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INTRODUCTION 
‘The scope of microwave measurements now possible with swept-frequency techniques is 
an important consideration to the engineer and scientist. No matter which parameter 
he choses (o measure, there 1s a good chance swept methods canbe applied for quickly 
obtaining accurate and complete data. 

Koowing which applications are best served with swept techniques and implementing 
appropriate systems is a continuous challenge, since equipment and methods are con- 
stantly being improved. This Application Note describes recently developed systems 
and techniques that accomplish two major bjectives: 

1. Provide continuous broadband displays of microwave performance, enabling dynamic 
adjustments to test devices and speeding measurements, and 

2. Eliminateor reduce errors in swept [requency measurements sothat "double check- 
ing” with spot-frequency methods is unnecessary. 

HISTORY 

Since the introduction of the first broadiand, high directivity directional coupler by 
Hewlett Packard 1 there has been a continuaus effort toward developing more efficient 
measuring systems using swept techniques. High directivity couplers were irst used 
infixed-frequency reflectometer systems 2 where the forwardand reverse signal levels 
were detected and noted on separate meters. The ratio of the two meter readings was 
then caleulated to determine reflection coefficient (p) of devices in test. Then, in 1954, the bp model 670 Sweep Oscillator introduced a new dimension to microwave testing 3 . 
This tnstrument produceda swept RF sigral through the use ofa motor-driven, mechan- 
teally tuned Kiystron. Another new instrument, the hp 416 Ratio Meter, automatically 
indicated the heretofore caloulated ratio of forward to reverse signal level so com. 
plete broadband tests could be made in less than 30 seconds. HP Application Notes 4 
described complete swept frequency systems for broadband reflection and atienation 
tests using the newly developed jnstruments. 
By 1957 the mechanically-tuned klystron gave way to the electronically-tuned Backward 
Wave Oscillator tube incorporated in the hp 680 Sweep Oscillator. The 680 lifted var- 
ious source encumbrances such as Klystron mode-switching and tracking, long sweep 
times,and the wear lnvolved with mechanical tuning. Improved test methods such as 
the calibration grid-X-Y recorder techniques 5 helped overcome the combined effects 
of scalar errors produced by directional couplers, detectors, and ratio meter. As 
better methods were introduced, swept-frequency testing continued to assume mpor- 
tance as it replaced less efficient fixed-irequency reflection, gain, andattenuation tests. 

Fusther development work at HP led toa completely new design of sweep oscillator; the 
690A/B series. Introduced in 1963 6 , these newly designed "sweepers" were greatly 
enhanced by the experience gained over many years of swepi-frequency testing in HP 
production lines, One of the most important new features of the 690 was its ability to 
level output power at any point in the RF circuit through the use of a leedback system 
and PIN diode attenuafor. With forward power held constant as a function of frequency 
and/or load impedance variation, readout of only one signal level was required for trans- 
mission and reflection tests. Thus, a ratio meter was no longer required and faster 

  

HP Journal, Vol. 3, No. 7-8, March 1052 
HP Journal, Vol. 4, No. 5-6, January 1953 
HP Journal, Vol. 6, No. 12, Sept. - Oct. 1954 
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sweeps could be employed with convenient oscilloscope readout. To complement this 
new sweeper, crystal detectors of exceptionally flat frequency response and close 
square-law adherence wers developed by HP for broadband detection. 

More recent additions to the total swept frequency system concept pioneered by HPin- 
clude the 1416A Swept Frequency Indicator plug-in for the hp 140A Oscilloscope, This 
unit is designed specifically to meet the readout necds of levelod swept-[requency sys- 
tems, The newer 690C/D sweep oseillators shown in this Note are refinements of the 
690A/B series. Operation of both series of instraments {s the same however, 5o either 
may be used in the applications that follow. 

The applications and equipment shown in this Note are representative of HP's continuous 
effort to develop not only individual parts, but complete measurement systems from 
source to readout for best total performance. 

BASIC CONCEPTS 

Several basic concepts are common to all swept measurements shown in this Note. A 
discussion of these concepts may suggest methods in which systems can be varied to 
suit other applications. In each system, three basic functions are performet 

  

1. Signal generation 

2. Detection 

3. Readout 

Signal Generation. Producing a swept RF signalis just one of many requirements placed 
G fhe source In modern swept-frequency systems. Improvedaccuracy and convenience 
depends largely on & number of important contributions made by the hp 630C/D sweep 
oscillators. Major mprovements over other sources include: 

a. Ability to level power in the external circuit for achieving good source match. 

b. Accurate sweep and marker frequency calibration with linear sweeps in both 
leveled and unleveled aperation. 

c. Clean RF signals that are low in spurious and residual outpat. 

d. Straightforward control functions that simplify overall system calibration. 

€. Frequency and amplitude stability when various conditions are changed such as 
sweep width and rate, line voltage, load impedance, or outpat power. 

The hp 690C/D generates swept RF signals in 1.5:1 and 2:1 frequency bands from 
300 Mc o 40 Ge using a backvard wave oseillator (BWO) and its associated circuts 
The 890D serics, available inbands from 1 Ge to 12. 4 Ge, contain PIN diode attenuators 
for amplitude modulating and/or leveling the RF output. The PLN line absorbs RF power 
out of the BWO proportional to an applied DC bias voliage or modulating sigmal. Since 
the BWO grid-cathode voltage is notvaried for moduiation or leveling, exce lent amplic 
tude and frequency stability 15 achioved with freedom from incidental FM. 
The 690C series of grid-cathode modulated sweepers cover the eatire 300 Me - 40 Go 
spectrum and are used {n the bands above 12, 4 Ge where PIN lines are not avallable or 
in lower bands where modulation requirements are less demanding. All other functions 
operate the same s the D series. 

Al 690C/D sweepers contain an automatic leveling circuit (ALC) consisting of a DC 
amplifier whose output is connected to the PIN line or BWO grid-cathode circuit. The 
ALC tnput 15 a DC feedback voltage derived from either a crystal detector or a power 
meter monitoring the RF level at some point In the measurement system. In a basic 
leveling system, as shown in Figure 1, the feedback loop is arranged so forward power 
is held constact with frequency and load impedance variation. The leveling amplifier 
has adifferential input withan adjustable reference voltage that sets the operating power 
level, Increasing this voltage calls for more detector voltage, hence more RF output 
to saiisfy the leveler amplifier. The overall loop gain of the ALC system is adjusted 

v (¢ 

v 

9
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Figure 1. Basic leveling circuit for hp sweep oscillators using internal PIN diode 
attenuator. DC control voltage is fed to BWO grid—cathode circuit instead of a 
PIN attenuator in 690C series. Detector can be either crystal type or 
temperature-compensated thermistor with power meter (hp 431B) 

by a variable resistance at the other Input to the differential amplifier. Increasing the 
gain control increases negative fodback, reducing power peaks, and improving leveling. 
Excessive galn causes the feedback 100p to be unstable and oscillations can oecur. 

Reflections from connectars, eables, etc. within the levellng loop are compensated by 
the ALC system so that ideally, source mismateh is cancelledand system accuracy im= 
proved. 

Another advantage to closed loop leveling (in conjunction with flat frequency response 
in detectors) s that readout calibration remains constant with frequency eliminating need 
for ratio meters and grease penci] markings. Remote programming of power level and 
special leveling configurations can also be employed making this feature indispensable 
for swept measurements. All 890C,D sweep oscillators provide flexible sweep modes 
and convenient operation as summarized in Figure 2 

  

Detection for leveling and readout of data is accomplished by either crystal 
Tetectors or temperature compensated power meters. When fast sweeps with oscillo- 
scope readout is desired, the hp 423A coax or 424A-serles waveguide crystal detectors 
are used for ALC and readout detection. Where good square-law characteristics are 
required over a large dynamic range, these detectors are used with their matching 
square-law load resistor (option 02). Tmprovedaccuracy and convenience made possible 
by the hp 423A and 424A-sertes crystal detectors include 

  

2, Flat frequency response 
b, Low reflection coefficient over the fall band 
©. High sensitivity 
4. Good square-law response 

Whenthe option02 load s usedwith the 423A or 424A, sensitivity 1s 0. Imy/jiwof applied 
RF. Deviation from square law is less than £0.5 db from low level up to 50 mv out of 
the detector, load combination (approximately -3 dbm of RF inpat). This configuration 
gives maximum square-law dynamic range and s used extensively for readout detection 
in the swept systems in this Note. Without the option 02 load, the 423A or 4244 sensi- 
tivity increases to 0. 4mv/uw of applied RF. Good square-law performance without the 
option 02 load, can be expected up to about -20 dbm, In certain applications whers low 
source power is a problem, the unloaded crystal may be preferred for its higher sen- 
sifivity and good square-1aw range below -30 dbm. ALC detectors need not be loaded 
since they operate at a constant power level within the fecdback loop and square-law 
dynamic range is not required, Good frequency response and low reflection, however, 
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Flexibility and accuracy of hp 690-series sweep oscillators increases 
Oscilloscope displays illustrate 

  

stmplicity of system readout when hp sweeper and auxiliary equipment is used.
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Figure 3. Square-law response of typical Model 4234 or 424A Detector 

with and without matched square-Iaw load resistor (option 02)., 

remain tmportant considerations for the ALC detector. Figure 3 shows the square-law 
characteristics and sensltivity of 423A and 4244 detectors for loaded and unloaded con- 
ditions. 

Where knowledge of absolute power level is required,the hp 431B power meterand 4784 
coax or 4864 waveguide series of temperature compensated thermistor mounts are used 
for ALC or readout detection, Longer sweeptime s required withpower meter detection 
soan X-Y recorder readout is used instead of an oscilloscope. A de current propor- 
tional to the 431B meter deflection (RECORDER OUTPUT) is used for ALC or recording 
purposes. The thermistor mounts are inherently good square-law detectors, have good 
broadband impedance characteristics and are compensated to reduce thermal drift by 
factor of 100:1 over uncompensated types. 

Readout. Gne of the rost tmportant advantages made possible by source and detector 
Tmprove ments 1s the continuous display of data on an oseilloscope. Because sweeper 
power is leveled, a ratiometer is not necessary for reflection and attenuation tests. 
By eliminating the ratiometer, with its narrow bandaudio amplifier, [aster sweeps with- 
out AM are possible (when crystal leveling). Now a de voltage out of the detector, pro- 
portional to RF level, can be displayed on an oscilloscope as a function of [requency. 
The rapid sweeps climiate flicker yet the detcetor response time is fast enough to faith- 
fully reveal even sharp discontinuifies or attenuation changes in test devices. 

‘Thehp 1404 Osetlloscope with 1416 Swept Frequency Indicatar plug-in shown in Figure 
4, 15 designed specifically for leveled swept frequency measuremeris, providing direct 
readout 1n db/cm through the use of 2 logarithmic vertical amplifier. The log amplifier 
provides ealibrated seasitivities from 10 db/cm to 0.5 db/cm for high resolution of at- 
tenuation or return loss (p). The log amplifier is designed to operate directly from 
square-law loaded 4234 or 424A crystal detectors over their 30 db square-law range rom 
50 mvdownto low level. Features Suchas the retrace blanking input and adjustable amp- 
lifier bandwidth speed measurements and minimize readouterror. For added versatility, 
the vertical input may be switched from logarithmic operation to linear, providing cali~ 
bratedvertical sensitivities from 10 mv/cm to 50 iv/cm when db readout s not desired. 

Provision is made on the 1416A for fast calibration and operation with an X-Y recorder 
if desired. A dc calibrating voltage out of the 1416A provides 0, -10, ~20 and -30 db 
reference levels for calibrating the X-Y recorder vertical spa to linéar graph paper. 
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Figure 4. HP 140A Oscilloscope with 1416A Swept- Frequency Indicator 
simplifies swept attenuation and reflection tests - providing 30 db 
dynamic range and high resolution {up to 0.5 db/cm). 

With leveled source power andgood square-1aw response in the readout detector, direct 
correlation exsts between the calibrating voltage and actual test voltages thus elimi- 
nating the need for plotting a calibration grid on the recorder. Readout is thus directly 
in db/division on the graph paper over a 30 db dynamic range. The 1416A horizontal 
amplifier accepts the de sweep voltage from the 690C/D and has variable gain for setting 
overall display width, 

Direct readout on conventional high gain de oscillascopes is also possible over a 10 db 
dynamic range using the transparent CRT scales supplied with this Note. Total attem- 
ation (or return loss range may be increased from 10 db to about 24 db with the oseil- 
loscope's calibrated vertical sensitivity control. The hp 140A Oscilloscope with 1400A 
nd 14204 plug-1n units, or the hp 130C Oscilloscapeare suitable alternates tothe 140/ 
1416A that provide 20 to 24 db total range. Note there are two sets of SWR and attenu- 
ation scales printed on the transparent foll. One set is for direct viewing of standard 
oscilloscope displays. The other set is calibrated for photographing oscilloscope dis- 
plays on internal graticule CRT's. Instructions for using the scales are included in the 
attemuation and impedance applications described later. 

X-Y recording using an RF pre-insertion technique and tuned audio amplifier is required 
in a few applications where signal levels are very low. This techaique is described in 
the Attenuation Section for measuring directional coupler directiities over 40 db. 

LEVELED SYSTEMS 

Crystal Leveling in Coax and Waveguide. With the basic operation of the leveling loop 
T igues o malndi e ctn Bl e ol avplis comteis IR s 
the equipment set-up for obtaining leveled swept frequency signals in coax from 500 Mc 
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Detector 

Leveled Powsr 
Available - 40 100/70 70/40 30/15 40/25 
mw 

Levelot Fowar ’ ; ; RS £0.5/0.4  |+0.4/0.3 | £0.4/0.3 | 20.5/0.4| 10.7/0.6           
  

* Maximum variation includes directional detector frequency response, ALC 
amplifier and measurement ambiguity. Typical variation is considerably less.       

Figure 5. System for obtaning crystal leveled sweep oscillator 
Gutput i coaxial (type N) transmission line, 500 Mc to 
12.4 Ge. All systems from 1 to 12.4 Ge use hp 780 series 
directional detectors comprising a directional coupler and 
crystal detector matehed for flat frequency response 

t012.4 Ge, The ALC feedback voltage 1 derived from the hp T80-scries direetional 
detector 19 all but the lowet Irequency band, The directional defcetor consists of & 
irectional coupler Wilh a crystal deteetor mounted directly on the secondary arm: 
While & separate directional coupler und orystal detector may be used, Highter corre. 
Iation between Outpul power and detector yoage 1s achieved by combiniag the two in & 
single totegrated unlt. | The equipmaent required for each band, along with the maxl- 
T leveled power available and leveling varation, is shown in the table of Figure 5. 
Coaxial reflectometers described later in the Impedance Section of this Note utilize a 
dual directional coupler and two separate detectors instead of a directional detector. In 
This case, the frequency response characteristice of the coupler's forwardarm 15 essen- 
tially the same as the reverse arm and the net variation in the readout is small. See 
“"Measurements {n Coax - 500 Me to 8 Ge” in the IMPEDANCE Section. 

Figure 6 shows a super-leveled waveguide system for obtalning constant power from 
2.6t 40 Ge. As in the coax system of Figure 5, crystal detection is used to derive the 
ALC feedback voltage. In this system a 3 db directional coupler and secondary arm 
termination are placed between the 10db directional coupler and ALC detector. The in- 
verse coupling characteristics of the 3 db coupler main arm compensates for coupling 
variations of the 10db coupler auxiliary arm. The net result is cancellation of coupling 
variations that would otherwise affect the leveling loop and outpat power. 

" HP Journal Vol. 16, No. 6, February 1965 
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Figure 6. Super-leveled sweep oscillator systems for waveguide, 2.6 to 40 Ge using. 
erystal ALC detector. Two coupler arrangement shown results tn mutual compensation 
of coupling variation with frequency improving leveled performance. 

Note fromthe equipment table, an hp model XT814 directional detector is available which 
replaces all leveling components of Figure 6 external tothe sweep oscillator, The coup- 
ling mechanism of the XTA1A consists of 2 10 db directional coupler with a 3 db direc- 
Honal coupler and load compensating the ausiliary arm in @ compact configuration. The 
crystal detector is an ntegral part of the XT81A, providing an overall frequency re- 
sponse of £0.5 db or better. The waveguide reflectometers described later do not use 
the super-leveled setupbecause forward and reverse coupler characteristics are nearly 
the same, This results in mutual compensation and flat response in the readout display. 
The leveling adjustment procedure however, 1s the same for both the super-leveled 
source, and the leveled reflectometer. 

Crystal Leveling Instructions. Because the ALC system utilizes a feedback amplifter, 
oo olalimat be FopssTy acjustod tothe leyeling ompouuie ks i ga tvwil o 

out oscillations in the feedback loop, 1f loop gain is too low, the leveling circuit will be 
ineffective as shown by the pover variations in Figure T(a) 

11 loop gain is too high, the system will become unstable and oscillations such as shown 
in Figure 7(b) will occur. Improper operation of the ALC loop can be readily observed 
in measuring systems using oscilloscope readout
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(a) (b 

Figure 7. Oscilloscope patterns for (a) insulficient ALC gain - 
‘power output unleveled (b) excessive ALC gain for power 
level settingjoselllations oecur in ALC feediack loop. 

‘When other types of readout are being used, (e, g. X-¥ Recorder) connectan oscilloscope 
10 the 690C/ D rear panel jack marked POWER METER. Conect the oscilloscape hori- 
zontal input to the SWEEP output on the 690C/D front panel. Proceed as follows: 

1. Setup controls foran automatic rapid sweep over the desired band with LINE switch 
in STANDBY. 

2. Set ALC POWER LEVELING INPUTS switch to CRYSTAL, and depress ALC button. 

  

3. Set POWER LEVEL to § and coarse power level (screwdriver adjust) fully counter- 
clockwise, Set ALC "GAIN" fully clociwise. 

4. Set LINE to RF and slowly increase the coarse POWER LEVEL control for an output 
power Indication on the oscilloscope across the full operating band. Backoff ALC 
GAIN' until oscillations in the feedback loop just cease as observed on the oscillo- 
scope. 

5. Continue increasing coarse POWER LEVEL control until leveling light on the front 
panel of the sweeper begins to flash or the desired power level is reached, as mont 
tored in the RF output circuit. Reduce GAIN as necessary if oscillations should 
result. 

  

6. Backoff the power level control until the leveling light just glows steadily. The 
sweeper is now operating at optimum feedback gain and maximum leveled power out, 

Once a system has been adjusted, readjustment of the gain control is normally not re- 
quired unless different couplers or detectors are substitated in the leveling loop. The 
calibrated power level control may be simply adjusted each time the system is turned 
on for proper leveling as indicated by the front panel leveling indicator. 

Power Meter Leveling: The design of the hp 431B temperature compensated power me- 
T TRa A T ol s e 60 e B L e 
figuration for a recorder output current proportional to meter deflection, This current 
{0-1 ma de fnto 1 K ohm is suitable for either recording purposes or driving the  ALC 
cireuit in any hp 690-series sweeper for leveling power output. 

In addition to a constant output across the band, power meter leveling provides a con- 
tinuous indication of the absolute power output which 1s useful in setting up specific test 
conditions. Because of excellent zero carryover®, the 431B range switch and zero con- 
trols make effective variable attenuators since they control the ALC loop tn aprecisely 

  

* Zero carryover is the ability of the power meter to remain zeroed when switching 
from range-to-range after making an initial adjustment on the most sensitive range 
to be used. The 431B maintains 0.5% zero carryover.     
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INSTRUMENT 05-1.0 =g 2.1 i-e 

Sweep Oseillator HIO-891C | 691C/D 692C/D 893C/D 

Directional Coupler Narda 3041-10| 796D 797D 798C 

Thermistor Moust 478A. 

Power Meter 4318 

Leveler Amplifier HOL-5401A 
(optional) 

Leveled Power . e AR w0 100/70 0/40 30/15 

Leveled Power A i 7 e moa] R T0 0.5/0.4 0.52/0.42 | 40.62/0.52         
  

* Maximum variation includes coupling variations, thermistor,/coupler mismatch, ALC 
amplifier and measurement ambigulty. Typical variation is considerably less.     
  

Figure 8. General system for power meter leveling sweep 
oseillators in coax - 500 Me to 8.0 Ge. 

known manner, This feature can be used fo accurately control output power from the 
sweeper or calibrate an X~ recorder in db or power. 

The de substitution feature on the 431B allows very accurate de power level changes to 
be made in the thermistor using an external supply, When the 431B is used in the ALC 
loop, & precise de power change in the thermistor causes a precise RF output change 
from the sweeper. This capability is described in the Power section of this Note under 
"High Resolution Attenuation Tests". Examples of other useful applications for power 
meter leveling are also shown in the Power section. 

Two basic systems for power meter leveling are shown in Figures8 and 9. For leveled 
power in waveguide use the systems shown in Figure 8, The power available for each 
band plus the approximate power variations that can be expected are also shown in the 
tables. In critical applicatious, fine grain power variations may be further reduced 
with additional ALC feedback amplifier gain. The hp HO1-8401A Leveler Amplifier may 
De added to the basic leveling setups of Figures 8 and9 for this purpose. When the HO1- 
B401A is used, the 431B recorder output is connected to the amplifier input as shown by 
the dashed lines. The amplifier output connects to the 890C/D external AM tnput.
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Figure 9. Super leveled sweep oscillator in waveguide using power meter leveling. 

Thermistors inherently have long thermal time constants, slowing thelr response to 
sudden power variations. This factor must be considered when power meter leveling a 
sweep oscillator. The amplifier-feedback arrangement used inthe hp 4318 power meter 
reduces thermal response time in the 478A and 486A thermistor mounts to about 0.1 
second so that exceedingly long sweep times are not required. The bandwidth of this 
feedback circuit however, 15 narrow compared to crystal leveling so sweep time must 
be longer. If the sweep is too rapid, the leveling loop will not have time to respond to 
fine grain variations in output power, and the leveling will be ineffective, A good rule 
of thumb when power meter leveling the hp 890 sweepers with the 431B 15 20-30 seconds 
for a full band sweep. This time is compattble with an X-¥ recorder time constant. 

Power Meter Leveling Instructions: With the equipment set upfor power meter leveling, 
‘Trosei e HB0C/D cosirols & Atected tn step | and make aGiustients that Lollow: 

1. With the LINE inSTANDBY, set desired sweep limits and select the MANUAL SWEEP 
mode. Set ALC POWER LEVELING INPUTS switchon rear panel to POWER METER. 
Depress ALC button.       
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2. Null and zero 431B according to the instrument Operating and Service Manual 

3. For maximum leveled power out of the system, set 431B RANGE as follows: Note 
leveled power rating listed in the equipment table of Figure B or 8 for the specific 
system being set up, Allow for the attenuation introduced by the directional coupler 
and calculate the equivalent power meter reading. Set 431B RANGE so the calcu- 
Iated power level will read in the upper 2/3 of the meter scale. 

  

EXAMPLE: 
Suppose the super-leveled system of Figure is belng set up in S-Band using a 692D 
sweep oscillator, The table in Figure § indicates a leveled power rating of 40 maw, 
Allgwing for the 13 db total coupling attenation introduced between the sweeper and 
thermistor, the 431B should indicate 2 mw at the rated system power level. In this 
case, the proper range setting for the 431B is 3 mw which places the 2 mw reading 
upscale. 

4. Preset 690C/D POWER LEVELto"5"and the center serewdriver adjust fully counter- 
clockwise, Set ALC "GAIN" fully clockwise. 

5. Turn 690C/D LINE to RF and slowly increase the screwdriver POWER LEVEL con- 
trol until the 431B indicates power reading calculated in step 3. The leveling indi- 
cator lamp on the 690C/D should glow steadily. 

6. Ordinarily, oscillations in the ALC circuit will not occur with power meter leveling 
unless the HO1-8401A Leveler Amplifier is used. To verify freedom from oscil- 
Iations, connect an oscilloscope to the crystal input jack of the 890C/D. If oseil- 
lations are present, slowly turn ALC "GAIN" counterclockwise until oscillations on 
oscilloscope just d{sappear. 

7. Increase POWER LEVEL control until the reference power reading on the 431B is 
restored. Check and readjust ALC "GAIN" and/or POWER LEVEL to obtain maxi- 
mum leveled power without oscillation as the MANUAL SWEEP is rotated throughout 
its entire range, [n most cases, the maximum leveled power will be greater than 
the values given in the table and the power meter may have tobe up-ranged to maln- 
tain an on-scale reading. The 890C/D is now operating at maximum leveled power. 
1t something less than maximum power is desired, stmply calculate the equivalent 
power meter reading and make all GAIN and POWER LEVEL adjustments to the new 
value. 

1 the leveled power is to be varied in precise 5 db steps by changing the 4318 range 
switch, optimum leveling conditions must be set up on the most sensitive power meter 
range to be used. This is because the ALC loop gain is maximum on the most sensitive 
range saiting and oscillations can occur ia the feedback loop. The practical range of 
power meter switching (aiter a leveled power has been set up) is about 20 b, limited at 
the high power end by the maximum Leveled power available from the sweep oscillator 
and limited on the low end by excessive loop gain in the ALC cireuit. 

Power Meter Leveling With the HO1-8401A Leveler Amplifier: In applications where 
‘maximum eveling Tlatness 1s requiredusing power meter leveling, connect the recorder 
output jackof the 431B power meter to the input of the hp H01-8401A Leveler Amplifier 
as shown by the dashed lines in Figure 8 and 9. Comnect the amplifier output to the 
sweeper EXTERNAL AM input and depress the EXTERNAL AM button. Release the 
ALC button on the sweeper froot panel since the leveling amplifier in the sweep oseil- 
lator 15 not used inthis configuration. Turn 690C/D POWER LEVEL coarse adjust fully 
clockwise. Determinethe proper range switch setting (or the 431B power meter as des- 
eribed in the previous discussion on power meter leveling. Adjust the HO1-8401A GAIN 
and POWER LEVEL for maximum gain, without oscillation, at the desired power level 
as described previously. Leveling performance with the HO1-8401A may be expected 
fo be about +0.1 db better than power meter leveling without the amplifier. This im- 
provement may be siguificant in certain high resolution measurements. 

  

  

Leveled One Watt Sources: The maximum leveled power from any of the 1 to 12,4 Ge 
Systems previously described can be increased to 1 watt using suitable traveling wave 
tube (TWT) amplifiers. An example of a crystal leveled, 1 watt system is shown in Fig- 
ure 10, Note the system uses the same sweep oscillators and directional detectors as 

< |
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INPUTS to XTAL. See text. 

FREQUENCY - GC 
INSTRUMENT T2 2-4 18 §-12.4 

Sweep Oscillator s01C/D s92¢/D 6930/D 694C/D 
Filter 380C 3600 84354 a436A 
Traveling-Wave e e 508 910 1934 4954 

Directional Detector | 76D 787D 788C 789C 

Leveied Power 
Available (into 5063 | 'Y I b il 

Leveled Power 
Variation** w0.4/03 | w0403 | 0504 | w.7/0.6 
(db - approx)         
    at low-band edges of 1 - 8Ge systems. 

frequency cutoff characteristics of filters. 

*#* Leveling is typically better than listed over most of the band except for yariations 
Slightly larger variations are due to high   

  

Figure 10. Crystal leveled 1-watt sources from 1 to 12.4 Ge in coax. 
Waveguide systems from 2.6 to 12. 4 Ge may also be assembled 
by substituting appropriate waveguide components for coupling 
and detection in the ALC loop. 
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shown previously in Figure 5. A low pass or bandpass filter prevents second harmonics 
out of the TWT from entering the ALC loop and affecting output power leveling perfor- 

Since the directional detector operates at substantially higher power inthe 1watt system, 
the POWER METER ALC tnput (1K ohm) is used instead of the CRYSTAL (10K ohm) in- 
put on the 690C/D. The power meter input load on the ALC detector reduces loop gain 
to a more convenient range for adjustment. The ALC POWER LEVELING INPUTS 
switch, however, is placed in the CRYSTAL position to maintain proper frequency re- 
sponse 1o the ALC amplifier. * 

For 1watt leveledpower in waveguide, substitute the appropriate waveguide components 
for the coax directional detector shown in Figure 10, In general, the waveguide config- 
uration shown in Figure 6 can be followed for the 1 watt system except that & 20 db di- 
rectional coupler (hp T52D-series) is used instead of the 10 db coupler and a filter 1s 
added. The 3 db coupler 1s retained for super-leveling as before. 

One Watt Levellng Instructions: Adjustments of the sweeper POWER LEVEL and ALC 
GATN s mitually Tnter-dependent and become somenhat more eritical when the gatn 

of a TWT amplifier is added to the ALC loop. Excess power at the TWT input can drive 
the amplifier into saturation so that further inerease of power Input causes a. reduction 
in TWT output power. Under this condition, the ALC feadback is positive and oseilla- 
tions occur in the ALC loop. Stable operating conditions can be reached in the leveled 
1 watt systems described by using the following adjustment procedure: 

1. Preset 690C/D POWER LEVEL to "S", ALC "GAIN" and coarse POWER LEVEL 
(screwdriver adjust) fully counterclockwise. Set TWT "GAIN" for "RATED POWER" 
on the CATHODE CURRENT meter 

  

    

2, Observing the full band sweep on the oscilloscope, slowly increase ALC GAIN until 
pattern is level. If oscillations occur, continue increasing ALC GAIN until oscil- 
lations just cease. 

3. Increase POWER LEVEL until 690C/D leveling indicator begios flashing then back 
off adjustment slightly for a steady indication, 

4. It oselllations oecur after the adjustment of step 3, reduce ALC GAIN as required to 
restore leveled operation. 1f oseillations do not occur after step 3, increase ALC 
GAIN for best leveling at the desired power lével without oscillations, 

Note: When crystal leveling, a suitable power meter such as the hp 431B connected 
to the system output will assist in optimizing leveling to the desired power ., 
Use a 20 - 30 second sweep time on the B9C/D for an accurate power hdica- 
tion on the 431B and 20 db of attenuation ahead of the 478A or 466A thermistor 
‘mount, 

Better Leveling: The leveling capability of the systems {llustrated in Figure § through 
0, and FALeF In the applications sections, is determined by several fuctors, Where di- 
rectional detectors are used, leveling depends upon the overall requency response of 
the detector and the gain of the ALC amplifier. Where separate couplers and detectors 
(erystal or thermistor) are shown, leveling performance is dependent upon coupling var- 
ation, detector frequency response (crystal),  coupler-detector mismatch, and ALC 
amplifier gain. 
The level vartations shownfor eachsystom are those resulting from the maximum effect 
of the error sources present inthe leveling loops assembled fromthe components shown. 
However, the error effects in such leveling loops are primarily vector quantities having 
phase relationships whichvary with frequency and do notalways casue maximum error. 
Rather, total error is more usually the rms of the error quantities. Therefore, leveling 
15 typically better than indicated, but the figures given permit comparison of the var- 
1ous systems illustrated. 

On special order, HP will supply complete leveling systems with better leveling perfor- 
‘mance guaranteed. Inquiries on such systems may be directed to your HP Sales Office. 
A complete listing of HP Sales Offices may be found at the end of this Application Note. 
  

* See Operating and Service Manual on hp 690C/D for circuit detail. 

 



  

ATTENUATION 
GENERAL 

Attenuation |s defined as the decrease in power level {at the load) caused by inserting a 
device between a Z, source and load 8 8. Under this condition, the measured value is 
& property of the dévlce alone so that this s the "ideal system" in which to make meas- 
urements. The term Zq is used to describe a unity SWR condition where the load and 
Source impedances equal the transmission line impodance. 
There are three common methods for measuring RF attenuation: 1) square aw detection 
with audio substitution, 2) linear detection with IF substitation, and 3) direct RF substi- 
tution usingattenuators calibrated with either of the first two methods. Accurate square- 
law measurements over a range of 30 db in a single step are possible using modern 
crystal detectors such as the hp 423A coax, and 424A-waveguide series. With partial 
RF substitution this range can be extended {0 about 45 or 50 db. With direct RF substi- 
tution 2 45 or 50 db range is possible using the same detectors without square-law load- 
ing for highest sensitivity. The 4234 and 424A Detectors are well suited to swept-fre- 
quency attenuation tests with either method 1 or 3 listed above because of their flat 
frequency response and low reflection coefficient (5} across the band. 

Linear detection with IF substitution is capable of accurately measuring larger single 
step and total attenuation but is generally limited to fixed frequency operation and there - 
fore, will not be discussed further in this Note. 

A number of factors affect the range and accuracy of square law or R substitution at- 
tenuation measurements, each of which must be evaluated for the particular setup used 
‘The measuring system must have low source and load reflections fo minimize mismatch 
error. Tuners cannat be used to cancel source or load reflections In swept {requency 
measurements because the funi is offective only at single frequencies.  Pads or 180 
lators could be employed at the source but closed loop leveling 15 & much more effective 
way to reduce saurce mismateh using by §30 Sweep Oscilators. By leveling the outpat 
power i the sweeper at the pointof measurement, source impedaice s effectively main- 
fained very close to Z, 10 With fhis arrangement, {mpedance variations in conecting 
cables, cannectors, And adapters are effectively cancelled since they are within the 
leveling loop. 
Low reflections in the crystal detector are important for reducing mismatch error at 
the load in the measurement system. ALl hp detectors are swept frequency tested to 
assure low reflections throughout their specified band. The following system configur- 
ations are arranged to further reduce load mismatch by padding the detector. By keeping. 
source and load reflections low over a broad band, we can approach the "ideal system' 
for swept frequency attenuation measurements. Typical figures for accuracy and range 
will be given in the examples that follow. 

MEASUREMENTS IN WAVEGUIDE 

A. Bastc Operation. Figure 11 shows a waveguide system for swept attenuation meas - 
urements of 30 to 40 db. Source power is leveled using a single 10-db directional 

coupler in the ALC loop. Coupling variation versus frequency in the levelingloop results 
ina leveled power variation of about 1db at the point of test-device Insertion. This 
power variation is nearly equal to but opposite the coupling variation In the readout 
coupler. The net variation in readout calibration is therefore mutually compensated to 
within about 0.3 db in X-band dependiag primarily on coupler tracking. 

  

® Beatty, R.W. 
p. 178 

? Beatty, R.W., 
p. 663 

1% Engen, G. F., "Amplitude Stabllization of 2 Microwave Signal Source.” IRE Trans 
on MT and T, April 1958, p. 202. 

"Intrinsic Attenuation, " Trans. [EEE, Vol. MTT-11, No. 3, May 1963, 

    

Insertion Loss Concepts”, Proc. IEEE, Vol. 52, No.6, June 1964, 
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Figure 11, Swept attenuation system for measurements up to 40 db with oscilloscope or X-¥ Recorder readout. 

With the hp 690C/D sweeping the band, a zero~db ref- 
erence level 15 established on the oscilloscope with- 
out the test device in the system. The device is then 
inserted as indicated in Figure 11 and its attenuation 
versus frequency determined by the amplitude decrease 
irom the CRT reference level previously established. 
Attenuations of20to 35 db may alsobe made on a con- 
ventional 200 zv/om de oscilloscope instead of the 
1416A by using the CRT attenuation overlay furnished 
with this Note. Oscilloscape readout of attenuation 
measurements is especially useful for viewing broad- 
band performance of test devices while adjustments 
are being made or for rapld testing applications. 

B. System Calibration. To measure attenuation in 
WavETie; ousact the aqotpmunt sa showa A 

Figure 11 and proceed as follows: 

  

- With the 630C/D inSTANDBY, set upthe oscil- 
loscope to accept de inputs to the vertical and 
horizontal axes making the required FOCUS, 
INTENSITY, and DC BALANCE adjustments. 
Set 1416A SENSITIVITY to 5 mv/cm, MODE 
to LINEAR, and vertically position the trace 
at the bottom graticule line, When using & con- 
ventional oseilloscope such as the hp130C, set 
vertical sensitivity to 5 mv/cm and vertically 
position the trace 3 em above the center grat- 

-~ When using the db scale with conventional osel 
Ioscopes, increase POWER LEVEL controlun- 
til trace is vertically deflected 3 em below the 
center graticule line. DO NOT ADJUST VER- 
TICAL POSITION for this step and o not take 
oscilloscope VERNIER out of CALIBRATED 
position. 

  

- The 690 POWER LEVEL indicator should now 
indicate a leveled RF output. 

- Adjust oscilloscope HORIZONTAL SENSITIV- 
ITY for a full 10 em display of the sweep out- 
put voltage from the 890C/D. 

- When using the 1416A, set the MODE control 
to LOG, SENSITIVITY to 10 db/em, ATTEN- 
'UATION-DB to zero, and VERTICAL POSITION 
for a_convenient reference on the CRT. In- 
crease vertical sensitivity from 10 db/em to 
1db/em and adjust REFERENCE SET to re- 
store trace position to the reference level on 
the graticule*. Thehp 140A/1410A is now cali- 
brated for direct readout in db/cm. 

For conventional oscilloscopes, proceed with the 
following step: 
- Cut the transparent db scale for either visual 

observation or CRT photography from the foil 
icule line. 

- Preset the 690C/D POWER LEVEL controlto  * 1) The Reference Set adjustment reacts the same 
5" and the tnner serewdriver adjust fully CCW, as adebalnce adjustment on a linear do oscilloscope. 
Set 890C/D controls for automatic sweep be-  The idea is to prevent the entire trace from shifting 
tween desired band lmits without AM and de-  as sensitivity is increased. 2) Because of increased 
press ALC button. resolution, imperfections in the overall leveling sys- 

tem are magnified causing the trace to deviate some- 
~ Turn sweeper LINE to RF and gradually in-  what from a straight line. Use the vertical position 

crease the RF output with the POVER LEVEL  and reference set controls to place the mean over the 
(screwdriver) control until the 140A/14164 i   - reference level on the graticule so leveling imper- 
dicates 50 mv vertical deflection (10 em). fectlons are averaged out.



    

included with this Note. Place scale over the TABLE 1 
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  CRT carefully aligning the 3 db mark with the 

  

Tatio of Sensitivity Correction in DB center graticule line. Use electrostatic charge s 
"% Tow SmAll o of rer cement tous. | Ieeresse - BE{ s 35 wela teti) 
cure scale to CRT face. The oscilloscope is T 3 
fow calibrated for db readoat. 2 3 

€. Measurement. =2 7 
Eeeeraay 1 10 = Insert the test device into the system as indi- 5 

cated in Figure 11, .05 18 

    - When using the 1i0A/14104, the ATTENU- o 1 TN comteot ey b e o reudost 1 i i i b Cgcntids Mo o 
erence of the operator. For high resolution *E, - Vertical sensitivity in mv/cm for reference S R LT A 
increase VERTICAL SENSITIVITY as desired Eyg = Vertical sensitivity in mv/cm glving best 
(0.5 db/em maximum) and increase ATTEN- test resolution.     
  UATION-DB uali] the trace is cotncident with 

the reference level. Read attenuatlon direetly 
from the calibrated ATTENUATION-DB dial. 
For fast measurements suchas go-no-go tests, 
leave the ATTENUATION-DB control at zero, 
Attenuation of the test device is now the ampli- 
tude decrease from the vertical reference as 
read from the calibrated CRT graticule, Fig- 
ure 13(a) is a typical presentation ofattenvation 
across X-Band as viewed on the 140A/14164, 

- When using a conventional oscilloscope, read 
aitenuation directly from the transparent db 
scale. For best resolution, increase VER- 
TICAL SENSITIVITY in calibrated steps to 
position the trace near, but still above, the 
0 db mark. Caleulatethé ratio of vertical sen- 

indicated on the scale. Figure 12(b) shows the  operation with the 140A/1416A oscilloscope, an X-Y 
type of presentation obtained with a standard  plot of altenuation versus {requency may be made on 
oscilloscope and the db scale overlay. linear graph paper as follows: 

    

  

  r REFERENGE | 
    
  

      
    
            
    

    

(a)    
P 

Figure 12. (2) Swept attenuation test of an hp X375A Variable Attenuator as viewed on hp 140A/1416A. 
Vertical Sensitivity is 0.5 db/cm - Reference: 17 db, (b) Same device with readout on hip 130C using 

db seale overlay. Add 14 db to scale Teadlng because of vertical sensitivity increase from 
5 mv/em to 200 .v/em from Caltbrate to Test conditions. 

D. Extended Range. An additional 6 to 10 db of at- 
Tenuation range can be obtained with somewhat 

lower aceuracy by adding one instrument to the setup 
in Figure 11, Al steps of the foregoing procedure re- 
‘maln unchanged except thatan hp 3624 variavle atten~ 
uator Is inserted ahead of the leveling detector and set 
to zero db. When the test device 1s inserted into the 
system and attenuation is greater than the availavle 
Tange of readout, the $42A is increased by an amount 
necessary (up to about 10 db on 690D series and about 
6l on 630C) to get on-scale readings. This increases 
the RF power out of the sweeper by an amount equal 
tothe attenuation Increase. The amountof db increase 
on the 382A is added to the db reading noted on the 
oseilloscope for total attenuatlon of the test device. 

sitivity increase, and add the corresponding  E. X-Y Recording the 140A/1416A Display. After 
carrection in db from Table 1 to the reading e ovia e sty o vl 
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Figure 13. X-Y plot of attenuation on linear graph paper. 

- With the recorder turned OFF, connect the X 
and Y inputs to the 1416A HORIZ and VERT 
outputs. ~ Set 630C/D SWEEP SELECTOR to 
MANUAL SWEEP and MANUAL SWEEP fully- 
counter-clockwise. 

- Set 1416A MODEto CAL{db) - 0 and sensitivity 
to 10 db/em. Preset RECORDER OUTPUT 
AMPLITUDE and DC LEVEL controls to mid- 
range, 

- Set X-¥ recorder VERTICAL SENSITIVITY to 
approximately 0.1v/inch (or about 50 my/cm on 
metric scaled recorders) and HORIZONTAL 
SENSITIVITY to 50 mv/inch (approximately 
20 mv/cm). * 

-~ TuraON theX-Y recorder and position the pen 
over the desired 0 db (vertical) and start-fre- 
quency (horizontal) reference pointonthe graph 
paper using the recorder zero controls or 
1416A DC LEVEL controls. 

- Turn690C/D MANUAL SWEEP fully clockwise 
and adjust 1416A horizontal AMPLITUDE to 

*The recorder output voltages furnished by the 14164 
are continuously variable from 0 to 200 mv/cm of 
oscilloscope vertical display, and 0 to 100 mv/cm 
horizontal. This allows use of low-cost single range 
X-Y recorders instead of multi-range instruments if 
preferred 

position pen to desired STOP- FREQUENCY 
reference. Checkandreadjust zero at START~ 
FREQUENCY reference i necessary. The re- 
corder horizontal span 1s now calibrated, 

- Set 1416A MODE successively to -10, 20 and 
-30 db and adfust 1416A RECORDER OUTPUT 
vertical AMPLITUDE so pen moves the desired 
number of vertical divisions on the graph 
paper. Check and readjust vertical zero (at 
0 db) if necessary. 

- Set 1416A MODE to LOG, The recorder ver- 
ticalspanis now calibrated indb/division cor- 
responding tothe 1416A SENSITIVITY, The re- 
corder’s vertical zero point may now be read- 
justed to any desired reference on the graph. 

- Insert the test device into the measurement 
system and set the 60C/D SWEEP SELECTOR 
to TRIGGER, Set SWEEP TIME for about 20- 
30 seconds. 

- With the 1416A SENSITIVITY set tothe desired 
vertical calibration, push the MANUAL TRIG- 
GER onthe 690C/D andrecord the test results. 
Attenuation at any frequency in the sweep is 
read directly in db from the graph. 

Figure 13 shows anattemuation measurement inX-Band 
made on standard graph paper using the 140414164 
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and Moseley 135C X-Y Recorder. The same recorder 
calibration technique applies to the readout in db of 
Return Loss with the 140A/1416A described inthe Im- 
pedance section of this Note. 

F. Increased Resolution. Attenuation measurements 
o about 10 db can be made with 0.1 db resolution 

using power meter leveling and readout. See "High 
Resolution AttenuationTests" in the Power section of 
this Note for system description. 

G. RF Pre-insertion - X-Y Recorder Technique, 
Sweptattenuation measurements up o 45 or 50db 

can be made using the RF pre-insertion - X-Y re- 
corder system shown in Figure 14. The leveling ar- 
rangement s identical to that shown in Figure 11, but 
coupler_tracking and detector errors are eliminated 
by plotting a calibrationgrid onthe X-Y recorder pri- 
o to the actual measurement. In addition to being 
leveled, the sweeper ls internally amplitude modulated 
at 1 ke to drive the 415D amplifier. The 415D, after 
amplitying the 1 ke signal, feeds a proportional de vol- 
fage to the recorder Y-input. The dc sweep voltage 
from the 630C/D drives the recorder X-inpat directly. 

  

Calibration grid lines are plotted by setting in specific 
values of attenuation on the 3824 near the anticipated 
test device attenvation and triggering single 30 second 
sweeps on the 890C/D. The 352A is then set to 0 db 
and the test device inserted as shown In Figure 14, A 
final sweep is triggered onthe 690C/D andattenuation 
of the test device plotted over the calibration grid. 

Page 10 

This systemdoes not rely on square-law performance 
inthe readout detector because of the calibration grid 
plotted with known attenuation levels set by the 382A. 
For this reason, the option 02 square-law load is not 
connected tothe 424A readout detector and higher sen- 
sitivity is obtained. 

WAVEGUIDE SYSTEM ACCURACY 

Accuracy of anX-Band attenuation measurement using 
the system shown in Figure 11 will typically be better 
than +(0. 5 db-+ readout error), Sources of error in- 
clude: Eifective sourcep, Loadp, detector square- 
1aw deviation, and coupler-detector tracking (frequency 
response). 

‘When using the 382A attenuator for extended range op- 
eration, the accuracy decreases to about 0.8 db + 
readout error because of mismatch considerations and 
error in the attenuator calibration, 

Usingthe RF pre-Insertion - X-Y recorder system of 
Figure 13, attenuation accuracy in X-Bandis typically 
better than (0. 5db £0.02a),where o is the measured 
attenuation 1n do. Readout error is removed because 
of the calibration grid but mismatch and attenuation 
errors of the 3824 must be considered. 

Mismatch error In the auxiliary arm of the readout 
coupler can be reduced considerably by using a 10 do 
‘minimum reference setting onthe 3824 instead of 0.db. 
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Figure 14, RF pre-insertion technique for swept attenuation measurements in 
waveguide up to 45 - 50 db, Calibration grid lines are plotted on X-Y Recorder 

by setting 3824 attenuator to speciflc values and triggering single sweeps on 890C/D, 
Attenuator is then set to 0 db and test device inserted as shown, Final sweep is then 

triggered and attenuation plotted over the calibration grid. Sweeper is amplitude 
‘modulated at 1 ke to drive 415D Amplifier for high sensitivity readout.
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Figure 15, Swept requency directivity measuring system for waveguide 
directional couplers. High sensitivity 415D amplifies low level directivity 
signal from test coupler and feeds proportional dc voltage to X-Y Recorder. 

Total attenuation range using a 10 dbreference setting 
in Figure 13 15 reduced to 35-40 db, but accuracy fm- 
proves to about (0.1 db 20.02a). 

Accuracy of X-Y recording from the 140A/14164 on 
Linear graph paper is the same as the accuracy given 
for oscilloscope readout with the 140A/14164. 

DIRECTIVITY MEASUREMENT 

Directivity of a directional coupler fs the ratio, ex- 
pressedindb, of forward to reverse power inthe sec- 
ondary arm when all of the power in the main arm is 
flowing inthe forward direction. Precision multi-nole 
directional couplers such as the hp 752 series have di- 
rectivities of 40 db minimum throughout their oper- 
ating band and often run as high as 46 db, In order to 
make swept directivity measurements on these coup- 
lers, use the setup shown in Figure 15. The 415D 
Standing Wave Indicator s used for ampliiyingthe de- 
tected signal to obtain maximum sensitivity. When 
using the 415D, the sweeper output mast be amplitude 
modulated at 1ke. The PIN modulated 690D serles 
sweeposcillators are especially well suited tothis ap- 
plicationbecause of their superior amplitude stability 
during the comblned operation of leveling and modula- 
ting. The de recorder output from the 415D in turn 
drives the X-¥ recorder. 

With the short connected as shown in Figure 15, the 
382A variable attenuator is set to specific values of 
attemuation near the anticipated directivity of the coup- 
Ter in test. Calibration grid lines are plotted on the 
recorder at each sttenuator Setting. For better accu- 
racy, use an hp 923A short whenever possible instead 
of the 920A and rapidly phase the short during each 
calibration sweep. Now the attenuator is returned to 

2ero and the calibrating shortveplaced witha degraded 
sliding load* 

With the 690C/D set for abouta 40 second sweeptime, 
a final sweep is triggered and the sliding load contin- 
uously phased back and forth during the sweep. 

By sliding the load and sweeping slowly, all possile 
phase combinations of the true directivity signal and 
the load reflections are encountered, Thus, the com- 
bined signal arriving at the reverse detector swings 
between the vector sumand difference of the two signal 
components. 1 the swing is small as shown through= 
out most of Figure 16, the load reflection is small 
compared to the directivity phasor. Under these con= 
dittons, a goodapproximation of the true directivity is 
theaverage of the swingplus the effect of transmission 
loss of the coupler, For example, if a 3 db coupler 
were belng measured, a 3 db transraission loss would 
be added tothe average value noted in Figure 16 to ar- 
rive at the true directivity. For a 10 db coupler, add 
0.46 db, for 2 20 db coupler the transmission loss ef~ 
fectis only 0.04 db which can be ignored inthe meas- 
urement of directivity. 

For a more precise determination of directivity after 
the swept test, use the 690C/D MANUAL SWEEP func- 
tion to run the recorder back to the frequency of in- 
terest. Again short the coupler output, and with the 
382A attenuator set to 40 db establish @ convenient 
reference level on the 415D using the RANGE and 
GAIN controls. Replacethe short with the sliding load 
and decrease the 382A attenuator for an on- scale 
reading.  Slide the load for a minimum and maximum 

*An hp 9148 can be degraded by securing a 1/4" plece 
of #22 bare wire to the side of the tapered load with 
cellophane tape, The longitudinal position of the wire 
can be determined experimentally to give  return sig- 
ral level near the anticipated directivity signal.
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Figure 16. Typical swept frequency directivity 
test on precision multi-hale directional coupler. 

Calibration grid is plotted on X-¥ Recorder 
using hp 3824 Attenuator, 

reading on the 415D roting each level in total db be- 
low the original reference level, the tofal being the   
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combinatlon of 382A decrease and 415D reading. Take 
the difference 1n db between the two levels noted and 
enter the ordinate of the separation chart of Figure 17, 
Intersect the two curved coordinates in the chart and 
note the correction in db below each interseetion. 

Add these two corrections separately tothe MINIMUM 
DB reading noted in the sliding load test. The two fig- 
ures resulting represent the actual values of the coup- 
ler directivity, and the load return loss. 1f both val- 
ues plus the coupler transmission loss efiect are 
greater than the specified directivity of the coupler, no 
further tests are required. If one reading does not 
meet the desired specification, repeat the sliding load 
test with another load or coupler. One reading from 
each patr of separated signal levels will agree, thus 
identifylng the component retained in both tests. A 
logical polnt in Figure 16 for this latter test would be 
at the low-band edge where directivity is questionable 
on the swept test. 
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Figure 18, Coaxial attenuation tests to 30 db can 
be made using hp sweep oseillators and directional 
dectectors in any of four bands from 1to 12,4 Ge. 
Separate coupler and detector may be used for 

500 Mc - 1 Ge range. 

   
   

Appl. Note 65 

MEASUREMENTS IN COAX 

Figure 18 shows a general set up for swept attenuation 
‘measurements of coaxial devices over a 30 db range, 
from 500 Me to 12,4 Ge in five bands. Essentially 
constant output power is maintalned at the reference 
point by leveling the sweeper outpat. The leveling 
feedback signal is dertved from an hp 780 serfes di- 
rectional detector in all but the lowest band, The ley- 
eling arrangement of Figure 18 effectively reduces 
source p to that of the directional detector main line 
p. Flat frequency response in the directional detec~ 
tor minimizes power variations in the reference out- 
put providing constant calibration of the oscilloscope 
display across the band. Measuring and readout pro- 
cedures are identical to those described earlier for 
waveguide systems. 

COAXIAL SYSTEM ACCURACY 
Typical accuracy of a coaxial attenuation measurig 
system as shown in Figure 18 will be on the order of 
0.8+ readout error) . Sources of error include: Ef- 
fective sourcep, loadp , and deviation from square- 
law detection, 

-



IMPEDANCE 
GENERAL 

One of the most widely usedswept frequency systems is the reflectometer for measuring 
Teflection cocfficient (or SWR) in coax and waveguide. The basic function of the reflec- 
tometer is to sample the individual maguitudes of the incident and reflected signals in a 
transmission line feeding an unknown load impedance. The ratio of these Signals indi- 
cates how well the load impedance matches that of the transmission line. Equations 1, 
2and 3 relate the common expressions used in reflsctometer measurements. 

E 
Reflection Coefficient Magnitade = ‘E“L“Ed" w 

[Fincident | 
Standing Wave Ratio swr = {1+8) @ 

T-5 

Return Loss* DB = -20lgp. (3 
*Return loss expresses the relative amplitude decrease in the reflected signal 
level when a 100% reflection is replaced by the load n test. 

From this fundamental discussion, it may be noted that the directional couplers sepa- 
rating and sampling the incident and reflected signals must have high directivity and low 
port reflections to achieve accurate results. Furthermore, the couplers should main- 
tainthese qualities over broadbands in order to work with swept techniques. For wave- 
guide measurements in the 2.6 to 40 Ge bands, the hp 752 series of directional couplers 
are recommended. These couplers provide at least 40 db directivity across the band 
with a main guide SWR of 1.0 or less. For coax measurements in the ranges up to 
4 Ge, usc the hp 770 series of coax dual directional couplers, These couplers provide 
incident and reflected sampling in one integrated unit which eliminates large coax con- 
nector ambiguities between two individual couplers. All hp directional couplers are 
swept froquency tested In productionto assure that they meet specifications at all points 
within the band; a pre-requisite for accurate swept reflectometers. 

Spectal techniques may be used to adapt high directivity wavegulde couplers for coax 
‘measurements at higher frequencies where coax coupler directivity is typically too low 
for accurate results. These techaiques are used in the hp X8440A Reflection Coefficient 
Bridge for accurate swept reflection tests in coax at X-Band frequencies 

The aceuracy of a_reflectometer measurement depends not only on how all instruments 
perform individually, but 2s 3 system as well. For example, close tracking between 
the forward and reverse couplers and detectors in the reflectometer is essential to ef~ 
fective leveling, Consistently high directivity in both couplers is required to minimize 
ambigulties In separating incident and reflected waves. With load tmpedance varying 
anywhere from a short to nearly reflectionless terminations, sweeper leveling perfor- 
mance must be stable over a large range to prevent frequency and amplitude calibration 
shift during a measurement. Accurate reflection measurement systems, as shown in 
this section, can be assembled from unselected HP instruments because of thetr design 
and consistent manufacture. However, for spectal applications, HP alsootfers complete 
systems that are matched for best overall performance, Contact your HP Sales Office 
lsted at the end of this Note for system information. 

MEASUREMENTS IN WAVEGUIDE 

A, Basic Operation. The system shown in Figure 19 s the most stralghtforward meth- 
od for_waveguide reflection measurements and uses the same equipment shown 

earlier in Figure 11 for swept attenuationtests. A waveguide short for calibration pur- 
poses is the only additional equipment necessary. 

The basic idea of this system isto hold forward power constant by leveling and measure 
RETURN LOSS of a given load rather than a direct ratio of the incident and reflected 
signals. Thistechnique eliminates need for a ratiometer and 1 ke amplitade modulation 
of the &weeper output which was typical in older reflectometer setups. The calibrating 
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Figure 19. 

short is placed on the reflectometer output to setup a 
100% reflection to the reverse coupler detector as the 
690C/D rapidly sweeps the band. Aflter a dc ampli- 
tude reference from the reverse detector is estab- 
lished on the oscilloscope, the short is replaced by the 
unknown load. The amplitude decrease on the oscillo- 
seope indicates the load RETURN LOSS which is easily 
converted to p or SWR using the relationships of equa- 
tions 2 and 8 or the HP Reflectometer Calcalator® 

  

The square-law characteristics of the reverse detec- 
tor must be good aver the full dynamic range of the 
return loss measurement to minimize error. The hp 
4242 with its matehed square-law load (option 02) is 
recommended for close adherence to square law from 
1ow levels up to 50 mv de output allowing return loss 
measurements of 30 db with the particular system 
shown. Greater range is possible using the RF pre- 
insertion techniques deseribed later. Square- law 
loading the lveling detector on the forward coupler is 
not necessary because the power level at that potnt is 
held constant by the leveling circuit. Typical accu- 
racies for the various techniques described are given 
i each example that follows. 

B. System Calibration. To measure p (or SWR) in 
SEeguIde componEits, commect the equipment as 

shown in Figure 19 for "CALIBRATE" and proceed as 
follows: 

-~ With the 690C/D LINE in STANDBY, setupihe 
oscilloscope to accept dc inputs to the vertical 
and horizontal axes, Make required FOCUS 
INTENSITY, and DC BALANCE adjustments. 
Set 14164 sensitivity to5 my/cm and MODE to 
LINEAR, and vertically position the trace at 

*TheiP Reflectometer Calculator 1s a slido-rule type 
aid that allows direct canversion between db return 
loss, reflection coefficient and SWR without calcula- 
tions. The calculator also provides other useful mi- 
crowave data and ts available on request from your 
HP Field Engineer orHP Sales Office. 

Wavegulde reflectometer with oscilloscope readout 

the bottom graticule line. When using a con 
veklouit omsiiioassps, such s Toe o THIS 
et verticaT sensTHVAY to 5 mv/em and verti- 
cally position the trace 3 cm above the center 
graticule line. 

- Preset the POWER LEVEL control on the 
690C/D to 5" and the coarse POWER LEVEL 
(screwdriver adjustment) full CCW, Set 630C/D 
for automatic sweepbetween desired band im- 
its and depress the ALC button., 

- Turnsweeper LINEto RFand gradually increase 
the RF output with the coarse POWER LEVEL 
(screwdriver) control until the 140A/1416A in- 
dicates 50 my vertical deflection (10 cm). 

- When usinga comventional oscilloscope and the 
SWR scales _included with this Note, Increase 
coarse POWER LEVELuntil traceis vertically 
deflected 3 em below the center graticule line. 
DONOT ADJUST VERTICAL POSITION for this 
step, and do ot take oscilloseope VERNIER out 
of the CALIBRATED position. The 690C/D 
POWER LEVEL indicator should now indicate 
a leveled RF output. 

- Adjust oscilloscope HORIZONTAL SENSITIV- 
ITY for a full 10 cm display of the sweep out- 
put voltage from the 690C/D. 

- When using the 14164, set the MODE control 
t0LOG, SENSITIVITY to 10 db/cm, ATTENU- 
ATION DB to zero, and VERTICAL POSITION 
foracomventent reference onthe CRT. Increase 
VERTICAL SENSITIVITY and restore trace po- 
sition with the REFERENCE SET. Thehp 1404/ 
1416A 15 now calibrated for readout in DB RE- 
TURN LOSS. 

For bestaccuracy, use the hp 923A sliding shortwhen 
setting the 100% reflection reference on the oscillo- 
scope. The 923A allows rapid phasing so the mean of 
the reference trace can easily be observed and set to 
the reference graticule using the sweeper POWER 
LEVEL control.
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C. Measurement. After completing the calibration 
procedure of paragraph B, remove the caltbrating 

short and proceed as follows 
- Conncet the test load tothe reflectometer out- 

put as shown In Figure 19 for "TEST". 
- When using the 140A/14164, read RETURN 

LOSS indb directly fromthe calibrated display 
{decrease of trace from reference), or use the 
ATTENUATION DB dial to return trace to the 
reference levelat the point of interest and note 
db return loss from the dial calibration. In- 
crease vertical sensitivity as required to ob- 
taln desired resolution. 
For other oscilloscopes, increasevertical sea- 
sitivity until the entire trace is near, but still 
above the lower 3 cm graticule line. Note the 
ratio of sensitivity increase required on the 
Gseilloseape VERTICAL SENSITIVITY control. 

- Select the corresponding SWR scale from Table 
2 andcut it from thetransparent foll for either 
visual observation or CRT photography. Place 
scale over main CRT graticule using electro- 
static charge or a few small spots of rubber 
cement to secure it in place. Be sure to align 
the small circle at the scale center with the 
center graticule lines of the CRT. Read SWR 
from scale at point of interest. 

  

Example 1, Return Loss Measurement on hp Models 
T40A/ [4T6A With the reflectometer output shorted, 
a referencetrace is established onthe oscilloscope as 
shown by the upper trace in Figure 20(x). The short 
is replaced by the test loadand the amplitude decrease 
noted from the calibrated graticule in db/em. For 
higher resolution, the vertical sensitivity is increased 
to 2 db/cm and the ATTENUATION DB control in- 
creaseduntil the trace position is restored to the ref- 
erence level as shown in Figure 20(b). The calibrated 
ATTENUATION DB dial now reads RETURN LOSS at 
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TABLE 2 
Ratto of Sensitivity Use SWR Scale 
Tncrease - Eg/Ey® Marked 

L0 0 DB 
1 10 
05 13 
L0 1 
‘02 I 
w0 20 

*Ey- Vertical Sensitivity in mv/cm for reference 
setting. 

Ey = Vertical Sensitivity in mv/cm giving best 
test resolution.       

theirequency of coincidence betweenthe reference and 
test traces. 

Returnloss is now converted to o (or SWR) with the HP 
Reflectometer Caleulator as shown in Figure 21 or 
calculated as follows: 

from equation (3) DB = -20 logyq P ; 
transposing and substituting, the value of return loss 
measured 

= dgy. 

  

Example 2, Direct SWR Readout Using Oscilloscope 
RT Scalos: Figure 32(a) is a double exposure show- 

Tng the w0 Lrace positions for RF - off and 100% re- 
flection conditions. When the calibrating short is re- 
placedby thetest load, the oscilloscope’s vertical sen- 
sitivity s Increased from 5 mv/cm t0 0.2 my/cm to 
abtain the trace shown in Figure 22(b). The RATIO of 
sensitivity increase in thus 0.04, calling for the SWR 
seale marked 14 db as indicated by Table 2. The SWR 
scale 1s placedonthe CRT givingdirect readout at any 
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Figure 20. () Swept reflection test of a waveguide thermistor mount on hp 140A/14164. Vertical 
Sensltivity 15 10 db/cm - Reference: 0 db. (b) The same mount with vertical sensitivity lncreased 

to 2 db/em and reference offset to 17 db.
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Figure 21, HP Reflectometer Calculator is used to 
convert 17 db return loss measured in example 1 to 

por SWR. 

frequency of interest. If desired, SWR may be con- 
verted tap With the Reflectometer Calculator, 

X—Y RECORDING REFLECTION TESTS 

In certain applications itis desirableto record reflec- 
tometer test results for luture reference or detailed 
examination. In some cases, @ photo of the oscillo- 
scope display will satisfy the requirement. Many 
times, however, the high resolution and low cost of 
X-Y recording 1s preferable. After calibrating the 
reflectometer (o the 140A/1416A display, an X-Y re- 
corder may be connected as shown by the dashed line 
in Pigure 19, 
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The recorder readout is convenlently set up to cor- 
respond o the oscilloscope display as outlined in the 
ATTENUATION section, paragrapb "E". Now X-¥ 
recordings of db return loss may be made on linear 
scaled graph paper by triggering a single 20 - 30 sec- 
Gnd sweep on the 690C/D. The ability to record on 
graph paper, s opposed to ploting a calibration grid, 
allows accdrate readout of return loss without inter- 
polating and also saves setup time. 

RF PRE-INSERTION - X-Y RECORDER TECHNIQUE 

Avother accurate method for X-Y recording swept- 
reflection tests is to use a precision variable atten- 
uator for calfbration as shown in Figure 23. The 
swoeper outputis amplitude modulatedat 1ke (o drive 
the 415D) and adjusted for a leveled indication while 
sweeping the band*. With the reflectometer output 
shorted, the 3824 attenvator is adjusted to pre-insert 
specific values of RETURN LOSS to the reverse arm 
detector. Grid lines are sequentially plotted on the 
X-¥ recorder it each attenuator setting by mamally 
triggering single sweeps on the 630C/D, When using 
a sliding shart such as the hp 9234, Tapid phasing 1s 
possible during the slow calibrating sweeps. By con- 
tinuously phasing the short during each callbrating 
sweep, all phases of source mismatch error signals 
are encounteredat the reverse armdetector. The re- 
Sult 15 a fine grain vartation on the grid lines which 
defines source mismateh limits within the ambiguity 
Limits of the coupler directivity. Using the mean of 
the fine grain variations as the true retorn loss for 
eachgrid line, source mismateh error is removed and 

*Leveled power outof some low band sweepers is suf- 
ficient to operate the readout detector at a high out- 
put level. In such cases the 415D may be eliminated 
from the setup and the sweeper loft unmodulated, 
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Pigure 22, (a) Calibration traces for swept SWR tests using scale overlays, as viewed on hp 130C oscilloscope. 
Vertical sensitivity (inset) is set to 5 my/cm and trace positioned 8 cm up, with RF off. Reflectometer i3 
then shorted and RF power increased for trace deflection § cm down. (b) wept SWR test of an hp X4864 
Thermistor Mount after oscilloscope has been calibrated. Vertical sensitivity (inset) is increased to 

200 jv/em for better resolution. Ratio of sensitivity lncrease determines SWR scale used,  
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better accuracy obtained in the measurement. In X~ 
band, usingthe 923A shortand other equipment shown, 
the improvement is about 0.6 db in the return loss 
‘measurement. The attenuator is then returned tozero 
and the short replaced with the test device. 

Now the final sweep s triggered and return loss of the 
test device recordedover the calibrationgridas shown 
In Figure 24, The calibration grid, once plotted, can 
be usedas an underlay for many sweptreflection tests 
by using translucent paper for the actual record of 
each device tested. Grid line calibration should be 
checked perfodically during long hours of testing and 
a new grid always plotted when the system has been 
turned off. 

This system, while slower thanthe oscilloscope read- 
out, has the advantage of greater dynamic range due 
to the 415D amplification of the reflected signal. Re- 
turn losses to 40 db (p = .01) can be measured, lim- 
ted primarliy by the system accuracy rather than res- 
olution. Another advantage of this system is that it 
does ot rely onthe square-law characteristics of the 
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Figure 24, X-Y plot of return loss using 
RF pre-insertion technique 

IF TEST DEVICE I 
MTR DAMP SWITCH TO OUT TVO-PORT 
Y Recorder setup for p tests. 

detector since the crystal operates near the same RF 
level for both CALIBRATE and TEST conditions. The 
attenuator, however, does Introduce certain errors of 
its ownwhichare subsequently discussed under "Wave- 
guide System Accuracy”. 

WAVEGUIDE SYSTEM ACCURACY 

For reflection coeificients less than 0.5, overall ag- 
caracy of the reflectometer shown In Figure 19 for X- 
Band is typically +(.01+.04py ~Kpy) when the cali- 
brating short1s phased; where A1 s the actual load re- 
flection eoefficient and K 1 the decimal readouterror 
of the indicating device, e.g., overallerror for a ,05 
reflectlon coefficientusing a % oscilloscope would be 
+[01+.04(.0) +.03 (05)or =.0135. This decreases 
to (01 + 07p, +Kpy) when the short is not phased. 
Sources of error Include effective source p, Teverse 
coupler directivity, imperfect short, detector devi- 
ationfrom square law and differences of coupling coet- 
ficlents and detector frequency response between for- 
ward and reverse detector/ coupler system. 
Detector square-law error maybe eliminated by using 
the RF pre-insertion technique shown in Figure 23, 
However, the variable attenuator used for calibration 
Introduces error of its own which must be accounted for. 
Overall accuracy of the reflectometer systom shown 
in Figure 23 is approximately<(.01+.05pr) when the 
callbrating short i phased during the grid line plots. 
When a fixed short 15 used for calibration, the accu- 
racy decreases to about +(.01+08pL). Sources of er- 
ror include effective source p, reverse coupler direc~ 
tivity, imperfect short, attenuator error, and mis- 
‘match error of the revérse detector. 

1t may be noted that the typical leveled reflectometer 
accuracy given above is as goodas anyHP slotted line 
‘measurement which gives only spot Irequency data. 
For this reason, swept frequency tests no longer need 
to be verified at spot frequencies with a slotted line 
as was often done In older systems,
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Figure 25, General system for swept reflection 
‘measurements in coax from 500 Mc to 8 Ge 

MEASUREMENTS IN COAX - 500 MC TO 8 GC 
A Coaxial Reflectometer, as shown in Figure 25, can 
be used for swept reflection measurements in the 
500 Mcto8 Ge regionwith the same advantages of oscil- 
Inscope readout, closed loop leveling, and straight- 
forward operation described for wavegulde systems. 
Incident and reflected power in the main ine is sampled 
by an hp 70-scries dual directional coupler and de- 
tected by 423A crystal detectors. Incident power to 
the test load is heid constaat by closed loop leveling 
the sweeper output with the detected fncident signal. 
‘The reflected signal, detected by the 423A with match- 
ng square-1law load (option 02), is read on the Model 
140A/1416A Oscilloscope directly in DB Return Loss 
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or on a conventional oscilloscope using the SWR scales 
supplied with this Note. 

To caltbrate the system, a coaxial short is connected 
to the reflectometer output as shown in Figure 25 and 
a zero db return loss reference established on the 
oscilloscope. The short is then Teplaced by the un- 
knownloadand the amplitude decrease measuredusing 
the same procedure outlined under "Measurements in 
Waveguide'" for waveguide reflection tests. 

COAXIAL SYSTEM ACCURACY 

The sources of exror foundin coax reflectometers are 
basically the same as those found in Waveguide sys- 
toms. The reflections of type N connectors, however, 
cause larger uncertainties in coax measurement 5 
overall accuracy is not as high. 

‘When measuring reflection coeffictents of 0.5 or less 
overall accuracy of the coax reflectometer shown in 
Figure 25 can be expected to be about as follows: 

500 Mc - 2 Ge, #.01+.07py +Kpy); 
2Ge-4Ge, (.08 +.10py + Kpp); 

4Ge - 8 Ge, .06+ 14py + Kpp); 

Wherep 15 the load reflection coefficientand Kis 
the decimal readout error of the indicating device. 

Sources of error include effective source p, coupler 
directivity, imperfect short, detector deviation from 
square law, and frequency response of the coupler and 
detectors. 
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Figure 26, High accuracy swept reflection tests are now possible in coax from 8,2 to 12,4 Ge 
using hp X8440A Reflection Coefficient Bridge (shaded).
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MEASUREMENTS IN COAX - 8.2 TO 12.4 GC 

‘The type Nconnsctor commonly used in microwave is 
the primary factor limiting coxx reflectometer use- 
fulness much above 4 Ge. Closely related to the con- 
nector problem is the low directivity typically found 
in coax directional couplers designed for higher fre- 
quencies. As frequency increases, measurement un- 
certainties increase until, at X-band, the coax refloc- 
tometer has an equivalent residual pof 0.18 (SWR = 
1.44:1). This is unacceplable for most applications. 
For accurate swept reflection tests in the 8.2 to 
12,4 Ge band, the hp X8440A Reflection Coefficient 
Bridge and peripheral equipment shown in Figure 26 
is recommended, The bridge (shaded portion) uses 
waveguide directional couplers for thetr high direc- 
tivity and a waveguide-to-coax adapter to comnct the 
test device. Waveguide-to-coax adapter reflection is 
effectively cancelled by a balancing scheme that re- 
duces uncertainties considerably. Bridge acouracy in 
terms of reflection coetficient is +(.08 + 1602 ), 
where p 1 the unknown load reflection_coefficien. 
This s equivalent to 2 residual system SWR of 1.06:1 
which 13 better than most X-band coax slotted lines. 
Calibration and readout of the bridge 1s essentially the 
same as used with a coax roflectometer. The bridge 
measuring arm is alternately shorted and opened to 
establish a zerodb returnloss reference on the oscil- 
loscope. The unknown load is then comnected to the 
‘measuring arm and return loss measured by the am- 
plitude decrease of the oscilloscope trace. Readout 
of the bridge can alsobe X-¥ recorded if desired. HP 
Application Note 86 gives detailed theory and operation 
of the XB8440A plus information for assembling and 
testing bridges in other waveguide bands where coax 
coupler directivity is low. 
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SPECIAL TECHNIQUES 

Reflections in Long Waveguide Runs, Swept frequency 
Tochriques can Do -appllod To Tocating Al evhioationg 
individual discontinuities in long waveguide runs such 
as used for antenna feed lines, 

Flgure 27 shows a stmplified diagramofa system® "2 
which operates on a_chirp radar principle to locate 
reflections on the order of 1% with a resolution of 1 
foot, The system has been used successfully on runs 
of 12 to 125 feet and more. Using the sweep rate and 
RF excursion giving best resolution of the individual 
waveguide reflections, the sweep oseillator energy is 
fed pasta balanced mier and down the waveguide run. 
Reflected energy from any discontinuity in the guids 
returns tothe mixer and heterodynes with the incident 
wave which has changed frequency (because the source 
is sweeping) during the propogation interval between 
Jeaving the mixer and returning, The mixer output 
frequency 16 thus proportional to the time interval, and 
thersfore the distance, to the discontinulty. The am- 
plitude of the heterodyne outpat 1 proportional to the 
reflection coelficient of the particular discontinuity 
producing the response. 

g, Aronotf, "Measurement of Discontinuities in 
Waveguides, "IEEE Trans. Paper No. 63-53, Janu- 
ary 27 - February 1, 1963, 

12, A. Rawlinson et al, "A Swept Frequency Method 
of Locating Faults in Waveguide Aerial Feeders," 
Res. Heport 20209, Post Office Research Station, 
Dollis Hill, London, N.W. 2, June 1859. 
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Figure 28, System for checking source 
SWR on sweep oscillator without leveling 

‘The mixer outputis first displayed onthe oscilloscope 
to optimize systemadjustments and thenapplied tothe 
input of the hp 302A Wave Analyzer for calibration 
with a known length of guide. The 382A Variable At- 
tenuator 1s used to calibrate the mixer output ampli- 
tude in return loss relative to the 100% reflection of 
the shorting flange. After calibration, the unknown 
guide 1is comnected to the mixer output in place of the 
calibration sectlon and thetest is made. The frequen- 
cies and relative amplitudes read onthe wave analyzer 
indicate the location and magnitude of the fndividual 
wavegulde discontinuities. 
Inorder to minimize errors caused by Source fre- 
quency pulling, use the 690D series of PIN leveled 
sweepers wherever possible. This ensures that the 
levelingaction does not shift the mixer output frequency 
calibration during a measurement. 

Source SWR Tests, Output SWR on sweep oscillators 
‘and other microwave sources can be checked easily 
withequipment setup of Figure 26*, The system shown 
utilizes the oscillator Intest tosupply the required sig- 
nals thus eliminating the need for another source inthe 
same band. With the output terminated in the hp 910 
or 914A/B load, a calibration grid 1s plotted on the 
X-Y Recorder using 3824 attenvator settings of return 
loss corresponding to specific source SWR values. Af- 
ter plotting a calibration grid, the load is replaced by 
a waveguide short which reflects the incident wave back 
to the source. A portion of the reflected signal is re- 
flected by the source mismateh up through the direc— 
tional coupler to the detector, adding in random phase 

* Note: Inthe sctup shown, the sweeper is nat leveled 
because the basic source maich is being tested, The 
effectiveness of leveling to improve source match can 
also be checked using the same procedure but with a 
leveling coupler etector loop between the sweeper and 
waveguide components shown. 
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with the incident signal. When using the 920A short, 
single sweeps are triggered and recordad for several 
small incremental changes in the short position over 
X /4 at the lowest frequency, taking into account var- 
ious phases of source reflections. When the hp 9234 
short s used, only one test sweep 15 required while 
rapidly phasing the short. The envelope of the re- 
sulting plot represents source SWR as a function of 
frequency. Attenuator settings for the calibration grid 
are determined from the following equations: 13 

DBy - 201logyq 2(1 - o) @ 
DBy = 20 log; 201 +py) © 

where pg = simulated generator reflection coefficient 
Example: 

Asweep osctllator witha maximum specified out- 
Dut SWR of 2:1 is connected for testas shown in Figure 
23. By the relationship of equation 2 given earlier, a 
2:1 SWR is approximately equal to a p of 0,33, Sub- 
stituting for p in equations 4 and 5 and rounding off 
to the nearest fenth: 

DB = 20logyy 2(1-0.33) = 2.5 
DB, = 20log; 2(1+0.33) = 8.5 

Using either equation 4 or 5, the attenuator setting 
corresponding to a source SWR of unity is found to be 
6 db. Grid lines are plotted for the three attenuator 
settings and the attenuator returned to -6 db. The final 
plots arethen made using the movable short, resulting 
in a record similar to Figure 29, Since the envelope 
of the plot remains inside the 2:1 SWR limits, the 
sweeper output system meets specifications. 
This same general techrique can also be applied to 
check output SWR of other broadband sources such 8 
the hp 938A and 840A Harmonte Doublors. Tnthis case 
the doubler in testis driven by a leveled sweep oscil- lator and the waveguide coraponents of Figire2s con- 
nected o the doubler outpot. Goax output system are ot a5 readily fested with this method because of the 
ambiguity Introdaced by & waveguide to conx adapter 
between the outpat port and direetional coupler. 
T33P Journal, Vol. 12, No.4, Page 5, (December 1960). 
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Figure 29. Swept SWR plot of signal source
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POWER 
GENERAL 

Power measurement is usually assoclated with fixed frequency techniques rather than 
swept, though modern thermistor mounts wlll operate over broad bands without tuning. 
Many applications, of course, require fixed frequency power measurement because of 
the device intest, (e.g. , checking a signal generator or transmitter output), There are, 
however, a number of useful swept-power techniques that canbe used to great advantage, 
For example, full range tests of TWT amplifier gain, antenna frequency response, and 
thermistor mount efficiency can be readily performed using appropriate sweepers and 
power meter leveling arrangements. 

THERMISTOR MOUNT EFFICIENCY TESTING 

A variation of power meter leveling s shown in Figure 30 where a thermistor mount is 
beingtested for effective efficiency on a swept frequency basis. Effective eficiencyin,) 
of athermistor mount isthe ratio: 7, = Pdc substituted _,where Pde substitutedis the 

lwave absorbed 
de (or audio) power substituted 1n the thermistor element and P wave absorbed is the 
total microwave power dissipated in the mount, 

Incident and reflocted power at the test mount are sampled by two directional couplers 
feedinga pair of temperature-compensated thermistor mounts and hp 431B power meters. 
The recorder output of each meter is connected tothe input ofa differential leveling amp- 
lifter in the Efficlency Calibrator where a feedback voltage proportlonal to net forward 
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Figure 31, Frequency response and gatn test on traveling wave tube amplifier uses power 
meter leveling and readout to monitor actual power levels. Zero-carryover of 0. 5% on hp 431B Power Meters 

allows use of range switch as a precislon attenvator (or precalibrating X-Y Recorder, 

power is developed. The feedback voltage controls the 
‘Sweeper outputvia the EXTERNAL AM¥ input, resvlt- 
ing in 2 constant power dissipated within the test mount 
independent of mount SWR or operating frequency. 

‘Wit constant power dissipated in the test mount, the 
indication on #3 power meter becomes directly pro~ 
portional to the effective efficiency of the test mount, 
The output of meter #3 may be recorded on the X- 
Recorder for a swept plot of relative efficiency™*, or 
read out in digital form at fixed {requencies onthe DVM, 

  

Because samples of forward and reverse power are 
available, the system readily adapts to swept reflection 
tests. A switching arrangement in the calibrator 
causes the sweeper to level on forward power only 
(meter #2 instead of the differential of #1 and #2) and 
the X-Y recorder reads the autput of meter #1. By 
setting up a 100 reflection at the system output and 
sweeping the band at varlous RANGE settings on meter 
#1, 2 caltbration grid is drawn on the X-Y recorder. 

  

*#Normally the crystal or power meter ALC input would 
beused for leveling feedback, batinthis case a special 
leveling amplifier is being used external to the sweeper. 

**Test mount is compared to a pre-calibrated control 
‘mount of consistently high efficiency across the band, 
Both NBS and the HP Standards Laboffer control mount 
efficiency calibrations. See HP Application Note 64. 

Returnloss is stmulated by up-ranging meter #1 from 
the normal operating range in specific steps as follows: 

Meter #1 normally operates on the 0.1 o (10 dbra) 
range when a test mount 15 connected to the sys- 

tem outpat. When the callbrating short 18 connected, 
a return loss of 15 db (p = 0. 18) can be simulated by 
up-rangtng the meter to the 3.0 mw (+ 5 dbm) range 
which causes the meter indication to decrease pre- 
clsely 15 db. Wit the indication down 15 db, the re- 
corder output drops proportionately and a calibration 
line is swept, The meter is then further up-ranged to 
the 10 o (+ 10 dbm) scale and a 20 db return loss hne 
is drawn. For return loss references betwoen oven 
54b points, the meter zero control may be used to off- 
set the indication by the destred number of db. After 
the calibration is complete, the meter is re-zeroed 
(with RF power of) and the range switch returned to 
0.1 mv. The short is replaced by the (est mount and 
the final test sweeptriggeredanthe 690. Mount p ver- 
sus frequency is then read from the X- plot relative 
to the calibration grid previously drawn. This com- 
pletes the swept effictency andp test. 

The technique of differential leveling can also be ap- 
plied to broadband antenna. testing Where a constant 
Iaunched power i desired independent of antenna mis- 
match. Tnstead of feeding the main power to the ther- 
mistor mount and power meter #3 as in the mount ef- 
ficiency setup, poweris luunched from a standard horn 
toward an antenna in test, With the radiated power 
from the horn held constant by differential leveling, 
the frequency response of the test antenna can be 
checked.  
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TWT AMPLIFIER GAIN TEST 

Figure 31 shows a Traveling Wave Tube amplifier 
beingtested for gainthroughout its full operating band 
using a sweep oscillator with power meter leveling. 
Pawer at the TWT inpat is monitored and held constant 
by power meter #1 while meter #2 and the X-¥ Re- 
corder indicate gatn versus frequency at the TWT out- 
put. The zero-carryover feature of the 431B Power 
Meter allows use of the range switch to calibrate the 
X-Y Recorder span in db of gain. 

The procedure is as follows: 

  

- With the sweeper LINE switch in STANDBY, 
null and zero the power meters following the 
procedure outlined in the 431B Operating and 
Service Manual, 

- Set #1 and #2 meter RANGE to 1 mw and 0.1 
mw respectively. 

- Connect the 10 db directional coupler to the 
20db directional coupler inputas shown in Fig- 
ure 31 for the CALIBRATE configuration, and 
turn the 690 LINE to RF, 

- With the 690 slowly sweeping the full frequency 
range of the TWT, adjust the sweeper POWER 
LEVEL and ALC GAIN for a leveled indication 
£ 0.05 mw on meter #2, 

- SetuptheX-Y Recorder for on-seale operation 
and negative vertical input, positioning the pen 
near the bottom of the paper. Set 690C/D 
SWEEP SELECTOR to TRIGGER and plot a 
30 db gain reference trace on the recorder by 
pushing the MANUAL trigger button on the €90, 

- By setting meter 42 to full scale (3.db increase) 
with its zero control, a second calibration line 
of 33 db can be plotted, Be sure to return the 
zero cantrol of meter #2 to half scale after the 
plot 15 made. 

- Set meter #1and #2 RANGE to 0.1 mw and 
10 mw respectively, Because of zero-carry- 
over, the leveled power at the 10 db coupler 
will drop precisely 10db to maintain the mid- 
scale reading on meter #1. Calibration sensi- 
tivity of the X-Y recorder readout will drop 
prectsely 20 db by the up-ranging of meter #2. 
Thus, the combined effect of the 20 db sensi- 
tivity decrease and10db power drop equals the 
anticipated 30 db gain of the TWT amplifier in 
teat. 

- Now insert the TWT amplifier intothe setup as 
shown 1n Figure 31 for "TEST" and turn up the 
amplifier GAIN. (Do not exceed 1 wattoutpat.) 
Agatn manually triggor the sweeper andrecord 
the gain versus frequency of the amplifier. 1t 
the amplifier exceeds 30 db of gain, the RE~ 
CORDER TRACE will remain above the 30-db 
calibration line previously drawn. _Figure 32 
shows a swept TWT gain test from 7 to 10 Ge. 
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Figure 2. X-Y Plot of TWT Galn Test 

HIGH RESOLUTION ATTENUATION TESTS 

The de substitution feature onthe hp 4315 Power Meter, 
plus its leveling capability can be combined for high 
resolution swept attenuation tests using the setup of 
Figure 35. RF power fram the sweeper 15 controlled 
by the leveling feedback dertved from the total power 
sensed in the thermistor mount of meter #1. This 
power canbe RF, dc, or a comblnation of the two pro= 
ducing a constant reading on the 431B. When a dc 
power increase is applied to the thermistor from the 
hp 84024 Power Meter Calibrator, after & leveled RF 
power has first been established, a_corresponding 
decrease in RF output power oceurs, This correlation 
of RF power decrease with de power increase provides 
a high resolution readout calibration that can be used 
with an X-Y Recorder for attenuation measurements 
to about 10 db. 

Figure 34 shows the results of two attenuation tests 
‘made with the system described, The 10 db test in(a) 
clearly shows the 1 db variation of a flap attemator 
over alargeportion ofan8-1/2 x 11" X-¥ record. The 
low loss test in(b) demonstrates the ability of the sys- 
temtodetect even sharp variations In attenuation. For 
this test, an hp X532B Absorption Wavemeter was in- 
serted as the test device and set to 10.0 Ge. Sweep 
time was 30 seconds, While the readout reaction time 
was not fast enough to measure the power dip accu- 
rately at wavemeter resonance, the test did reveal an 
extremely narrow point (approximately 2 Mc wide) that 
could be retraced more slowly with the 890C/D MAN- 
UAL SWEEP. Another procedure would be to narrow 
the total sweep over the area of resonance allowing 
Iull reaction to the true attenuation. 

System calibration and operation is as follows 
- With de substitation power (hp 84024) off, a leveled 

RF power indication of 0.5 mw is established on 
#1 431B Power Meter. The HOI1-B401A Leveler 
Amplifier 1s adjusted for maximum feedbackloop 
gain without oscillation as frequency ls swept 
through the band 

  

- With the equipment connected in the CALIBRATE 
configuration, #2 431B Power Meter and the X-Y 
Recorder range 1s set for on-scale operation. 
The 0,5 mw reading on meter #1 is checked and



Page 34 

  

    
  

  

Appl. Note 65 

  

  

  

            

  
  

                

  

    

  

    

  
  

    

  
  

  

                    
          

RECORDER GUTPUT 
MR #p30400 I . o DIGITAL VOLTHETER 

Higson [ hp431B i POVER 
LEVELER o PONER NETER. B = AWPLIFIER WETER cALS 1 

m —— 
o o T P 
£ EzDRDER LU Ll FONER 1000 L NETER AEsSTOn 

noTs2h T 
308 DIRECTIONAL = p2sn rpesacn ¥-com Ly | SHEEP DSCILLATOR el ADAPTER NOSELEY 135 

S st 4 CALIBRATE X-Y RECORDER 
neTsEe o 

DIREETIONAL AT 
COUPLER RAK] 

TEST DEVIGE 

  

Figure 33, High resolution swept attenuation test setup using dc substitution provision in hp 431B Power Meter, 
readjusted I necessary, and a zera db reference 
line is plotted on the X-¥ Recorder. Additional 
reference lines are plotted near the anticipated 
values of attenvation to be measured by appIying 
accurately known values of dc power to #1 poer 
meter with the 8402A Power Meter Calibrator. 
Table 3 lists dc voltage readings indicated by the 
hp 3440A DVM for corresponding values of at- 
tenuation simulated (from 0.5 mw reference on 
meter #1). 

- The dc substitution from the 84024 is then turned 
offand the test device insertedintothe system and 
swept. 

In Figure 34(a) the zero db reference was offsctusing 
the recorder ZERO in order to obtain best resolution. 
Note overall flatness and minimal fine grainvariations 
inthe calibration gridallowing easy readout of test re- 
sults. The directional couplers in the super-leveling 
array were not specially matched for this test. 

DVM readings for attenvation calfbration with other 
than 0.5 mw reference on meter #1 may be calculated 
from the following equations: 

    i { 

  

AT
TE
NU
AT
IO
N-
DB
 

FREQUENCY-Ge iz 
(a) 

Figure 34, 

1. For hp B402A ranges of 0,01 to 1 mw; 

Edvm 

    

    

o 

Egvm 

Where: Egyp, - Digital voltmeter reading in 
volts 

~db = Attenuation stmulated 

Py = Reference power level (mw) 
read on meter #1 

Ry, = Mater #1 thermistor mount 
resistance in ahms, e.g., 
100 or 200 ohms 

24 e ——— 

S H e 
2 o < 3 e == 

4 FREQUENCY-Ge = 
) 

(a) High resolution X~Y plot of hp 3754 Attenuator set at 10 db. (b) High 
resolution X-Y plot of hp 532B Wavemeter set at 10.0 Ge showing system reaction to sharp "holes”,
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TABLE 3 
DC output voltage of 84024 versus RF attenuation from 0.5 mw reference. Use with system 

shown in Figure 33 for accurately calibrating X-Y Recorder 
span over desired attenvation range. 

     
  

100 Ohm Thermistor Mount 200 Ohm Thermistor Mount 
Attenuation DVM  Attenuation DVM Attenvation  DVM Aftenvation DVM Volts 

DB Volts T (ot DB Volts DB (cont'd) _ (cont'd) 
b R s = 3 T T 5.5 B0 

0.5 L4560 3.869 0.5 1.043 6.0 2,736 
10 2.028 6.5 3,939 10 1434 6.5 2,786 
1.5 ST 4.001 15 1,708 7.0 2.829 
2.0 2,716 5 4.055 2.0 1.921 75 2,867 
2.5 2.958 8.0 4.102 2.5 2.092 8.0 2,900 
3.0 3.158 8.5 4144 3.0 2,233 8.5 2,950 
3.5 3326 9.0 4.180 3.5 2.352 9.0 2956 
4.0 3,469 9.5 4.213 4.0 2.453 9.5 2,980 
4.5 3592 10,0 4.242 45 2.540 10.0 3.000 
5.0 3.88  10.5 4,267 5.0 2614 10.5 3.017



  

FREQUENCY 
GENERAL 

Frequency measurements fall into twogeneral classifications, active and passive. Active 
measurcments are those in which the frequency ofan active source suchas a signal gen- 
erator, transmitter, or local oscillator 1s being checked. The hp5245L/52544 Electronic 
Counter measures active sources directly to frequencies well intothe microwave region 
with accuracles of a few parts in 108, Frequencies above the counter range may be 
‘measured indirectly using the hp 5408 Transfer Oscillator or 2590A Microwave Fre- 
quency Converter, in conjunction with the 5245L/52538 Counter, The counter,/transfer 
oscillator has become the mainstay of microwave frequency measurements requiring 
high accuracy. 

In certain applications where aceuracy requirements are not as eritical, the simplicity 
and low cost of passive [requency measurements may be enjoyed. Cavity wavemeters 
such as the hp 532, 5364, and 537A are two port passive devices that absorb part of the 
input power 1n a tunable resonant cavity. When the cavity is tuned to resonate at the in- 
put frequency, a dip oceurs in the output power level which is detected and indicated by 
a meter or oscilloscope. Frequency is then read directly on a calibrated dial driven by 
the cavity tuning mechanism. The aceuracy of cavity wavemeters depends uponthe cav- 
ity Q, tuning cial calibration, backlash and the effects of temperature and humidity var- 
fatlon. The hp waveguide and coax frequency meters, 532 series, 536A and 537A, 
achieve accuracies of a few parts in 10% . 

Swept techniques with a counter/transfer oscillator reference, can be used to great ad- 
vantage In calibrating passive devices such as the wavemeters described. 

WAVEMETER CALIBRATION 

A system for calibrating several wavemeters with great speed Is shown in Figure 35. 
Using the AF sweep mode, the 690C/D is set for a leveled, rapidly sweeping output 
across a small segment of the wavemeter's band with the main power being fed through 
the wavemeters to a crystal detector. The detected wavemeter dip is fed to the vertical 
input of an oscilloscope and subsequently displayed on the CRT. This coustitutes the 
measurement channel of the system, The reference channel is formed by coupling a 
portion of the sweeper output ta the input of the 540B Transfer Oscillator. Harmonics 
of the transfer oscillator mix with the sweeping input signal producing heterodyne 
“birdies” at Intervals equal to the transfer oscillator fundamental Irequency. For ex- 
ample, if the transfer oseillator frequency 1s 200 Me, and the input frequency is sweeping 
from 8.2 to 12. 4 Ge, birdies will appear every 200 Me throughout the swept band. The 
horizontal input of the oscilloscope is driven by the de sweep voltage from the 630C/D. 

The frequency interval of the birdies may be precisely set using the 5245L counter to 
monltor the transfer oscillator fundamental frequency. The birdies are fed through a 
BNC Tee connector to the oscilloscope vertical input and superimposed with the wave- 
meter dip. Now each wavemeter may be adjusted in turn for coincidence of the dip and 
reference birdies, noting the accuracy of dial calibration at each point. Frequency res- 
olution of the display may be adjusted with the sweeper's STOP/ & F control which deter- 
‘mines the sweep excursion. The ceater frequency of the sweep is set by the START/CW 
control when operating in theaF sweep mode. The START/CW control is used to pro- 
gressively tune across the wavemeter band, SLOppLng at cach birdie and superimposing 
the wavemeter dip, Flgure 36(a) shows a wide swoep displaylog several birdies for 
rapid initial tuning of the wavemeter dip. Figure 36(b) shows the resultiog display on a 
narrow sweep when the wavemeter dip and reference birdie coincide. 

In most cases the wavemeter dial calibration will be accarate enoughsothat the absolute 
frequency ofa birdie need not be measured, only its interval as provided by the display. 
When positive identification of birdie frequency is desired, the transfer oscillator 1s al- 
ternately set to adjacent zerobeats with the 690C/D STOP/ 4 F set near zero. The coun- 
ter readings ateach beat are then used for unique determination of the birdie frequency. 
All other birdie frequencies are then easily determined by adding (or subtracting) the 
frequency interval to the birdie measured. Since frequency increases from left to right 
on the oscilloscope display, the easiest method 15 to measare the absolute frequency of 
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Flgure 35. Swept system for rapid frequency testing passive devices to 18.0 Ge. Internal mixer in 5408 
is used to 12.4 Ge. HP P9324 Wavegulde Mixer operates external to 540B fo cover 12.4 to 18.0 Ge range 

the birdie closest to the left edge of the display and 
simply add the interval frequency for each birdie pro- 

Note the transfer oscillator fundamental fre- 
quency as read on the counter. 

    
gressively to the right, To dothis proceed as follows AN The e A IAS T 

quency to the adjacent zero beat, placing it 
exactly at center screen on the oscilloscope, 
and again note the counter reading. 

- Carefully set thetransfer oscillator fundamen~ 
tal frequency to 200 Me as readonthe counter. 

- Observing the oscilloscope display, reduce the 
890C/D sweep width with the STOP/a Feontrol - Calculate the harmonic mumber (N) from the 
uatil the zero beat 1s about 1em wide. Re- equation 
adjust the START/CW control as required to & 
position the lowest frequency bixdie inthe cen- an e ® 
ter of the display. 2 s 

    

(a) 

Figure 36. (1) CRT photo of wavemeter dip and several birdies for rapid adjustment. (o) CRT photo 
of wavemeter dip and single birdie for high resolution. 
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Figure 37 

t0 40.0 Ge (R-band). 
Swept system for passive frequency measurements from 18.0 1o 26.5 Ge (K-band) and 26.5 

TWT Amplifier boosts harmonic output from hp 540B in 2 - 4 Ge region External 
harmonic generator then produces K or R-basd harmonies for mixing with sweeper output. 

where N is always a whole number and FY isthe 
larger of the two fundamental frequencles meas- 
ured. Thebirdies frequency thenis Fy = Ny Fy. (9) 
Example: Fy - 200 Me 

Fy = 195,238 Me 
185,238 

N - g oy - 8 
Fy - (41) 200 Mc - 8.2 Ge 

Between 12,4 and 18.0 Ge, the hp P932A Waveguide 
Mixer s used external to the transfer oscillator as 
shown in Figure 35 by the dashed line connections. 
After connecting the external mixer, the measuring 
procedureis identical tothat described for frequencies 
below 12.4 Ge. 

From 18.0 to 40.0 Ge the system configuration is al- 
tered and an amplifier added to boost the higher har- 
monic output of the transfer oscillator. 

In the test setup of Figure 37, the K or R-Band sweep 
oscillator power is leveled and fed through a variable 
attenuator to the wavemeters in test. The attenuator 
is set to about 20 db to reduce source power and pad 
effects of the wavemeter reaction at resonance. The 
wavemeter dip is detected by the hp 422 detector and 
displayed on the oscilloscope. Vertical sensitivity of 
the oscilloscope s set toaboat 200 i v iem witha band- 
width of 400 ke. Harmonics generated by the 540B 
Transter Oscillator are amplifiedinthe 2-4 Ge region 
by the TWT amplifier and fed to the hp 115174 Wave- 
guide Mixer at a level of about 250 my. 
Belore connecting the TWT output to the mixer, the 
power level should be adjusted using the TWT gain con- 
trol. An hp 431B/478A Power Meter and 20 db coaxial 

attenuator connected tothe TWT output allows conven- 
ient adjustment to be made for a reading of 2,5 mw 
(+ 20 @b correction for pad - 250 mw), The TWT out- 
putis now connected tothe coax inputof the mixer re- 
sulting in harmonic generation in the 18 to 40 GC 
region. Harmonics are at frequency intervals equal 
to the transfer oscillator fundamental frequency as 
measured by the counter. The harmonics are com- 
bined with the wavemeter dip and detected by the 4224 
Detector with subsequent display on the oscilloscope. 
Optimum birdie amplitude with relation to the wave- 
meter dip is affected by the oscllloscope vertical sen~ 
sitivity and bandwidth, 375A attenuation setting, and 
TWT gain. Slight readjustment of TWT gain may be 
required to peak the birdie amplitude after initial ad- 
justments have been made. 
Note in Figure 37, that a ferrite isolator between the 
harmonic mixerand 3 db coupler isoptional. The 1so- 
lators will reduce fine grain power variations n the 
display caused by mixer reflections as shown In Figure 
3. The isolatar does not increase accuracy but may 
be destrable from a readout convenience standpoint. 

SYSTEM ACCURACY 

The overall accuracy of the measuring system just 
described is determined primarily by 1) the accuracy 
of the birdie markers and 2) the accuracy in compar- 
ing the wavemeter dip to the bixdies. 

Birdie accuracy depends on the transfer oscillator sta- 
bility and the counter accuracy. Comparison accuracy 
is determined by the wavemeter Q and overall system 
resolution.
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(a) (b) 
Flgure 38. (a) Power variations in R-band wavemeter calibration setup without ferrite tsolator between 

harmonic mixer hp 11517A and 3-db coupler. (b) Power variations with ferrite isolator. 
  

Vertical sensitivity   
for both photos is 2 my/cm, birdie interval at 200 Me. 

‘The various sources of error for a typical system in 
K-Band, usingthe equipment and procedure previously 
described, are as follows: 

Birdie Accuracy*: HP 5245L Counter (+1 count 
ambiguity * time base stability) - (+1/108 
£3/109) = 13/109. 

  

HP 540 B transfer oseiliator stability = 
2/107 short term. 

Comparison Accuracy: With a 40 Me sweep(one 
birdie displayed) and a wavemeter G of 
approximately 4000, resolution s about 
1 Me or 4/105. 

*After equipment reaches thermal equilibrium. 

Note that resolution is the primary limiting factor, so 
the usual procedure is to initially tune the wavemeter 
diptothe birdie witha convenient wide sweep, then make 
the final adjustment on & smaller sweep suchas 40 Me 
in K-Band. This provides the convenience and reso- 
Iution necessary for checking the wavemeter accuracy. 

CAVITY Q MEASUREMENTS 

Cavity Q is defined as the ratio: 
: 

Q'fi, 10 

where fo = resonant frequency of the cavity = 

L 
£ & fp - frequencies above and below resonance, 
respectively, corresponding to the half power 
points of the cavity responsc. 

  

Ustng the relationship of equation 10, cavity @ may 
easily be measured with the system shown in Figure 
35 0r 37. The birdie in Figure 3&(0) may be alter- 
vately set to the half amplitude points* on the dip by 
carefully tuning the transfer osclllator frequency. 
Cavity Qs then caleulated direetly from the two trans- 
fer oseillator fundamental frequencies as read on the 
counter. Therc 1 6o need to determine the harmonic 
number and actual microwave frequencies. 

ety 
) an 
Where f;" and f3' = transfer oscillator funda- 
mental frequencies at cavity half power points. 

* Half amplitude on the display corresponds to half 
power when the detector is operating in square law. 

 



NOISE FIGURE 
Swept frequency noise figure analysis maybe made on 
broadband microwave dovices such as traveling wave 
tube amplifiers by providing a sweeplng receiver and 
using an automatic noise figure meter. Figures 39 and 
40 show the system diagram anda swept [requency plot 
of noise figure for traveling wave tube amplifiers at 
speciic electrode potentials. The IF amplifier shown 
has 2 bandwidth of 1 Me, and since the sweeping re- 
ceiver has full image response, the noise figure meter 
responds to the average of two 1 Mc windows spaced 
+ 30 Mc from the local oseillator frequency. This is 
normally adequate for measurements where the swept 
frequency plot is not changing rapidly. 

For proper accuracy, It s necessary to make a cali- 
brating run on the recelver itsell to assure that its 
noise contribution is negligible. In Figure 39 shown, 
the receiver noise figure remained below 15 dbacross 
the band, and thus adds no error to the TWT contri- 
bution of approximately 25 - 30 db. 

  

  

          

NO
IS

E 
FI
GU
RE
 

  

FREQUENCY -G 

Figure 4. X-Y plot of noise figure for two TWT 
amplifiers measured with system shown in Figure 35 
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NORTH CAROLINA 
High Pint, 27262 
Hewlett P 
Sauthern Sales Division 
1923 W an Stieet 
19 g828873 
T, 5103251516 

oHio 
Cleveland, 44128 
HewiltPickard 
Ciosley Saes Diision 
5579 Pearl Foad 
216 g o0 
W 2153880715 
Daytan, 45408 
HowlttPackard 
Cloesey Sales Dision 
1250 W, orothy Lane 
513 2603654 K. 5139440050 

PENNSYLVANIA 
tamg il 
HeettPackard 
Rotirson Saies Diison 
a7 T ars 
Phiadeiphia hrea 
HowlttPackord 
Robinson Sales Division 
148 Eizbeth Street 
Wast Conshohocken 19428 
1215) 2081800 snd 8286200 
T, 215828 447 

Pitsbugh rea 
HewlltPackard 
Ciosiey Sles Division 
2545 Woss Side B 
Manrcenle 15165 
a1 371527 
T, 710.757-3650 

TExas 
Datas, 75208 
HensitPackard 
Southwast Sals Diision 
P, Box 7156, 3605 {nwood R 
121 3571881 snd 3325667 
THK, $10:361-4081 
Mauston, 77027 
HowittPackard 
Soufiwest Sals Divsion 
PO, 80c 22813, 4242 Rchmond e 
7131 6672407 
W 7133711383 

uran 
Sal Lk City, 84115 
HowlttPackard 
Ny Saes Divison 
1382 ajr st 
30) G geE 
THX: 8015212608 

VIRGINIA 
Richman, 23230 
HowletFackard 
Seuthern Saes Oivision 
2112 Spencr Road 
03 ge2565] 
THX. 710356 0157 

WASHINGTON 
Seatte res 
Hawlet Packard 
Heely Sles Oivision 
1165 W€ 31h St 
Bellewe 38004 
208 4643971 
TR, 9104432303 

cANADA 

270 Mayand Steet 
Bia 782072 
T 510213484 
Ottawa. Onariy 
Hewllt Packard (Ganada) L. 
1787 Garling Svence 
813 7224023 
T 6105621952 
Totonto, Ontar 
HowlltPatkard (Carads) Lt 
1415 Lawrence Avenue West 
@18 228515 
TH 6104822382 

GOVERNMENT 
CONTRACTING OFFICES 

Middietoun, Pa. 17057 
HewleltPackard 
Contract alting Diison 
Olmsted Plaza 
17 ST 
THix 7177604816 
West Canshohuchen, Pa. 19428 
HewlftPackard 
Contrac Narating Diison 
181 Elzabel St 
1 7é3181 
TH. 2153203847   sres    



HP INTERNATIONAL SALES AND SERVICE OFFICES 

ARGENTINA 
Mauicio & Saurex 
Telsconunicaciones 
Carlos Talvp 226, Suenos Aies 
Tel. 05912 

AUSTRALIA 
‘Sample lctrnics (ie) Pty Lt 
17 Cromarne Steet 
Richmand £ 1. Victoria 
Tel! 124757 3 ines) 
‘Sample Elecroncs NSW) Py L4 
Grose Steet, Gisbe, L3 W, 
Tel: 635338 5 ines) 

AUSTRIA 
UNILAROR fm 
Wissensehaticre Istrumente 
Rummelrardgasse &3 
PO Bon 33 Vienna 0071 
Tel 42 61 81 

BELGIUM 
HewlltPackarg Benelux 
202 Rus e Hopital, Brussels | 
Tol. 112220 

BRAZIL 
CIENTAL INPORTACAD £ COMERCIO LTDA 
R Cons. Cisiniano, 59,8, 
Saa Patlo 3. 
Tol 324390 

caNADA 
HewlettPaskard (Conada) LI 
870 Maytand Steet 
Wantreal Quabec 
514 7352273 

Ottgea, Onaro 
1317223023 
HowlltPackard (Canads) L1 
1415 Lawrence Avanue W. 
Toronts, Ontaro 
i) 24515 

CHILE 
Hector Calcagni 
Casila 13862, Santisgo 
Tel 64226 

DENMARK 
Tage Disen A5 
Rymegade 1. Copenhagen § 
Tol. 24800 

FINLAND 
INT0 0¥ 
P.0.Box 153 
T Viriulinkaty, Helsinki 
Tel 6113 

FRANCE 
HewlettPackad France 
150 Biv Massena, Pars 13 
Tel. 7079719 

GERMANY 
HewleltPackard Vb, 
Stendamn 35, Hamburg 
Tel: 240551 
HewlttParkard YmbK. 
Kirhessenstrsse 5 
& Frant am Wain 
Tel. 20035 

HewlettPackard ¥mbH. 
Reginfisdstiase 13 
3 hunich g 
Tol- 49512122 
HewlettPackard U b K. 
Techvisches 8o 
Herrenbergerstrasse 110 
703 Babingen, Wirtemberg 
Tel. 6371 

GREECE 
X Karayannis 
Kiaftmones Sauare, Athens 124 
Tel: 220301 {5 lines) 

INDIA 
The Scienifi Instrument Campany, . 
6. Te| Banadur Sapru Roa, Alasabsd 1 
Tol 2051 
The Scintic nstument Campany, 4. 
260, . Dadabha Naoroi . Bombay 1 
Tel: 282612 
The Scintil nstrument Corpany, L9 
1 Espanade Eas, Calctta | 
Tel. 234120 
The Scientfic Insrument Conpany, L4 
30 ount Road, Madrss 2 
ol shdd 
The Scentifc nstument Company. LA 
B Amer Gat Exin. New Deli | 
Tel. 271063 

IRAN 
Telecom g 
PL0.8ox 1812, Tevan 
Tel: 43850 

1SRAEL 
Elpetronics & 
16 Kemenetsi 
Tel. 3502123 

ALy 
HewletPackard lallana SpA. 
Vile Lunigiana 46, Milan 
Tol. 69158456 
HelettPackard Itlsna SpA 
Paiozo il 
Plaza Marcon, 26, Roma-fur 
Tel 9125445 
e 

YokogawaHewlettPackad Lid 
270 lsiawocho 
Hachio, Tokvo 
Tel Hachiofl D426.31231 (19 Tnes) 
YologawaHowlettPackard 14 
o, 3. 6 chome. AoyameKilamachi 
Aasaka, Wnato . Tob 
Tei, 4030073, 4030074, 4030075 
YologawaHewlettPachard L1 
o, & Uneda' Kitau, Gsaba City 
Tel. 361.3088, 41,2088 
Yologaua HeettPackard L1 
No. & Schare Himefedor, 
Chigusah Nagoya Oty Tel: 758545 

KOREA 
‘Anerican Trading Company, Krea, Ld 
11235 Sokong Dong ling s 
Seoul P 0. Son 1103, Seoul 
Tel: 37049, 37613 

NETHERLANDS 
Howlet Packard Benelux NY. 
23 Brg Rolstast, Amstordam W, 
Tel. 0201 132898 and 135438 

NEW ZEALAND 
‘Sample Eecironics (N, 2) Lt 
Watipo Strest 
Onehunga S £.5, Auckiand 
Tel 565 361 

NORWAY 
Morgenstiene & Co. &S 
Igenigima 
& Wesses Gale, 0slo 
Tel 2016 35 

PORTUGAL 
TELECTRA 
R g a Fomcs 13 
PO, Box 531, Lison | 
Tel 586072 ahd 686073 and 686074 

PUERTO RICO & VIRGIN ISLANDS 
San Juan Elstronies, ne. 
150 Ponce do Leon, St3p 3 
7.0, Box S167 
Pia-de Terra Sta, San Jan 00906, 
Tel: 7223382, 7284406, 

SPAIN 
ATAI, Ingeieres 
Enviage Larea 12, Madrid 6 
Tel 235.4344 and 2354345 

SOUTH AFRICA 
F_ . Fanter & Co. (Phy), L1, 
Rosela ouse 
Bultencingle Steet, Cape Town 
Tel. 33817 

SweDEN 
HP Instrument A8 
Gentravgen 28, Sana, Centrum 
Tok 0844 08.30 and 10830830 

SWITZERLAND 
Max Paul Frey Wankdortfeldsrasse 66, Berne 
Tel 031) 820078 

TAIWAN (FORMOSA) 
Hva Shen Electronc Co. L1d. 
21 Nain Weat Bosd, Taipe 
Tol: 4 6076,4 393 

TURKEY 
TELEKOM Engineeing Bureau 
PO Bon 375 Galta, Istanbal 
Tel, 184040 

UNITED KINGDOM 
HewleltPackard g 
Daas Re, Bedher, Engand 
Tel Bend 68053 

VENEZUELA 
Gite, . & 
Eai Arsah0f #4 
v, Fancisco de Miranda Chacaita 
igariadodel sta 10837, Caracas 
ol 718806 

YUGOSLAVIA 
Belram S 
83 Auenve des Minosas 
Brussel 15, Belgium. 
Tel: 35208 

For Sales and Service Assistance in Areas Not Listed Contact: 
IN EUROPE 

Howltt Packard. 5. & 
54 Route des Acacias 
Genevn, Swizerond 
Telephone: (022 4281.50 
Telex: 22286 
Cable, HEWPACKSA 

IN LATIN AMERICA 
HenettPackard nter-Americas 
1501 Page Wil Roag 
Palo Ao, Caforna 94308, USA. 
Telsphone: 415 326700 
T 5109131257 
Teler: 33811 Cable: HEWPACK 

ELSEWHERE 
HewlttPickard 
Interntionl Marketing Departmant 
1501 Page Mil Road 
Pabo Al Callorna 94304, USA. 
Telephone. 415 326.7000' 
TR $1039131287 
Telex: 033811 Cabl: HEWPACK.  



  59510085 PRINTED IN USA


