
    

  

f 

N - . 

f . -‘ - . . 

A L1\ 

    

 



  

Measuring Phase Spectral Density 
Of Synthesized Signal Sources 

Exhibiting f, and f-' Noise Characteristics 
With The 5390A Frequency Stability Analyzer 

Introduction 

The 5390A is capable of measuring Phase Spectral Density of various signal 
sources over the offset frequency range of 0.01 Hz to 10 kHz with the primary 
emphasis in the range below 100 Hz. The method used to make these measure- 
ments utilizes time domain measurements using a frequency counter sampling 
in a specific manner and relating the variance of a series of measurements to the 

phase spectral density. The measurements made in the time domain result in 
a digital filter transfer function which has the characteristics of very narrow 

bandwidths; thus, measurements can be made very close to the carrier, which 

most other techniques are unable to cover. 

As with all digital sampling techniques, the digital filter has harmonic responses 
which are usually undesirable. In the majority of cases of measurement of close- 
in phase noise, this is not a problem with the 5390A due to the characteristics of 
the phase noise spectrum in this close-in region. However, when measuring 
certain types of oscillators at the upper range of the 5390A, certain errors can 
occur. This application note discusses the causes and circumstances under 
which these errors may occur and some methods for reducing them to accept- 
able levels.



Figure 1(a) is a generalized noise model of an oscillator (from NBS Technical 
Note 679, “Frequency Domain Stability Measurements: A Tutorial Introduction,” 
which provides an excellent overview of the subject). This model shows five 

separate noise processes at work, each of which may predominate over a 
region of the offset frequency spectrum. A high-quality crystal oscillator will 
usually exhibit phase noise characteristics similar to this. Figure 1(b) shows phase 
noise characteristics of a synthesized signal—in this case, the output of the 
HP 8660C Synthesized Signal Generator—in the region 10 Hz to 10 kHz, as 
measured with a wave analyzer. Note that this spectrum exhibits a predom- 
inance of flicker phase noise (f-1 dependence of frequency), due to the phase- 
lock loop and frequency multiplication circuitry used to generate the signal. 
The spectrum also contains a number of spurious outputs, some of which are 

related to the line frequency (e.g., at 120 Hz) and some related, again, to the 

synthesis technique. 
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Figure 1. Comparison of phase spectra of (a) idealized oscillator model and (b) HP 8660C 

(with Option 004) Synthesized Signal Generator in the region 10 Hz—10 kHz. The 
output frequency of the 8660C is 500 MHz. This measurement was performed using an 
automated wave analyzer with 1 Hz bandwidth. 
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Figure 2b shows the characteristic filter function of the 5390A, which is produced 
by its digital sampling technique. This function includes a fundamental re- 
sponse at the desired offset frequency f on either sideband of the down- 
converted carrier (beat frequency is denoted vp), and additional responses pre- 
sent at all odd harmonics of the fundamental except those divisible by 3. The 
harmonics continue to infinity on the upper sideband (a low-pass filter on vp 
is included in the system to suppress the higher-order harmonics). The lower 
sideband harmonics effectively stop at zero, since the diagram is symmetric 
about the origin. This filter function contrasts with that of a wave analyzer (a), 
which has a single filter at the offset frequency. 
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Figure 2. Comparison of filter functions of wave analyzer (a) and 5390A (b). Wave 
analyzer filter shown in dashed lines is alias filter which occurs only in zero beat 
techniques, not in IF technique. vb denotes beat frequency. Frequency axis has a linear 
scale. 
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Although this filter function appears unweildy, it has a number of unique 
advantages: It can be constructed with an arbitrarily narrow bandwidth; it can 
be located arbitrarily close to the carrier; and it contains a true notch at the 
carrier. 

When the 5390A is used to measure phase noise of an oscillator in the f-4 to f-2 

region of Figure 1(a), the filter harmonics have negligible effect, since the phase 
spectral density is falling off so fast away from the carrier. The degree to which 
this can be a problem can be seen by computing the error contribution of the 
harmonic responses for the various noise processes. This is done in Appendix B. 
For the noise processes f-4, {3, and f-2, the cumulative error is <0.5 dB and 
can generally be neglected. Since the majority of oscillators exhibit this type of 
behavior close into the carrier where the 5390A makes its major contribution, 
no additional steps need be taken. 

A worst-case 5390A measurement of the phase noise of Figure 1(b) results in 
the graph of Figure 3. The 5390A data in this case is about 5 dB higher than the 
wave analyzer data. The cause of this discrepancy is the harmomc responses of 
the digital filter to the f-! noise characteristic. 
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Figure 3. 5390A Frequency Stability Analyzer “wide open” measurement of spectrum 
of 8660C output at 500 MHz (same as Figure 1b). The beat frequency (vb) for the 5390A 
measurement is 60 kHz,



The filter harmonics do impact measurements on some synthesized signals as 
in Figure 1(b), however, for two reasons: First, a filter harmonic may fall on a 

spurious output; and second, the relatively flat phase-noise spectrum (domi- 
nant f-1 frequency dependence) over a wide region causes the accumulated 
power in the filter harmonics to contribute a significant error. As an example 
of this second effect, let us calculate the error in the measurement of the 
8660C at an offset frequency f = 5 kHz, assuming a 60 kHz beat frequency, vb. 
This situation is illustrated in Figure 4. Unwanted filter harmonics occur at 
5f, 7f, and 11f on the lower sideband and at 5f and 7f on the upper sideband. 
Higher-order harmonics are suppressed by the 5390A’s 100 kHz low-pass filter. 
Terms which contribute to this measurement are: 

    

Offset Frequency Power Relative to Carrier 

f: 5 kHz -109 dB 
5f: 25 kHz -113 dB 
7f: 35 kHz -115 dB 

11F: .55 kHz -117 dB 

TOTAL -107 dB 

Thus we find that filter harmonics would be expected to bias this point about 
2 dB high. The presence of a spur within any of the unwanted filter harmonics 
would add to this error. 
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figure 4. Example of effect of filter harmonics on 5390A’s measurement of 8660C.



Methods to Reduce the Effect of Filter Harmonics 

1. Use a low-pass filter with cut-off just above vy, and keep v, as low as 
possible. 

Figure 5 illustrates the effect of the low-pass filter, which is to suppress 
filter harmonics in the upper sideband. An externally-supplied filter may 
be used, or the 5390A’s set of internal filters may be used: 

Low-pass Filters Incorporated into 5390A 
  

25 Hz 1.6 kHz 
100 Hz 8.3 kHz 
400 Hz 25 kHz 

100 kHz 

These filters fall off at 6 dB per octave above the cut-off frequency except 
for the 100 kHz filter, which falls off at 42 dB per octave. 

A low v} has the effect of reducing the total number of filter harmonics 
within the filter’s passband. Figure 6 shows the effect of reducing vp, from 
2 kHz to 1 kHz when measuring phase noise at an offset of 167 Hz; in this 
case, the number of unwanted filter harmonics has been reduced from 
three to one. In a similar fashion, a combination of low v}, and a low-pass 

filter can greatly reduce the influence of filter harmonics for most measure- 
ments. 
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Figure 5. Using a low-pass filter on the IF of the 5390A system to reduce effects of filter 
harmonics.
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Figure 6. Effect of low beat frequency vb on 5390A measurement with low-pass filter. 

 



2. For optimal results, center a bandpass filter about vb. 

This technique is illustrated in Figure 7. A carefully selected filter can, of 
course, eliminate the effects of all filter harmonics. A bandpass filter can 
be supplied externally or constructed using an external high/low-pass filter 
and/or the 5390A’s low-pass filters. Details of implementing this technique 
are given in Appendix B. 
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Figure 7. A bandpass filter can negate the effects of all filter harmonics. 

Figure 8 shows the results of a 5390A measurement of phase noise of the 
8660C under the same conditions as Figure 3, except that an external band- 
pass filter has been applied to vp,. The additional filtering has eliminated the 
high bias of results found in Figure 3. 
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Figure 8. 5390A measurement of 8660C spectrum using appropriate bandpass filters. 
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The remaining discrepancy between the 5390A data and wave analyzer data 
in Figure 8 is due to the location and magnitude of spurious outputs. Dif- 
ferences in location are due to the fact that data points for these two instru- 
ments were not taken at exactly the same offset frequencies and at different 
bandwidths. 

If the sources under test contained no spurious responses or bright lines, the 
plots from the 5390A and wave analyzer would be identical within the measure- 
ment resolution. In both measurement methods the phase noise is normalized 
to a per Hertz basis when plotted. This assumes that the measured noise is 
evenly distributed across the bandwidth of the measuring filter. The measured 
value is then divided by the equivalent filter bandwidth in order to normalize 
it to a per Hertz value. 

When spurious responses or bright lines are present within the filter band- 
width energy is not evenly distributed across the measuring filter bandwidth, 
and a peak rather than an average value is desired. Hence, to gain close 
correlation of spurious response or bright line measurements with both 5390A 
and wave analyzer techniques, the values plotted should be “un-normalized” 
by the measuring filter bandwidth. With the 5390A this is done by adding 
to the plotted value 10 times the log of the measurement filters’ bandwidths. 
Wave analyzer values should be correct in a similar manner.



APPENDIX A 

ERROR ANALYSIS OF DIGITAL FILTER HARMONIC 

RESPONSE FOR VARIOUS NOISE PROCESSES 

The error due to the harmonic responses of the digital filter can be expressed 
as follows: ' 

error = 10 log [1 +(%>fi | H(f‘1| 2] (A1) 

where - represent the harmonic number 
(o] 

B is the phase power law coefficient (0 < 8 < -4) 

H(f) is the transfer function of any signal conditioning of the spectra prior 
to sampling. 

Eq. A1 assumes that the error over the frequency range of interest is due to 
a signal noise process, otherwise the expression would have to be expanded 
to evaluate the contribution of each noise process over the range of interest. 
In practice, one noise process usually predominates and the contribution of 
the others is negligible. 

Table A1 evaluates Eq. A1 for the cumulative error of N harmonic responses. 
That is 

|H(f;|2 =1 for fo < f < Nfo and |H1f'||2 =0 elsewhere. 
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ERROR DUE TO FILTER HARMONIC RESPONSES 

TABLE A1 

  

  

  

    

Harmonic Cumulative Error (dB) 

Number 

Noise Process 

fo f-1 =2 f-3 f-4 

1 0.0 0.0 0.00 0.000 0.000 

5 3.0 0.7 0.17 0.035 0.007 

7 4.7 12 0.25 0.047 0.009 

1 6.0 1.5 0.28 0.050 0.009 

13 6.9 1.7 0.31 0.052 0.009 

17 7.7 1.9 0.32 0.053 0.009 
19 8.4 2.1 0.33 0.054 0.009 

23 9.0 2.2 0.34 0.054 0.009 

25 9.5 2.3 0.35 0.054 0.009 

29 10.0 2.4 0.35 0.055 0.009 

31 10.4 2.4 0.36 0.055 0.009 

35 10.7 2.5 0.36 0.055 0.009 

37 11.1 2.6 0.36 0.055 0.009 

41 11.4 2.6 0.36 0.055 0.009 

43 1.7 27 0.37 0.055 0.009 

47 12.0 2.7 0.37 0.055 0.009 

49 12.3 2.8 0.37 0.055 0.009 

53 12.5 2.8 0.37 0.055 0.009 

55 127 2.9 0.37 0.055 0.009 

59 13.0 29 0.37 0.055 0.009 

61 13.2 29 0.38 0.055 0.009 

65 13.4 3.0 0.38 0.055 0.009 

67 13.6 3.0 0.38 0.055 0.009 

71 13.8 3.0 0.38 0.055 0.009 

73 13.9 3.1 0.38 0.055 0.009 

77 14.1 3.1 0.38 0.055 0.009 

79 14.3 31 0.38 0.055 0.009 

83 14.4 31 0.38 0.055 0.009 

85 14.6 3.2 0.38 0.055 0.009 

89 14.7 3:2 0.38 0.055 0.009 

91 14.9 3.2 0.38 0.055 0.009 

95 15.0 32 - 0.38 0.055 0.009 

97 15.1 33 0.38 0.055 0.009 

101 15:3 3.3 0.38 0.055 0.009 

125 16.2 3.4 0.39 0.055 0.009 

151 171 3.6 0.39 0.055 0.009 

175 17.5 3.7 0.39 0.055 0.009 

203 18.3 3.7 0.39 0.055 0.009 

301 20.0 3.9 0.40 0.055 0.009 

401 2%.3 4.2 0.40 0.055 0.009 

503 22.3 4.3 0.40 0.055 0.009 

751 24.0 4.5 0.40 0.055 0.009 

997 25:2 4.6 0.40 0.055 0.009           
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APPENDIX B 

SEMI-AUTOMATIC IMPLEMENTATION OF 

BANDPASS FILTERING USING THE 5390A 

Introduction 

Implementation of the bandpass filtering techniques discussed in this appli- 
cation note can be accomplished by incorporating an external variable band- 
pass filter in the amplifier chain of the 10830A Mixer IF Amplifier. The 10830A 
provides an intermediate output of its amplifier chain after the first stage and 
an input back into the remaining stages of the amplifier allowing the insertion 
of a filter. By taking the output after the first stage which provides 50 dB (X300) 
of gain, the signal can be applied to an active high/low filter without severely 
raising the noise floor of the system. Typically active bandpass filters are imple- 
mented as a high pass/low pass cascade configuration. The result signal process- 
ing block diagram is shown in Figure B1. 

To facilitate the use of the bandpass filter in the measurement process, it is 
convenient to make some modifications to the phase noise application program 
supplied with the 5390A. The modifications rearrange the measurement se- 
quence, compute the high pass and low pass cut-off frequencies, prompt the 

operator to set the filter to these values, and optionally allow printing of inter- 
mediate results so that the progress of the measurement can be monitored. All 
other aspects of the program operation and measurement remain the same. 
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Figure B1. Signal Processing Block Diagram with Bandpass Filtering. 
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Equipment Set-Up 

The only set-up change required to the system configuration is the intercon- 
nection of the external filter to the 10830A. This is accomplished by removing 
the short BNC coax cable (W15) on the rear panel of the 10830A from the two 
BNC labeled EXTERNAL FILTER OUT and EXTERNAL FILTER IN. The external 

filter is then connected as shown in Figure B2. 

The experimental data shown in this application note was taken using a Rock- 
land Model 852 Dual HI/LOW Filter with the first stage filter set to HI PASS, 
the second stage set to LO PASS, and both stages set to 0 BD GAIN and FLAT 
AMPL. 

Program Modification 

The application program modifications can be performed by the following 
procedure. It is recommended that the operator be familiar with the basic 
editing procedures as discussed in the 9825A Calculator Operating & Program- 
ming Manual (HP P/N 09825-90000), Chapter 4. 

1. Load and Run the phase noise program (pnamh) according to normal 
5390A operating procedures. 

2. Press Start Measurement key (F5). 

3. When the display returns with the first question, press the STOP key. 

4. Make the changes and additions per Table B1. Note: the correctness 
of each change and addition can be verified by listing just those lines 
shown and comparing the check sums (the number at the end of the 
listing preceded by an asterisk). If the numbers are not the same, look 
for differences between the listing and Table B2. 

5. After all changes and additions have been entered, list lines 30 to the 
end and verify the check sum with that of Table B2. 

6. Record the updated version of the measurement segment by typing 

trk@; rcf z|4] + 4, 30 

and then pressing EXECUTE (first make sure the tape cartridge record 
protect tab is positioned in the direction of the arrow (record en- 

abled)). 

. Note 

If the original version of the program is also to be 
used, first make a duplicate copy of the system soft- 
ware cartridge (only the phase noise program need 
be copied, if desired), and then perform the edits 
and record them on the duplicate copy. 
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Program Operation 

The program is operated in the normal manner with the following exceptions: 

g i The sweeps are performed all at one frequency at a time, then repeated 
at the next frequency. 

The program computes the optimum beat frequency and prompts the 
user to set it to this value. It then measures the actual beat frequency 
and computes the measurable frequencies and filter frequencies. 

Prior to starting each new frequency, the program will prompt the oper- 
ator to set the bandpass filter high and low- pass cut-off frequencies. 

The display will show 

SET HP = d.ddEdd SET LP = d.ddEdd 

Set the high pass and low pass controls to the values indicated (in Hz) 
and press CONTINUE. 

The system will make measurements at this frequency for the number 
of sweeps indicated, and then pause as in 2. above, for each frequency 

requested. 

No print out will occur until a complete line of frequencies has been 
measured. If it is desired to monitor progress, type sfg 8 EXECUTE, and 
the intermediate results will be printed on the calculator’s internal 
printer. 

  

  

DUAL HIGH/LOW FILTER 

  

CHANNEL A CHANNEL B 

(HIGH-PASS) (LOW-PASS) 

INPqUT OUTPUT IN};‘UT OUTPUT 
y g         

      
        

EXTERNAL FILTER OUT EXTERNAL FILTER IN       

108304 

        
  

Figure B2. Semi-Automatic Bandpass Filtering Equipment Set-up. 
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TABLE B1 

PROGRAM EDITS FOR MANUAL B.P. FILTER 

Note: these edits must be executed in sequence. 

Replace line 30 with 

30: "MEAS & REC PARAM w/man.filter cp.771111.1506": 
*15692 

Replace line 40 with 

0% EmE S lEg, =%k P K BB E RO I1:8E B W iRy T BB T g oebiklangt: Poopopydt 

*1G31le 

Fetch line 41, add insert the following 

41: fmt /,24x,"-- MANLAL EXTERNAL FILTER —",3/;wrt “"prtc" 
*13948 

Fetch line 46 and insert 

46: 0+112]11=2 
473 "nf":ell 'bk';dsp "Set Beat Freguency tc",6%¥0[J);:stp 

*25300 

Replace line 49 with 

4G: fmt 2/ ,;3x%; "1F FREQULENCYY,f£8.1 , " HEY ywrt “prer® F 
*Z3134 

Replace line 52 with 

52: I[2)+1;0+1[1]:fcr u=d te O 
* 16020 

Fetch line 57 and insert 

5%+ if FIIL<FTTI1T]/5:05:1-1+M+T[2] ; ko 43 
*16762 

Replace line 59 with 

59: I+M+1|2] 
*LT7084 

Replace line 62 with 

62: if F+1.18[1[1]1<H[1);gtc +2 
*28953 

Fetch line 70 and delete 

Fetch line 71 and delete 

75



Fetch line 83 and insert 

83; fmt, "EPE" ,2:wrt "prte";fmt £8.0,%2 
g4: for I=1[1] to 1([2):wrt “prtc", "1£Y(I);next I 

85: fmt HZ" ;wrt "prtr" 
86: £mt “"LPP",z;wrt "pric";Emt £8.0,= 
87: fer 1=111] tec I|Z];wrt “prtr",'hf' (1);next I 
g8: fmt " HZ";wrt "prer" 
*16766 

Replace line 94 with 

24 fof ISIEL) v Tl2) 
*9170 

Fetch line 95 and delete 

Fetch line 95 and insert 

95: if not flg8;gtc +4 
96: spc 
97: fxd ljprt "FREGQ(RE)+» ",F[I1] " mrmrmmme e e " 

Y6: prt "SWELP LBc " 
95 "1£' (1)exd;'hEY (1) *x2 

100 if Ifl;if “hf'(I-1)=r2:gtc *2 
101: £f1t 2;cll 'bE';dsp "SET HP=",rl," LP=",r2;stp 
*5518 

Replace 104 with 

104: for A=l tc A|2) 
*5506 

Fetch 133 and insert 

133: if not flg8:gto +2 
*G454 

Replace lines 134 and 135 with 

134: fmt £4.0,3x,fB.0;wrt 16 ,A,101lcg(S[A,1I]) 

135: next A 
*5585 

Replace line 137 with 

Y37 et ¥ 
*31652 

Fetch line 138 and insert 

138: for A=1 to A[2] 
13%: Emt /,£5.0,z:wEt “grer", B 
140: for I=1[1] tc I[2] 
141: fmt £8.1,.zi;wct "prtr",101cg(S[A, 1)) 
142: next I 
143: next A 
144: wtb "prtc",13 
*12014 

Fetch line 173 and replace with 173: 

Fetch line 176 and insert 

764 1f J@igLs: "af” 
*15923 

Fetch 183 and insert 

183: "1f":ret drnd(prnd(.9364(F-F [p 
184: "hf":ret drnd(prnd(1.068(F+F(p 
*20240 

=
]
 1),0 

1).,0 

16



TABLE B2 

COMPLETE LISTING OF “MEAS” Segment after Edits 

  

3U: "LEARS & REC eARAL w/man.tilter cp.771111.1506": 
sl 

Szt “meiymp 2l 
33: ato "meas" 
J4: gto "rpacg" 
iv: gte “cge 
b 

37: "meas": 
J4: ent "LLYER [LASULUE ALwY LDLSCRLETIGH"™, NS 

253 WEL "srte",12 

Sl (Emt Fakon; "ER¥ b HoA 58 w2l S L LR ALY 5 A S Mweneiet 
al: fmt /,zdxy "—— LAuAL LATEHSAL FILYER ——"; 3/f:wik "protr® 

a2z ol YErErta® 
whs Ewt 2/, "LEASURLLLGL sbolhlelicus ™ 27 3 x, Cpwret "irtr", b 

44 '¢ll “fapt'iasHUS 
453 fmt YMHEASLRUELEWD PARANLIEKS 1"/ swr't *prtr" 
aus b+l|Z]ileu 

«71 "ptY:cll ‘bo'iuse “Set beat Freéguency to’, LRl listy 
4o gll 'eb? (E) 
gy Bt 2753 % ME FPRELUE«CCYY B Ly B Mawet MYortr"; b 
A 

5 "LuaEUiL URESEL rhE.S": 

ued Ll Lol slor J=2 b D 

vy 1R LLIPEGs e 6k L1100 42 
Lai b/le*prna (£ (CRu ) 0y )2k lLbde] 
oy Il prradlb ]a:la ) p0) wwil)) €bicll 'ge(ll) 
Jutodt Leliil epil=k|l1l=1] or etl]ob*i;l-1+]) 
S0 AL VLS Ly UL VESs0%: v==1»1 12 rate 43 

bus RuXt o 
gt g e Selolay 

whet 

bl ter I=l te 7 
vz LU F+max(r (%] )<l L] sabe +2 
o3 next 1 
vat Exd uider "sel uF pAULMLLTIL Le®.d [L]+higel "bo® 

uhs ent " a 

Gb: Lmbt 3%, "1b BANLLWLWLIL ", 87 .0,." " iwrt "prtr",.u 
e Bk 3% "RV dd cbgwmet. el i) 
vur fmt Ix, "CORKLEOYIUw COLFFICI bl o f4.0 3wt “prer",C 
u 

A £ T R 
il: ‘Emt 2/,10%, "SSH/CATRLLL PHASL udIhL (wb/Hz)"pwrt "grtr® 
res Emt “EREUR"ziwrt Moot 
T3: tpt f8.2,23for 1=111) tc 1|l2)swrt “prtr“,F|l)inext 1 
e Ewt Y LEYiwr g “gotrc® 
1S fmt Pbw >"pEawrt prte® 
To: Lt f8.2,2 

772 fer 1=1[Y] ve Al@]swet "prtrMoE 1)1 prext 1 

7oz fmt " HZ";wre "pric® 
T9: fwt "FLOOR", zjwrt "prerc" 
80: fmt £8.1,2 
8l: for I=I[1] to 1[2);wrt "prtr",-173+201log(F)-10log(F|I]};next I 
B2Z: Eme " DEM;wrt Yppte! 
83: fmt "HPF",z:;wri "prec';imt £8.0,2 
84: for I=T|l] to 1[2]ivwrE "prtc™ V1EWTisnext 1 
o - Faek: BZVswrkt “prir" 
86: fmt "LPF",z;wrt "prtr";fmt £8.0,z 

g for I=I(1} to T{2}swrt “prote®,"WE'(T)inext 3 
28.5: Emg " H2";wrt “prer' 
89: fmt "SWEEP" ,z;wrt "prtr® 
Yu: 

91: "SET-UP FUR SWEEPS": 

9Z: cmd "entr","I2E;G5E1<E8B11";cmé "msp", "GlG3G4D2F 1H";wait 50 
93: rds{"msp")-rl 
94: for 1I=I[1l] te 1[2] 

85: if not flgB;gtc +4 
y6: spc 
97: £x liprt "FREQ (HZ)% ™, F(I| M-memermrroconm—t 
98: prt "SWEEP UBC " 
495 V1EY (T)exd: "hEt {T) »E2 

L0002 4f T#1;if 'hE'(I-1l)y=rZ;qto +2 

101: flt 25cll ‘bb';dsg "SET HP=",rl," LP=",r2:stp 
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102: 
103: 
104 
LOS: 
106: 
1G7: 
104 : 
109: 
LD 
111: 
1123 
113: 
114: 
T1%: 
11s: 
LIy 
118: 
LG 
12t 

i 
X2 
L2 3 
124: 
1252 
126 
127 

128 
12%: 
L30s 
131: 
I3idis 
135z 
L3l 
L35 
136 
L3 
138 
139 
140: 
141: 
142: 
143: 
144+ 
145: 
146: 
147: 

146 
14G: 
150 
151: 
152 
153 
154: 
355 
136 
LSTs 
158: 
15%: 
lot: 
lel: 
lez: 
1ui: 
lud: 
1e5: 
1:6: 
La7s 

le8: 
le9: 
L7use 
1B 2 B 
172 
h i 
174: 
175 
1o 
3 17 
L 

"SET-UP FOR NEwW FREQ": 

for A=l to A[Z] 
le6/(3*F[1])+G 
int {log (G*500) Y+i+L 
if G<=100;fmt "L2M",£.0,"EOK" ;wrt “msp,pp",Gigto +2 
fmt "D2M" jeL2; "K";wr it “"msp,pE",G/ 00 
fe TY GEGQGMNNYGT L0 RIY pwet "mspippin 28N 1] 

"MEAE SIGMA" : 

O=ti[2]=11[3] 
for K=1 to K|z] 
U=M (1] 
fut z;red "med";fmt 
for w=1 to N|1] 
rec "bus",T ,E; (E+Y)/T+x 
red “Ybus" B 

if =¥ or E=¥+4l or E=Y¥-ljqgto +2 . 
1f £ig10;if M#L:ELt S;prt "S=" A, "E=", PIX] VK=" K, N R EEY KB/ T ;spe 

K=E/T+M[1]=1([1) 
next N . 
band (ras("msp"),125)+rl;if rl496;cll 'pe' (5);dsg dtorl 
if KEK[2);Emt “"RI",z;wrt “mep,po" 
{(M]1] *528)*2+M[ 2] =11 2] 
filLll*5ed+M[3]+M[3) 
next k 

"COMPUTE VARIANCE & S": 
(tl2]-M[3]*2/K[2])/(Kl2]-1) -2 
/(5. 45%F (1)1 *3*N[1]|*C)+8 [A,I] _ 
if (tn*((-176+201lcg(F)-101og(F[I11))/10)+rl)>S[A,L];x1+8[A, 1] 
if not flgB;gtc +2 
fmt £4.0,3x,£f8.0;wrt 16,A,101l0g(5[A,1)) 
next A 

next 1 

for A=l tc A(2] 
Emt /,£5.0;,z;wrt "prte®,A 
far 1=T01] to 112] 
EFmt £8.1,2:wrt "prtr",10lcg(S5[A,I]) 

next I 
next A 
wtb "prtc",13 
"COMPUTE AVE,SIGMA ,MIN & MAX" : 

fmt /,4x,2Z;wrt "prerc" 
fmg " e .zZ;for I=1|1] to I(2) wrt "prer"inext 1 

fer I=}[1] te Y2 
O+rl+r2+r5; leY9>r3;-1e9%+>r4 
for A=1 to A[2] 
S|a,Ll+rl-rl 
(1I0log (S|A, 1)) )24 2-1r2 

min (o(A,1],r3) 3 
max (5|A,L],r4)>rd 
10loc (S]A,I])+r5+15 
next A 
cl/B|121+5[A[2]+1,1] 

if AlZ]=1l;gtc +4 
Jabs(({r2-r5*2/812) ) /(Al2]1-1))»S[A]2]+42,1] 

c3+5[A12]+3,1] 
rd4+5[(Al2]+4,1) 

next 1 
s o L 
fmt /, "AVE=", zawrt “"prtr" 
fmt f8.1,21for 1=1[1] to I[2]zwrt "prtr™, l0logis(A[z]+1,1))inext I 

if Al2]=1l;gto +7 
fmt: /,;"S1G="; z;wrt "prte” 
Emt: f8:lzefar (=I]1] to L[2yrwit “erte",S|N[Z]+2;1) rnext I 
fmt /,"MIN=", z3wrt "prer" 
fmt f8.1,z3for 1=I[Ll] te I|2};wrt "prtr",1l0log{G6]lA|2]+3,1))inext I 
Emt /,"HAX=", z;wrt "prtc" 
tmt f8.1,z;for I=I[1] to Ll2);wrt "prtr",lulog(SlAlZ2]+4,1I)):next I 

eIl "mEV(EL) sfmt 247 MIF DRIEM 1206, hz2Mswrt Yprer!; F=rl 
if JeGges "nf" 
cmd "cntr","El42I1" 
iE £lgY:Emt chzpwrt "protr", "END, Micll 'ragt’' 
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1749: 
160+ 

181 
Lg 2 
153: 
184: 
1d5: 
186: 

i By 
l58: 
189: 
190: 
AL ] 
1492: 

1%3:4 
ICT 
1952 
146: 
157: 
1%38: 
1y9: 
200 
201: 

202z 
<03: 

204z 

2054 
206: 
207 

2ld: 
209+ 
210: 
211: 

zl2': 
72312 

gto "ex 

"mf" :emd "entr', "I2G?EL<E:EBIL1";fnt jreo "cntr",glired "bus",pl;iret 
"bb" ibeep ;wait 200;beep;ret 
“1f":ret drnd (prnd(.9364(F-F[ELl]),0} +3) "hi"iret drnd (prod (1. 068 (F+F[ L1 ) ,0) +3) 

Yrapt®: 
fmt jred Yelk";" “=A3 
wti 0,7;rdi 4+Djweait 1005if iof7;g9tc 42 
cfg 9ient "ent date/time M!,DC,hh:mm:iss", AS|3,16]1;gtc +2 
ng 9ired "eclk”,AS;if BS[1,1]="7?";wrt "prtr","CLOCK ERROR" 

Y5&A511,16]+A% 
fmt 3% "GATE "R, Y, 62, TIME M, e,2)7 

wrt Mortr" ARl ;2] &S] 5b) A BY) »AST1IL,1B)sr et 

"road": 
ent "enter record file #",rl 
i€ "pfvclYsote -1 
LI1]=+T(1);Llz]-T]2) i 
ref Lo MG, TS, KR Rel2] 8 B 1 # 1Y R LC 1% )T [*)..0 
if it cato =4 
el rl+l,E,M,01*1.F[*],B[*I,SI*I 
gto Moy M 

"Cf" . 

faf pl 
idf p2,p3,p4.p5,c0 
if pdsbL;fxd U;dsp Ll, "used. type",p3, "ok to destroy?";gtc +2 
ret U 
ent "",A% 
it AS|1l,2]="ye";ret 0 
if AS[1,2]="no"ret 1 
ell lgel (B)rgte =3 
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Measurement Considerations 

In order for the bandpass filter to be effective, it is necessary to set its cutoff 
frequency with respect to the beat frequency and offset frequencies such that 
the filter pass and stop band characteristics can provide adequate filtering. 
Two conditions should be observed: 1) The pass band loss at the offset fre- 
quency being measured should be kept to a minimum. This is especially im- 
portant when corner frequency gets close to the beat frequency. 2) The stop 
band loss at the harmonic responses of the digital filter should be great enough 
to make their contribution to the measurement negligible. These two con- 
ditions limit how close to the carrier frequency can be measured with a given 
beat frequency and filter characteristic. The upper offset frequency limit is 
governed by the same considerations as making the measurement without 
the bandpass filter, mainly ’ 

Yb 
6 

To determine the offset frequency operating limits with a given filter charac- 
teristic, first choose an acceptable pass band loss. This is the maximum allow- 
able loss at the fundamental response of the digital filter. For example, choose 
—0.5 dB, which is commensurate with the statistical validity of typical measure- 
ments. Next, choose an acceptable error limit due to the filter harmonic re- 
sponses. Again, for example, select 0.5 dB. From this can be computed the 
necessary stop band rejection of the filter. If the filter is of a high enough 
order (>24 dB/oct rolloff), then the error is predominantly due to the 5th 

harmonic of the digital filter and the required attenuation can be calculated 
by the following value of the filter’s transfer function: 

fOma): = 

—F f "\l 

|Hifo + fo)|? = 10 log [log™" (75) - 1] dB 

where ¢ is the allowable error in dB. 

Now choose a filter type and order. For an example, a cascade high and low 
pass 8-pole butterworth will be used, as such a filter is readily available. For 
convenience, let the following coefficients be defined: 

B fQ = vb. + 5 fo b 
k1 i ko m low pass section 

— -5 f 
Ubf% k4 :beo— high pass section 

where  vb = beat frequency 
fo = offset frequency from carrier 
fi = low frequency corner frequency of the high pass section 
fn = high frequency corner frequency of the low pass section 

k3 

Using the transfer function of the filter, calculate the values of the hi’s using the 
two values of the transfer function previously selected and computed. For the 
example, the low pass section will be evaluated and because of symmetry 
and reciprocity the high pass characteristic will follow. 

Thus, for the 8-pole butterworth sections 

1 1 ]— 1 
— - 2 = — 

5 [IHh{vb + fo)|2 e k3 

% 1 S S 27 LiHnwo + 5f0)12 ke 
where n is the filter order (16 for the example). 
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The criterion is that the corner frequency must lie between the two filter 
performance limits. This can be expressed as follows: 

o + fo vb + 5fo 
k1 S ha 

and thus, the minimum offset frequency that can be measured is given by 

  

  
fomin = Ka Vb 

It is also convenient to define a constant R as 

R g fomax 

fomin 

Since fomax = EGE then R can be computed by 

  

R can then be used to compute the range of offset frequencies assuming fp 
is always set to 6 fo/max.For our example filter, R = 4,96 ~ 5. Thus, using this, a 

table of measurable frequencies can be generated as shown in Table A3. 

  

  

        
  
  

TABLE A3. 

Measurable Frequencies with 8-pole Butterworth Filters 
=5 

fo formax fomin Measureable Frequencies* 

60K 10K 2K 10,5, 3.3; 25 2 

6K 1K 200K 1K, 500, 330, 250, 200 

600K i 100K 20K 100; 50,33, 25; 20 

60K 10K 2K 9.5, 3.3, &5; 2 

.. — B " fo 6., t=1,2,3 
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