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The procedure of direct multi-pin signal injection is rapidly becoming a required test procedure for many 
new electronic systems. 
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INTRODUCTION 
The direct-drive testing procedure 

has been a valuable tool in the elec- 
tromagnetic pulse (EMP) and general 
electromagnetic compatibility (EMC) 
disciplines for many years. Tradition- 
ally, direct-drive testing has been 
used as a vulnerability assessment 
tool on a systems level to deter'mine 
the tolerance of systems to upset or 
damage from specific signals injected 
directly into the system at various 
suspect points of entry. 

The role of direct-drive testing is 
- now broadening from a simple as- 

sessment tool into a type oz iuality 
assurance (QA) tool. There is a gen- 
eral trend in the EMP/EMC commu- 
nity toward the use of direct signal 
injection for verification of transient 
signal tolerance of subsystem ele- 
ments, commonly referred to as line 
replaceable units (LRUs), to assure 
an element's "quality" by demon- 
strating that it survives application of 
certain drive signals without perfor- 
mance degradation. This form of 
direct-drive testing is in its 'infant 
stages of development with the re- 
quired procedures and equipment 
still being defined. 

There are three major methods of 
direct-drive testing: surface-injection, 
bulk-injection, and pin-injection. Sur- 
face-injection testing involves the in- 

jection of relatively high currents 
through the skin or other external 
conductive surfaces of the unit under 
test. Bulk-injection is used to drive 
the interconnecting cables within a 
system with a "bulk" current of sev- 
eral tens of amperes to perhaps sev- 
eral hundred amperes. 

The third application of direct 
drive is that of direct pin-injection. In 
this test procedure, each pin of an 
LRU is independently subjected to 
predetermined drive signals. The sig- 
nal waveform, level, and frequency 
(and other parameters, if applicable) 
of the drive signal are determined by 
the pin type, LRU application, and 
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other LRU-related parameters, as 
well as the host-system mission. The 
majority of this testing is most com- 
monly performed with the LRU in a 
power-off condition and without the 
LRU in an actual application environ- 
ment. 

A serious consequence of the in- 

creasing requirement for direct pin- 
injection testing is the very large vol- 
ume of test data that must be han- 
dled. It is not uncommon for an LRU 
to have five or six hundred pins that 
must be 100 percent tested. Further, 
each pin must be tested with several 
test parameters, such as frequency 
and polarity. The additional require- 
ment that 100 percent of all LRUs 
fielded for a specific system must be 
pin-tested results in a very large test 
program and an unbelievable data 
acqusition problem. 

One of the most significant im- 

provements that' could be imple- 
mented is that of total testing auto- 
mation. Systems providing automa- 
tion of the individual LRU tests are 
presently available from several in- 

strumentation manufacturers. The 
test system, an automatic multi-pin 
test system (AMPTS), requires the 
manual attachment of the LRU to 
the test system and the manual load- 
ing of the test program. The system 
then executes the complete LRU pin- 
injection test automatically. The lev- 
el of automation offered minimizes 
costly labor requirements and pro- 
vides a test point test rate well in 
excess of that feasible with manual 
testing. Further, the level of automa- 
tion presently offered is a good com- 
promise between cost and conven- 
ience for the volume of testing typi- 
cally involved in present test 
applications. 

The basic AMPTS includes five 
major subsystem tasks: 

1. Signal generation 
2. Signal amplification 

3. Signal delivery 
4. Signal measurement 
5. System control 
The complete review of any one 

of these would be a lengthy treatise 
in itself. This article addresses each 
very briefly, and highlights the pa- 
rameters critical to direct pin-injec- 
tion testing. 

SIGNAL GENERATION 
There are essentially two compet- 

ing signal-generation technologies. 
The more common is the energy- 
storage source, sometimes referred 
to as a charge-and-dump or ballistic 
pulser, where the energy for a test 
pulse is stored in a capacitor or in- 

ductor and then dumped into the 
test object through a suitable pulse- 
forming network. The pulse-forming 
network is designed to provide the 
specific waveform required for a giv- 
en test, and the charge level is select- 
ed for the specified drive. The advan- 
tage of this source configuration is 
that very high levels of potential and 
current can be provided. However, 
the dynamics of a specific source are 
determined by relatively large, non- 
variable components (inductors, ca- 
pacitors, resistors, etc. ), making such 
a source relatively difficult to design 
for programming to random test pa- 
rameters. Generally, the test param- 
eters of tests incorporating this type 
of source are driven as much by the 
source capability as by the test re- 
quirements. Also, direct pin-injection 
is a comparatively low-level test pro- 
cedure so that the high-level capabili- 
ty of the energy storage sources can- 
not be used to advantage. 

Because of its versatility, the sig- 
nal-generation technique most popu- 
lar for direct pin-injection testing is 
that of generation of the test wave- 
forms at a low level and then amplify- 
ing them to the required test levels 
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by means of linear amplifiers. The 
most common test waveform is that 
of a true damped sinusoid. The Q- 
values and characteristic frequencies 
required are a function of the partic- 
ular test specification, and the levels, 
of the various pin parameters. A 
typical damped sine generator al- 

lows selection of the Q-value over a 
range of, perhaps, Q . = 1 to Q =', 

20, 000, with a resolution of 0. 1 Q- 
unit over a frequency range of 10 
kHz to 150 MHz in 10 Hz steps. This 
flexibility generally covers'all present 
damped-sine test requirements. To 
provide such flexibility, the damped 
sine is generated by means of coher- 
ent modulation (modulation func- 
tions timed to the carrier zero cross- 
ing) of a CW carrier with an exponen- 
tial decay function. The CWcarrier is 

provided by a frequency svnthesizer, 
and the exponential function by a 
combination of digital and analog cir- 

cuitry. A high-speed, zero-crossing 
detector synchronizes the exponen- 
tial modulation such that a true 
damped sinusoid is generated (as op- 
posed to a damped cosine or some- 
thing in between). Two major consid- 
erations with this type of damped- 
sine generation are providing precise 
starting of the signal at the zero 
crossing, and reducing carried 
feedthrough to acceptably low lev- 

els. 
Two d'amped-sine waveforms with 

commonlv specified Q-values are 
shown in Figure 1, one with a Q of six 
and the other, a Q of 24. These pho- 
tographs show that the waveforms 
very closely start at the zero cross- 
ing, and the carrier feedthrough is 
good. (The peak-to-peak carrier 
feedthrough is about 40dB below the 
peak-to-peak level of the first cycle of 
the damped sine pulse. ) However, 
these data are at a characteristic fre- 

quency of'1 MHz where the damped 
sine'generation is quite simple. In the 
octave between 50 MHz and 100 
MHz, high-quality damped-sine 
waveform generation is much more 
difficult. Figure 2 shows the same 
two waveforms at a characteristic 
frequency. of 50 MHz; Figure 3 is at 
100 MHz. 

Figure 2 shows that at 50 MHz, 
the starting performance is still quite 
accurate and the carrier feedthrough 
is still acceptable. At 100 MHz, some 
trade-off of performance is generallv 
required. From Figure 3, the starting 
performance is still accurate at 100 
MHz, and the carrier feedthrough ac- 
ceptable (the peak-to-peak carrier is 

A. Q = 6 

B. Q = 24 

about 35dB below the peak-to-peak 
value of the initial cycle of the pulse), 
but the initial peak is slightly low. 
This performance is less than ideal, 
but it is not generally considered a 
serious anomaly at the maximum op- 
erating frequencies, provided the 
highest peak occurs at one of the 
first three peaks, and the following 
peaks decay monotonically. 

Various other features are often 
included in a typical damped sine 
generator, such as polarity reversal, 
pulse count, programmed number of 
pulses to be delivered, programma- 
ble repetition rate, single pulse, and 
burst sine (infinite Q). Another fea- 
ture that is required occasionally is 
the capability to generate pulses in a 
pseudorandom sequence, but that is 

more common in upset testing than 
tvpical direct pin-injection testing. 
These added features provide addi- 

tional versatility to improve the cost 
effectiveness of the total system, 
making it usable as an engineering 
design and laboratory tool. These 
units are typically fully programma- 
ble over a standard interface such as 
the IEEE-488 (or GPIB), allowing to- 
tal computer control. 

The configuration utilizing low-lev- 

el generation also'lends itself well to 
the use of an arbitrary waveform 
generator as the signal source. At 
the present state of development, 
the commercially available arbitrary 
waveform generators do not provide 
the needed frequency performance 
and resolution to cover the complete 
testing spectrum, but they are quite 
useful to well above. 10 MHz, per- 

haps to 50 MHz. The use of this 
source in conjunction with a dedicat- 
ed damped sine generator provides 
the ultimate in waveform versatility, 

Figure 1. Common Damped-Sine Waveforms at a 1 MHz Characteristic Frequency. 
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meeting the waveform requirements 
of almost all of the present direct pin- 
injection test specifications. 

A. Q = 6 

B. Q = 24 

Figure 2. Typical 50-MHz Damped-Sine Waveforms. 

SIGNAL AMPLIFICATION 
The second AMPTS task is that of 

bringing the test-waveform level up 
to the drive level required for specific 
tests. In the case of low-level genera- 
tion, amplification is needed to raise 
the signal level. Since the waveforms 
are, for all practical purposes, arbi- 
trary, a true linear amplifier system is 
required. 

As indicated, the most common 
waveform for direct pin-injection 
testing is the damped sine, and it 

must be faithfully reproduced by the 
amplifier system. The spectra of the 
two typical damped sinusoids from 
above are shown in Figure 4. 2 The 
spectral content of the damped sinu- 

soid extends from dc peaking at the 
characteristic frequency and then 
falls off asymptotic to 40dB/decade. 
In order to faithfully reproduce a 
damped sinusoid, the amplifier lower 
cutoff frequency must be at least one 
decade below the lowest characteris- 
tic frequency of interest, and the up- 

per cutoff frequency must be about 
an octave above the highest. The 
— 3dB frequency response of a typi- 
cal linear amplifier for direct pin-in- 

jection must then be about 1 kHz to 
200 MHz, a range of about 18 oc- 
taves. This is a rather stringent re- 
quirement for a typical linear RF am- 

plifier, but there are several manu- 
facturers of suitable amplifier 
systems. 

The typical test levels for pin-injec- 
tion range from a minimum of 100 V 
and 1 A peak to 1500 V and 15 A 
peak (some higher levels are seen for 

A. Q = 6 B. Q = 24 

Figure 3. Typical 100-MHz Damped-Sine Waveforms. 
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Figure 4. Damped-Sine Waveform Spectral Characteristics. 

lightning tests). The linear amplifier 
must be capable of delivering a peak 
power of 22. 5 kW. This corresponds 
to an average sine-wave power of 
11. 25 kW (linear power amplifiers 
are generally specified in terms of 
average CWsinewave power rather 
than peak pulsed power). Since vari- 

ous losses are associated with the 
signal delivery components, the actu- 
al amplifier must be capable of deliv- 

ering perhaps 3dB excess. power, or 
45 kW peak for the maximum level 
above. That is a formidable RF pow- 
er-amplifier system, but such sys- 
tems are commercially available, and 
at prices that are actually competi- 
tive with energy-dump systems pro- 
viding similar overall test-system ca- 
pability. 

The gain of typical RF power-am- 
plifier systems is relatively difficult to 
control accurately in an automated 
system. The level of the drive signal 
is therefore usually controlled by the 
use of a precision programmable at- 
tenuator in the low-level signal path 
with a fixed power-amplifier gain. An 
attenuator step resolution of 0. 1dB 

is used to allow the fine control nec- 
essary to assure that the. specified 
test levels are fully satisfied with the 
minimum of overdrive. 

The source impedance of the am- 
plifier system is another amplifier pa- 
rameter that must be carefully con- 
sidered. The source impedance for 
the driving source is often specified 
(occasionally quite stringently) for di- 

rect pin-injection tests. The amplifier 
system output impedance must be 
tailored to meet that requirement. 
However, the amplifier output im- 

pedance is determined by the re- 
quired operating parameters of the 
amplifier (bandwidth, for example) 
and cannot be modified to any useful 
extent. Further, the available imped- 
ances are rarely those required for 
testing. 

A typical direct pin-injection 
source impedance specification is 
100 ohms. A typical wideband, RF 
amplifier may be specified for opera- 
tion at 50 ohms', but its output im- 

pedance is not matched to that load. 
A more typical output impedance is 
100 ohms. If a single amplifier may 

be used to meet the test needs, that 
impedance matches the test require- 
ment well. The specified test levels 
often require the combining of two 
amplifier assemblies to meet the 
drive-level requirement (based on 
commercially available amplifier con- 
figurations). Parallel combining re- 
sults in a 50-ohm source impedance 
and series combining in a 200-ohm 
source impedance. Neither of . these 
meets the test requirements very 
well. 

It. is often assumed that since the 
amplifier is specified to drive 50 
ohms, its output impedance is 50 
ohms, and the 100-ohm test require- 
ment may be satisifed by series com- 
bining two amplifiers. This, however, 
is generally an incorrect assumption. 
The output impedance must be tai- 
lored to the needed 100-ohm level 
(or other specified value). Transform- 
ing is difficult since a 2:1 transforma- 
tion in impedance over about 18 oc- 
taves at a peak input power of per- 
haps 45 kW is required. Four 100- 
ohm amplifiers could be combined to 
provide a 100-ohm source imped- 
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ance — two parallel pairs combined 
in series, for example — but could 
possibly result in a highly over-de- 
signed system. This in itself is not 
objectionable, but since the individ- 
ual RF power amplifiers are the high- 
est-cost sub-assemblies in an 
AMPTS, over-design simply to meet 
the source impedance requirement 
of a test specification could increase 
the test system cost significantly, 
perhaps by as much as a factor of 
two. Other means of satisfying the 
source impedance requirements, 
such as the use of minimum-loss 
pads, are very effective and inexpen- 
sive if significant drive margin over 
the test requirement is provided by 
the selected amplifier system. This 
issue of so'urce impedance is often 
considered of little consequence, but 
if the letter of the test specification is 
to be satisfied, the requirement to 
provide specific source impedances 
can be a considerable challenge and 
can result in significant impact on the 
test system configuration and cost. 

The RF amplifiers introduce vari- 
ous degrees of distortion into the test 
waveform. z Such waveform parame- 
ters that affect this distortion are the 
peak output power level demanded, 
characteristic frequency, and wave- 
shape. The amplifier configuration 
also has a pronounced effect on dis- 
tortion. Simple Class A systems will 

tend to have the highest distortion, 
but the lowest cost. A typical Class A 
output is shown in Figure 5, with the 
amplifier at full rated power. A pair 
of amplifiers may be operated in 
push-pull for reduced distortion, but 
at a considerable increase in cost 
(two amplifiers and power combining 
required). In Figure 6, the full-power, 
push-pull performance of the same 
amplifier system of Figure 5 is 
shown. 

Amplifier systems can also be op- 
erated in a gated mode in order to 
achieve higher pulsed output powers 
from an amplifier than available in 
CW. The gated mode is essentially a 
Class A mode that is gated on for 
only the period of the pulse. This 
introduces certain. duty-cycle limita- 
tions that must be observed, but 
which are easily accommodated in 
direct pin-injection testing. However, 
the gating procedure generates 'a 
large transient at the amplifier out- 
put. This is minimized by operating a 
pair of amplifier stages in push-pull. 
Nevertheless, it is very difficult to 
eliminate the transient totally or 
even reduce it to tolerable levels for 

Vert: 200V/Div. 

fc. 1 MHz 

RL. . 50 ohms 

P(rated): 2 kW 

Figure 5. Distortion at Full-Rated Power with a Class A Power-Amplifier 
Configuration. 
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direct pin-injection testing by means 
of the push-pull configuration alone. 
Generally, other suppression proce- 
dures are necessary. 

In addition to the amplifier para- 
meters noted here, there are a number 
of other critical parameters to be 
considered in the selection of a pow- 
er amplifier system for use in pin- 
drive testing. Unless one is experi- 
enced in both RF power amplifier 
design and direct-drive testing, it is 
best to seek the guidance of the vari- 
ous manufacturers of linear amplifi- 
ers and pin-drive test equipment 
when organizing a test program and 
specifying test-system parameters to 
assure that a workable system re- 
sults. 

SIGNAL DELIVERY 
The third system task of a direct 

pin-injection system is that of actual- 
ly delivering the test signal to the 
various pins to be tested. This in 
itself is a formidable task due to the 
large number of pins that can be in- 

volved — as mentioned, perhaps 
750 pins in a single connector. There 
are basically two common methods 
of pin access, with each having ad- 
vantages and shortcomings. The 
more elegant approach utilizes a 
variation of an industrial robot to 
move a probe to the selected pin. 
The more conventional approach 
utilizes a switching matrix composed 
of miniature relays implemented in a 
transmission-line configuration. 

Figure 6. Distortion at Full-Rated Power with a Push-Pull Power-Amplifier 
Configuration. 
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The robotic approach allows the 
accessing of arbitrarily configured 
connector pins by simple program- 
ming, which generally requires little 
or no connector-specific hardware. 
This is a very valuable feature - in 
tests where a large number of differ-' 

ent connector types must be ac- 
cessed. Also, since a single probe is 
moved from pin to pin, the applied 
potential and current may be mea- 

' 

sured almost directly at the pin, pro- 
viding a very accurate measurement 

, of the actual signals applied. 
This approach does have several 

shortcomings, however. First, the 
mechanical configuration of all LRUs 
cannot be easily accommodated. In 
some situations, the LRU connectors 
are oriented in such a manner that it 
is necessary to use adapter cables to 
reach the connector. Tltis can result 
in significant measurement errors if 
the adapter cable must be more than 
a few centimeters long. Since the pin 
impedance is totally unknown and is 
very unlikely to even approach a 
matched load to the test system 
source impedance, power is reflect- 
ed from the pin back into the switch- 
ing system, and subsequently to. the 
source (the source does, however, 
properly terminate the reflected 
wave to prevent multiple reflec- 
tions). This reflected signal combines 
with the incident signal constructive- 
ly and destructively along the trans- 
mission path (the pulse equivalent of 
a CW standing wave). The larger the 
pin impedance mismatch with the 
source impedance and the further 
the point of measurement from the 
pin, the greater the measurement er- 
ror. For example, with CW excita- 
tion, if the load is an open circuit and 
the measurement point is chosen at 
/4 wavelength from the load, the po- 
tential measured in an ideal lossless 
system would be zero for any 
potential actually delivered to the 
load. 

A similar, but not quite identical, 
phenomenon occurs with damped- 
sine signals. Based on this phenome- 
non and the typical impedances ex- 
hibited by LRU pins at the higher 
test frequencies, a maximum dis- 
tance of /s wavelength from the pin 
to the measurement point has been 
established as an acceptable limit. 
This can still result in significant er- 
rors above about . 20 MHz with high- 
ly mismatched loads (with the pin-to- 
measurement-point distance /s 
wavelength at 100 MHz). Howev'er, 
typical pins tend to exhibit complex 
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impedances with magnitudes within 
an order of magnitude or so of the 
source impedance at the higher fre- 
quencies, resulting in errors that are 
acceptable. 

A serious potential problem; if not 
carefully engineered, is the physical 
method used to introduce tPe 'test 
probe into the LRU connector: pin'. If 
some method is not included in the 
basic phy'sical design to limit the in- 

sertion force to a specified safe val- 

ue, a programming error resulting in 
an incorrect insertion position could 
physically damage an LRU. If the 
programming error is undetected in 
a test series, an entire group of LRUs 
could potentially be damaged by the 
test system itself. 

Another difficulty with a robotic 
approach to pin selection is that 
many test procedures require vari- 
ous pins to be driven with respect to 
specific return pins, or for pairs of 
pins to be driven differentially, both 
floating with respect to ground, and 
balanced to ground. Such drive con- 
figurations are difficult to implement 
robotically. Two or more indepen- 
dent robots would be required for 
total flexibility in pin access. That 
would increase the system's com- 
plexity and cost, and would likely 

. have a significant impact on system 
maintenance. 

Finally, in spite of the seemingly 
daily exposure to advertisements 
showing robots in the background 
busily at their tasks, robotics is not 
an "off-the-shelf" technology. De- 
pending on the complexity of the ro- 
botic system employed, some level 
of expert "care and feeding" may be 
required to maintain system perfor- 
mance. 

The relay steering method is 
much less elegant than a robotic ap- 
proach and could even be consid- 
ered a "brute force" approach. 
However, its performance is quite 
adequate for the task. In this ap- 
proach to signal steering, a tree ar- 
rangement of miniature relays is con- 
figured, with the relays included as 
elements of a suitable transmission 
line (stripline or microstrip). If simple 
drive with respect to a common chas- 
sis return is sufficient, a single tree 
structure is necessary. If differential 
drive of two pins is required, two 
trees are necessary. Drive of any pin 
with respect to any other pin as the 
common return can be provided, 
with one full tree for the drive signal, 
and a reduced tree for switching the 
selected return pin to the return 

path. All of these configurations are 
feasible using commercially available 
miniatur'e commercial relays. The 
presently available test systems gen- 
erally support drive of any pin with 
respect to chassis, and drive of any 
pin with respect to any other pin as 
the return. However, differential 
drive of any pair of pins has not as 
yet seen much application, and is not 
generally available from test system 
manufacturers. 

The relay approach also has its 
negative points, one being measure- 
ment error. The signal applied to the 
pin under test is by necessity mea- 
sured at the input to the switching 
network. The entire switching unit 
then separates the driven pin from 
the point of measurement. However, 
even for connectors of 750 pins, the 
switching unit pin-to-measurement- 
point electrical distance can be main- 
tained below the /s wavelength re- 
quirement. Further, the switching 
systems for smaller connectors, per- 
haps up to 250 pins, are electrically 
much shorter than /s wavelength at 
100 MHz, reducing the error to even 
more acceptable levels. 

Another shortcoming associated 
with a relay switching system is that 
the switching unit must be fabricated 
for a specific LRU connector. The 
wiring complexity associated with 
the large volume of pins makes it 
impractical to change the interface 
connector. As a worse case, this then 
requires a different switching unit for 
each different LRU connector in- 

volved in a test. However, since the 
switching unit can be fabricated with 
an electrical length much shorter 
than the /s-wavelength guideline, 
adapters may be used to adapt- a 
single switching system to many 
LRU connectors. Such an adapter is 
not an adapter cable, but rather a 
multi-pin equivalent of an N-to-BNC 
type of adapter where the electrical 
length is made as short as possible. 
The combined electrical length of 
such an adapter and the switching 
unit can still be maintained shorter 
than /s wavelength at 100 MHz for 
connectors of approximately 250 
pins or less. Larger connectors, up to 
750 pins, can still be accommodated, 
but adapter cables cannot generally 
be tolerated if the entire connector is 
to be accessed in a single test session 
(many of the larger connectors have 
individual sections that may be test- 
ed separately). However, since few 
LRUs have more than one such large 
connector, the requirement for the 
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switching unit to be dedicated to a 
specific LRU connector does not im- 

pose too serious a restriction on the 
test system. 

SIGNAL MEASUREMENT 
The signal measurement task of 

- an AMPTS is complicated by two 
problems: the limited selection of in- 

struments for capturing the data, 
and the very large volume of test 
data that can result from full-wave- 
form acquisition, as shown previous- 
ly. The data must be captured on a 
single-pulse basis, and the maximum 
characteristic frequency of interest in 
direct pin-injection testing is typically 
100 MHz. For a fullv automated test, 
the data must be captured using a 
programmable transient digitizer. Al- 

though various new instruments are 
expected imminently, there are pres- 
ently only about two or three choices 
for programmable instruments that 
are capable of capturing a 100 MHz 
single-shot transient. These are. rela- 
tively expensive and require some 
expert operator attention for their 
operation. 

The direct pin-injection test is, in 
effect, a Go/No-Go type of test. All 
that is of interest is that the specified 
test waveform of the specified level 
is delivered to each pin. The wave- 
form integrity must be specified into 
a "well-behaved" load, such as a 
matched-resistive load, since the ac- 
tual waveform appearing at a pin will 

be a function of the pin load charac- 
teristics (non-linear pin characteris- 
tics, for example). The waveform in- 

tegrity is then a calibrated feature of 
an AMPTS rather'than one required 
to be recorded on a pulse-by-pulse 
basis; The pin-drive level is specified 
as a peak voltage and current for 
each specific pin', with the pin test 
satisfied when either level is deliv- 
ered. Therefore, only peak informa- 
tion is required to be recorded. Actu- 
ally, all that is really necessary to be 
recorded is that the specified peaks 
were delivered at each pin without 
any individual pin information. How- 
ever, users generally require at least 
the peaks of both potential and cur- 
rent to be recorded for each pin 
and each pulse. This peak 
information can be reduced from 
the digitized full -wave- form 
data, but this requires some 
degree of processing. Although this 
processing is minimal, the volume of 
data in typical direct pin-drive tests 
renders any data processing a signifi- 
cant task. 
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A'n alternate approach is the use 
of wideband peak detectors to cap- 
ture only:the peak potential and cur- 
rent applied to the pin. The data 
collected then essentially requires no 
processing for a Go/No-Go decision. 
Further, the cost of simple peak-de- 
tection circuitry is much less than 
that of full-waveform digitizers, and 
the actual circuitry may generally be 
integrated with the switching unit us- 

ing relay-switching. 
The use of peak detection is the 

most common form of data acquisi- 
tion in the A'MPTS presently being 
specified for direct pin-injection test- 
ing. It provides the needed informa- 
tion for the intended automated test 
tasks, but no qualitative signal infor- 
mation. Test limits are generally 
specified as a peak potential, and 
peak current, with the test system 
drive level raised to the point at 
which either the specified level of 
potential or current is achieved, but 
not both. This method of test-limit 
specification easily accommodates 
real, imaginary, complex; and nonlin- 

ear pin impedances without the re- 

quirement for evaluation of the pin 
impedance prior to test. 

To increase the 'versatility of an 
AMPTS, high-performance signal 
pick-off points are usually provided 
to allow the system to be used as an 
engineering design tool, with exter- 
nal full-waveform recording equip- 
ment, as well as a production test 
tool. This versatilitv helps amortize 
the system cost by allowing its use in 

various phases. of development and 
test. 

SYSTEM CONTROL 
The final major AMPTS element 

to consider is that of the control sys- 
tem. For production testing, this sys- 
tem must provide totally automated 
control of the AMPTS, automatically 
accessing the pins and making test 
and retest decisions. The user imple- 
ments a test by attaching the LRU to 
be tested and loading a test plan into 
the system control unit. The control 
system first verifies that the test plan 
matches the installed LRU. It must 
then select the first pin to be tested, 
configure the pulse system to the 
specified Q and characteristic fre- 
quency, or other parameters if an 
arbitrary waveform is specified, 
make a decision on the initial pulse 
level to be delivered, and configure 
the pulse system to deliver the com- 

puted level. The highest possible lev- 

el that can be delivered in the initial 
pulse without the possibility of over- 
test is required so that the number of 
pulses at each pin 'is minimized. The 
control system must then deliver the 
initial, pulse and capture the peak 
data, examine the captured peaks to 
compute a new drive level required 
to approach the specified test level 
for that pin (both potential and cur- 
rent levels must be examined), deliv- 
er additional pulses and make addi- 
tional calculations . to ultimately 
achieve the specified test levels, but 
without exceeding those levels. Fi- 

nally, 'the system must log the final 
sigrials delivered to the pin for later 
verification of test-level compliance. 
However, most users require' that 
the data for all pulses delivered to 
each pin be logged as an added QA 
measure to assure that no over-test 
of any pin occurred and to maintain a 
test history for each pin. The se- 
quence is repeated for the next pi'n. 

At the conclusion of a test, report- 
generation features are generally of- 
fered in the control system to allow 
some minimal data to be relayed to a 
printer for test documentation. 
When the AMPTS is used as a design 
tool, the control system must allow 
convenient manual system control 
and such service tasks as logging of 
system configuration and'test data. 

The control tasks required of the 
control system are relatively simple 
and can be handled by a personal 
computer. However, the volume of 
test points involved in a typical LRU 
test demands speeds that cannot be 
easily provided by a personal com- 
puter. Therefore, a mini-computer is 
more commonly integrated into an 
AMPTS to provide the required 
speed. The computing power of 
even minimum mini-computer c'on- 

figurations provides additional test 
services such as word processing and 
editing for report generation and sig- 
nal analysis for engineering applica- 
tions at little, if any, additional hard- 
ware cost. 

One problem, associated with the 
use of mini-computer control units is 
the relatively complicated computer 
hardware and software associated 
with the mini-computer. In most ap'- 

plications of AMPTS, the operators 
are not experienced computer oper- 
ators, or perhaps not even experi- 
enced in EMP testing. That requires 
very well developed "bullet-proof" 
software that carefully guides the op- 
erator through the test steps and is 
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, very forgiving of mistakes. It also 
must protect the unit from some 
common test errors (i. e. , program- 
ming of a 10dB increase in drive level 
when 1dB is a more prudent choice). 
When the increased versatility of the 
system is needed for design engineer- 
ing applications, the system manager 
may invoke different software oper- 
ating parameters, allowing more 
user discretion in the control of test 
parameters. Such a system will gen- 
erally require a knowledgeable sys- 
tem manager who understands the 
software and test procedures. Also, 
the AMPTS documentation must in- 

clude the complete software source 
code in both machine and human 
readable format to allow for ease of 
software maintenance, and modifica- 
tion for different test procedures. 

CONCLUSIONS 
The procedure of direct multi-pin 

signal injection is rapidly becoming a 
required test procedure for many 
new electronic systems. The very 
large volume of data involved with 
this testing requires total automation 
and minimum data archiving to ef- 
fect a useful and cost-effective test 
program. That mission is being pro- 
vided by the relatively new concept 

of the Automatic Multi-Pin Test Sys- 
tem — AMPTS. 

The individual test parameters re- 
quired by the different users of this 
type of equipment vary substantial- 
ly. Also, the AMPTS are not truly 
"off-the-shelf" standard products 
and are generally configured to indi- 

vidual user needs. The cost of a typi- 
cal AMPTS dictates that those con- 
templating such a system carefully 
consider all of the potential applica- 
tions for the system, from unmanned 
high-volume pin testing to totally 
manual control in design and related 
engineering applications. In general, 
the more modular the system, the 
greater its versatility by allowing its 
modular elements to be excised from 
the integrated system and used indi- 

vidually in a variety of independent, 
simultaneous applications. 

An AMPTS can be a very effective 
test tool, or a very expensive prob- 
lem. Its success in meeting its intend- 
ed uses depends on how carefully 
those charged with specifying the 
system consider the various applica- 
tions. Any organization faced with 
direct pin-injection test requirements 
should seriously consider the use of 
an AMPTS. However, prior to the 
purchase or in-house development of 

such a svstem, careful attention 
should be paid to the development of 
a detailed set of system specifica- 
tions unique to the specific test and 
engineering needs to assure that the 
maximum utility is achieved when 
the system is finally acquired and put 
into service. ~ 
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IRT has already delivered cost-effective 
EMP test systems for 100% pin injection 
acceptance testing. 

IRT's fully automatic system, Model 
PINS-600, tests LRUS with greater reliability 
and orders of magnitude time saving com- 
pared to manual methods. Multiple LRU- 

specific pin sequences can be preprogrammed so that the 
system acts like a dedicated test stand. QA reports are 
generated immediately affer testing. 

With the Model PINS-600, you' re in the forefront of test- 
ing technology, for it also performs MIL-STD-461C tests for 
conducted susceptibility (CS10). 

The Model PINS-600 (or for LRUs with 
small numbers of pins, our manual Model 
PINS-500 system) generates all the required 

g ~~" damped sine wave transients. Current and 
voltage are monitored ot the pin for 
measurement confidence. Built-in soffware 
features allow a single pulse mode so both 

models can also be used for qualification testing. 
Delivery is 5 months or less for either system, with 

interim support available 
at San Diego in order to 
meet your immediate Corporation 
requirements. 
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