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ABSTRACT [571 
A method and apparatus for recording directly group 
delay measurement of a system under temperature and 
stress tests employing a modulated carrier frequency 
swept over an S or X-band d interest and applied 
through a reference path and a test path to separate 
detectors for group delay measurement using a power 
divider, e.g., a directional coupler or a hybrid-T junc- 
tion. A phase comparator is initially balanced, and then 
the modulated carrier is swept in frequency over the 
band of interest for different conditions of temperature 
and/or mechanical stress to obtain a family of charac- 
teristic group-delay curves for the system under test. 

11 Claims, 3 Drawing Figures 
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tor, comparing the signal phase of the test path with the 
reference path at the outputs of the detectors, and re- 
cording the change in phase diflerence (group delay) as 
a function of carrier frequency. The voltage controlled 

The invention described herein was made in the Per- 5 oscillator is first set for a continuous output at the center 
formance Of work under a NASA contract and Sub- of the desired test band, and using an oscilloscope con- 

nected to a detector without a test system in its path, the 
Aeronautics and Space Act of 1958, Public Law 85-568 modulator is adjusted for maximum detected signal 

with minimum distortion. Then with the reference path (72Stat. 435; U.S.C. 2457). 
BACKGROUND OF THE INVENTION lo and the test path (without a test system) connected to 

the phase comparator, the reference and test path 
lengths (group delays) are balanced for zero degrees at ments, and more particularly to a method and apparatus 

for frequency sweeping a system, which may be a mi- the output of the phase comparator. Next the system to 
crowave component, and recording group delay di- 15 be tested is connected in series with the detector in the 
rectly as a function of frequency. test path, ahead of the detector. With the voltage con- 

Group delay measurements are of increasing impor* trolled oscillator still at a continuous frequency at the 
tance for high resolution rangng systems at s- and Center of the desired test path, the sensitivity of a group 
X-band. G~~~~ delay is defied as the t h e  required for delay recorder iS adjusted for Sufficient range to record 
an information signal to pass through a system and can 2o total group delay of the device under test. If group 
be measured 8 the phase shift, A+, of the information delay reSO1UtiOn iS insufficient on the recorder, due to 
signal through the system for a given input frequency, the test system having too large a group delay a suffi- 
O. This suggests shifting the input frequency a predeter- ciently long (equivalent) cable may be inserted in the 
mined amount, Aw, recording the resulting change of reference path to permit adjusting the recorder sensitiv- 
phase, and repeating the process over the desired range 25 ity to the desired range of group delay. Then prior to 
of frequencies. Alternatively, the input signal may be recording group delay as a function of carrier fre- 
amplitude modulated by a lower modulating frequency, quency, both the system under test and the equivalent 
fm. After the carrier passes through the system, the cable are removed while the output of the phase com- 
amplitude modulation is detected and compared with parator is again balanced. Now the group delay versus 
the phase of the modulating frequency to determine the 3o frequency of the test system is recorded at different 
group delay, rd, of the carrier as simply temperatures or environmental stress levels of the sys- 

tem, such as in different magnetic fields. 
The novel features that are considered characteristic 

of this invention are set forth with particularity in the 
appended claims. The invention will best be understood 

with the accompanying drawings. 

SWEPT GROUP DELAY MEASUREMENT 
ORIGIN OF THE INVENTION 

ject to the provisions Of Section 305 Of the National 

invention to swept group 

t d = &  

BY Using a modulation frequency of2.7778 MHz, Which 35 from the following description when read in connection 
is small compared to the test band widths, a direct con- 
version from degrees of phase to nano-seconds can be 
made as illustrated in the following example of a phase 
measurement + of 1" with modulation of 2.7778 MHz; 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram of the invention. 
FIGS. 2 and 3 are examples of test records made with 

40 

= 1.0 x or I n sec. the present invention. 1" 
(2.7778 X lo6) 360 

td = 

DESCRIPTION OF PREFERRED 
EMBODIMENTS The problem with this direct approach is that phase 

shifts or group delay effects of the modulator and detec- 45 
tor in the test path are included in the measurement. Referring to FIG. 1 of the drawings, it shows a test 
Such effects can be predetermined and subtracted from 
the measured group delay, but changes in these effects 

set for recording group delay directly as a function of 
carrier frequency while testing a system 10 for changes 

as a result of temperature changes, or as the result of Over an '- Or Of interest due to 
carrier frequency changes, may introduce since 50 temperature and/or mechanical stress. A voltage-con- 
such effects are not present in the reference signal path. to sweep through the 

band of interest in response to the output of a sweep 
OBJECTS AND SUMMARY OF THE voltage generator 12 via an operational amplifier 13. 

INVENTION The output of the swept oscillator 11 is amplitude 
An object of this invention is to provide a method of 55 modulated in a modulator (balanced mixer) 14 by a 

measuring group delay without the need for d e t e d -  S l g d  of lower frequency from a stable source 15. The 
ing the group delay effects of components in the test modulated carrier is then divided between two paths (a 
path due to changes in temperature, aging of compo- test path that includes the system under test and a refer- 
nents, and the like, or carrier frequency. ence path) by a power divider which may consist of a 

Another object is to provide apparatus which facili- 60 directional coupler, hybrid-T junction, or the like. The 
tates group delay mesurements of systems. reference path includes an amplifier 17 and detector 18 

These and other objects of the invention are achieved which match an amplifier 19 and detector 20 in order 
by sweeping a voltage controlled oscillator to generate that, with the system under test bypassed by switches 
a carrier frequency over the range desired for the sys- SI and S,at points A and B, the group delay through the 
tem under test, amplitude modulating the carrier with a 65 two paths will be equal. To maintain this equality, the 
signal of lower frequency, dividing the modulated car- amplifiers and detectors are maintained at the same 
rier to a test path which includes a system under test and temperature by placing them adjacent each other in the 
a detector, and a reference path which includes a detec- test unit and preferably in a temperature-controlled 

in group 

l1 is 
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cabinet so that the balanced output of the detectors can of k.001 x 10-9sec. measurement accuracy. The oscil- 
be maintained after balancing the t a t  unit in a manner lator 11 is designed for high stability of about 
to be described hereinafter. kO.O004% of the selected center frequency with an 

The amplitude demodulated outputs ofthe detectors accuracy of the frequency of about - I%, such as in a 
are compared in a Phase comparator 21 implemented 5 Series 8600 Hewlett Packard Sweep Oscillator. The 
with, for meter* to Obtain a DC amplitude of the sweep voltage from the generator 12 is 
Output proportiona1 to the phase difference be- adjusted to achieve the desired R F  frequency range. tween the two test-set paths* By 'Omparing the phase Of The second step is to remove the oscilloscope and 
the and detected from the two paths, reconnect the phase reference input to the 

a vector 

the group delay is simply: lo amplifier 17 through the switch S3 at point D, and 
balance the reference and test path group delays 
(lengths) for zero degrees at the comparator output. 
This may be done, for example, by adjusting phase 

where: fm = modulating frequency, Hz. In theory, the 15 offset in the phase comparator implemented as in a 
modulating frequency, fm, may be selected for a group Hewlett Packard Vector Voltmeter Model 8405A with 
delay measurement of any units of time, but for the S- a 360" phase range and 0.1" resolution over a range from 
and X-band it is most convenient to select the frequency 1 MHz to 1 GHz in 21 overlapping octave bands with 
modulation to be 2.7778 MHz SO that the output of the offset of k 180" in 10" steps. 
phase comparator will be in units of one nanosecond 2o The third step is to connect the system to be tested 
(1.0 X sec.1 Per degree of Phase difference, as through switches S l  and S2, and note the group delay. 
noted hereinbefore. Then adjust the X-Y recorder sensitivity for sufficient 

Amplitude modulation and detection Of the test Car- range to record total group delay of the system under 
rier signal will not affect the group delay of the system test. Repeat the adjustments in the second step, then 
under test since the reference and test paths both in- 25 record group delay (td) versus frequency U, across the 

in group in the not affect the 

one path is balanced with the detector and amplifier in 

td=&360 

dude the modulation and detection- The amp11tude 
modulator is common to both paths s' that changes 

desired frequency range with and without the test de- 
vice connected, Then connect the X-y recorder verti- 
cal input to the reference channel detector output by 

group 

the other path, any group delay changes that might 30 
occur during a test, such as might be experienced due to 
changes in the environmental temperature of the detec- being tested using an absoVtion-tYPe 
tors and amplifiers, will not affect the group delay test. If group llSec per inch on 

An x-y recorder 22 receives the DC output of the the x-y recorder, due to the test device group delay 
phase comparator at its vertical control input while it 35 exceeding 6X seconds, as shown in FIG. 2 (where 
receives at its horizontal control the output of the the applied stress iS an electromagnetic field for a micro- 
sweep voltage generator. The result is a direct record- wave amplifier), Proceed With the next step to improve 
ing of group delay, td, as a function of carrier fre- the td recording resolution prior to conducting stress 
quency, $ testing of the device under test. Otherwise skip to the 

components will now be described in detail. The com- The fourth step is to insert a length of cable 27 ap- 
ponent may be an amplifier, cable, waveguide and even proximately equivalent to the electrical length of the 
a system, both in a laboratory and in the field, including system under test in the reference path and adjust the 
installed components and systems. Group delay may be X-Y recorder 22 for 1 nanosecond per inch sensitivity. 
measured without the laborious task of reducing pha- 45 Prior to making a test recording of group delay (td) 
se/frequency data to group delay data. versus frequency, it is necessary to remove the system 

The first step is to Set the sweep and modulation of under test and the equivalent length cable in the refer- 
the carrier with the switches s1 and s2 at Points A and ence line, and to rebalance the reference and test path 
By and the switch s3 at point c* That connects the phase difference as described in the second step above. 
vertical input of an oscilloscope 24 to the reference path 50 once steps 1 through 3 have been completed, and, if 
amp1ifier '' in Order to Observe the amp1itude and dis- necessary, the fourth step has been completed, followed 
tortion Of the carrier Out Of the reference by a repeat of the second step, the fifth step of testing 

test, and since the detector and amp1ifier in turning the switch S5 to point F, and record frequency 
every 5MHz as shown in 

2, 'pecified for the frequency band Of the device 
at intervals 

is less than 

The process for measuring group delay of microwave 40 testing step. 

path. The amp1itude Of the S/X-band the system for group delay is undertaken for measuring 
group delay due to temperature and/or 
stress* This is done by 

is adjusted to a + lo 
dBm) for a continuous wave (CW) output at the center 55 

generator 15, are adjusted for maximum signal with sary to repeat balancing of the reference and test signal 
distortion by observing the signal display on as described above in order to record the td versus 

the osci~oscope~ mS step of verifying the modulation 60 frequency at the different temperature and/or environ- 
frequency is necessary because it is possible to create a mental stress Points of interest. The resulting f d Y  of 
second harmonic of the modulation signal in a balanced- td recordings will display the group delay distortion 
mixer (modulator) by supplying insufficient DC bias to caused by temperature and/or envkmmental stress 
it, or by overdriving it with bias and/or modulation such as a family of curves as shown in FIG. 3 for the 
signal level. The second harmonic would then cause the 65 same microwave amplifier as in FIG. 2 tested under 
group delay measurement to be off by a factor of two. three conditions of applied magnetic field in order to 

The modulation source 15 should have frequency predict the operation of the amplifier at different orien- 
stability of 2~ 0.001% which will produce an accuracy tations in the earth's magnetic fields. Note that the 

of the desired testband. A variable source 25 of DC bias 
current (0-20 ma), and the modulation signal from the 

the group td* 
frequencY,j with frequency markers* It is neceS- 
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group delay resolution has been improved through the 
use of step 4 above. 

Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 
nized that modifications and variations may readily 
occur to those skilled in the art. For example, an ampli- 
tier may be inserted between the system under test and 
the switch S2 for measuring high insertion loss systems. 
In that event, the group delay of the inserted amplifier 
must be separately determined and subtracted. Another 
example is provision for variable gain in the phase com- 
parator 21 for those cases where the comparator output 
is expected to be very low, although the recorder 22 
can, in the usual case, be adjusted for vertical as well as 
horizontal control sensitivity. Consequently, it is in- 
tended that the claims be interpreted to cover such 
modifications and variations. 

What is claimed is: 
1. A method of measuring group delay of a system 

under test using a sweep voltage generator, a voltage 
controlled oscillator responsive to the sweep voltage 
generator to sweep the oscillator frequency over a test 
bandwidth of interest by controlling the frequency out- 
put of said oscillator with the output of said sweep 
voltage generator, and a modulation frequency genera- 
tor for amplitude modulating the output of said oscilla- 
tor with the output of said modulation frequency gener- 
ator, comprising the steps of applying the modulated 
sweep signal to both a reference path and a test path 
containing said system under test, separately demodu- 
lating said modulated sweep signal transmitted through 
said reference and test paths to provide demodulated 
signals, and comparing the phase of the demodulated 
signal from the reference path with the demodulated 
signal from the test path to determine the phase differ- 
ence as a measure of group delay. 

6 
reading of group delay in nanoseconds as a function of 
frequency. 
6. Apparatus for measuring group delay of a system 

under test using a sweep voltage generator, a voltage 
5 controlled means responsive to the sweep voltage gen- 

erator to sweep a carrier frequency output of said volt- 
age controlled means with the output of said sweep 
voltage generator, means for amplitude modulating the 
carrier output of said voltage controlled means with a 

10 signal of fmed frequency, means for applying the modu- 
lated carrier simultaneously to both a reference path 
and a test path containing said system under test, means 
for separately demodulating said modulated sweep sig- 
nal transmitted through said reference and test paths to 

15 provide demodulated signals, and means for comparing 
the phase of the demodulated signal from the reference 
path with the demodulated signal from the test path to 
determine the phase difference as a measure of group 
delay. 

7. Apparatus of claim 6 including means for record- 
ing the measured group delay as a function of frequency 
control of said carrier frequency. 

8. Apparatus of claim 7 wherein said recording means 
records directly while said voltage controlled means is 

9. Apparatus as defined in claim 4 wherein said fvred 
modulation frequency is selected to be 2.778 MHz for 
direct reading of group delay in nanoseconds as a func- 
tion of carrier frequency. 

10. Apparatus as defined in claim 9 wherein said car- 
rier is swept over a bandwidth of interest in the range of 
S or X-band and said means for applying the modulated 
carrier to both a reference path #and a test path is com- 
prised of a microwave power divider. 

11. Apparatus for recording directly group delay 
measurement of a system under temperature and/or 
stress tests comprising means for generating an ampli- 

20 

25 swept through said bandwidth of interest. 

30 

35 

2. The method of ciaiml including the recording of tude modulated carrier frequency swept over a band- 
the measured group delay as a function of frequency width of interest, means for dividing said modulated 
control of said oscillator. 40 carrier through a reference path and a test path, each 

3. The method of claim 2 wherein said measured path including separate means for demodulating said 
group delay is recorded directly while sweeping said carrier; means for comparing the phase of the demodu- 
controlled oscillator through said bandwidth of interest. lated outputs of said demodulating means while said 

4. The method of claim 3 wherein a parameter which modulated carrier is swept in frequency over the band 
may affect group delay of the system under test is varied 45 of interest for different test conditions, and means for 
for different frequency sweeps to develop a family of recording each test, whereby a family of characteristic 
data curves. group-delay curves may be obtained for the system 

5. A method as defined in claim 4 wherein said modu- under test. 
lation frequency is selected to be 2.778 MHz for direct * * * * *  

50 
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