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Thm paper dmcusses a mmple method of measurmg the phase shift of cmcu~t comfmnent~ w~th

very h~gh accuracy. The method M suhstant~ ally independent of loss m the cmcult component. Th~s

M accomphshed by using a Systematic techmque that ehminates errors due to the usual measurmg

system Imperfe ctmns. The method uses a hybrid Junctmn, a dual channel null detector cmcu~t, and

a high qual~ty phase sh~ft standard whose des~gn m presented m some detad. Phase sh~ft measure.

ment accuracms of 1 degree have been rellably obtained on components with loss up to 40 db.

All practical m~crowave phase measurmg systems use du+tmct reference and measurement

channels that meet m some form of phase comparator. Phase comparators yield output s~gnals pro-

portmnal to level unbalances as well as phase differences between the channels. These outputs must

then be interpreted m terms of phase shift only wvthout sacrlflcmg resol”t~on or accuracy. Thm m-

interpretation places severe demands on the measurmg system when components are inserted m the

measurement channel having large losses or gains. Several modulatmn schemes (References 1, 2,

and 3) have been developed to cope with tins problem. Them use, however, adds to the complexity

of the measurmg system and increases the problem of pred~ctmg accuracy. The method that vdl be

described uses a dual channel phase comparator. Th~s phase comparator has the bas~c advantages of

slmpllc$ty and high resolution even though the component under test has large loss or gain. Very h~gh

accuracies can he obtained by following a de fmlte measurement procedure. This procedure will be

explained. Factors mtluencmg resolut~on and accuracy wdl be c~ted and values g~ven for typical

Sltuatlons. The constructmn detads of a phase sh,ft standard, a key element m the system, vnll be

descr~bed.

A block dmgram of a measurmg system employmg a dual channel phase comparator M shown m

F,gure 1. Signal from the microwave source m ampl~tude modulated at a 1 kc rate and dlvlded eqLI~_

ly between the reference and measurement channels. A precmion phase standard IS part of the refer-

ence channel. The two channels termmate m two Isolated ports of a coaxml hybrid junction. Bolom-

eters are used to detect signal levels at the remainmg two Isolated ports. The 1000 CPS envelope re.

co”ered by the bolometers is ampli fled m two separate audio chimne16. A synchronous d~fferentml

null detector subtracts the outputs of the two audm channels and provides a final output “oltage pm-

portlonal to th,s d~fference. This output, If plotted as a function of phase d~fference between the

reference and measurement channels, is ~deally a smusmd having zero crossovers whenever the

phase difference between the reference and unknown channels M prec~sely n r radians. The zero

crossovers are used as reference cond~tmns for the phase measurement. In pract~ce, the Ideal con-

dltlon m normally not obtained. An actual output characterist~c compared vnth the ~deal case m shown

m Figure 2. The permd of the actual output characteristic ]s 360 degrees but the phase sh,ft between

successive crosso”ei-s M not 180 degrees. Thm mequallty m spa.cmg is caused by unequal power

division m the hybrid ~unctmn, d~fferences m bolometer me fflc~encies, and d~fferences in amplifmr

gains between the two audio channels. Furthermore, the positron of the null in the a.ct”al case M al-

tered by changes m amphtude balance only between the RF reference and measurement channels. It

is, therefore, necessary to use an addltmnal techmque to precmely establish tbe relatmn between a
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reference null and phase differences. This technique will be explained with the ald of the equations

m Figure 3,
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Figure 1. Bas,c Block D,agram
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Figure 2. Zero Crossover Relatmnshlp
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Figure 3. Dual Channel Phase Comparator, Amplitude, Zero Crossover Relationship

The complex inputs to the hybrid junction in Figure 3 are denoted by a and b. Signals appearing at

the bolometers can be expressed as kla + jk2b and klb + jk2a where the constants kl and k2 describe

the 3unctmn coupling characteristics. After square law detection and amplifmat~on, the difference be.

tween the two audio channels, IS’ gwen by Equation 1 in Figure 3. Equation 1 shows that the desmed

condition A-B = O at the crossovers when @ . n r m obtained provided gl = g2 and kl . k2 regardless

Of the magnitudes of a or b. However, if either of these two provisions M not obtained, O need not be

zero at the crossover. By Imposing the constraints on Equat,on 1 that A-B = O when e = nx, the rela-

tion between gam and coupling given by Equation 2 m Fgm-e 2 shows that there w! a ratio of audio

ampllfier gains that wfil yield e . n T for any cmnbmatmn of valwa of kl, k2, or a, b. Furthermore,

since sin e # sin (e + r) unless 0 = n n, the umque reference conditmn, 9 . nr can be established by

adjusting the gain of either audio amplifier such that the phase shift IS precisely 180 degrees between

Succe Sslve crossovers, both before and after the irmertmn of the unknown, Any shift In ~ro~~over

after these ad~ustments are made is due to actual phase change rather than loss m- gam of the un.

km wn.

When measuring through devices having large loss, measurement errors can be introduced due to

decreaeed re801ut10n end the more pronounced effect of crosstalk through the hybrid ~unctmn. The

audio signal unbalance for a 1 degree phase shift about a crossover as a function of RF unbalance be-

tween the reference and measurement arms is shown in Figure 4. Using output powers normally

avadable from laboratory signal generators, the resolution limit of audio unbalance M shout 0.01 db.

Figure 4 shows that the mcreaee m error due to lack of resolution IS not pronounced for RF unbalances

up to 20 db. Since thm unbalance can occur both before and after the msertzon, phase measurements

can be made on components having losses up to about 40 db.

The construction details of a line stretcher type of phase shifter designed for this system are

shown in Figure 5. The slab line construction eliminates the need for sliding contacts on both mnei-

and outer conductors, as is the case in coaxial line stretchers. The sliding trombone center con.

ductor sectmn IS fabricated using very thin-walled tubing. A fmm sprmg-actmn sliding contact is ob-

tained by plating hard gold on the reside tlp of the thin-walled tubes, The trombone se ctmn M supported

between the ground planes in the region of mimmum field strength by using tapered dielectric supports
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Figure 5. The Phase Shift Standard

that produce no significant discontinulties. Phase errors that might occur due to impedance interac-

tion effects between the connectors are significantly reduced by inserting long, well-matched 3 db

attenuators between the cmnn..tors and the trombone section. Maximum possible errors due t. im-

pedance interaction effects are typ,cally 0.15 degree from 1 to 12 gc. Overall accuracy can be pre -

dieted by adding this error to that resulting from limited mechanical resolution. The resolution that

can be obtained with precision scales and verniers is about 1/20 mm of line stretch. The overall ac-

curacy of the standard is, therefore, about 0.21 degree at 1 gc, 0.45 degree at 5 gc, and 0.75 degree

at 10 gc.
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Measurement errors result from maccurac~es m the phase standard, ~mpedance mteractmn effects

at the msert~on points of the unknown, leakage through the hybr, d Junctmn, and resolution hm, ts, Max.

lmum poss~ble errors for typical rneasurmg Slt”atmns are tabulated m F~gure 6 Some dmcussmn

regarding the causes and methods of mmlmlzmg errors as xell as experimental data wdl be given,

PERIODIC
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ERROR
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Figure 6. Summary of Maximum Possible Errors
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