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Advanced Filter Evaluation
and
Limit Testing

with
HP 4195A Network/Spectrum Analyzer

1. INTRODUCTION

Filters play a significant roll in etectronic equipment because of the decisive effect they have
on the performance of the equipment in which they are used. Filters find exiensive use in
communication, tetecommunication, and consumer electronics. These products are becom.
ing more complicated and require higher quality signal processing. For example, the
amount of information sent by telecommunication networks has increased ( requiring more
stringent performance from the filters used in these systems ), and VCR's/TV’s require high-
er quality signal for better picture resolution and quality { sharper vision ). As the demand
for higher quality and more sophisticated electronic equipment increases, so has the need
for accurate high speed testing and characterization of the wide variety of fitters used.

Both end users and filter manufactures need to be able to quickly and easily test a wide
variety of filters to ever increasingly tighter tolerances. This application note describes how
the HP 4195A Network/Spectrum Analyzer is used to test filters, by either measuring the
filter's parameters or by using limit lines to perform GO/NO-GO testing. Both of these test
techniques can be performed without a computer by using the HP 4195A’s USER PROGRAM
programming function, a BASIC-like language used to control the HP 4195A’s operation. An
external computer can aiso be used to develop and down load USER PROGRAMs to the
HP 4195A over the HP-IB bus and to control the operation of the HP 4195A,
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2. FILTER PARAMETER MEASUREMENT

When testing filters, several of the filter's parameters are derived from the filter's measured
transmission characteristics. Older network analyzers required using markers or other func-
tions which required several key stroke operations and special operator skill to obtain valid
results. The HP 4195A’s USER DEFINE function gives the user the power of assigning com-
plicated, hard to remember, error prone muitiple key and softkey key strokes operations to a
single key ( keyboard macros ), so filter parameters can now be measured and displayed
using a single key stroke operation. The USER DEFINE function gives the user the power to
define a single key stroke function to replace multiple key and softkey operations. As an
example, this section shows how to use the USER DEFINE keys to find the following
parameters:

1) -3 dB Band Width

2) Insertion Loss

3) Center Frequency

4) Band Pass Filter Rejection Characteristics

Figure 1 shows the filter test configuration used. A power splitter is required for this mea-
surement. The USER DEFINE keys are defined using a USER PROGRAM. The program
listing for Program 1 is given in the Appendix of this application note. After executing this
program, press the ‘USER DEFINE' key. Softkeys defined by a USER PROGRAM will be
displayed as shown in Figure 2. When the 'USER DEFINED’ key is pressed, each parameter
is displayed at the bottom of the screen as shown in Figure 3. When using this technique, a
filter's parameters are easily obtained with just a single key stroke, no time consuming, error
prone key stroke sequences or function/measurement sequences need be performed.

The HP 4195A can output measurement parameters directly to an HP-IB printer. Figure 3
shows a sample print out of measurement parameters obtained using this technique, the
program listing is given in Program 2 in the Appendix of this application note.

HP4195A

S1R1T1 S2R2T2

PP 00O
POWER T
SPLITTER i,
(11667A) [ :
.
FILTER |

Figure 1. Filter Testing Configuration
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Figure 3. Example of Parameter Printout
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3. GO/NO-GO TESTING

The HP 4195A can be used to perform GO/NO-GO testing using limit lines. Before running
the GO/NO-GO program listed in Program 4, the limit lines setup program, Program 3, must
be executed.

3-1. Limit Line Setting

Limit lines are composed of a series of straight line segments as shown in Figure 4, Each
segment is specified by its start and stop coordinates. These coordinates are given as fre-
quency and power level (f,p) or (f',p) for the minimum and maximum limit points. Various
shapes of limit lines can be created by modifying the setup program. The frequencies and
power levels can be modified by changing lines 300-560 of Program 3, and the number of
segment points can be modified in line 270. The following procedure generates and stores
the limit lines.

1) Before executing Program 3, modify the frequencies and power levels for each segment
and set the instrument settings as required.

2} Connect the DUT as shown in Figure 1.

3) Execute Program 3, the HP 4195A will display the limit lines and the measurement data
of the BUT as shown in Figure 5,

4) If you want to modify the limit lines, press the USER DEFINE key, then move a marker to
a point you want to modify and press the softkeys to modify the limit lines displayed on
the screen, as shown in Figure 6.

5) After setting the limit lines, the limit line data and instrument state ( measurement
conditions ) information must be stored to a file on a floppy disc. Press the ‘SAVE/GET
key and the ‘SAVE’ softkey. Choose and enter a file name, and press the ‘EXEC/ENTER’
key. The data is saved on the disc and is used for the following GO/NO-GO test

procedure.
fm : m th frequency of a maximum limit line
pm ; m th power level of a maximum limit line Each value should be
f'm ; m ch frequency of a minimum limit line modified in line 270-
p'm ; m th power level of a minimum limit line 560 of Program 3.
n ; number of segment points
(£3,p3)........ (£m, pa)
m th segment of
/a upper limit line
fmtl
(£2,p2) N
upper ‘ (fn,pn)
limit line™g, \_/\4\/}\.
m th segment/
measurement of a lower
result limit line (f‘m+1,p‘m+1)%
(£1,p°1)
lower P (£'2,p'2) '\Y (f'n,p'n}

limit line

Figure 4. Segments for Limit Line
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Figure 6. Limit Line Modification



3-2. GO/NO-GO Testing

After executing Program 3 to set the limit lines, the HP 4195A is ready to perform GO/NO-
QO filter testing. Connect a DUT as shown in Figure 1 and execute Program 4. The GO/
NO-GO test procedure is as follows:

1) When the program is executed, the program displays the catalog of files on the disc and
then pauses.

2) Recall the stored limit line and instrument state data. Press the ‘GET' softkey and seiect
the data file that you stored the data in and press the ‘EXEC/ENTER’ key.

3} Press the ‘PROGRAM' key and the ‘CONT’ softkey, the HP 4195A will start the GO/NO-
GO test. Figure 7 shows some sample results of a GO/NO-GO test of a bandpass filter.

4) Change the DUT and press the ‘CONT’ key to continue the GO/NO-GO testing.

The HP 4195A’s USER FUNCTION can be used to easily set the limit lines for filter testing.
Using the HP 4195A’s built-in floppy disc drive, the limit line data and instrument states are
stored for recall as required anytime. GO/NO-GO testing of a variety of devices can be
accomplished easily and quickly using the HP 41385Al

NETHORK Math GO/NO-GO TESTING NETWORK Math GO/NO-GQ TESTING
: : A:REF B:REF MKR 187 S06 990.288 H
AG$ESQ Basgga ° ,}“jg 1322?331235.BGEBH: g.008 B.888 ° TR -48,1537 dB !
[ dB 0 1 .[ d)? ]([ i ]
j Maker moves to the
maximum failure poinc :
7 N AN AR =Ny
// AN |74 AN :
G N PR / \ Q
yAN, WAV =~ I, / W O
RN 1] \ / \ |
LAY, \ / \ |
|
5 . ]
DIvY DIV CENTER 140 @88 GBG.‘BEB Hz Div DIV CENTER 140 689 P8P .APY H:z
19.00 18.88 SPAN 180 660 900 .808 H:z 19.00 18.e4 SPAN 160 000 PBD.QD3 H:z
PASS FAIL
(a) Pass {b) Fail

Figure 7. Results of GO/NO-GO testing



4, Advanced Filter Tests

The HP 4195A, with its many outstanding features, can be used to perform advanced test

procedures on filters.

4-1. Muiti-Device Measurement and Muilti-Output Filter Measurement

The HP 4195A can be used to increase your measurement speed by being used with a
handler to compare a test device with a standard device. Because the HP 4195A has two
output channel ports and four input ports, three devices can be connected simultaneously to

the HP 4195A for testing. Figure 8 shows the configuration for testing multiple devices.

The HP 4195A with its multi-inputs can measure multi-output filters such as state variable

filters. Figure 9 shows a configuration for testing muiti-output filters.

HP4195A HP4195A
S1R1TL S2R2T2 S1R1TL S2R2T2
PO OOQO PP 00Q
POWER .1 POWER
SPLITTER ! 11y SPLITTER _.iied
(11850C) [..2. i (1166TA} [

TEST DEVICE

HANDLER |

(a) Comparison with Standard Device

(b} Using Handler

Figure 8. Example of Configuration for Multi-device Measurement

HP4105A
S1R1ITi S2R2T2
PP OO
p - -
SPLITTER i
{11667TA) [+t :|
STATE —~
VARIABLE  |—~—
FILTER

Figure 9. Example of Configuration for a State Variable Filter Testing

.




4-2. Phase Measurement

For filter test, in addition to measuring transmission characteristics, phase characteristics
must also be measured. For example, Group Delay { derivative of phase with respect to

frequency ) represents phase nonlinearity, and phase nonlinearity degrades the quality of the
signal.

The HP 4195A with its high accuracy and resolution can perform precise Group Delay mea-
surements. Figure 10 shows some sample results of Group Delay measurements. The
HP 4195A can simultaneously measure Group Delay and Transmission characteristics.

NETWORK
A:REF B:REF o MKR 139 750 B8B0.880 H:z
~26.54 2.238u /R -26.8888 dB

[ dg Il sec 1 \t 434 ,425n sec
TN
/ \
/ AN
f . \ ArAL af A

" A V
transmission Wﬂﬂ vauv \{ .......
characteristics ‘

I

pf Py \
AR
group delay -kﬁ il
DY Div CENTER 149 083 099.998 Hz

9.995 258.6n SPAN 102 POD BB0.BBB Hz
RBW:280 KHz ST:1.15 sec RANGE:R=-10,T=-18dBm
DFREQ=_5.@8

Figure 10. Group Delay and Transmission Characteristic

5. Conclusion

The HP 4195A, with its ability to provide precision transmission and phase measurement, is
a very powerful tool for testing filters. The HP 4195A's USER FUNCTION provides for
flexible, easy operation, so it can quickly and easily perform parameter measurement and
GO/NO-GO testing. The flexible operation of the HP 4195A allow it to be quickly recon-
figured to meet the test requirements of various ftest devices.
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(ﬁﬁ HEWLETT

PACKARD

For mors inlormation, call your local HP sales office listed in tha tslephone directory white pages. Ask for the Electronic Instrument Department, or write to
Hewlell-Packard U.S.A. - PO Box 10301, Palo Alta, CA 94303-0890. Europs - Hewleti-Packard S A, PO. Box 529, 1150 AM Amstelveen, Tha Netherlands
Canada - 6877 Goreway Drive, Mississauga, LAV 1MB, Ontario. Japan - Yokogawa-Hewtett-Packard Ltd., 3-29-21, Tak ado-Higashi. Suginami-ku, Tokyo 168
Far East - Hewlett-Packard Asia Headquaniers, 47/F China Resources Building, 26 Harbour Road, Wanchai Hong Kong. Ausltalasia - Hewlett-Packard
Austiaha Ltd , 35-41 Joseph Street, Blackburn, Victoria 3130 Austraha. Lalin Americs - Hewlell-Packard Latin America Headquariers, 3495 Deer Creeh Ad .
Palo Alto, CA 94304 For all olher areas. please wride 10; Hewlelt-Packard intercostunental Headquarters, 3485 Deer Creek Rd., Palo Allo, CA 94304,
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