURE, and NOISE FIGURE
AND GAIN. To start a sweep at the start frequency, press
START FREQ before pressing AUTO.

SINGLE operates like AUTO, except that it initiates a
single sweep beginning at the start frequency and stopping
at the stop frequency.

Fixed Frequency Keys

These keys control the fixed frequency operation. Press-
ing FREQUENCY displays the current measurement fre-
quency. It is aiso a prefix key aliowing a new fixed fre-
quency to be entered by pressing number digits, then
ENTER. This key may also act as a “clear entry” key when
an error is made during entry of some other parameter. If no
other prefix key has been pressed, any digits entered fol-
lowed by ENTER will be interpreted as if the FRE-
QUENCY key were always the prefix.

FREQ INCR, when pressed, displays the frequency
increment in the left display only as long as the key is held

down. The frequency increment is used by the 4@ and
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- keys to increment and decrement the frequency set-
ting. If either 4 or @ is pressed rapidly in succession,
the frequency display will update everytime the key is
pressed, but the measurement display may be delayed
(— — — — inthe display), especially if SMOOTHING is
being used. If either key is held down, after a short pause the
steps will come in succession, with one reading being made
at each step. Decrementing is slower than incrementing
because hysteresis is removed from the YIG oscillator
magnet in the 8970A at each step for decreasing frequency.
This 1s not necessary for increasing frequency.

Measurement Keys

CALIBRATE, when pressed, measures the measure-
ment system noise figure and sets a reference for gain mea-
surement to be used in second stage correction. The noise
figure and gain reference data are stored in volatile memory
and remain there until the machine is turned off or cali-
brated again. Calibration is performed by first connecting
the noise source to the input of the measurement system and
pressing CALIBRATE. Calibration is usually done in a
swept manner; that is, from the start frequency to the stop
frequency in the step size set from the front panel. (In mode
1.3, however, the input frequency to the measurement sys-
tem does not change; there is only one calibration fre-
quency.) The maximum number of calibration frequencies
1s 81.

Calibration 1s normally performed at the three most
sensitive input RF attenuator settings; three sweeps are
required to calibrate. When calibrated, the 8970A automat-
ically interpolates between calibrated points when swept or
fixed frequency measurements are made at other frequen-
cies. Thus the calibration need not be done at every mea-
surement frequency in the range. The 8970A will not
extrapolate the calibration points, however, so corrected
measurements cannot be made outside the start-to-stop
frequency range of calibration. Smoothing may be used
during calibration to reduce the effects of jitter in the stored
second stage calibration values and therefore can improve
accuracy. When calibration is finished, the small LED near
the CALIBRATE key goes out and the 8970A returns to the
measurement it was making when the CALIBRATE key
was pressed. CALIBRATE is a toggle key, and calibration
may be aborted by pressing the key a second time. While
CALIBRATE is being performed, most front panel keys
are disabled. PRESET also aborts calibration.

NOTE

If E27 is displayed following calibration, it
means that an overflow occurred at one or more
calibration frequencies. This does not mean the
calibration is invalid. Continue with the mea-
surement. At any measurement frequency where
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corrected values are displayed, the calibration is
valid. If E22 occurs, change to a different set of
arrenuator sertings using 32.N SP.

NOISE FIGURE causes the 8970A to measure noise
figure without second stage correction. However, the 8970A
still corrects for ENR vs frequency variations and uses the
current value for T (either the default value of 296.5K or an
entered value) rather then 290K. The noise figure measured
is the combined noise figure of the DUT and the measure-
ment system, including cables, connectors, adapters, etc.
NOISE FIGURE is also a “clear entry” key for functions
such as ENR table entry and 8.N SP without returning to
frequency display. Measurement is continuous, and noise
figure units are in dB, although other units are available
using 10.N SP.

NOISE FIGURE AND GAIN, when pressed, measures
noise figure and gain and corrects for the second stage noise
figure. Gain units are always in dB. Calibration must be
done before NOISE FIGURE AND GAIN is pressed or an
error will appear in the display (E20 to E25). See Pullout
Card 2 for more information on error codes.

Smoothing is varied by using the DECREASE and IN-
CREASE keys, which vary the amount of digital averaging
or smoothing to reduce random jitter in the display. This
jitter 1s necessarily a part of noise measurement. The
numbers that are sent to the gain and noise figure displays
are each averaged before display. For fixed frequency mea-
surement, exponential averaging is used as follows

New Displa New measurement _ Previous display X (n-1)

n n

where n is the smoothing factor. When smoothing is being
used at a fixed frequency, the settling time may be reduced
for large measurement value changes (such as when discon-
necting one DUT and connecting another) by pressing
NOISE FIGURE (or any other key). A swept frequency
measurement takes an arithmetic average of n readings and
displays that average.

The allowed values of n can range from 1 to 512 in steps
that are multiples of two. The default value is 1. IN-
CREASE doubles n each time the key is pressed. DE-
CREASE halves n each time the key is pressed. The current
smoothing factor is displayed momentarily each time
INCREASE or DECREASE is pressed. Holding either key
down keeps the smoothing factor in the display. Arithmetic
smoothing may be chosen for fixed frequency measure-
ments by using 13.1 SP.

Storage Location Keys

STORE and RECALL are used to store and recall up to
ten front panel settings and instrument states, including



special functions and some other data. The smoothing fac-
toris not stored. To use storage location 3, for example, the
operations are STORE 3 and RECALL 3. All stored set-
tings are kept in non-volatile memory and remain stored
even when the 8970A is turned off.

For a list of the settings and instrument states stored., see
Table V-1. Important settings or states not stored are
AUTOand SINGLE sweep, the measurement keys (NOISE
FIGURE and GAIN and NOISE FIGURE), and the smoo-
thing factor. The sweep stops if any front panel key is
pressed except the smoothing keys. The measurement keys
and smoothing factor and all other settings not saved
remain at the state they were in before RECALL was
pressed. Note that the only external LO commands saved
are the auxiliary commands. (For more details, see Auto-
matic Control of an External LO in this chapter.)

Table V-1. 8970A Settings Saved during
STORE and RECALL

FRONT PANEL
START
STOP

Step Size

SPECIAL FUNCTIONS

Start Frequency

Stop Frequency

Frequency

Frequency Increment

I.N SP Measurement Mode Selection

2.N SP Sideband Frequency Offset

3.NSP Enter LO and IF Frequencies

5.N SP ENR and Ty, Settings (except 5.2 and 5.5)
6.0 SP Teold Setting

8.N SP Enter Oscilloscope Units

9.N SP Power Measurements
10.N SP Noise Figure Display Units
14.N SP Manual Measurement Functions
42.0 SP External LO Auxiliary Commands

SEQ. each time it is pressed, steps the 8970A through the
settings saved using STORE. The stepping order is entered
using 35.2 SP. The sequence may have nine steps, any
combination of storage locations | through 9. The default is
I through 9 in order. Any zeros are skipped, so storage
location 0 may not be part of a sequence. When all 9
locations have been used (or skipped in the case of zero),
pressing SEQ begins the sequence again starting at location
1. Each time SEQ is pressed the current storage location
number is displayed momentarily. 35.N SP discusses
sequencing further.

Special Functions

While simple front panel control of the 8970A satisfies
many noise figure measurement needs, some applications
need more measurement capability. For this purpose about
150 special functions are easily selected using a numerical
code and the special function key. The numerical code
usually takes the form NN.N followed by the SPECIAL
FUNCTION (SP) key. Each N may be any digit, 0 through
9, and leading zeros and trailing decimal points and zeros
may be omitted. There are three function types:

I. Execute or Select functions act immediately. (For
example, 1.2 SP selects mode 1.2).

2. Display and Enter functions display numerical variables
which may be changed by keying digits followed by
ENTER. (For example, 3 SP 40 ENTER sets the IF to
40 MHz).

3. Display functions which simply display but neither exe-
cute nor allow entry. (For example, 5.2 SP displays the
current ENR in dB).

For a brief listing of the user-oriented special functions,
see Card | of the 8970A pullout cards. The cards are also
reproduced inside the back cover of this note. The following
brief descriptions of the special functions are divided into
categories. For further detail on these special functions and
information on Special Functions 60 through 90, refer to
the Operating and Service Manual.

Initialize Special Functions (0 SP)

0<(zero) SP clears most special functions (to states shown
in bold green on Pullout Card 1), but does not affect any
data stored in the 8970A (green default values are not
entered).

Measurement Modes (1.N SP)

There are five measurement modes available using the
8970A. The setups are illustrated on Pullout Card 3 inside
the back cover. These may be grouped in three groups. The
first group is a single mode, mode 1.0 (1.0 SP). This is the
8970A stand-alone mode with no external mixer or LO, for
frequencies in the range of 10 to 1500 MHz. The second
group consists of mode 1.1 (1.1 SP) and mode 1.3 (1.3 SP).
Both of these modes use down conversion into the range of
the 8970A. Both have a variable frequency external
LO and a fixed IF. Mode 1.1 measures a DUT with no
frequency conversion (an example is an amplifier or transis-
tor) while mode 1.3 measures a DUT with frequency con-
version (such as a mixer or receiver). The third group, mode
1.2 (1.2 SP) and mode 1.4 (1.4 SP) uses a fixed frequency
external LO and a variable IF. Mode 1.2 is for measure-
ments with frequency conversion in the system but not in
the DUT, and mode 1.4 s for measurements with frequency
conversion in the DUT. Mode 1.2 must be a single sideband
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measurement; either 2.1 SP or 2.2 SP must be selected and
external filtering of the undesired sideband provided. Un-
less 2.1 or 2.2 SPis selected, the display will show error mes-
sage E34 (Double sideband not allowed). An example of
swept IF microwave amplifier measurementisin chapter 11.

Pullout Card 3 illustrates the measurement and calibration
connections for the five modes. Pullout Card 3also lists the
minimum requirements for modes 1.1 and 1.3 when the
8970A is acting as controller over HP-1B.

Figure V-1 may be helpful in understanding what happens
to the signals in each of the modes. Each column shows one
of the 3 groups of modes, and each row shows the signals at
a point in the measurement system. The LO is assumed to
be an 8672A. The signal points are

the output of a 346B Noise Source,

the output of an 8672A LO,

the frequencies existing at the mixer, and
the 8970A input.

ao o

Mode 1.1 &1.3 1:2&1.4
1.0RF Swept LO Fixed LO
Signal Fixed IF Swept IF
a. 346B
Noise Source
Same Same
: 18 000
fin MHz
b. 8672A Fixed LO
Local Oscillator Swept LO
P
Not applicable 4
2000 ] 18000 2000 , 18 000
fin MHz fin MHz
c. Mixer )
Swept LO Fixed LO
B e Pout Swept IF | Swept IF
Not applicable *Fixed IF E‘h
2000 ; 18000 2000 18 000
fin MHz fin MHz
d. 8970A
Input
Pinl ~ Swept Jﬁ{ ‘ mlFi:‘led IF Pin| Swept N
10 1500 1500 10 1500
fin MHz fin MHz fin MHz

Figure V-1. 89704 Measurement Modes Signal Descriptions
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For Figure V-1a, the noise source output is the same for
all modes, varying inits power level (ENR) from 10 to 18000
MHz.

In Figure V-1b., there is no LO for mode 1.0. However,
for modes 1.1 and 1.3, the LO may be swept over any
interval within the 2 to 18 GHz range of the 8672A. For
modes 1.2and 1.4 the LOfrequency is fixed at some point in
the 8672A range.

Figure V-Ic, the mixer, does not apply to mode 1.0. How-
ever, for modes 1.1 and 1.3, there are two sidebands each
separated from the LO by the fixed IF. Sweeping the LO
sweeps both the upper and lower sidebands (along with the
LO)in the same direction within the 2to 18 GHz range. The
arrow indicates increasing LO frequency. The situation is
different for modes 1.2and 1.4. Here the LO is fixed while
the sidebands sweep away from the LO in opposite direc-
tions. The arrows indicate increasing the 8970A input fre-
quency.

Figure V-1d shows the position and movement of the
4 MHz bandwidth of the 8970A. In mode 1.0 a swept
measurement sweeps the 4 MHz bandwidth over frequen-
cies within the 10 to 1500 MHz input range. For modes 1.1
and 1.3, the IF is fixed while the LO may be swept. In modes
1.2and 1.4, as in mode 1.0, the 4 MHz bandwidth may be
swept within the 10 to 1500 MHz range. In modes 1.1, 1.3,
and 1.4, because of the frequency conversion, either the
upper, lower or both sidebands will be accepted by the
8970 A unless filtered or rejected. For mode 1.2, however, a
double side band sweeping measurement would be mean-
ingless, so only single sideband measurement is allowed.
The double sideband measurement is meaningless because
the measurement frequency, being the average frequencys, is
the LO frequency; it does not change when the IF changes.

Table V-2 indicates the frequency that will be displayed in
the left window of the 8970 A depending upon the sideband
chosen (2.N SP). Please note that 1.2 and mode 1.4 are
different. Mode 1.2 displays the microwave measurement
frequency, and mode 1.4 displays the IF.

Sideband Selection (2.N SP)

Double sideband vs single sideband measurement be-
comes a consideration in modes 1.1, 1.3 and 1.4. Mode 1.2
must be single sideband. The purpose of 8970A Sideband
Selection (2.N SP)is to allow the 8970A to properly control
(offset) the local oscillator frequency and to tune its own
frequency properly. That is all 2.N SP accomplishes — it
does not change the algorithms applied for calculating noise
figure or correcting for second stage contribution. Any
filtering necessary to reject an unwanted sideband must be
accomplished outside the 8970A.

Table V-2. Frequency Display for Measurement Modes

Measurement Mode

Selected

Sideband 1.0 1.1 1.2 1.3 1.4
Double fmea- flo not fLO IF
Sideband sured allowed
Lower fmea_ fLO—lF fLo'”]F fLO—]F IF
Single sured
Sideband
(2.1SP)
Upper fmea- |fLOTIF fLotIF fLotIF IF
Single sured
Sideband
(2.2SP)

In mode 1.0, there is no need to be concerned about 2.N
SP because the 8970A is designed to have only one response
— a 4 MHz band about the frequency shown in the left
display.

2.0 SP selects double sideband measurement. The mea-
sured result is a sort of average of the noise figure at two
frequencies, the LO plus and minus the IF. For 2.1 SP the
8970A offsets the measurement frequency below the LO by
the amount of the IF, and uses the noise source ENR value
at the measurement frequency. For 2.2 SP the 8970A offsets
the measurement frequency above the LO by the amount of
the IF, and uses the noise source ENR values stored in
memory at the measurement frequency.

Two concerns arise when making a double sideband
measurement that has frequency conversion in the DUT:
the gain will be overstated and the noise figure may be in
error unless special steps are taken. A double sideband noise
figure measurement result is not the proper one to make
whenever the final application of the device allows

1. desired signals in only one sideband and
2. input noise in both sidebands.

Since input noise is processed from both sidebands, but
signals from only one, the device is processing twice as much
input noise as it has to. Itsability to process low-level signals
is reduced. The noise figure defined by the IEEE is higher
than the measured value because of the spurious response to
input noise in the unused sideband. This situation often
occurs with mixers and receivers that do not have some way
of rejecting noise in the undesired sideband. Note that this
penalty fora spurious response was not a part of the straight
line discussion of devices in Chapter I.
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In the case of gain, the 8970A solves the following equa-
tion, by calculating the denominator during calibration and
the numerator during measurement.

Gyt = k B Gs Ggut

utT T o R~
k B Gg

In this equation G{ is the displayed gain of the DUT.

G gy is the actual DUT gain. Gy is the measurement system

gain, k is Boltzmann’s constant, By, is the effective mea-

surement bandwidth, and B, is the effective calibration
bandwidth.

If the 8970 A makes a double sideband measurement, but
only calibrates in a single sideband (calibration in modes 1.3
and 1.4 is single sideband), the By, equals 2B, and the
displayed gain is overstated by 3 dB (assuming the DUT
gain is the same in each sideband). Filtering the unwanted
sideband gives the correct gain. The correct gain is approx-
mated by subtracting 3 dB from the double sideband mea-
surement result.

In the case of noise figure, a similar situation holds true.
The 8970A actually measures Te, the effective input noise
temperature, and always calculates the displayed noise fig-
ure from the equation

F' = (1 + T,/290)

But the IEEE defines noise figure as

k 3(BG)

st-(l + Te/290)

The summation of BG in the numerator refers to the band-
width and gain for each accepted sideband or response of
the DUT, but the Bg and Gy in the denominator refer only
to the bandwidth and gain for the sidebands that will have
legitimate signal. Bg is the bandwidth in the sideband in
which the desired (measured) signal appears. Gg is the gain
for the desired (measured) signal, and Te is the effective
input noise temperature.

Assume that the gain of the DUT and the measurement
bandwidth are the same at both sidebands. In systems with
signals in both sidebands, B{Gg and %(BG) are equal; both
the numerator and denominator cover both sidebands.
F'=F and the 8970A displays the proper noise figure,
1 +T./290.

If the DUT passes both sidebands but signal occurs in
only one, B(Ggy is half 3(BG). The 8970A displays F’
above, but the proper answer is approximately 2(1 +
Te/290) or 3 dB higher. The 8970A has no way of knowing
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that in the final system signal will occur in only one side-
band or that half of the DUT response is spurious and not
intended. Filtering must be used to reject the unwanted
sideband and give the right answer.

If the DUT passes only one sideband, then the numerator
and denominator include only one response and the 8970A
gives the correct answer.

Any band-limiting filters inserted in the measurement
system should be just before the mixer (whether or not the
mixer is the DUT), to filter out any noise which may fall in
the undesired sideband.

IF and LO Frequency Entry (3.N SP)

3.0 SP displays and allows entry of the fixed 1 F for modes
I.1 and 1.3. It is ignored when the 8970A is operated in
modes 1.0, 1.2, and 1.4.

3.1 SP displays and allows entry of the fixed LO fre-
quency for use in modes 1.2 and 1.4 and is ignored when
using modes 1.0, 1.1, and 1.3.

Automatic Control of an External LO (4.N and
40.N to 43.N SP)

The 8970A will control the 8672A Synthesized Signal
Generator and 8350A Sweep Oscillator, as well as some
other LOs that can be controlled over HP-1B. The LO must
be able to accept frequency commands of the form
ppnnnnnss, where pp is a two character prefix (such as FR
or CW), nnnnn is the frequency in MHz (to 60000 M Hz),
and ssis a two character suffix (such as MZ). The 8970A can

“alsosend up to 10 other auxiliary command characters that

can perform tasks like setting LO output level and turning
off modulation. Both of these functions are discussed later
in this section under External LO Programs.

There are two families of special function associated with
control of an external local oscillator. The first is 4. N SP
and the second is 40.0to 42.4 SP. 4.0 SP selects the normal
talker-listener condition. 4.1 SP selects the controller func-
tion that enables the 8970A to control frequency and level of
an external local oscillator. 40.N, 41.N, and 42.N SP are
used with 4.1 SP to set the messages needed by each kind of
LO.

4.2 SP selects the talk-only function, which causes the
8970A to continuously output data to a listen-only logging
device, such as an HP-IB printer. The 4.0 and 4.2 SP
functions use 43.N SP to select the output data format.
None of the 4.N functions is available over HP-1B. Both 4. 1
and 4.2 SP light the TALK light. Only one of these func-
tions (4.1 or 4.2 SP) may be used at a time.



Note that an external controller cannot be used when the
8970A acts as a controller. The 8970A will neither pass nor
accept control over HP-1B.

Addresses (40.N SP). 40.0 displays and allows entry of
the HP-IB address of the 8970A in decimal form. The
address initially set at the factory is 8. This can only be
changed from the front panel; it cannot be set over HP-1B.
40.1 displays and allows entry of the HP-IB address of the
external LO to be controlled. The address set initially at the
factoryis 19. This function is available over HP-1B. Neither
40.0 nor 40.1 SP 1s affected by PRESET, 0 SP, or LINE.

External LO programs (41.N and 42.SP). 41.0 SP selects
a predefined program for the 8350A Sweep Oscillator. This
program may be changed using 42.N SP. 41.2 selects the
predefined program for the 8672A, and this program may
also be changed using 42.N SP. 42.0 SP displays and allows
entry of ten auxiliary characters to be sent to the external
LO. These are decimal representations of ASCII characters,
and are sent each time a new frequency is sent. They are
primarily useful for controlling the output level and remov-
ing any modulation of the external LO. Entry is performed
as in ENR entry: any number may be changed by pressing
digits followed by ENTER. If no change is desired, simply
press ENTER to display the next number. Table V-3 is a
decimal/ASCII conversion table. Table V-4 summarizes
the program data.

There are no preprogrammed auxiliary commands for
the 8350A because the 8350A main frame misinterprets
output level commands when using some of the 8620 plug-
ins accommodated by the 8350A. The appropriate decimal
representations of ASCII characters must be entered by the
user depending on his 8350A configuration. When the cor-
rect program is entered it is stored in non-volatile memory.
The 8672A auxiliary commands are defined in Table V4.

If a program other than 41 or 41.2 SP is desired, select
one of these two programs (for a known starting point).
Then alter it as desired. All program elements (42 through
42.4 SP) will be retained. This new program will not be lost
by power-off, 0 SP, or PRESET but will be reset to the
default any time 41 or 41.2 SP is keyed. The auxiliary commands
alone (42 SP) may be saved in a storage location (by
STORE) available through RECALL. Then they will not
be affected by 41 or 41.2 SP.

NOTE

The new 210 26 G Hz 8673 A Synthesized Signal
Generator was anticipated for the 8970A, and a
suitable program may be selected using 41.3 SP.
For more information consult the 8673A Oper-
ating and Service Manual. The 86714 Micro-
wave Frequency Synthesizer will accept the
8672A program contained in 41.2 SP.
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42.1 SP displays and allows entry of the two prefix and
two suffix characters used to send frequencies to the exter-
nal LO. (See Table V-4). Five frequency digits are sent after
the first two characters each time frequency is changed. The
frequency digits are always in MHz. For example, for the
8350A the decimal representations of CW and MZ are sent
as the prefix and suffix. These are 67, 87, 77, and 90. For the
8672A, codes 0and 255 are not sent to the LO. Oisignored.
255 tells the 8970 to “send leading zeros™. Leading zeros are
not normally sent to the LO, but are required by the 8672A.

42.2 SP displays and allows entry of the required settling
time of the external LO in milliseconds. This is the time the
8970A will wait after changing the external LO frequency
before starting a measurement. When sweeping with AUTO
the 8970A waits 2 times the settling time for sweep retrace
from the sweep stop frequency to the start frequency.

42.3 SP and 42.4 SP display and allow entry of the
minimum and maximum allowed frequencies of the exter-
nal LO during controller operation (4.1 SP). An error
message (E32) is displayed if entry of an LO frequency is
outside this range and the 8970A is in controller mode.

Changing LO Output Power. To change the output
power of the 8672A to +10 dBm from the preprogrammed
value of +7dBm, for example, first press 41.2 SP, then 42.0
SP and ENTER ENTER ENTER 51 ENTER. This
changes the preprogrammed decimal value of the fourth
character from 54 to 51, which sets the 8672A output level
vernier to 0 dB. Table V-4 has the program detail and the
8672A Operating and Service Manual has the overall com-
mand structure. A simple way to remember how to set a
desired output level for the 8672A is to subtract the desired
output indBm from 61 and enter that decimal number to set
the output level vernier. In this example, 61 — 10 = 51, the
number used. This calculation works (the 8970 A sends the
proper message to the 8672A) for power levels from 0 d Bm
to +13 dBm. However, the 8672A may not provide the
higher power levels; the 8672A maximum output power
level is specified at 3d Bm (8 d Bm with Option 008). Typical
8672A’s give several d B above the specified value.

Output Selection (43.N SP). 43.0and 43.1 SP select the
output format when the 8970A is asked for data. These keys
are also used with 4.2 SP (the talk-only function). Using 4.2
SP, a listen-only printer will give one output line for every
8970A measurement. However, the 8970A cannot output
data in talk-only mode and act as controller at the same
time. 43.0 SP sends only the data in the right window, the
noise data. Typically this is noise figure or an alternate noise
unit such as T, in kelvins (See 10.N SP). However, other
data may be displayed and sent. 43.1 SP sends the data



Table V-4. LO Program Summary

8350 (41.0 SP) 8672A (41.2 SP) (Output 7 dBm)*
LO

Contents Description ASCH | Dec- Description ASCII | Dec-
P Code imal P Code imal

42.0SP | Auxiliary No program 0 Set output level range att. to 0 dB K 75
Commands 0 0 48

(10 Char- 0 Set output level vernier to -3 dB* L 76

acters) 0 6 54

0 Set AM modulation to off M 77

0 48

0 Set FM modulation to off N 78

7 55

0 Set alternate level control to internal, 0 79

0 10 dBm range** 3 51

42.1SP | Prefix (2 Char- CW frequency C 67 Most significant digit is 10 GHz P 80
acters) w 87 Send leading zeroes (used by 8672A 255

only)
5 digits of frequency data in MHz are sent between prefix and suffix, ***
Suffix (2 Char- Megahertz M 77 Execute frequency V4 90
acters) z 90 Dummy variable 0 48
Entry Entry
42.2SP Wait time 60 (ms) Wait time 20 (ms)

42.3SP Min. frequency 2000 (MHz) Min. frequency 2000 (MHz)
42.4Sp Max. frequency 18000 (MHz) Max. frequency 18000 (MHz)

60-10=SI.

** For the +10 dBm ALC range. the output level range must set to zero dBm.

* To obtain other levels between zero and about + 10 dBm. set output level vernier entry (54 for +7dBm) to 61 minus the desired level. For example, +10 dBm is

*** Auxiliary commands are actually sent afrer suffix characters. (Cannot use PRESET as auxiliary command for 8350A).

displayed in all three windows in order from left to right.
Typically this is frequency, gain, and noise figure data,
but may be other data. The 8970A will send whatever is
displayed.

To make a measurement using the 8970A as a con-
troller, the following minimum conditions must be met:

1. an HP-1B cable must be connected between the 8970A
and the external LO,

2. the external LO control must be selected (4.1 SP),

3. the external LO address must be correct (40.1 SP),
and

4. anexternal LO program must be selected (41.0 or41.2
SP or a specially constructed program).

The three special functions chosen may be entered in
any order,and once entered theyare notaltered using PRESET,
0 SP, or turning off the 8970A (LINE). The commands
stored using 42.N SP are also stored in non-volatile
memory and all of these remain until changed.

Noise Source Data (5.N SP)

These special functions select and display ENR and Ty
values etc. used by the 8970A and are companions to the
front panel ENR button. 5.0 SP is the default function
and uses the ENR calibration table entered using the
front panel ENR button. Pressing the ENR key also
selects the use of the ENR table in the measurement. Only
dB values for ENR may be stored in the table.
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5.1 SP selects the use of a single value or “spot” ENR
value. Entry of a single value is performed by 5.3 0r 5.4 SP
(soon to be discussed). Spot value entry is convenient if a
different noise source is being used for comparison pur-
poses at a single frequency. 5.2 SP displays the ENR value
being used by the 8970A at the current measurement fre-
quency (interpolated, if necessary). 5.3 SP displays and
allows entry of a single (spot) ENR value in dB and also
executes the 5.1 SP (spot ENR) function. 5.4 SP displays
and allows entry of a single value (spot) Th in temperéture
units specified by 11.N SP (soon to be discussed). This also
puts the 8970A into 5.1 SP. 5.5 SP displays and allows
entry of the serial number or other identifier of the noise

source (up to 5 digits) for which calibration data was
entered.

Tcowp (6.0 SP)

6.0 SP displays and allows entry of Teop (Te) in units
soon to be discussed in 11.N SP. One number is used for all
frequencies. PRESET sets T to 296.5 K or 74° F. The
active (current) T, value is stored whenever STORE is used.

Temperature Units (11.N SP)

These units are used for 5.4, 6.0, and 34.3 SP. They are
not suffixes, but once selected remain in force unless
changed, or unless PRESET or 0 SP is pressed. These units
are not stored in STORE/RECALL registers. 11.0 SP
selects kelvins, K, for Ty and T, entries. This is the
PRESET and 0 SP state. 11.1 SP selects Celsius, and 11.2
SP selects Fahrenheit. To enter a value of 80 degrees Fah-
renheit, for example, the following keystrokes would be
used: 11.2 SP 6 SP 80 ENTER. The formulas are

K=C+273.15
F = (9/5)-C 32

Power Density Measurement (9.N SP)

These special functions measure noise power density in
dBrelative to 174 dBm/ Hz with the noise source on or off,
either approximate or calibrated. —174 dBm is the thermal
noise available from a resistor at 290K ina 1 Hz bandwidth.
9.1 SP measures noise power at the input of the 8970A with
the noise source off. This measurement corrects for a typical
value for the 8970A effective noise temperature and gain so
that calibration is not necessary. 9.2 SP measures noise
power as in mode 9.1 but the noise source is biased on. 9.3
SP measures noise power at the 8970A with the noise source
off, but requires calibration to be done first (using CALI-
BRATE in the usual way). This measurement corrects for
the measured value of the effective input noise temperature
of the 8970A. 9.4 SP measures noise power as in 9.3 SP
except the noise source bias is turned on. These measure-
ments may be used to make absolute power density mea-
surements or simply to make sure that a measurement
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system is operating as expected through cables, adapters,
connectors, etc. To return to normal measurement from
any of the power measurement special functions, press
NOISE FIGURE, NOISE FIGURE AND GAIN, or 10.N
SP.

Displaying 8970A Measurements

The following special functions relate to oscilloscope and
recorder presentation, and to noise figure units, resolution,
and smoothing. One set of functions, 7.N and 20 to 24 SP,
select among various display modes using the analog output
jacks on the 8970A rear panel labeled SCOPE/
RECORDER. Only one these special functions may be
used at a time. For oscilloscope and recorder modes, what-
ever is displayed in the right window is displayed or plotted.
This includes, for example, power measurement (9.N SP).
Noise figure is plotted in the units selected by 10.N SP and
gain is plotted in dB.

Oscilloscope (7.N SP). The rear panel Y-axis output is
time-shared on an alternate sweep basis for the noise and
gain measured by the 8970A. The rear panel X axis output is
proportional to frequency sweep from the start frequency to
the stop frequency. The rear panel Z axis output is a blank-
ing signal for the oscilloscope retrace. The noise, gain, and
frequency signals are converted from digitally stored data to
analog voltages varying from 0 to 6 volts. The oscilloscope
display is refreshed at a rate greater than 250 Hz. 7 SP
selects the noise figure and gain display (the right and center
windows). If only noise is being measured, only noise is
displayed in whatever units are in effect from 10.N SP. The
gain trace is less intense than the noise figure trace, and its
intensity can be adjusted by the GAIN TRACE adjustment
on the 8970A rear panel. 7 SP is the PRESET and 0 SP
state.

7.1 SP selects a test pattern used for adjustment of the
oscilloscope position and gain controls. Once adjusted to
completely fill the graticule, all adjustment of upper and
lower display limits is done from the front panel of the
8970A using 8.N SP. Since the oscilloscope may drift,
display the pattern and readjust the oscilloscope occasion-
ally. 7.2 SP selects the “noise figure only” display. Noise
figure alone is displayed on the oscilloscope even if noise
figure and gain are both being measured. 7.3 SP selects the
“gain only” oscilloscope display. If gain is not being mea-
sured, a horizontal line appears at the bottom of the screen.

A ony

functions adjust an X-Y ana’og recorder to the 8970A and
display the measurement output. The rear panel Y axis
output is used for both noise figure and gain, the rear panel
X axis output is proportional to frequency from the start
frequency to the stop frequency, and the rear panel Z axis
output is a pen-lift signal. 20 SP puts out 0 volts on both



axes with the pen up. This sends the X-Y recorder to lower
left so the zero (or position) controls may be adjusted. 21 SP
puts out 16 volts on both axes with the pen lifted. This sends
the recorder to upper right and allows the gain controls to
be adjusted. 22 SP selects the “noise figure only” mode.
When AUTO or SINGLE is pressed, noise is plotted. Wha-
tever signal is in the right window is plotted vs frequency on
the X-Y recorder. 23 SP selects the “gain only” mode with
gainindB. If gain is not being measured, a horizontal line is
drawn at the bottom of the page. In both of the above
plotting modes, a backward sweep is not allowed. For an
example using the X-Y recorder, see Chapter Il under
Swept LO Microwave Amplifier Measurement.

Strip-Chart Recorder (24 SP). This mode is useful to
plot noise figure or gain versus time. This output may also
be used, for example, to drive a large meter for precise
tuning of amplifiers or to plot noise figure versus bias
current. 24 SP selects the recorder mode. The rear panel X
axis terminal puts out a voltage proportional to the noise
figure display. The rear panel Y axis terminal puts out a
voltage proportional to gainin dB, and the rear panel Z axis
terminal puts out a pen lift/blanking voltage, +6 volts,
during retrace. 20 and 21 SP may still be used to set the
recorder position and gain (vernier) controls.

Display Limits (8.N SP). The following special functions
apply to both the oscilloscope and recorder modes of dis-
play. Once the oscilloscope or recorder is adjusted to the
8970A, the following special functions display and allow
entry of the lower and upper measurement result limits sent
to the external display devices as analog voltages 0 and 6V
respectively. 8.1 SP displays and allows entry of the lower
limit for noise figure, and 8.2 SP displays and allows entry
of the upper limit for noise figure. The unit type (F, Y, etc.)
for these two special functions is entered using 10.N SP
(soon to be discussed). If a new unit type is entered, the
number for the scale limit stays the same. For example, the
default value for 8.2 SPis 8. If the display units are changed
to effective input noise temperature, Te in kelvins, the upper
limitis now 8 kelvins. 8.3 SP displays and allows entry of the
lower limit for gain in dB. 8.4 SP displays and allows entry
of the upper limit for gain in dB. The default values are 0
and 8 for noise figure and 0 and 40 for gain, respectively.
Whatever values being used are also stored in non-volatile
memory and are not affected by 0 SP. PRESET sets them
to the default values. The values are stored whenever the
STORE key is used.

Display Units (10.N SP). Special functions of the form
10.N SP select the way noise performance is displayed in the
right window and light the appropriate annunciator. 10 SP
selects noise figure displayed in dB. The maximum value is
32 dB. Higher measurements cause the right window to

show two dashes. Increased smoothing may make a stable
display possible, since the two dashes are displayed only if
the smoothed value is greater than 32 dB. 10 SP is selected
with PRESET and 0 SP. 10.1 SP selects noise figure
displayed as a ratio (sometimes called noise factor) to a
maximum of 9999. 10.2 SP selects Y-factor to be displayed
indB. 10.3SPselects Y-factor to be displayed as a ratio. The
Y-factor value is always uncorrected. It is a ratio of the two
noise powers with the noise source on and off, and second
stage correction has no meaning. 10.4 SP selects Te to be
displayed in kelvins. The maximum value is 9999 kelvins,
corresponding to a noise figure of 15.5 dB. Figure V-2
illustrates the relationship of several alternate units to noise
figure in dB: Y-factor as a ratio and in dB, effective input
noise temperature T,, and noise figure as a ratio. This
particular graph assumes that T. is 290K and the ENR is
15.2 dB.
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Figure V-2. Noise Unit Comparison

Resolution of Displayed Data (12.N SP). These special
functions allow a reduction in resolution in both the noise
figure and gain display windows. This may be useful in a
production test application where less resolution may allow
easier adjustment, measurement, or data recording by pro-
duction personnel. 12.0 SP selects the maximum resolution
for both noise figure and gain displays. 12.1 SP selects less
resolution for the noise figure display. The resolution of F in
dB becomes 0.1 dB instead of 0.01 dB. The maximum
resolution of F as a ratio becomes 0.01 instead of 0.001. The
resolution of Y in dB becomes 0.1 instead of 0.01 dB. The
maximum resolution of Y as a ratio becomes 0.01 instead of
0.001. The maximum resolution of T, becomes | kelvin
instead of 0.1 kelvin. 12.2 SP selects less resolution for the
gaindisplay; the maximum resolution for gain becomes 0. I
dB instead of 0.01 dB.

NOTE

The resolution of data sent over HP-IB by the
8970A is always one digit more than the display.
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Smoothing (13.2 SP)

The DECREASE and INCREASE keys on the front
panel decrease and increase smoothing or averaging. An
example in Chapter I1 under Swept LO Microwave Ampli-
fier Measurement used and discussed smoothing. The 4
MHz bandwidth of the 8970 A and the measurement timing
were chosen to allow approximately 0.1 d B peak-to-peak of
jitter in the measurement and display of low noise figures
with no additional smoothing. For some measurements a
more stable display is required. This is obtained by increas-
ing the smoothing or averaging factor until a stable display
results. Smoothing may be used in both calibration and
measurement and may be changed during the sweep while
measurements are in progress. However, once selected for
CALIBRATE, the smoothing factor cannot be changed
until calibration i1s complete. 13 SP selects exponential
smoothing for fixed frequencies. Arithmetic smoothing
(numerical averaging), is always used during sweep and
calibration. This is also the PRESET and 0 SP mode.

During exponential smoothing at a fixed frequency, the
- display is updated approximately 5 times per second for all
smoothing factors. [3.1 SP selects arithmetic smoothing
when the frequency is fixed. Arithmetic smoothing makes
the number of measurements indicated by the smoothing
factor and averages them before the result is displayed.
Therefore, the display is updated each time n measurements
are made, where n is the smoothing factor. With a smoo-
thing factor of 1, from 3 to 5 measurement updates are made
each second. At the other extreme for a numerical average,
with n = 512, the measurement update interval is typically
50seconds to | minute. 13.2 SP displays and allows entry of
the smoothing factor. The value entered, if not a power of 2,
1s changed to the next lower power of 2 and displayed upon
entry. PRESET sets n to | and 0 SP has no effect.

Manual (Hot/Cold) Measurements
(14.N and 15.N SP)

The primary use of these special functions is for making
measurements with a hot/cold noise source. Hot/cold mea-
surements are more difficult and slower than those using a
346B Noise Source with the 8970A. Under certain condi-
tions, however, this method is more accurate. The following
paragraphs outline some cautions to observe and a step by
step procedure for making the measurement. Several steps
are required for measurement at each frequency point.

The measurement is similar to that made using a 3468,
except that a hot source and a cold source must be physi-
cally connected for each noise power reading. The difficulty
in working with liquid nitrogen (for the cold source) and in
correcting for temperature gradients, condensation, etc. can
introduce error unless the measurement is very carefully
performed. The 346B may be used as a proxy for the

hot/cold source in the following example and is automati-
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cally turned on or off by the appropriate one of the 14.N
functions. 14.2and 14.4 SP, for example, turn on the bias to
the 346B to provide T},.

Four important facts should be noted when making
manual (hot/cold) measurements.

1. A stable reading must be stored in the 8970A memory
before any change is made to the physical connections. A
reading is stored by executing the NEXT special func-
tion in the sequence before changing connections.

2. The DUT must first be connected to the measurement
system and then the RF input attenuators set by the
8970A. The attenuators must then be held fixed for the
entire manual measurement by pressing 62 SP.

3. The IF attenuators must be allowed to autorange
between calibration and measurement by using 70 SP.

4. The IF attenuators must be held fixed for both calibra-
tion readings (noise source on and off) and also for both
measurement readings (noise source on and off) using 72
SP.

The steps of a typical measurement are as follows.
I. Press PRESET to return the 8970A to a known state.
2. Find and hold RF attenuators.
a. Enter mode, sideband, frequency, LO frequency, T},
T, etc. for the measurement to be made.
b. Connect the hot source, Ty, to the DUT input and
the DUT output to the measurement system.

Measurement
System
DuUT

Th

c. Press 14.2 SP to obtain noise power with source at
Th.
d. Press 62 SP to hold RF attenuators for the entire
measurement.
3. Calibrate
a. Remove the DUT and connect the hot source, T, to
the measurement system.

Measurement
System

Th

S

Press 14.4 SP to calibrate with noise source at Ty,.

Press 72 SP to hold the IF attenuators.

d. Press 14.3 SPto store the T}, calibration and to select
the T, calibration.

e. Connect T, to the measurement system.

124

Measurement
System

Te

f. Press 14.2 SP to store the T calibration reading and
to select T, measurement.



4. Measure
a. Connect T}, to the DUT and the DUT to the mea-
surement system.

Measurement
System
DUT

b. Press 70 SPto allow the IF attenuators to autorange.
c. Press 72SP to hold the IF attenuators fixed at the

Th

new value.
d. Press 14.1 SPtostore T}, measurement and select Te

measurement.
e. Disconnect Ty, from the DUT and connect T, to the

DUT.

Measurement
System
DUT
Tc

5. Calculate and display.

a. Press 15.1 SPto calculate and display the DUT noise
figure (unless already in 15.1 SP from a previous
DUT). This turns on the annunciator in the SPE-
CIAL FUNCTION key. The measurement con-
tinues to be made for the last 14.N special function
pressed before pressing 15.1 SP (in this case 14.1 SP).
This last measurement is used to make the calcula-
tions which update the display.

b. Press 10.N SP (if desired) to change display units.

6. Measure another DUT or another frequency”

a. If another DUT, press 14.2 SP and repeat steps in 4
and 5 above. The calibration data remain stored, so
calibration need not be repeated.

b. If another frequency, begin the procedure again by
pressing PRESET.

c. If neither, pressing 15 SP and NOISE FIGURE will
return to normal display. 15 SP followed by NOISE
FIGURE AND GAIN OR BY 10.N SP will also
return to normal display. Sodoes 0 SP and PRESET.

Note that in all 14.N states, the number displayed is
proportional to the power in milliwatts at the detector. Note
also that 10.N SP, NOISE FIGURE, NOISE FIGURE
AND GAIN may be used to control the display during the

15.1 SP operation.

Trigger Control (30.N SP)
These special functions are used to select

I. Free run trigger for continuous readings (30 SP),
2. Hold trigger to hold the last reading (30.1 SP), and
3. Execute trigger to make one measurement (30.2 SP).

30 SPselects the free run trigger. This is the PRESET and 0
SP state. 30.1 SP selects the hold trigger state; the last

reading made is held in the display. This causes measure-
ments to cease. The held data may be read over HP-IB as
many times as desired. 30.2 SP executes a trigger. This
causes the 8970A to make one measurement, output the
data to the front panel and scope/recorder outputs, and
make it available for HP-IB. If a smoothing factor has been
selected, the 8970A will make the number of measurements
determined by the smoothing factor before the smoothed
measurement is displayed. After a triggered measurement is
completed, the 8970A returns to free run trigger (30 SP) or
hold trigger (30.1 SP), whichever it was in before 30.2 SP
was executed.

Calibrations

In addition to the calibration for second stage correction
made by pressing the CALIBRATE key on the front panel,
there are three additional types of calibration performed by
the 8970A. These are

I. Frequency calibration to set the 8970A frequency
reference.

2. Input gain calibration to select the input attenuator and
gain ranges (3 of them) used during CALIBRATE.

3. IF attenuator calibration to measure and correct for
changes in the IF attenuators with time or temperature.

Frequency calibration (31.N SP). This is used to tune the
first LO (a YIG oscillator) for correct display of measure-
ment frequency. In Chapter 1V, in the 20 MHz IF section,
the frequency calibration detector is explained. Frequency
calibration is always performed when the following keys are
pressed: PRESET, CALIBRATE, 31.2 SP, and LINE (at
turn-on). During frequency calibration the right window
shows four dashes. 31.0 SP selects the automatic frequency
calibration mode. In addition to the times mentioned
above, frequency calibration is performed automatically 15
minutes after turn on, 30 minutes later, | hour later, and
every 2 hours thereafter. This is the PRESET and 0 SP
state. 31.1 SP disables the automatic frequency calibration
mode. Frequency calibration is still performed when the
keys mentioned earlier are pressed, but there is no routine
automatic calibration. 31.1 SP may be used when it is
inconvenient for a frequency calibration to be performed
during an automatic measurement or data-logging opera-
tion. 31.2 SPexecutes a frequency calibration immediately,
returning to 31 SP or 31.1 SP. whichever was the previous
state.

Input gain calibration (32.N SP). This function allows
the choice of input gain and attenuation settings used for the
three runs made when CALIBRATE is pressed. Settings
other than the default values are used primarily when cali-
brating to measure with high external gain preceeding the
8970A. 32.0 SP selects input gains for calibration of +20,
+10,and 0 dB. These are the maximum gain settings and are
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the PRESETand 0 SPstates. 32.1 SP selects input gains for
calibration of +10, 0,and —10dB. 32.2 SP selects input gains
of 0,—10,and —20dB. 32.3 SP selects input gains of ~10, —20,
and —30 dB. If E22 is displayed during measurement, a
different choice of settings is necessary.

IF attenuator calibration (33 SP). This function mea-
sures the IF attenuators and stores the actual values to
compensate for any difference from nominal values during
merasurement. This is required approximately every six
months or if the ambient temperature changes more than
approximately 10 degrees C from the last calibration
temperature. With the noise source drive output connected
to the noise source 28V dc input and the noise source output
connected to the 8970A input, calibrate the IF attenuators
by pressing 33 SP. This calibration is stored in non-volatile
memory when power is removed. It is not cleared by
PRESET or 0 SP. If the error code E26 is observed in the
right window, an IF attenuator calibration is required.

Loss Compensation (34.N SP)

Loss compensation allows the 8970A to automatically
correct for loss at the input and output of the DUT, taking
into account the temperature of the two losses. This is
important in several cases such as for:

I. Amplifiers with waveguide input, where a waveguide-
to-coax adapter is needed.

2. Transistors, where input and output tuners are required.

3. Non-50Q) converters (such as TV tuners and amplifiers)
where matching pads or transformers are required.

4. Compensation for fixed attenuators used to improve
SWR.

5. Double sideband measurement modification to obtain
approximate single sideband results.

Loss compensation may be done manually by correcting
the noise source ENR table for the input loss (entering it
into the 8970A) and by making the output loss part of the
second stage. However, loss compensation on the 8970A
‘can automatically make the adjustments.

These special functions allow the selection of input and
output loss compensation, the entry of the input or output
loss, and the temperature of the loss (of both losses if both
are used). Loss compensation is implemented according to
Figure V-3, and the measurement should be arranged to
correspond with this figure. 34 SP turns loss compensation
off. This is the PRESET and 0 SP mode. 34.1 SP turns loss
compensation on. The 8970A will correct for input loss
before the DUT, output loss after the DUT, or both. When
34.1 SPis selected it is necessary to have entered the loss(es)
using 34.2and 34.4 SPand the temperature of the loss(es) in
34.3.34.2 SPdisplays and allows entry of the amount of loss
between the noise source and the. DUT. The unitsare in d B.
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Figure V-3.  Loss Compensation Setup (L, and Ly, are
input and output losses, respectively

PRESET clears this to 0dB, but 0 SP has no effect. 34.3 SP
displays and allows entry of the temperature of the loss(es).
The units are those in force entered by 11.N SP. PRESET
clears this to 0K, but 0 SP has no effect. 34.4 SP displays
and allows entry of the loss between the DUT and the
second stage (the connection point for calibration). Units
are in dB. PRESET clears this to 0 dB but 0 SP has no
effect.

For estimating the loss of mixers measured in double
sideband mode, entering ~3dB of output loss compensation
at 0K will give an approximation of the desired gain reading
without affecting the noise figure. Entering —3 dB at 290K
for the input loss will give correct gain and an approxima-
tion of the single sideband noise figure of the DUT. An
example is discussed in Chapter 11 under Swept LO Mixer
Measurement.

Sequence Control (35.N SP)

The front panel SEQ key steps through stored front panel
settings in a preselected sequence, one step each time the
SEQ key is pressed. The following special functions allow
the order of the sequence steps to be entered and automatic
sequencing to be chosen. 35.0 SP selects the manual
sequence mode. The 8970A will step through the defined
sequence one step ata time each time SEQ s pressed. This is
the PRESET and 0 SP state. 35.1 SP selects automatic
sequencing, toggled on or off by the SEQ key. The 8970A
will then automatically step through the complete sequence
of front panel settings one after the other. 35.2 SP displays
and allows entry of the desired sequence. Thereare 9 STORE/



APPENDIX A

Suggested Equipment for 10 MHz—18 GHz Measurement System
for Measuring Devices with SMA or APC-3.5 Connectors

Instruments
Noise Figure Meter . ... ) HP 8970A
NOISE SOUICE ..ot (1 HP 346B
Synthesized Signal Generator ..................oouuiriniiin .. (1) HP 8672A
171D € PP SORNIS AN AP AP SO S DRI SUE SR I (n HP HMXR-5001
3 dB Attenuator (used at mixer input to reduce mismatch uncertainty) . ... (1) HP 8493B Opt. 003

Cables and Adapters

HP-IB Cable (shielded)............... .. . o i (hH HP 10833A
Coaxial Cable (with BNC Connectors, 48 in. long for Oscilloscope

and Noise Source Drive) ... (4) HP 11170C
Coaxial Cable (with BNC Connectors, 37 in. long — Triple

Shielded for IF) ... ... . (H HP 11652-60004
Adapters SMA APC-35

N(m) to BNC(f) Adapter ...................
SMA(f) to SMA(f) Adapter.................
SMA(m) to SMA(m) Adapter...............
SMA(m) to BNC(f) Adapter ................
SMA(f) to N(m) Adapter ...................

For Covering 1.5 to 2.0 GHz

Lowpassfilter ..............................
(m) Adapter .....................
SMA(m) to N(f) Adapter .....................

SMA(f) to N

(1) HP 1250-0780 —
(2) HP 1250-1158
(2) HP 1250-1159
(2) HP 1250-1200 —
(1) HP 1250-1250

HP 1250-1749
HP 1250-1748

HP 1250-1744

@) HP 360C =
(1) HP 1250-1250 HP 1250-1744
(D Sealectro,

#50-674-670180 HP 1250-1750

RF Connections
8970A

BNC(m)}f BNC(f) N(HfN(m)/SMA(f)
o O || o= —
Ctfy  SMAIm) SMA(f)  SMA(f) |

-~ b=
SMA(m)/SMA(m)

BN
BNC(m)

BNCIf) NiH{BNCif)
f-—d [e) O mh
BNCim)

Microwave Connections
8970A

BNCim)

ANim/SMAf) SMA, m\/Ql\AA T

BNC SMA SMA N SMA BNC
m) m) tf) nm\

~af—
Nm/ SMA|m)/

BNC f1 SMA )
" ”gMA(m»/SMA( SMAIm)  BNCif)
SMA(f)/N( FILTER (If used:

Suggested Equipment for 10 MHz to 18 GHz Measurements (SMA /APC3.5)
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