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MEASUREMENT CAPABILITIES OF THE AUTOMATIC NETWORK ANALYZER

USING STANDARD SOFTWARE

INTRODUCTION

This measurement note includes examples of meas-
urements taken with a Hewlett-Packard 8540-series
Automatic Network Analyzer operating in the 1 to
2 GHz range. The systemis one of the simpler single-
band versions and sells for approximately $70, 000.
The examples included are not all of the programs
that are currently supplied with the system; however,
they do show the overall system capabilities. Each of
the programshas evolved because of specific applica-
tion needs. A brief description of the programs is
included below.

AGPRI1

This program isthe calibration portion of the BGPR1,
CGPR1, and DGPRI1 programs. Its self-check section
allows a user to quickly check the calibration of his
system by loading the program tape and checking a
standard offset short circuit (a short circuit located a
precise distance down a precision air line).

BGPR1

This program provides two-port measurements by
reflection tests. A sliding load may be used to term-
inate the device so that its input impedance can be
measured exactly. This makes the program useful
for low-loss two-port devices such as cables and
adapters.

CGPRI1

This program is the most extensive of the reflection
programs. Up to 125 measurement points maybe dis-
played on an oscilloscope at one time. Manipulation
of data is possible through different switch settings on
the computer.

DGPRI1

This program provides high-precision real-time re-
flection measurements. As a device is inserted or
adjusted, the results canbe seen within a few seconds.
This program provides the most usable meansfor ad-
justing or changing hardware and simultaneously ob-
serving the affects.

REFL1

This program provides simplified versions of the
same functios provided by programs AGPR1 and
CGPR1. Calibration and measurements are included
in the same software package.

TRAN2

This program provides real-time transmission meas-
urements of group delay, insertion loss in dB and
phase/gain data.

TRAN3

More extensive measurements of total phase shift,
deviation from linear phase shift and deviation from
linear gain/loss through two-port devices areincluded
in this program.

CALIBRATION FOR GENERAL-PURPOSE
REFLECTION PROGRAMS

CALIBRATION PROGRAM USED: AGPRI1
MEASUREMENT DATA OBTAINED: None

TYPE OF MEASUREMENT: Calibration for BGPRI,
CGPR1, DGPRI1 programs

MEASUREMENT RESULTS: AGPRI1 isthe calibration
program for the system and must be used beforeusing
the general - purpose reflection programs BGPRI,
CGPRI1 or DGPRI1.

The program begins by asking the question:

SELF CHECK ONLY?

This question is used to check the calibration of the
system. The first time the question is asked, the re-
sponse is NO. The program then proceeds through
calibration of the system using a 50-ohm load (pre-
ferably a sliding type), a short circuit, and several
different offset shorts (short circuits at the end of a
precision air line of known length).

Any time after the initial calibration, return can be
madeto the calibrationportion of the program and the
question

SELF CHECK ONLY?

Answered YES: the system tells the operator to in-
sert a standard offset short circuit different from the
one used for calibration into the system and quickly
checks the system calibration. The system then is
ready to use any of the BGPR1, CGPR1 or DGPR1
general -purpose reflection programs.
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REFLECTION MEASUREMENT

MEASUREMENT OF AN RF COAXIAL CABLE

MEASUREMENT PROGRAM USED: BGPR1
MEASUREMENT DATA OBTAINED:
Teletype Printout
"1

VSWR
Reflection Coefficient

S22
VSWR
Reflection Coefficient

o | Bl
Loss in dB (One Direction)
Two times Phase Shift (both directions)

TYPE OF MEASUREMENT: Passive two-port

MEASUREMENT RESULTS: The test device in this
example is 33 feet of RF coaxial cable which isterm-
inated with a standard load, a standard short, and an
offset short circuit.

Teletype Printout

Figure 1 is a printout of the data obtained character-
izing the cable. Frequency steps of 50 MHz were
chosen for measurement although smaller steps could
have been used.

MEASUREMENT OF A DEFECTIVE 20-dB
ATTENUATOR

MEASUREMENT PROGRAM USED: CGPR1
MEASUREMENT DATA OBTAINED:

Oscilloscope Display

Magnitude and Phase Angle of Reflection Co-
efficient Reflection Coefficient | p| versus
Frequency

Teletype Printout

Magnitude and Phase Angle of Reflection Co-
efficient

VSWR

Return Loss in dB
Impedance
Admittance

TYPE OF MEASUREMENT: Reflection

MEASUREMENT RESULTS: Program AGPRI is first
used to calibratethe system and then program CGPR1
is used. The test device is a 20-dB attenuator which
has a defective section in its network.

Oscilloscope Display

Magnitude and Phase Angle of Reflection Co-
efficient

Figure 2 shows the magnitude and phase angle of the
reflection coefficient looking into the good end of the
attenuator. The frequency increases in a clockwise
direction from 1000 MHz to 2000 MHz. Figure 3
shows the same information looking into the defective
end of the attenuator. Figure 4 shows the same in-
formation looking into the defective end of the attenu-
ator with the phase reference shifted to the plane of
thediscontinuity. This measurement program is cap-
able of mathematically rotating the Smith Chart ref-
erence plane assuming a lossless airline whose char-
acteristic impedance is equal to that of the system, or
a simulated lossless waveguide section whose cutoff
frequency is equal to that of the system.

Reflection Coefficient | p | versus Frequency

Figure 5 displays the absolute value of the reflection
coefficient |p | versus frequency looking into the good
end of the attenuator. Figure 6 shows the same in-
formation looking into the defective end. In each case
the value displayed (. 05, 1.0) is the full scale magni-
tude. The base line represents the minimum value.
Thetop graticule represents the full scale value. The
X-axis represents frequency, (1000 to 2000 MHz, left
to right).

Teletype Printout

Reflection Coefficient
VSWR and Return Loss
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FREQ S11 522 512 OR 521
VS ik REFL COEF VS WH REFL COEF DB 2%ANG
1369 1.262 -0303 -20.3 1.396 « 3457 53.5 -2.73 182.7
19050 1.013 « 3864 21.9 1.184 «+0840 -115.4 -3.07 159.5
1192 1.8075 « 3361 -37.8 1397 «1658 ~-114.1 -3.29 -72.8
1159 1.815 «BU74 Ted) 1.637 «B183 =114.2 -3.14 139.3
128¢ 1.0A3 « 93495 ~3T7+ 3 1.169 «BT779 =104.1 -3.30 156.9
1259 1.086 3412 -52.5 1.196 - 8894 -925.6 =336 56.9
1320 1.692 « D439 =736 1.119 «0522 63¢4 -3.28 39.8
1356 1.0823 <3013 128.7 1.943 .0210 -95.7 ~3+45 -150.5
1406 1.283 +@396 -82.6 1.125 «0390 -103.3 -3.55 -42.7
1459 1.604 « G222 =940 1.148 «B6383 ~-185.2 -3+ 64 156.8
1559 1.8785 « 3374 -75.9 1.138 «3513 -106.7 -3.71 18@.1
1556 1.228 « 3137 -95. 08 1.664 «8310 =-117.7 -3.78 -115.8
1680 1.113 « 5326 ~116.9 1347 «B8231 -128.9 -3.87 -54.8
1633 l.025 «3122 -129.60 1.0627 <0135 -171.0 -3.95 -88.2
1758 1.397 «d461 -129.2 l.@72 « 3349 162.7 -4.85 169.3
1756 1.836 +G146 <195.1 1.629 <0144 172.0 -4.13 ~33.3
1538 1.886 «6413 -141.3 1.862 « 5299 -113.9 ~4.17 -26.7
1859 1.015 « 2075 -93.8 1.343 «212 -153.4 -4.25 ~79.8
192¢@ 1.298 + 3469 -145.2 1.183 3491 -133.1 -4.34 -155.2
1953 1.4938 <0184 ~-169.4 1.063 <0308 -127.2 -4.37 182.1
2900 1.881 « 4399 176. ¢ 1.8395 «B455 165.7 -4e51 867

Figure 1. Teletype Printout Showing Test Parameters of a Coaxial Cable

Figure 2. Reflection Coefficient Data Showing Good Figure 3. Reflection Coefficient Data Showing
End of a 20-dB Attenuator Defective End of a 20-dB Attenuator
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Figure 4. Reflection Coefficient Data Showing

Defective End of a 20-dB Attenuator with the

Phase Reference Plane Shifted to the Plane
of the Discontinuity

e T

Figure 5. Absolute Value of the Reflection Coefficient
Versus Frequency of the Good End of a
20-dB Attenuator

Appl. Note 99

Figure 6. Absolute Value of the Reflection Coefficient
Versus Frequency of the Defective End of a
20-dB Attenuator

Figure 7 shows the reflection coefficient data, VSWR
and return loss in dB obtained looking into the good
end of the attenuator.

Figure 8 shows the same information looking into the
defective end of the attenuator.

Impedance

Figure 9 shows the real and imaginary parts of the
impedance, and the magnitude and phase angle vector
quantities of the impedance looking into the good end
of the attenuator.

Figure 10 shows the impedance looking into thedefec-
tive end of the attenuator.

Admittance

Figure 11 shows the real and imaginary parts of the
admittance, and the magnitude and phase angle vector
quantities of the admittance looking into the good end
of the attenuator.

Figure 12 shows the admittance looking into the de-
fective end of the attenuator.
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1056, &
1187.9
11586
293. 9
12500
1380.9
1350. d
14368
1453
1588.0
1559.3
1669, 9
16584
1768.5
1758. &
158039
18330
195343
1250. 8
208de Y

REFL s

MAGN

» 5132
+3136
- 0138
+ 5138
D148
Dl1al
o i3l 48
Nl 4l
3144
« 3145
« 31 49
3153
«J151
«J151
<151
.}l A7
« D158
a i)
«B153
0155
« 166

ANGLE

4.3
7849
T6+ 6
3.1
695
66+ 5
52 &
56.9
518
475
424 6
38.2
3561
32.5
28.9
26.2
22.53
175
it.2
67

2.1

Vb ik

1.827
1.627
1.228
1.32

1.228
1.029
1.028
1.9829
1.829
1.929
1.030
1.331
1.831
1.031
1.831
1.330
1.830
1,938
1.631
1.831
1.0833

RTN LOSS

37.61

37.36
37.22
37.21

37.89
37.04
37.05
37.02
36.84
3677
36.52
36.46
346.39
3644
364,43
36.52
36.52
36.29
36419
35.91

Figure 7. Teletype Printout Looking into the Good End of a Defective Attenuator

FrREW

1887%.0
1050.3
113573
11950t
1208.6
12393
1302.0
1356.9
1400.9
145%.3
1599.9
153565
168300
155645
179465
1753.5
1:";;1‘3- 5
1358, 4
172¢0.2
195848
20993

REFL?

MAGN

« 3768
« 3763
» 37183
« 3679
» 3623
» 3371
+ 3555
« 3539
23493
« 3449
« 3443
* 34151
« 3320
« 3328
« 3380
« 32561
« 3215
23162

ANGLE

-134.5
"'ll["g'fi
-115.7
=121.1
-126.2
-131.3
=136+ 4
-14i.7
-1.46e 4
-151.7
-157.1
‘l62s7
-167. 5
“i172. 6
=177 7

1773

172.9

168.9

161.86

ib7.4

152.8

V5 R

2.239
2.207
2.184
2.164
2.136
2.111
2152
2.896
2.674
2.052
2,055
2+.830
2.021
1.998
1.987
1.968
1.945
1.928
1.9208
1.881
1879

RTN LOSS

848
F‘-.A?
859
b’-ég
8.82
B+24
8.96
$.082
9"4
9.20
928
9.37
9 42
9.56
.62
9.73
9.85
2.98
19.23
19.29
1939

Figure 8. Teletype Printout Looking into the Bad End of a Defective Attenuvator
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Z FREQ

1990.0
1059.0
1189.0
1152, 2
1299. 08
1253.9
1393,
1353.4
149@.2
1 /15{" ]
157309
155G.9
1680.%
1552, 0
1755.3
17590
1BGG.%
15589
1965, 8
1953,
2008.9

REAL

53,113
50.243
54.383
S5i. 34
SB. 475
58. 546
5. 649
58.752
39,885
5869 7%
51.1082
51.185
51248
531.283
51.332
51,354
51.396
31. 4358
51.3543
51e364
51.625

IMAG

1.313
1.337
1.348
1.339
1.323
13004
1.256
1.198
1.159
1.891
1.832
+ 952
392
»3531
» 750
e 573
» 5945
° 473
379
« 186
» 362

MAGN

50130
SAe261
53,321
50. 402
30. 492
Sle 561

S H04
SH.776
53.898
58,990
51.112
51.194
51.255
51.236
51.338
51+358
31,399
51440
51‘ » 543
51,564
514626

ANGLE

1.5
1.5
1.5
1e3

Figure 9. Impedance of a Defective Attenuator Looking into

il F ey

130%4
115345
1183.49

Fold

1354.1
1483.0
1456G.8
1503. 6
1556.9
15586
1650.6

18518
199G, i
19534

2000. %

KEAL

3£2.237
3e 562
29. 487
28. 325
278556
2T 285
(?l’}n CJ 1
261324
250 702
23,413
23. 130
25.437
24,955
25, 149
25+ 169
25 422
25. 762
2he 1M 4
2He D4
27+333
27779

o

IMAG

-27.412
~25. 197
=-22.919
=20 TH 4

MAGN

424316
39552
37347
35.294
33539
32.835
3d. 422
29.115
23.141
27133
2he293
25. 704
23.256
292227
25.1480
23437
25.890
£0e513
2T 179
LE.24h
292.122

ANGLE

- 4ie 4
=334
=379
-36.1
=332
-3t.5
=29+ 4
”2(’3»1;
=23, 7
-d#ed
=178
=-12.9
N
-3+3
“le7
1.7
5.7
EXY]
12+ 4

| TR

17-5

Figure 10. Impedance of a Defective Attenuator Looking into the Good End
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Y FREQ

1003.0
1852.0
1199.0
1158.0
1202.08
1253.0
1300.0
1350.0
1490.0
1.458.0
1503.0
1552.8
1660.0
1650+ %
1769.9
1750.5
1803.8
1850.2
1988.0
1956.0
2668.0

REAL

« 329
092@
. 820
« 220
« D20
320
« G20
929
« D20
0208
028
« 020
@20
019
319
D19
+B19
« 319
« 019
919
019

IMAG

-.921
=891
- 01
~. 001
=-«361
-.201
- 333
et Bgﬁ
-.000
-. 080
- 03
-390
-+ 230
- GDY
-eiidY
=000
- 330
- G0
- 30D
- DDY
= 303

MAGN

<328
« D28
<528
O@am
« N2
+ 029
320
«A23
- 029
G20
« D29
+022
329
«B19
«B19
+919
<019
« 319
«019
.19
o519

ANGLE

=15
bl -]
=15
=15
-1.5
=15
=-le4
~1.4
=13
=1.2
=1.2
-1l
-1.0
-2
-5
-
-7
=¢S5
-3
-2
_.1

Figure 11. Admittance of a Defective Attenuator Looking into the Good End

Y FREY

1980.4
1958.8
1186+.8
1150.0
1290.0
1250.8
13%8+.8
13500
1466.9
1450.04
1581)e 6
1556.%
18016
1650.8
1759.3
1753.3
15680.4
1858.6
1963
1953.8
2OBG. G

KEAL

.ﬁlg
2023
« 021
23
2825
3527
29
« 431
«D33
« 35
e 136
338
« 032
« 539
o 41
« 337
« Y23
« 337
«335
« B34
+ 333

IAG

«215
16
+sU16
PR2 Wi
w17
«516
« 315
+D14
$B13
e 11
2E5
RGIE
s 581
-efifil
=eiif)4
-e )6
=+ 838
-+ 09

K
il I

HMAGN

24
#3323
- P27
328
338
« 331
+333
«034
« 535
+ 037
« 338
«i339
2640
- 4
*» 340
« 339
+ 339
« 038
«B337
«J35
2934

ANGLE

40 e 4
39.4
379
3601
33.9
31.6
2944
26486
23.7
2A.5
175
12.9
5.3
5.5
1e7
=-1.9
=5.7
=94
=12.4
=~14s6
=175

Figure 12. Admittance of a Defective Attenuator Looking into the Bad End
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REFLECTION MEASUREMENT

Figure 13. Reflection Coefficient of Biased
Thermistor

MEASUREMENT OF A BIASED AND UNBIASED
THERMISTOR MOUNT

MEASUREMENT PROGRAM USED: DGPRI1

MEASUREMENT DATA OBTAINED:
Oscilloscope Display
Magnitude and Phase of Reflection Coefficient

Teletype Printout
Impedance (Real and Imaginary Parts)

Reflection Coefficient (Magnitude and Phase
Angle)

TYPE OF MEASUREMENT: Real-time reflection

MEASUREMENT RESULTS: Program AGPRI is first
used to calibrate the system and then program DGPR1
is used.

All measurement data is obtainedon a real-timebasis
at full system accuracy. As a test device is inserted

Figure 14. Reflection Coefficient of Unbiased
Thermistor

into the system, its affect on measurement data is
immediatelydisplayed. This permits easy adjustment
or manipulation of test devices.

Magnitude and Phase of Reflection Coefficient

Figure 13 shows the results obtained with a 50-ohm
normalized polar display (Smith Chart). The system
automatically selects the full scale reflection coeffi-
cient for best resolution. In this example, the scale
chosen was .05 reflection at the outer graticule ring.

In Figure 14, the thermistor was left unbiased and a
different reflection coefficient value was displayed.

Figure 15 is a display of the biased thermistor mount
on a Smith Chart normalized to 75 ohms.
Teletype Printout
Impedance (Real and Imaginary Parts)

Reflection Coefficient (Magnitude and Phase
Angle)
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Figure 15. Reflection Coefficient of Biased
Thermistor (Display Normalized to 75 ohms)

Figure 16 is a printout of the impedance and reflec-
tion coefficient of the biased thermistor for a 50-ohm
Smith Chart.

Figure 17 is a printout of measurement data when the
Smith Chart was normalized to 75 ohms. Note that
the impedance stays the same but the reflection co-
efficient changes according to the normalizing im-
pedance

Figure 18 is a printout of the impedance and reflec-

tion coefficient of the unbiased thermistor mount with
a 50-ohm normalized Smith Chart.

MEASUREMENT OF A 3-dB ATTENUATOR

MEASUREMENT PROGRAM USED: REFLI1
MEASUREMENT DATA OBTAINED:

Oscilloscope Display
Magnitude and Phase Reflection Coefficient

SMITH CHART NORMALIZED 102 SGe 5
FxEW IMPEDANCE REAFLECTION CORS
REAL I%AG v % ANGL <
16839 339 1.2 30 e
1£54.3 51.3 1.8 3¢
S51e S 8 25
S5te? «3 1742
51.9 2 e 4
b R0 el -3l
52.,a -5 =14
13363 52.9 -lely -24e 06
145849 52.¢ -1+3 =334
145705 S5le5 ~1e7 -3 el
150542 5165 -2el =5z
153ve 8 3l.2 -2ad =626 1
16GHeu Bi.8 =27 ~Tle
16589 53.4 =£.9 727
17089 DUe =359 333
1738.4% 4245 =3.1 « 531 =P el
1885.€ 49« S =31 « 833 =162
18530.0 488 3l «234 =115.5
19030 486 -2.8 «B35 -124.4
19563 4745 =25 « 336 =~13341
208959.9 47. 1 -2.2 « 337 -14l.4

Figure 16. Smith Chart Normalized to 50 ohms
Showing Impedance and Reflection Coefficient
Data (Biased Thermistor Mount)

Teletype Printout
Magnitude and Phase of Reflection Coefficient
VSWR
Return Loss in dB

TYPE OF MEASUREMENT: Reflection

MEASUREMENT RESULTS: The program begins by
calibrating the system. First the frequency range is
asked for with the frequency intervals in MHz. A 50-
ohm load (preferably a sliding type), a short, and
several different offset shorts are used for charac-
terizing the system errors.

Oscilloscope Display
Reflection Coefficient

Figure 19 is a display of the magnitude and phase
of the reflection coefficient of a 3 -dB attenuator
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SMITH CHART NORMALIZED T0: 75.0
FREQ IMPEDANCE REFLECTION COZF
REAL IMAG  MAGN ANGLE
1609.9 51.0 1.1 «1921 1768
1858.0 51.3 1.4 « 188 177.1
1106.0 515 ) <166 177.6
1158.% S$1.7 e3> « 184 173+ 4
120046 21.9 o2 . 182 172.4
1250.9 52.9 =51 . 181 -179.6
1309.6 52.0 -5 <181 =-178.5
1350.9 52.1 -1 « 181 -177.2
14309 52+ 6 =1.3 182 -176.1
145G.0 51.8 -1.7 « 153 ~174.9
15880 515 ~241 . 1835 ~174.8
1558.2 51.2 2.4 o 159 =173.1
16G0.5 58.3 =2.7 «1923 -172.5
16509 50. 4 =-2eY « 197 -172.9
1790.0 58.9 =340 202 =] 1T
1756.9 4945 =31 207 -171.7
1343.0 4949 -3.1 «211 “171.9
1556.0 4% e 5 =31 .216 -172.2
199313 48 . Y -2.8 221 =172.8
195€.3 4748 =29 «225 =173.4
2837 ¢4 476 1 -2.2 « 229 =17443

SITH CrART N0MALTZED 10: oued

THEW IMPEDANCE KREFLECTION COEF
niZAL 1HAG ARGN ANGLE

13900 Tol o 722 =176.9

1856« td Te2 o 189 17561

11806 Ted « T4 1630w

1i3fiei Te5 o 14y 1209

1200ed 3e2 o« T30 1473

125964 Del « P37 13544

13849.0 e 3 « 736 123 .5

13544 1ve 2 o T3E 12 1

1480645 11.2 3247 « 758 1il.8

145C 3 12 6 33.6 2 751 1824

15804 1444 4443 « 734 93. 6

13505 16.2 SE o1 « 729 ‘e 3

164605 19.3 6tie ]l « 731 d

16908 241 6945 o 758

17iz0e4 e &1le 9 TS

175%e9 49 5 D el 727

1ni%ed KY: livets o F27

15553 137 132.1 « 731

155ae ) 125.3 14765 « 722

19306 196.5 [ abieid 271 H

236G 6 278 .2 Tae H «T13

Figure 17. Smith Chart Normalized to 75 ohms
Showing Impedance and Reflection Coefficient
Data (Biased Thermistor Mount)

terminated in the system's characteristic impedance
(Zg). The full scale value of the magnitude is dis-
played on the polardisplay. The system automatically
selects a value of full scale reflection for best reso-
lution. The frequency range (1000 to 2000 MHz) is
read clockwise.

Figure 20 shows the same 3-dB attenuator without a
termination (open circuit). This is illustrated to show
the automatic range-changing capabilityof the system.
The change in the position of the dots is caused by the
change in reflection coefficient at the measurement
port as seen by the system.

Teletype Printout

Figure 21 shows the printouts obtained by terminat-
ing the attenuator with the system's characteristic

Figure 18. Smith Chart Normalized to 50 ohms
Showing Impedance and Reflection Coefficient
Data (Unbiased Thermistor Mount)

impedance. The additional information of VSWR and
return loss in dB is also printed.

MEASUREMENT OF A LOW-PASS FILTER

MEASUREMENT PROGRAM USED: TRAN2
MEASUREMENT DATA OBTAINED:

Oscilloscope Displays

Insertion Loss/Gain in dB
Phase Shift in Degrees

Group Delay in Nanoseconds
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Figure 19. Reflection Coefficient of Attenuator Figure 20. Reflection Coefficient of Attenuator
(Terminated with ZO) (not Terminated)
FREW nEFLS: MAGN ANGLE VS Wl KiIN LOS3

z W13 =156.5 1,831 35.25
16538 cHlE =164.5 1.433 35.59
11803 O1T -i71.2 1.634 3%456
11583 OB =177.4 140336 35.14
128665 vl 176+ 1 1.937 34265
1253.% «19 1695 1.938 34651
1326.0 «d19 163. 4 o4 34.25
135045 <928 157. 6 1.041 33.99
1490.9 321 152.6 1.642 33. 72
1450.6 .« D22 1435 1+.Z44 33.34
1580, 9 « 022 146.2 1,046 32.95%
15506 » G523 132.2 o143 32. 63
16ulie g 224 129.86 1549 3235
1650.9 025 12442 1.651 32.56
1785.5 028 1188 1,053 31.75
17509 L E27 113.1 1.856 31.29
1860, 0 « 528 107.9 1.958 31.04
1859.3 » 26 1923 135649 3@.77
19639 « 5360 97 4 1.861 3. 56
1930.9 831 91s5 1,953 30.28
2086.0 « 032 57,1 1. 965 29.99

Figure 21.

Teletype Printout of Reflection Coefficient Data Characterizing a 3-dB Attenuator
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Teletype Printout

Insertion Loss/Gain in dB

Phase Shift in Degrees
TYPE OF MEASUREMENT: Transmission

MEASUREMENT RESULTS: The program begins by
calibrating the system. First, the frequency range is
asked for with the frequency intervals in MHz,

FREQ START, STOP, STEP (MHZ)?

Next, the system uses a standard load to determine
the isolation between the reference and test channels
of the networkanalyzer subsystem. The system stores
this data in its memory for later correction of data
obtained from a test device. Then, the two ports of
the transmission/reflection unit are connected to-
gether and the tracking of both channels is measured.
Thisdata is also stored inthe system's memory. The
system is now calibrated.

The test device is then inserted in the system. For
demonstration purposes, a low-pass filter with a cut-
off frequency (F;) of 1200 MHz is connected between
the two ports of the transmission/reflection test unit.

Oscilloscope Display

Group Delay

Figure 22 shows the group delay of signalsthrough the
filter. The horizontal axis represents frequency,
(1000 to 2000 MHz) and the vertical axis shows the
group delay in nanoseconds. The peak near 1200 MHz
where the filter begins to roll off is typical.

Group delaydata is not highly validat insertionlosses
below -80 dB because of noise at these low levels and
also because of the rapidly changing phase shift of the
low-pass filter used in this example. (Note the dif-
ference between Figure 25 and 26 and thedata printout
of Figure 27.) Averaging of data would have provided
greater agreement of values between the oscilloscope
and teletype outputs.

Figure 22. Group Delay (Nanoseconds)

Insertion Loss/Gain

Figure 2 shows the loss in the dB of the filter with
frequency again plotted on the horizontal axis and dB
being plotted on the vertical axis. The zero dB line
is also plotted.

Figure 24 is the same display as shown in Figure 23
except the 0 dB line is removed to facilitate reading
of data near the 0 dB line.

Insertion Loss/Gain, Phase Shift

Three descrete frequencies in thepassband of the fil-
ter are shown in Figure 25.

Figure 26 shows three descrete frequencies out of the
passband.
Teletype Printout

Figure 27 is an example of a teletype printout of the
filter.
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Figure 23. Insertion Loss (dB) with Zero Line Figure 25. Gain (dB) /Phase (Degrees)

Figure 24. Insertion Loss (dB) without Zero Line Figure 26. Gain (dB) /Phase (Degrees)
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Figure 27. Attenuation in dB and Phase Shift through
a Low-Pass Filter

MEASUREMENT OF A 10-dB ATTENUATOR

MEASUREMENT PROGRAM USED: TRAN3
MEASUREMENT DATA OBTAINED:

Oscilloscope Displays

Insertion Loss/Gain in dB
Total Phase Shift in Degrees

Deviation from Linear Insertion Gain/Loss in
dB

Deviation from Linear Phase Shift in Degrees
Group Delay in Nanoseconds

Teletype Printout
Insertion Loss/Gain in dB
Total Phase Shift in Degrees

Appl. Note 99

TRANSMISSION MEASUREMENT

Deviation from Linear Insertion Gain/Loss in
dB

Deviation from Linear Phase Shift in Degrees
Group Delay in Nanoseconds

TYPE OF MEASUREMENT: Transmission

MEASUREMENT RESULTS: The program begins by
calibrating the system. First, the frequency range is
asked for with the frequency intervals in MHz.

FREQ START, STOP, STEP (MHZ)?

Next, the system uses standard loads to determine the
isolation between the test and reference channels of
the network analyzer system. The system stores this
data in its memory for later correction of data ob-
tained from a test device (a 10-dB attenuator).

Then, thetwo ports of the transmission/reflection unit
are connected together and the tracking of both chan-
nels is measured. The system is then calibrated.
The 10-dB attenuator is now inserted into the system.
The teletype will then respond with the electrical length
of the device in cm.

ELEC LNG = 7.33 CM

Oscilloscope Display

Insertion Loss/Gain

Figure 28 shows the insertion loss of the attenuator
over the 1000 to 2000 MHz frequency range. The num-
bers in the bottom portion of the display, from left to
right are the task numbers (an arbitrary code number
to identify the insertion loss plot), base line value
(value of bottom graticule line), and graticule division
values (scale). In Figure 28, the program is operat-
ing in task 4, with a -13 dB base line with 1 dB per
division increments. Figure 29 shows an expanded
displayof the insertionloss over the 1200 to 1600 MHz
frequency range with a -10.2 dB base line and .1 dB
per division.

Figure 30 shows the insertion loss over 1300 to 1400
MHz when the base line is set to -10.2 dB and each
division is .1 dB.
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Figure 28. Insertion Loss (dB)

Total Phase Shift

Figure 31 shows the total phase shift of the attenuator
over its frequency range. In this example, the pro-
gram is operating in task 5 with a base line of -200
degrees with 20 degrees per division increments.

Deviation from Linear Gain/Loss

Figure 32 shows the deviation from linear gain/loss
of the attenuator including the zero line. The bottom
graticuleline is -4 dB and each division is 1 dB. Fig-
ure 33 shows the same information without the zero
line

Deviation from Linear Phase Shift

Figure 34 shows the deviation from linear phase shift
of the attenuator. The bottom graticule line is -4 de-
grees and each division is 1 degree.
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Figure 29. Insertion Loss (dB), Narrow Band,
Increased Resolution

Group Delay

Figure 35 shows the group delay of the attenuator in
nanoseconds. The bottom graticule line is -4 nano-
seconds and each division is 1 nanosecond.

Figure 36 showsthe samedisplay as Figure 35 except
the zero base line is removed.

In Figure 37, the scale has been changed so that the
base line is -1 nanosecond with .25 nanosecond per
division as increments.

Teletype Printouts

Figure 38 displays all the printouts that were obtained
on the oscilloscope displays of the 10-dB attenuator.

Figure 39 shows the results of specifying a nominal
value (10 dB) and deviation (tolerance) of +.15 dB.
Only those values exceeding the specification were
therefore printed.
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Figure 30. Insertion Loss (dB), Narrow Band,
Increased Resolution

Figure 31. Total Phase Shift (Degrees)

Appl. Note 99

Figure 32. Deviation from Linear Gain/Loss (dB)
with Zero Line

Figure 33. Deviation from Linear Gain/Loss (dB)
without Zero Line
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Figure 36. Group Delay (Nanoseconds) without
Figure 34. Deviation from Linear Phase (Degrees) Zero Line
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Figure 37. Group Delay (Nanoseconds)
Figure 35. Group Delay (Nanoseconds)with Zero Line Increased Resolution
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Figure 39, Teletype Printout Characterizing a 10-dB Attenuator

NOM AND DEV(DB)Y? -18.0, «15

FREQ GAIN PHASE
1375 -9.79 -126.7
1775 -92.84 =157.3
1900 ~9.78 =167.1

Figure 39. Teletype Printout Characterizing a 10-dB Attenuator with Deviation from Nominal Specified
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