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The steady increase in performance requirements of 
modern RF and microwave systems complicates the pro- 
cess of specifying and selecting the components needed 
to build these systems. Care in selecting the component 
best suited to a given application not only saves time and 
money but also minimizes problems in system integra- 
tion. In microwave systems, mixers and amplifiers are key 
components. The following discussion is dedicated to 
these components; however, reference is made only to 
mixers, unless a distinction is required. 

This application note focuses on measuring compres- 
sion and describes a novel measurement technique using 
Hewlett-Packard’s 8901A Modulation Analyzer. Other 
presently available techniques for measuring compres- 
sion have been cumbersome at best, mainly because of 
inaccuracies in determining the compression point in a 

mixer or an amplifier. Hewlett-Packard’s 8901A Modula- 
tion Analyzer allows measurement of the compression 
point conveniently and with great precision, thereby vir- 
tually eliminating guess work and making it possible to 
use the linear dynamic range to its maximum. 

In mixers, performance parameters such as dynamic 
range, compression and distortion are closely related and 
they interact. Since they have a direct impact on system 
performance, a brief review of their relationship is useful. 

Compression and Dynamic 
Range 

Compression occurs when the intermediate frequency 
(IF) output level in a mixer no longer tracks linearily as the 
input power is increased (Figure 1). This is an important 
consideration in selecting mixers for certain applications. 
Simply defined, Compression Level, or Compression 
Point, is the maximum RF input level for which the mixer 
will provide acceptably linear performance. 
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Figure 1. Mixer Transfer Characteristics. 

Mixers can be operated anywhere in their useable 
range of operation which extends from the minimum 
detectable signal level to saturation level. Where in this 
useable range the mixer is operated depends upon the 
application. For example, in electronic communications, 
mixers are normally operated in the linear dynamic 
range. There are other applications where mixers are 
operated closer to saturation. The focus of this note is on 
applications where mixers are operated in the linear 
dynamic range. By definition, the linear dynamic range of 
a mixer extends from the minimum detectable signal level 
on the lower end to the compression level on the upper 
end. Within this range, the output level tracks the RF 
input level linearly. At compression, however, the output 
level does not exactly track the input level. As a result, the 
conversion loss in mixers increases and the gain in 
amplifiers decreases, or compresses. 

Compression in mixers occurs in different amounts at 

different levels of the input signal and needs a defined 
reference point. For example, the 1-dB compression 
point appears frequently on mixer and amplifier data 
sheets and is becoming an industry standard. Typically, 
acceptable compression points can vary from 0.1 dB up 
to 1 dB, depending on system requirements. It should be 
noted that the compression point in mixers is specified at 
a given local oscillator (LO) level. Usually, the higher the 
LO level, the higher the compression point. 

Why Compression is Important 

Compression provides important information about 
the behavior of mixers. Basically, compression is a mea- 
sure of non-linearity. It determines where a given mixer 
should be operated to achieve maximum linear dynamic 
range with minimum distortion. As soon as the mixer 
begins to compress, it introduces amplitude distortion to 
the system. Furthermore, the extent of this distortion is 
directly related to the amount of compression. This is one 
reason why system designers, especially in communica- 
tions, are often anxious to operate mixers well below their 
specified compression levels. 

Intermodulation and Distortion 
Measurement 

One valid way of measuring amplitude distortion in a 
system is to measure the intermodulation performance. 
This usually involves measuring the level of two-tone, 
third-order intermodulation products. The higher the 
third-order level, the higher the distortion.



Two-tone intermodulation distortion is the result of two 
signals equal in amplitude being applied to the mixer's RF 
input at the same time. These signals may generate har- 
monics, mix with each other, then beat with the mixer 
local oscillator frequency according to the following ex- 
pressions: 

(2F, = Fo) = Fip 
(F, = 2F,) = Fio 

where F, & F, are the two RF input frequencies, and 

Fio is the local oscillator frequency. 

These expressions describe the third-order, two-tone 
intermodulation products. The third-order products are 
usually of primary interest because of their relatively large 
magnitude and because they are difficult to filter from the 
desired output. 

A convenient method of determining the third-order 
two-tone intermodulation response of a mixer is to find 
the third-order intercept point. This is a theoretical point 
on the RF Input/Output curve where the desired output 
signal and the third-order product become equal in 
amplitude as the RF input level is increased. The third- 
order intercept point is obtained graphically by extending 
the measured third-order and fundamental responses 
until they intercept as shown in Figure 2. Once the inter- 
cept point is established for a given mixer, the inter- 
modulation product level at the output can be calculated 

from the following expression: 

P(n) = I(n) = n« [I(n) - M] 
I(n) = nth order intercept at the output (dBm) 
M = level of fundamental tone at the output 

(dBm). 

where 

The intermodulation performance can also be deter- 
mined graphically, at a given RF input level, from the 
information given in Figure 2. As the graph shows, the 
fundamental response varies on a 1:1 slope, whereas the 
third-order response varies on a 3:1 slope. This means 
that reducing the RF input level to the mixer produces a 
2:1 improvement (in dB) in the third-order response. 
However, this technique of reducing intermodulation re- 
sults in poor efficiency, especially when applied to linear 
power amplifiers. 

The difference between the compression point and the 
third-order intercept point is subtle but significant. The 
compression point measures the acceptable deviation of 
the mixer response from the ideal linear response. It is 
also the upper limit of the linear dynamic range. It is a 
measurable quantity, whereas the third-order intercept 
point is a theoretical point that determines the distortion 

suppression capability of a mixer. In other words, distor- 
tion is a consequence of compression and the intercept 

point approach is used to determine how well the mixer 
minimizes this distortion. 

Although these two points represent two distinct per- 
formance factors, an empirical, though not exact, re- 
lationship does exist between them. As a rule-of-thumb, 
the third-order intercept point in mixers is typically 15 dB 
above the 1-dB compression point. This rule-of-thumb 
provides a quick and approximate method of predicting 
the intermodulation distortion of a mixer when either of 
these points is known. 

Methods of Measuring 
Compression 

Until the advent of the 8901A Modulation Analyzer the 
usual method of measuring compression in mixers and 
amplifiers was to vary the level of the input signal while 
monitoring the level of the output signal with a power 
meter or spectrum analyzer. Compression occurs when 

the IF level begins to deviate from linearity as the input 
level is increased. This technique was adequate but not 
accurate enough to resolve small compression ratios. In- 
herent uncertainties make compression measurements of 
1 dB or less either difficult or impractical. 

Power meters measure total power, including har- 
monics, images, and local oscillator feed-through. Filters 
could be used to suppress these unwanted signals but 
they tend to degrade output match. Consequently, care 
has to be taken to ensure low-reflection connections and 
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Figure 2. Mixer Transfer Characteristics with 
Third-Order Intercept Point.



enough isolation to make the effects of mismatch insig- 
nificant. Nevertheless, the combination of output mis- 
match and unwanted responses usually introduce uncer- 
tainties that are difficult or impractical to analyze and 
correct. Although spectrum analyzers filter out unwanted 
responses, their typical accuracies over the entire 

dynamic range are about +1.5 dB with some improve- 
ment when measurements are made over a narrower 

range. 

The 8901A Modulation Analyzer 
Method 

The technique described in this application note uses 
the 8901A Modulation Analyzer and yields better accu- 
racy, sensitivity, and repeatability than obtainable with 
power meters or spectrum analyzers. The method is 
based in principle on amplitude-modulating the mixer 
input signal with a square-wave to a depth of approxi- 
mately 33%. As shown in Figure 3, modulation causes 
the input test signal to oscillate between a reference level, 
B, and a level approximately twice that, A, thereby 
dynamically switching the mixer between two operating 
levels. This modulated signal is applied to the mixer 
under test through a step attenuator (Figure 4), that al- 
lows calibrated control of the test signal’s level. The mod- 
ulating signal is then recovered at the IF output by the 
8901A Analyzer and displayed on an oscilloscope. 

At some level of the input signal, the IF output of the 
mixer begins to compress and the peak level of the de- 
modulated IF signal decreases, as indicated by A’". This 

Mixer Transfer Characteristic IF Output 
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Input Test Signal   Figure 3. How Compression Changes AM Depth of 
Square-Wave Modulated RF Signal. 

change in peak level, which is caused by compression, is 
measured as a change in the AM depth, and it can be 
shown that compression is directly related to AM depth 
(see appendix). Since the 8901A Modulation Analyzer 

measures AM depth with 0.01% resolution and 1% of 
reading accuracy, it measures compression with the same 
resolution and accuracy. Furthermore, this technique is 
insensitive to system mismatches because modulation is a 
relative quantity, and the variations in SWR that affect the 

mixer output do not affect the modulation on it. 

Measurement Procedure 

Figure 4 illustrates the set-up for measuring compres- 
sion manually with the 8901A Analyzer. The signal 
generator is adjusted initially to a reference level and is 
not varied during the rest of the measurement because 
changing the generator level changes the reference AM 
depth and introduces errors. The level of the modulated 
test signal into the mixer is controlled by two step at- 
tenuators (1 dB/step and 10 dB/step). The oscilloscope 
is used to view the demodulated signal and is highly 
recommended as it provides important information about 
the demodulated signal (ringing, over-shoot, amplitude 
distortion). To measure mixer compression with the 
Modulation Analyzer, the following procedure is recom- 
mended: 
1. Construct the test set-up shown in Figure 4. 
2. Adjust the signal generator to the desired RF test 

frequency. Amplitude-modulate this test signal with a 
10 kHz squarewave from the function generator. Set 
the amplitude of the modulating signal (square-wave) 
to produce 33% AM on the RF test signal. 

3. Select the desired LO frequency; one that produces 
an IF within the range of 150 kHz to 1300 MHz (the 
8901A Analyzer measuring range). Care must be 
taken to prevent extraneous signals out of the mixer 
from coming so close to the desired output signal that 
they might pass through the IF filter in the 8901A 
Analyzer. IF filter bandwidth considerations are de- 
scribed in detail in Application Note 286-1. 

4. Adjust LO power to the desired operating level. 
Double-balanced mixers typically require +10 dBm 
of LO power. 

5. Manually tune the 8901A Analyzer to the resulting IF, 
and select the following functions on the analyzer: 

AM Mode 
Average Detector 
20 kHz Low-pass Filter 
40% AM Range (2.1 SPCL) 
Fast AM ALC (6.1 SPCL) 

6. Adjust the signal generator level and the step at- 

tenuators to produce an RF signal level into the mixer 
approximately 20 dB below the LO level. This assures 
that the mixer is not already in compression.



7. Take a reference AM reading (M) on the 8901A 
Analyzer. 

8. Increase the RF level to the mixer by reducing attenu- 
ation until the amplitude of the square-wave displayed 
by the oscilloscope compresses by a noticeable 
amount (% AM decreases). Take another AM reading 
(M’). Calculate the compression ratio (A’/A) using the 
following expression: 

G—M) . (G+ M’) 
  Ca= 2tog (&) - (G557 

where C = compression ratio in dB 
M = AM depth reading (uncompressed) 
M’ = AM depth reading (compressed) 
G = 1.11 (hardware detector gain in the 

8901A — see appendix for explana- 
tion). 

This expression is valid only when B = B’ (Figure 3), 
indicating that level B is uncompressed. Thus, it applies 
only to small compression ratios, less than about 0.7 dB. 
For higher compression ratios (level B is compressed and 
B # B'), the following expression is more accurate: 

Ceoriam = 20 [log C' + log C] (see appendix) 

where C,,; = corrected compression 

C = C(L) which is the compression due to the 
higher modulating level (A). 

C' = C(L-6) which is the compression due to the 
lower modulating level (B). This level, in 
square-wave with 33% AM, is 6 dB lower 
than the higher level (A). 

With square-wave modulation at 33% AM depth, the 
two modulating levels differ by 6 dB. Therefore, correc- 
tion is recommended for inputs 6 dB higher than the level 
that first produces perceptible compression (0.1 dB). This 
can be best understood from a specific example. Figure 6 
shows a sample compression curve where compression is 
plotted against the peak input level for a typical mixer. 

1.dB Step 
Attenuator   

Suppose that the compression at + 6 dBm input level is to 
be determined. From this plot, assuming it is not cor- 
rected, the compression at +6 dBm input level is 1.4 dB. 
To do the correction, check compression at 6 dB below 
that level (0 dBm). It is approximately 0.1 dB. The cor- 
rected compression is then the sum of these two dB ratios 
(1.4 + 0.1 = 1.5 dB). In the automated set-up described 
under Measurement Automation the plot in Figure 6 is 
corrected automatically by the program. 

In either of these expressions for calculating compres- 
sion, it is much more accurate to measure AM depth with 
the average detector in the 8901A Analyzer rather than 
the peak detector, because measuring AM depth with the 
peak detector can introduce significant errors if there is 
any over-shoot on the square-wave. See appendix for 
details. 

Calculating Peak Input Level 
Using the technique described here, compression is 

determined for the peak input level. Because the RF test 
signal is amplitude modulated, the peak input level into 
the mixer is greater than the CW output level set on the 
signal generator. Therefore, to determine the peak level 
of the RF test signal a correction factor is required. This 
correction factor is computed from 

A (dB) = 20 log (1 + M) 
where M = reference AM depth in fractional form. See 

appendix for derivation. 
For example, if the generator level is set at + 10 dBm with 
square-wave AM of 33%, and the step attenuator is set at 
5dB, peak level (dBm) = +10 — 5 + 20 log (1 + M) 

10— 5+ 20log (1 + .33) 
= +7.48 dBm 

For 33% AM depth the peak level is 2.48 dB higher than 
the average level. 

[l
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Figure 4. Setup for measuring Mixer Compression manually. 
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Measurement Automation 
The outstanding performance of the 8901A Analyzer 

would be remarkable even if it were operated only in the 
manual mode but, with the added feature of program- 
mability, it becomes an extremely powerful instrument. 
Under calculator control (HP-IB), the 8901A in an auto- 
mated measurement setup can generate a large volume 
of accurate, comprehensive data in a very short time. In 
the typical test setup shown in Figure 5, the sensitivity of 
the 8901A Analyzer, enhanced by the versatility and 
speed of automation reveals unexpected responses in 
mixer behavior, some of which were previously unde- 
tected. These responses are illustrated in Figures 7 and 8. 
The plots in Figure 8 typify the compression characteris- 
tics of a ““Classic’” mixer and they reveal three interesting 
effects: 

1. Varying LO level over a fairly wide range results in 
only a slight movement of the 1-dB compression 
point. 

2. Holding the input level 10 dB below the LO level does 
not always insure operation well out of compression. 

3. For a fixed input level, compression decreases as LO 
level increases." 

Another interesting aspect of mixer behavior is revealed 

by the plots of Figure 7: IF output “peaks” or “‘expands” 
before it compresses. Further, this peaking occurs at LO 
levels less than 10 dBm (evident here between —4 and 
+2 dBm.) This effect is explained by the fact that com- 
plete turn-on in mixer diodes does not occur at lower LO 
levels. As the input signal is increased, however, it causes 
the diodes to turn on more completely, which in tum 
reduces the conversion loss and causes the output to 
expand. Distortion is caused by expansion as well as 
compression. 

The program used to obtain the data in Figures 7 and 8 
is included in this application note. Two listings are pro- 
vided, one for the HP 9825 controller and the other for 

  

) Yell, RW., “Signal-Compression Performance of Schottky 
Barrier Diodes in Microwave Mixers”, [EEE Trans. July, 1969 
pp 360-361. 

  

  

Controller 
9825A or HP 85F 

        

Signal G 
8656A or 8672A 

  

Function Generator 
33124 
[ 

*Not required with HP 85F Controller. 

    

Frequency Synthesizer 

| sidorsesss 9]     

      8901A Modulation Analyzer J 

  

      Figure 5. Setup for Automated Compression Measurement. 
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the HP85F controller. Each program automatically steps 
the signal level into the mixer, calculates the correspond- 
ing compression ratio at each level, and generates an 

accurate plot of compression versus peak input level for 
the device under test. The program also checks for 
lower-level compression (when B # B') and allows vary- 
ing both LO level and input signal level independently. 
The measurement setup in Figure 4 can easily be auto- 
mated (Figure 5). Table 1 is a complete equipment list for 
the automated setup. A sample data printout for automa- 

tic compression measurement is shown in Figure 9. 

Table 1. Equipment List for Automated Compression 
Measurement 
  

  

Instrument Model Number 

Controller HP 85F or HP 9825B/T 
and 98034A 

Plotter HP 9872A 

Modulation Analyzer 

Signal Generator 

Frequency Synthesizer 

Function Generator 

Step Attenuators 
(Programmable) 

Attenuator/Switch Driver 

(not required with 85F) 

HP 8901A 

HP 8656A or HP 8672A 

HP 8656A or HP 8672A 

HP 3312A, or 3310A 

HP 8495H (10 dB/step) 
HP 8494H (1 dB/step) 

HP 11713A 
  

5 -4 16! 1 
-12 -10 -8 

  
Peak Input Level (dBm) 

Figure 6. Sample Compression Curve.   
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Figure 7. Compression vs. Peak Input Level at Various 
LO Levels for HP 10514A. (RF Signal Frequency 
500 MHz.) 
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Figure 8. Compression vs. Peak Input Level at Various 
LO Levels for HMXR-5001. (RF Signal Frequency 
4 GHz.)



Related Applications 

Compression, especially in amplifiers, can cause other 
kinds of distortion such as AM/¢M and AM/AM conver- 
sion. The extremely low residual $M and AM noise of the 
8901A Analyzer enables it to measure these types of 
distortion accurately and conveniently. Although this ap- 
plication note deals with measuring compression in mix- 
ers and amplifiers, there are other related applications for 
which the 8901A is a powerful measurement aid. They 
include: 

Frequency response in phase-lock loop circuits 
Voltage-controlled-oscillator gain linearity 
Modulator/AGC characterization 
Amplitude Modulator linearity and gain. 

Conclusion 

This application note demonstrates that the HP 8901A 
Modulation Analyzer is ideally suited to the measurement 
of compression in mixers and amplifiers because it offers 
the following advantages over other techniques: 
® Better than 1% overall measurement accuracy. 
® Overall resolution of 0.01% resulting in the ability to 

detect smaller amounts of compression than possible 
with other methods. 

® Insensitivity to system mismatches, a further contribu- 
tion to overall accuracy. 

® Permits monitoring the quality of the compressed sig- 
nal with an oscilloscope, a very useful feature for mixer 
circuit designers. 

@ Allows measurement of other kinds of distortion 
caused by compression (AM/¢)M and AM/AM conver- 
sion, for example) at no additional cost. 

8901A Mixer Compression Test 

LO freauency= 4000,080MHz 
LO drive level= 1@.8dBn 
IF freauency=  20@,00MHz 

Peak Input Level(dBm) Compression(dB) 

.00    

S
E
E
E
E
N
S
I
G
E
R
E
E
R
E
S
 

  
-2.26 

Figure 9. Sample Compression Data Obtained with the 
Automated Setup Shown in Figure 5. 

89817 NIXER COMPRESSION TEST 

LD fresuency= 4806 MHz 
L0 drive level= 18 dBm 
IF freausncr= 206 MHz 

Peak 1neut Compression 
level (dBm) <dB) 
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Figure 10. Sample Compression Data Obtained with 
HP85F Controller.



Appendix 

Derivation of the Compression 
Formula 

The 8901A measures AM depth according to the rela- 

tion 

  

Moo Eom= Eow e Esg=Ewn () 
ave Eave 

where M+ = positive peak of AM depth 

o
 

M- = negative peak of AM depth 

The 8901A Analyzer actually displays AM depth in per- 
cent (%) but all calculations are made using modulation 
index (i.e., fractional notation). 
Emaxs Eminy Eave = maximum, minimum and average 

carrier levels. 
For the square-wave modulating signal (Figure A-1) the 
duty cycle of both levels is 50%. Therefore, the average 
level is 

A+ B 
Ene= "5 (A-2) 

where A = Epay and B = Epin. 

Substituting for E,, in (A-1) for M, yields 

_A-B 
M, = ATEB (A-3) 

Equation (A-3) relates the measured peak AM depth (M.) 
to A and B. M, is the reference AM depth with no 
compression. 

Mixer Transfer Characteristic IF Output 

  

          

    
  

Compression = C = A'/A   

  
  

    
      

Input Test Signal   Figure A-1. Effects of Compression on Square-Wave 
Modulated RF Signal. 

As the average level of the input test signal is increased, 
the IF output peak (A) compresses to level A'. This also 
changes the average IF output level. In this case, the 
measured positive peak AM depth (M') is 

M= -B (Aa-4) 

M'. in (A-4) is expressed in fractional form. 

If the lower level (B) is not compressed then 

B=PB (A-5) 

By definition, the compression ratio (C) is 

-2 (a6) 

Substituting for A’ and B’ from (A-6) and (A-5) into (A-4) 
yields 

  

. _(CxA-B : 
M.=Tcxa+8B @ 

Solving for C yields 
B 1+ M+ 

SR fe:e) 
Solving (A-3) lor%yields 

B 1- M+ 

AT T+ Mt a9 

Substituting (A-9) for % in (A-8) yields 

1 - M+ 1+ M+ 

c- (13 we) - (Ts) (&-10) 
Equation (A-10) relates the compression ratio (C) to the 
measured reference peak AM depth (M,) and the com- 
pressed peak AM depth (M',). 

Using the Average Responding 
Detector 

Formula (A-10) assumes that the AM depth is mea- 
sured with the PEAK, detector. If the demodulated 
square-wave has any ringing or overshoot, the peak de- 
tector will cause significant errors in the measurement. 
Ringing due to the 8901A Analyzer is eliminated by 
selecting the internal 20 kHz low-pass filter. However, 
any ringing generated by the signal generator will still 
degrade the measurement. Therefore, the average de- 
tector is recommended. This detector is average re- 
sponding but RMS calibrated for sinusoidal signals. The 
audio circuitry in the analyzer provides appropriate com- 

pensation for the difference in hardware gain. This gain is 
the ratio of the RMS to the average value of a sinewave 
and is equal to 

(A-11)



Because the modulating signal is a square-wave the RMS 
value is the same as the average value. Therefore, 
square-wave measurements made with the average de- 
tector (M) are related to PEAK + measurement (M.) by 

  

  

= M* 

=11 (a12) 
Correcting for M in (A-10) from (A-12) yields 

_ (G-M G+ M 
£ (G+ M) (G-M') (pets) 

where G = 111 

The linear compression ratio in (A-13) can also be ex- 
pressed in dB by 

Cun = 200ea (&537) - (855%) e (A-14) 

Derivation of correction for peak 
input level 

A= B 
  

  

Modulation index = M = AT B (A-15) 

L = signal generator level (average level). 

Since the square-wave is symmetrical 

L-ALEB (A-16) 

Solving for B in (A-16) yields 
B=2L-A (A-17) 

Solving for B in (A-15) yields 

so (1) 
The ratio of the peak value (A) to the signal generator 

level (L) is % which is also the correction factor. 

Combining (A-17) and (A-18) and solving for % yields 

A_ L= 1+M (A-19) 

.. peak level (dB) = L + 20 log (1 +M) (A-20) 
where L = signal generator level in dBm 

M = modulation index in fractional form. 

  

Figure A-2. Relationship of the peak input to average 

level. 

Derivation of the expression 
which corrects for lower level (B) 

compression 
The expression which corrects for lower level (B) 

compression, is 

Cor=C-C 
If level B is compressed (B # B') 

,_B letC' = B 

By definition 

5 B 
A 

From (A-4) 

(A-21) 

(A-22) 

Substituting for A’ and B’ from (A-21) and (A-22) and 
. C .. 

solving for ¢ yields 

C 

  

_B(LeM ] & -2 w23 
Substituting for % from (A-9) 

C (1-M| . (l+M 
&= (=) - (i) (5-24) 

The right side of equation (A-24) is the original com- 
pression (C), therefore, the corrected compression C,,,r is 

Cer = C+ C or 
Ceor (dB) = 20 [log C + log C'] (A-25) 

  
—1.6| 

12 -0 8 -6 -4 -2 0 2 4 6 

Peak Input Level (dBm) 

Figure A-3. Typical mixer compression curve with dis- 
tinct compression regions. 

10



Equation (A-25) is best explained by referring to Figure 
A-3. In this figure, the compression characteristic of a 
typical mixer is divided into three distinct regions. 

In the first region, A = A’ and B = B’ and con- 
sequently the output of the mixer is not compressed. This 
is the reference output level. 

In the second region, A # A’ (level A is compressed), 
and B = B’ (level B is not compressed). This region 
begins at an input level which produces perceptible com- 
pression (less than 0.1 dB). It begins in Figure A-3 at 
—2 dBm input level. It ends at an input level which is 
6 dB higher. Equation (A-13) is correct for this region. 

In the third region, both levels A and B are compressed 
and consequently both contribute to the total compres- 
sion. As indicated in Figure A-3, this occurs at compres- 
sion ratios which are approximately 0.7 dB or greater. 
Equation (A-25) is correct for this region. This equation 
simply indicates that total compression is the sum of the 
two dB compression ratios. If equation (A-13) is used for 

Mixer Compression Test Program 
0: "8901A Mixer Test(repetitive LO)": 
1: ent "Enter hu}hest RF level",T;T: 
2: dev "Ma",714," 

: "Init":time 6000;rem 7;cli 7 

  

vrt twa” ,"clau6.1spdlh010p0cOrOml t0" 
: cfg 

gto "start" 

   
    

      

   

O;wrt 
24. ret 

" jret 
Wt "MaF pl 

29: "Red": 
30: fmt ;wrt "Ma","t3";red "Ma",pl 
31: ret 
32: 
33: "11713 device subroutines" 

+»"M5AU7.1SP4.1SPT3";red "Ma", E 
,xE (p1-9e9) /100=10;wrt "Ma", 

this region the calculated compression will be less than 
the actual compression. 

Measuring Compression for IF 
Up to 2.2 GHz 

The highest frequency that the 8901A Analyzer can 
measure is 1300 MHz. However, using a harmonic mix- 
ing technique you can extend the measurement range of 
the analyzer up to 2.2 GHz without additional equip- 
ment. This technique uses the third harmonic of the local 
oscillator in the 8901A Analyzer. Just tune the 8901A 
1 MHz lower than one-third of the frequency to be mea- 
sured. For example, to measure AM on a 2100 MHz 

signal, manually tune the 8901A to 

2_130_0 —1= 699 MHz. 

AM measurement accuracy is basically unaffected, but 
input sensitivity is decreased. 

Funea = 

for HP 9825 Controller 

ju 
11713",728; dim’ AIU 18:U,2],A$(10] 

T3";red "Ma",pl 

£1.0,;wrt "Ma",pl;if p2#0;wtb "Ma","D3" 

2>0)+(§:§>3)+ (92215) Ipt 

34: "Att”: (min(81,max (0, 1nt(pl])]]p§) 10(- ((lnt(p}/lo)'p2)>11)+02192)}93 
35: cll “Swtk? (p2,1,p4,p5);cll “Swté (p3,5 
36: "Swset"sfmt b,f.0,z 
37: if pl;wrt "11713",65,pl 

if p2iwrt "11713"766,02 

i L 
"SwtkT": 

LT bit(pb, 
43: p2+p6+10pd 
M: gro -2;if (B6+1106)>=4; ret 

    

l+4’(pl>3) IpSigto +2 
PS5 

?5) ;1 P2+p6+10p3}p3;gto +2 

46: 
47: "Start": 
48: 
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,p4,p5);cll Swset’ (pd,p5);iret



Mixer Compression Test Program (continued) 

49 : "Variable explanation”: 
s RF level in dBm" 

LO drive level": 
reference sig-gen level": 
the 11713A attenuation": 
peak RF level from sig gen": 
printer select code":6}P 
average detector correction factor":1.11}G 

       

        

   

  

   

   
     

    

   

    

  

; 2%, 8901A Mixer Compression Test",2/;wrt P 
60: ent "Enter LO frequency (Mdz)" 

"Enter LO drive level (dBm) 
nter IF frequency(MHz)" 
et RF sig gen to",f4.1," wre 0,U;stp 

fmt "Set to",f8.2,"MHz, 33% Ext AM";wrt 0,L-X:stp 
: fmt "LO frequency= ",£8.2, "MHZ" wrt P,L 
: Emt "LO drive level=*,f rt P,D 

fmt "IF frequency= " ,t8. 2,"MH W/iwrt P,X 

  

      
    

  

"Get reference at -15dBm": 
: cll [Att’ (U+15) 
: cll “MEf’(X);cll ‘F1t’(0,20) 
: wtb "Ma","dlt0";dsp "Adjust Eunction gen. for 333";stp 

dsp "Getting reference . . 
Select average detector"icil “Det’(4) 

0}z;cll “Am’ (R) 
"Average 3 readings" 
for 191 to 3;c1l "Red’(R);Z+R)Z;next T 
.01%2/3JR; dsp 

  

ression Measurement": 
fmt 5x,"Peak Input Level(dBm)",5x,"Compression(dB)",/;wrt P 

"Measurement loop": 
for 1=U-18 to U 
cll “Att’ (U-I) 
cll “Red’(S);.01*S}S 
"Compute compression”: 
G-R) * (G+S) / ((G+R) * (5-S) ) }C 
Conver t compression to dB": 

2010g(C) JF}A[T,2] 
"Secondary correction":if I>=U-12;2010g(C)+A[I-6,2]}F}A[I,2] 

ompute peak input level": 
1+2010g (1+R/G) JJJA [T, 1] 
“Print result":fmt 12x,£6.2,15x,£7.2;wrt P,J,F 
next I 

fmt 2/;wrt P 

    

"Plot results": 
: ent "Plot results?(y or n)",A$ 

if pos("N",cap(A$))#0;gto "Start" 
if flg2;gto "Plot data" 
"plot axes":sfqg 2 

: psc 705;pclr;pent 1 
scl U-26,U+6,-2.5,2 

: fxd O;xax -1.6,1,U-16,U+2,2 
fxd liyax U-16,.1,-1.6,.2,2 
"Draw graph 1ine: 
line 2,1 
for I=.2 to -1.4 by -.2 
plt U-16,1,1;plt U+2,1,2 
next I 

: for 1=U-14 to U+2 by 2 
plt I,.2,1;plt 1,-1.6,2 
next I 
"Labels": 
csiz 2;plt U-15,.4,1;1bl "8901A Mixer Compression Test" 

120: plt U-13,-1.95,1;1bl "Peak Input Level(dBm)" 
121‘ csiz 2,1.5,1, 90 plt U-19,-1.2,1; 1bl "Compression(dB) " 

1335 "plot dataslin U-16,042,-1.4,.2; line 
124: peni 3 
125: for I=U-16 to U 
126: plt A[I,1],A[1,2] 
127: next 1 
128: pclripené ;plt 4,2,l:gto "Start" 
129: end 
*4534 
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Mixer Compression Test Program for HP 85F Controller 

XXXXXXttXtX*!XXtX‘**XXXXZ* 

8981A MIXER COMPRESSION i 
TEST PROGRAM 

' 
i 
1 
' 
' 
! xxxxxx:x:xxxxxxxxxxxxxxtxx 
| 
GOTO S988 ! START OF PROGRAM 

] 
' *X***X*X*XX!XX"X&XXX“X; 
' 
: SUBROUTINE DIRECTORY : 

E E22 2222222322322 22 22 22 

' 
! ase1nfixxtxxtxxxxxxxxxtxxx 
! 210 
| 2266 TUNE 
! 2400 DETECTOR 
! 2500 FILTERS 
: 2800 DATA 

1 
| 
1 
| 
! 
' 
' 
1 

117130 XXXXXEXXXXXXXXXKXE 
3188 ATTEN ©-81 dB 

SYSTEM XXXXXXEXXXXXXLXREK 
4100 INITIALIZE 

MAGE K 

©oE9¥1A INST SUBS ¥AXixixi 

!OAMCA Y, % 
nUfFUT 714 LUSING 999 5 "MIT 

ENTER 714 5 A 
RETURN 

' 
! TUNECA), MHZ 
IF A=0 THEN UUTPUT 714 USIN 
G 939 ;: "4 .8SP" 
IMAGE 4D.5D,"mM2" 
OUTPUT 714 USING 22¢8 ; A 
RETURN 

) 
! DET<A,B) 
IMHGE "0, D 
OUTPUT 714 USING 24198 ; A 
IF _B=8 THEN RETURN 
OUTPUT 714 ;“D3" 
RETURN 

' 
! FLTCR.B) 
Al=(A>B)+(A>50) 
B1=(B>A)+(B>3 
1MAGE "“H",D," .0 
guTPUT 714 USING 2536 5 Al, 

B,15)    

RETURN 
' 
! DATACA) 
OUTPUT 714 USING 939 ; “T3" 
ENTER 714 ; H 
RETURN 
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! 11713A INST SUBS xxxxsxx 

! ATTEN 8-81 dB (A) 
AL=MINC81,MAX(B, IPCAY)) 
A2=1P(A1/18> 
IF A2>7 THEN A2=7 

  

   

A1=A1-10%A2 
A3=5 @ _S1=0 @ S8=8 
GOosuB 3260 SWITCHES 1dB 
A1=A2 € A 
GOSUB 3228 ! SWITCHES 1@dB 
GOSUB 3380 ! SW SET 
$ETURN 

! SWITCHES 
IF A1>3 THEN A1=A1+4 
FOR A4=8 TO 3 
IF BITCA1,A4) THEN S1=A3+A4 
*éGXSA‘ELSE S8=A3+A4+10%S0 

IMAGE #.B, 
lF Sl THEN OUTPUT 728 USING 

lF SB THEN UUTPUT 728 USING 
3318 ; 66,50 

RETURN 
! 

| SYSTEM SUBS X*kXkAK¥¥¥4d 
' 
! INITIALIZE 
SET TIMEOUT 7;6088 
REMOTE 7 
ABORTIO 7 
OUTPUT 714 USING 999 ; “CLA 
U 6.15P 2.1SP D1 H8 Lo FO C 
8 Re M1 Te“ 
OUTPUT 728 USING 399 ; “AiZ 
345673" 
RETURN 
' 
' 

FRERERKEXERRRRRRE AR RS 
* 

MHLIN PROGRHM B 

| 
i 
. 
I * 
D OERERERERRRREKR KRR KRR KA 
| 
GOSUB 4188 ! INIT 
P=0 | HXES PLOT FLAG 
DIM AC18,2) i 

' VfiRlfiELE EXPLHNATION ¢ 
' 1s RF level in dBm 
' 0 15 LO drive level 
! U 1s reterence si19 3en 
! level 
+ T 15 peak RF level 
! G 15 average detector 
' correction factor: 
G=1.11 

' 
'



Mixer Compression Test Program (continued) 

Sz200 
S218 
S228 

s230 
5249 
S250 
S260 

Sz78 

    

i DATH ENTRY XXXXXXEE¥X%%¥ 
CLERI 
DISP “"Hishest RF level (JdEm 
355 
INPUT T 
DISP “LO freauencr (MHz." 
INPUT L 
DISP “LO drive level (dBm)" 

INPUT D 
DISP "{F treauencr (MHz."; 
INPUT & 

! SET UP SIG GEN XXXXXXKEX 
CLEAR 
DISP “¥%%x Set RF sis sen to 
"iT-2;"dBm" 
BEEP ® PAUSE 
DISP “xx% Set 
33% Ext AMY 

BEEF @ PAUSE 
' 
U=T-2 

! 

to",L=X;"MHz, 

| HEADING ¥XXXXXXXRLLRLRLE 
' 
CLERR 
IMAGE #//"8981A MIAER COMFR 
ESSION TEST"/~/ 
PRINT USING 5438 

    

  

FRINT "LO freauencr=" "MH 

PRINT “LO drive level=";D;" 
dBm" 
PRINT “IF freauencr=";%;"MH 
z¢ 

1 GET REFERENCE AT -15 dEm 

ATTENUAT 10N 
ATTEN 

8901A TUNE 

U+15 ! 
GOSUB 3108 ! 
A=X | IF FREQ 
GOSUB 2zBw ! 
A=8 ! HP FILT 
B=26 t kHz LP FILT 
GOSUB 2508 ! FILTERS 

| 8991F: FREE RUN,PERK DET 
OUTPUT 714 USING 999 ; "DIT 

CLEAR @ DISP "¥¥X Adjust fu 
nction senerator';" tor 
33% AMY 
BEEP @ PRAUSE 
CLEAR & DISP 
ence . 
A=4 @ B=0 | 
GOSUB 2400 ! 
2=0 

| AVERAGE 3 REAUINGS: 
FOR I=1 TU 3 
GOSUB 2888 ! DATA 
4=L¢fi ' osumM 
NE 

N KErerence 
R=.61%2/3 
CLEAR 

' 

“Gettins refer 

HVG OETECTOR 
DET 
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| COMPRESSION MEASUREMENT 
' 
IMAGE s/"Peak input';6X, 
mpression”/"level(dBm:" 
“(dBY" s/ 
PRINT USING S8z 
1 

    

' 
! MEASUREMENT LOUOF 
| 
FOR I=8 TO_ 18 
A=18-1 ! ATTEN 
GOSUB 3188 ! ATTEN 
GUSUB 2860 ! DATH 
=.81%A 

! COMPUTE COMPRESSION: 
C=(G-RIX(G+5)/((G+RI*¥(G-S)) 

| CONVERT TO dB: 
F=28XLGT(C) 

! SECONDARY CORRECTION: 
IF 1>=6 THEN F=F+A(I-6,1) 
ACl, 1)=F 
' PEAK INPUT LEVEL: 
J=I+U-18+20XLGTC(1+R/G) 
ACi,B)=J 

! PRINT RESULT: 
IMAGE XX,00Z.D0,8X,302.00 
PRINT USING 6848 ; J,F 
NExT 1 

' 

PRINT & PRINI 
' 
' 
! PLOT RESULTS 

CLEAR @ DISP "Plot 
y/ndt; 
INPUT R$ 
IF POSC“N",UPC$CA$)) THEN S 
249 | NEW MERSUREMENT 
}F P THEN 6408 ELSE 6280 

| PLOT AXES 
P=1 
GCLERR @ GRAPH € FEN 1 & LD 

K & 

resultsc 

SCALE -24.,98,-2,.5 
MOVE -2z.9, .35 @ LABEL “839@ 
1A MIXER COMPRESSION TEST" 
FOR x=-28 TO -2 STEF 2 
YAX1IS X,0,-1.6,.2 
NEXT X 
FOR Y=-1.6 TO 2 STer .2 
XAX1S v,8,-20,-2 
NEXT ¥ 
MOVE -26,-2 & LHBEL 
NPUT LEVEL (dBm)>" 
FOR _X=-28 TO -2 STEF 6 
MOVE X-1X<-4-U>-.2,-1.75 @ 
LABEL VALS$(X+4+U) 

“PERK I 

NEXT X 
MOVE -29.8,-.85 @ LRBEL "8" 
MOVE -21.5,-1.85 @ LABEL "- 
1" 
LDlR 98 

-22.2,-1.5 @ LRABEL "CO 
HPREbSIUN CoB>" 

! PLOT DATA 
FOR I=9 TU 18 
PLOT ACI,@8>)-U-4,RCL,1) 
NEXT 1 
PENUP 
BEEP & PRAUSE 

NEW MEAR CLEAR @ GOTO 5246 ! 
3 
END



flfi HEWLETT 
PACKARD 

5952-8245 4/1/81 Printed in U.S.A.


