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Application Note 339-10

Input/Output Impedance and

Reflection Coefficient Measurements

- HP 4194A Impedance Gain—Phase Analyzer —

Introduction

Designing electronic circuits involves interconnect-
ing basic circuit building blocks (amplifiers, fiiters,
etc.), and a network circuit is formed at the inter-
face (connection point), of the circuit building
blocks. The impedance of each circuit component
and the circuit impedance/transmission characteris-
tics of these interface network circuits must be
evaluated if the intended circuit characteristics are
to be obtained. These characteristics must be
measured quickly and precisely in order to mini-
mize development time and cost. Especially, the
input/output impedance or reflection coefficients of
grounded circuits should be measured when
evaluating impedance matching characteristics.

The HP 4194A has the ability to measure the
impedance of components and the transmission
characteristics of circuits, making evaluating im-
pedance matching characteristics a snap. The
HP 4194A when combined with the HP 41941A/B
Impedance Probe Kit can measure the impedance
of grounded circuits over a frequency range of
10kHz to 100MHz with an accuracy ot £1.5%. The
reflection coefficient and return loss can be derived
using the HP 4194A’s internal programming func-
tion (ASP).

As an example, the technique for measuring the
Input/Output impedance and reflection coefficient
of a negative feedback configuration amplifier will
be described.



Measuement Requirements and
the HP 4194A’s Solutions

* Precise Measurement of Circuit Impedance

Evaluating circuit impedance requires making
ground referenced measurements, which in the
past have been performed using network analyzers
with directional bridges. The problem has been that
it is difficult to precisely measure the impedance of
grounded devices.

With its powerful calibration capability using 0, 0S,
502 standards, the HP 4194A combined with the
HP 41941A/B features a superior measurement
accuracy of *1.5% for grounded measurements
over a frequency range of 10kHz to 100MHz.

* Reflection Coefficient, Return Loss Calculation,
and Automatic Evaluation

The reflection coefficient and return loss can also
be obtained, using the HP 4194A’s internal math
function, from the measured impedance measure-
ment data. The measurement data and the calcu-
lated data can be displayed in three formats on the
HP 4194A’s color display as you choose, e.g.,
impedance vs. frequency, reflection coefficient vs.
frequency, I'y vs. ', characteristics by using the
Auto Sequence Program (ASP) function. In addi-
tion, the HP 4194A gives you automatic evaluation
capabilities of circuit impedance through im-
pedance measurement, reflection coefficient cal-
culation, and plotting without an external computer.

Thus, you can evaluate circuits by measuring and
calculating input/output impedance, reflection coef-
ficient and return loss.

Input/Output Impedance Measurements

Input/Output  impedance measurements are
useful for evaluating circuit performance as a func-
tion of frequency and signal level when two circuits
are interfaced.

After calibration, you can probe devices directly
using the impedance probe as shown in Figure 1.

A typical example of an input impedance mea-
surement of a negative feedback amplifier using the
HP 4194A with the HP 41941A/B is shown in Figure
2 (the output impedance characteristics are shown
in Figure 3). Hard copies are easily obtained by
performing a direct dump to a plotter or printer.
The input impedance of this circuit is approximately

50Q. Therefore the test circuit should be designed
for 502 matching so as not to cause reflections.

The HP 4194A can quickly measure circuit im-
pedances and display the measurement data to
improve efficiency of measurements and analysis.
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Figure 1. Measurement Setup
(HP 4194A + HP 41941A/B)
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Figure 2. Input Impedance Characteristics
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Figure 3. Output Impedance Characteristics




Reflection Coefficient and Return Loss Derivation
Using ASP

The reflection coefficient and return loss are
computed using the following equations:

zZ,-2, .
r = — =—————=I“x+]l"Y
€, Z2 + Z1

Return Loss = -20log| I'|
Where:

I' = Voltage reflection coefficient

e, = Reflected wave

e; = Incident wave

Z, = Output impedance (characteristics)
of transmitting side

Z, = Input impedance of receiving side
I'y = Realpartof ',
I’y = Imaginary partof T’

ASP was used to compute the reflection coeffi-
cient shown in Figure 4. The I'y-T, characteristics
of a negative feedback amplifier obtained using the
HP 4194A’s ASP function are shown in Figure 5.
The [I'|-f characteristics are shown in Figure 6,
and the return loss characteristics are shown in
Figure 7, and these can also be automatically dis-
played. The ASP subroutine shown in Figure 4 sets
the impedance to 50Q2. The reflection coefficient in

Figure 6 indicates a value close to zero, or very little
reflection.

The HP 4194A’s Marker function is used to read

values at a specific frequency when analyzing these
characteristics.
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Figure 5. I'x-I'vy Characteristics
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I INPUT/OUTPUT IMPEDANCE MEASUREMENTS
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Figure 4. ASP Reflection Coefficient Program

AR

o MKR 100 Boe ono.
1.0020 A 1 2

>
[

B Max 1.o60 E

et =TT

[

DI BT
HOFEN START 106G BER.aBn He
B MIN STOP 102 DEO@ Doo. 0o Hz

Figure 6. | I'| -F Characteristics
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Figure 8. Measurement Setup

(HP 4194A + HP 8721A)
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Figure 7. Return Loss Conclusion

Reflection coefficient measurements are made
possible by combining the HP 8721A Directional
bridge with the HP 4194A and making Gain-Phase
measurements (See Figure 8). The impedance
probe function with 0Q/0S/50Q compensation is
available to reduce the error due to the directional
bridge.

You can select the evaluation method appropriate
for measuring and calculating the impedance char-
acteristics, reflection coefficient, and return loss.
The high measurement accuracy, the wide mea-
surement capabilities, and the ASP programming
function of the HP 4194A and 41941A/B combina-
tion will reduce the development time and cost, and
the investment needed for making complex Input/
Output impedance & reflection coefficient measure-
ments and calculations.
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