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The Radio Technical Commission 
for Aeronautics (RTCA) issued 
RTCA/DO-160C "Envimnmental 
Conditions and Test Procedures 
for Airborne Equipment" on De- 
cember 4, 1989. This document 
addresses test limits and test pro- 
cedures for avionics. One of the 
many challenges for the commit- 
tee that oversaw authorship of 
this document was the pmblem 
of radiated susceptibility testing. 
Ideally, all equipment would be 
qualified to a radio frequency(RF) 
environment of 200 V/m from 10 
kHz to 18 GHz. Due to cost and 
technical considerations which 
will not be discussed in this ar- 
ticle, two test pmcedures are in- 
cluded in Section 20 of RI'CA/ 
DO-160C. 

From 10 kHz to 400 MHz, the 
equipment under test (EUT) is 
subjected to continuous wave 
(CW) bulk current injection of RF 
signals onto cable bundles. From 
30 MHz to the upper frequency 
limit, the EUT is subjected to 
antenna generated RF fields. 
There is an intentional overlap 
from 30 MHz to 400 MHz. 

The inductive couplers required 
for the bulk current injectiontest- 
ing are often stressed by the in- 
crease in temperature due to the 
losses in the coupling material. 
This problem is particularlyboth- 
ersome in the higher f'requency 
range of this test method. The 
inductive couplers can be perma- 
nently damaged if the core tem- 
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perature exceeds the Curie tem- 
perature of the core material. 

Asecond problem associatedwith 
bulk current injection is the im- 
pedance mismatch between the 
output of the RF amplifier and the 
input of the inductive coupler. 
Even though the test method ac- 
counts for the mismatch by di- 
rectly measuring forward power 
into the coupler, this mismatch 
increases the powerrequirements 
of the amplifiers used in the test- 
ing. 

The coupler data presented in the 
sales literature do not address 
these problems. Insertion loss 
often is presented as a function of 
frequency, does not yield mean- 
ingful inforrriation with respect to 
bulk current injection testing. In 
order to fill this void of meaning- 
ful data in the sales literature, it is 
proposed that vector network 
analysis techniques be used to 
obtainameaningfultransferfunc- 
tion of the inductive coupler un- 
der consideration. 

An inductive coupler can be con- 
sidered a two-port network as 
shown in Figure 1. The currents 
and voltages on the input and 
output of the coupler are related 
through the ABCD parameters of 
the network, such that 

where A, B, C, D and the voltages 
and currents are, ingeneral, com- 
plex quantities. Note that the 
quantities in equation (1) are a 
function of frequency. During the 
calibration procedure in Section 
20 of RTCA/DO-160C, the for- 
ward power in measured into the 
coupler and a corresponding cur- 
rent is measured through a 50 Q 
non-reactive load. The forward 
power necessary to achieve the 
current limit in the specification 
is recorded. The inductive cou- 
pler is then attached to the cables 
under test, and the amplifier 
power is adjusted until the cali- 
brated forward power is achieved. 

The transfer function of interest 
relates forward power to the cur- 
rent induced in the calibration 
load. The magnitude of the for- 
ward power is simply vyiy v2 is 
related to i, through the calibra- 
tion load such that v, =i, R . After 
a little algebra, the transfer func- 
tion is 

Pf, ~ = (CR~( -D)(AR~ - B)i~( 
2 = Girja( (2) 
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where G is the transfer function of 
interest. The test setup for mea- 
suring the transfer function G is 
shown in Figure 2. 

A second quantity of interest is 
the impedancemismatchbetween 
the inductive coupler and the RF 
amplifier. Assuming that the 
output impedance of the ampli- 
fier is approximately 50 Q, the 
mismatch would then be domi- 
nated bythevoltage standing wave 
ration (VSWR) of the inductive 
coupler. The VSWR can be di- 
rectly measured by the vector 
network analyzer. Using this 
quantity, the relationship between 
the rated power of the RF ampli- 
fier can then be directly related to 
the current through the 50 Q 
calibration load 

Vi 

VECTOR 
NETWORK 
ANALYZER 

IEEE 488 PERSONAL 
COMPUTER 

(386) 

FIGURE I; Typfcal Erfufualent Tu7o-port Representation of an Inductfue Coupler. 
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Since the transfer function G and 
VSWR are functions of irequency, 
Equation (3) can be rewritten as 
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P p = GI2cal (4) 
FIGURE 2. Test Setup for Measuring the 7lnnsfer Functfon G. 

A coupler with the largest G or Gl 

over the frequency band of inter- 
est should be selected. Figure 3 
shows measured values for G for 
three de'erent couplers. Based 
on the concept of anoptimaltrans- 
fer function, inductive coupler A 
is the preferred choice for RTCA/ 
DO-160C conducted susceptibil- 
ity testing. 
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FIGURES. Transfer Functfons of Three Commercfally Auaflable Inductfue Couplers Used 
for RICA/DO-160C Bulk Current Injection Testfng. 
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