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Characteristic Impedance Measurement
of PC Board Corcyit Patterns

- HP 4194A Application Information -
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INTRODUCTION
This article describes how to
use the HP 4194A to measure the
characteristic impedance of PC
board circuit patterns. This
information will be useful for
PC board manufacturer (micro­
processor, ECL, and other
impedance sensitive circuits),
PC board users, and
manufacturers of PC board
materials to improve the
quality of PC boards.
PROBLEM
Until 4 or 5 years ago, the
characteristic impedance of PC
board circuit patterns was not
generally evaluated. Now, due
to increased circuit
complexity, density and speed,
multilayer PC boards are
commonly used. manufacturing
tolerances and variations in
materials (dielectric constant,
insulation resistance, etc.)
will cause the characteristic
impedance of circuit patterns 

to vary from design values. If
the characteristic impedance is
different from designed value,
and impedance miss-match will
occur and the characteristics
of circuit are changed.
MEASUREMENT REQUIREMENTS -
TRANSMISSION CHARACTERISTICS
EVALUATION
There are several methods used
to measure transmission
characteristics but there is
not an established measurement
method for PC board patterns.
The Time-Domain Reflectometer
method could be used but this
is not an easy method. The
method that we present uses the
HP 4194A Impedance/Gain-Phase
Analyzer. Using the HP 4194A
is the easiest method for
obtaining characteristic
impedance information and for
comparing this measurement data
to the ideal characteristic
impedance value given by the
following equation.
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| Z | = / |Zopen| x |Zshort|

9 = 1/2 (Oopen + Oshort)
|Z open|- 9open: Measured valued

from open measurement

|Zshort| - Sshort: Measured values
from short measure­
ment

SOLUTIONS OFFERED BY THE HP
4194A
* High accuracy impedance
measurement at frequencies up
to 40MHz with the HP 4194A
alone, and up to 100MHz when
using the HP 41941A/B impedance
probe.
* Quick analysis using the HP
4194A's calculation function
and color display.
... Evaluation of
characteristic impedance
requires calculation. The
4194A can perform these

calculations and can
display the results.
* Automatic Evaluation
... The HP 4194A's ASP (Auto
Sequence Program) internal
programming language can. be
used to automate evaluation,
from compensating to displaying
the measured and ideal value of
characteristic impedance.
(Figure 2,3)
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10 RST
20 FNC3;SWT2:ITN2;N0A-4
30 CMT"COMPENSATION"
40 D1SP "0 S!"
50 BEEP
60 PAUSE
70 CALY
80 DISP "0 !"
80 BEEP

100 PAUSE
110 CALZ
120 DISP "STD!"
130 BEEP
140 PAUSE
150 CALSTD
160 CALI;ITM2;N0A=1
170 CMT"CHARACTERISTIC IMPEDANCE OF PC BOARD"
180 START=100 KHZ;STOP=60 MHZ:DPA1;DPB1
180 AMAX=100M
200 DISP "LINE OPEN"
210 BEEP
220 PAUSE
230 SNTRG
240 E=A;F=B;AMAX=100
250 DISP "LINE SHORT"
260 BEEP
270 PAUSE
280 SWTRG
230 GaA;H=B
300 A“SQR<E*G>;B“<F+H)/2;AUTOA;MKR“10M
310 END

Figure 3

For more information. call your local HP sales office listed in the telephone directory white pages. Ask lor the Electronic Instruments Department. Or write to Hewlett-Packard: U.S.A.;
P O Box 10301. Palo Alto. CA 94303-0890 Europe: P O. Box 999. 1180 AZ Amstelveen. The Netherlands. Canada: 6877 Goreway Drive. Mississauga. L4V IMS. Ontario
Japan. Yokogawa-Hewlett-Packard Ltd.. 3-29-21. Takaido-Higashi. Suglnami-ku. Tokyo 168. Elsewhere in the world, write to Hewlett-Packard Intercontinental. 3495 Deer Creek
Road. Palo Alto. CA 94304.
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