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FOREWORD

This effort was conducted by Florida Institute of Technology under the
sponsorship of the Rome Air Development Center Post-Doctoral Program for
the Federal Aviation Administration. I'red Sakate of the Federal Aviation Ad-
ministration was the task project engineer and provided overall technical direction

and guidance.

The RADC Post-Doctoral Program is a cooperative venture between RADC
and some sixty-five universities eligible to participate in the program. Syracuse
University (Department of Electrical and Computer Engineering), Purdue Univ-
ersity (School of Electrical Engincering), and State University of New York at
Buffalo (Department of Electrical Enginecering) act as prime contractor schools
with other schools participating via sub-contracts with the prime schools. The
U.S. Air Force Academy (Department of Electrical Engineering), Air Force
Institute of Technology (Department of Electrical Engineering), and the Naval
Post Graduate School (Department of Electrical Engincering) also participate in

the program.

The Post-Doctoral Program provides an opportunity for faculty at participating
universities to spend up to one year full time on exploratory development and problem-
solving efforts with the post-doctorals splitting their time between the customer
location and their educational institutions. The program is totally customer-funded
with current projects being undertaken for Rome Air Development Center (RADC),
Space and Missile Systems Organization (SAMSO), Aeronautical Systems Division
(ASD), Electronic Systems Division (ESD), Air Force Avionics Laboratory (AFAL),
Foreign Technology Division (FTD), Air Force Weapons Laboratory (AFWL),
Armament Development and Test Center (ADTC), Air Force Communications
Service (AFCS), Aerospace Defense Command (ADC), Hq USAF, Defense Com-
munications Agency (DCA), Navy, Army, Aerospace Medical Division (AMD),
and Federal Aviation Administration (FAA),

Further information about the RADC Post-Doctoral Program can be obtained
from Jacob Scherer, RADC Tel, AV 587-2543, COM (315) 330-2543,

The author wishes to thank Mr. Richard M. Cosel who participated in the
field investigation, took many of the photographs and who organized, edited and
prepared the report for printing; also Mrs. Lynn Harris and Mrs, Jani Mc Cray
who typed and assembled the report.
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CHAPTER 1
INTRODUC TION

This report is a study of the lightning damage susceptibility of and pro-
tection requirements for the Wilcox Mark I/D Instrument Landing System (ILS).
This report is part of a larger study program to provide protection for com-
munication and control electronies equipment against transient electromagnetic
disturbances. Such electromagnetic disturbances cause current pulscs to be
induced in cables running between buildings or equipment enclosures. These cur-
rents and voltages are then coupled into terminal equipment or equipment enclosures
mounted in the field. The electromagnetic disturbances may be the result of nearby

lichtning activity or man-made electromagnetic pulses.

The larger study, known as the FAA Lightning Protection Study, is being
performed by the Post Doctoral Program through several of its member uni-
versities for the Federal Aviation Administration. The institutions include the
Air Force Institute of Technology, Florida Institute of Technology, Georgia
Institute of Technology, and Purdue University. The individual participants in

the FAA Lightning Study are listed in Appendix A.

1.1 FAA Lightning Protection Study

Increasing use of solid state electronics in the FAA communications and
control equipment means that reliance on the overvoltage protection adequate
for higher voltage electron tube circuitry would be inadequate. The overvoltage
protection of carbon blocks, in the several hundred volt range, and neon bulbs,
with long relatively high inductance leads in the 40-100 volt range, is not adequate
for the solid state circuits which operate at lower voltage levels (presently down
to 5 volts). The overall study has three technical tasks: (1) determination of
voltage and current levels likely to be conducted to FAA equipment; (2) the
determination of the susceptibility levels of FAA solid state equipment, and (3)
determination of lightning protective devices that are available to reduce the
levels of (1) to those permitted by (2). These three tasks have been performed
in parallel with close interaction. Appendix A Ests the schools having primary
responsibility of each of these tasks. The study of the Wilcox Mark 1/D ILS
covered in this report is a part of task (2) and draws upon the results of tasks (1)

and (3),




1.2 Lightning Protection Requirements

Components in electronic circuits connected to buried control cables at
FAA airport installations are susceptible to damage by lightning-induced voltage
surges on the cable conductors. Devices are available which can be installed
at the terminals to limit the voltage surges to levels which will cause no damage
to the components in the exposed circuits; however, the selection of specific

devices depends on the particular system under consideration.

The specification of the protection requirements for a given electronic
system includes the following steps:

12 Characterization of lightning-induced surges on the buried control
cables interconnecting various sub-systems.

2 Identification of the circuits in the system which are exposed to
surges.

5 Determination of the surge withstand capabilities of the components
in the actual circuit configurations using the waveshapes and the
maximum peak amplitudes of surges which mav be expected to occur
at the circuit terminals.

1. Selection of the surge protection devices which are compatible with
the withstand capabilities and normal operating characteristics of
the circuits while being rugged enough to operate reliably in the surge
environment.

What follows is a description of the application of the above steps to the
Wilcox Mark I/D Instrument Landing System. Chapter 2 discusses the waveform
and the maximum peak amplitude of voltage induced by the lightning and the pro-
tective devices available for installation. Chapter 3 discusses the methods used
to determine the vulnerable components in the Mark I/D ILS, and to calculate the
withstand level of each of the vulnerable components. In Chapter 4 will be given

the recommended protective devices and the installation points.

o
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CHAPTER 2
LIGHTNING INDUCED SURGES AND PROTECTIVE DEVICES

2.1 Characteristics of Lightning-Induced Transients

A number of studies, {1, 2, 3, 4, 5, indicate that the voltage waveform due to
lichtning-induced surges on buried cables can be adequately described by three par-
amaters: rise time t'_ to pecak amplitude, the peak amplitude \'l). and the decay time
tti to one-half the peak value (all times are measured from the origin). Such a test
waveform is shown in Figure 2.2-1 with a table of a waveform parameters cited in
the literature. The test waveform parameters are based on long term studies of
actual surges on aerial and buried telephone cables. Statistically, the parameters
cited by Bennison [5] vield a test waveform which includes 99.8% of lightning-induced
voltage surges in open wire and cable: tr 10 usec, \'I’ 1000 volts, (.] 1000 usec.
Actually, Bennison's study included buried cable with measured peak voltage of 110

volts; this is included in Figure 2. 1-1 as the 500 volt entry in parentheses.

It is important to point out that no information concerning the energy content
of the surge waveforms is available from the studies. The surge voltages measured
were the so-called longitudinal voltages produced between the grounded cable sheath
and the inner conductors. PBodle [3] also measured metallic voltages between cable
pairs and found them to be insignificant compared to longitudinal voltages unless a
carbon block protector on one of the wires in the pair "stuck." A determination of
the energy content of the surge requires knowledge of the current and the voltage

or, alternatively, knowledge of the voltage and surge impedance.

Since the information regarding the energy content of the lightning-induced
surges is not available at the present time, a model of surge generators with zero
internal impedance has been chosen such that the current delivered by it is de-
termined completely by the circuit connected to it. Such an agssumption naturally
leads to a very conservative estimate of the magnitude of current and energy con-
tent which may be several times more than the actual due to lightning-induced
surges. However, as reported previously [1] the values obtained during the
lightning simulation tests can be scaled to predict the induced effects due to the
larger natural strikes. If, for example, the values given in reference (1] are so
scaled, an induced voltage of 1000 volts appears to be an appropriate level. It

agrees with assumptions by Huddleston [6] and Bennison [5]. Unless a more
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complete model of surge generators based on information regarding energy content
can be established, the present approach seems to be the most logical way te derive

the necessary levels of protection for the electronic components.

2.2 Surge Protectors

As reported by Chen [7], there are two kinds of surge protectors. The first
is a circuit opening device and is inserted into the circuit in series with the load to
be protected. When the current level exceeds a certain preset limit, it switches from
short-circuited state to its open-circuited state. Actual devices in this class, such
as fuses and magnetic circuit breakers, are used extensively in residential and
commercial installations. However, they are not suitable for protection of com-
munication systems against lightning due to slow response time (of the order of
milliseconds or longer). The second is a circuit shorting device and is in paral-
lel with the load. The protective action is accomplished by changing the device
from its virtually open-circuited state to a conducting state at a predetermined volt-
age level and thereby limiting the voltage surge and diverting the current and power
away from the load. Devices in this group are gas discharge devices, dielectric-
stimulated arcing connectors, semi-conductor diodes and varistors. Of these four,
the dielectric-stimulated arcing connectors are not commercially available and are
useful only for the protection of voltages above 1KV, Thus, they cannot be con-
sidered for application here and will not be discussed here. The other three types
of protective devices are commercially available and are suitable for the protec-
tion of control and communication systems. In the following, each of their oper-

ating principles, capabilities and limitations will be discussed briefly.

The gas discharge devices are probably the best known and most widely used
for lightning protection. Usually, they are operated in either the arc discharge or
the abnormal region of the gas discharge where the voltage is virtually constant and
the current is limited and controlled completely by external circuit parameters. At
the present time, there are two basic types of gas discharge devices which may be
used as transient protectors: glow lamps and spark gaps. Glow lamps are character-
ized by low current capability and relatively high voltage. While inexpensive, they
cannot provide adequate and long lasting protection against transients for low voltage
systems such as communication lines. On the other hand, spark gaps are designed
to operate in the arc mode and are capable of absorbing large amounts of current and

power. One disadvantage, as far as the present study is concerned, is that they are
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only available with a clamping level of 75 volts and higher which is substantially

larger than the protective requirements of the system.

A metal-oxide (zinc-oxide) varistor is a two terminal aevice having a voltage-
dependent nonlinear resistance. The volt-ampere characteristic of an ideal varistor
can be expressed as an empirical relation,

\d

3

where V and T are the voltage across and current through the caristor, respectively,
The exponent ©€ is an important parameter and represents the power handling
capability of this particular varistor. Among the various varistors commercially
available, silicon carbide (Thyrite), selenium cells (thyristor diodes), BaTiO,i
varistors and zine oxide-bismuth oxide varistors are the well known ones. However,
only the '/,n()—Bi_,()_; has the large power handling capabilities suitable for the present
application. Furthermore, its response time is much faster than the spark eap.

It thus has virtually all the desired characteristics except one for transient pro-
teetion. The undesirable feature is that it can clamp voltage only in the range of

57 volts and hicher and is doubtful that this magnitude can be lowered any further
due to present manufacturing processes.

Both of the above protective devices are bipolar in nature, i.e., a given device
can clamp at * V. Avalanche diodes, on the other hand, are unipolar devices clamp-
ing at zero volts when biased in the forward direction and at its breakdown voltage
when biased in the reverse direction. The breakdown mechanism is attributed either
to the Zener effect, or to the avalanche multiplication of charge carriers, or a com-
bination of both. Furthermore, avalanche diodes can clamp voltages as low as
five volts with the fastest response. Its main disadvantage is its low power-handling
capability. It can be improved by methods such as a resistance in series wit! the

diode or several diodes connected in parallel.
A comparison of available protection devices is given here for convenience in
Table 2.2-1, The table is based on a detailed report on protective devices by

Chen (7).

| ¥




(L *394)
uay) °*r1°D Aso3ano)

[-2°¢ dl9e.L

S3)1A2p SSI|PPI| 104 pl|eA ‘san|eA pajew|ls] (p

QU0 Ww [ Z°YZ UM suol1S|JeA AOW 39 (>

suop1edt|dde UOI12304d JUAISURIY JO ADOUJD43J abel|OA Joy paubisap Sijun 131emM-Q§ (9
sdeb yiedg (e

1SII0N

14045 (3) ssoisjiep
Na_,_ 001-0§ ol- 0l%q_olt s adwe d Eo?
0oh €€ £~ ol-"" 8- 2A P 19 vayl Jejodyg 0°!8-0v7
; papeabag
(9) sapola
007 01,01 0171 | 4 017 0l 01-917,.0! g0 saj padue|) 1104$ sejodyun umopyeaig
= g % 103125NpUod |WIS
op)
%01 ~ & SELVLI ) paubisag | pAILNILLD (e) s33)A3g
) b M._ ,01 4_-2 2+ 0l ol ol 501 Ajsadouy -1J0ys vadp Jejodyg | ?b6ieyds|g sen
1o oz +)5 ot |°© ; ¥ i ’ 31 Alug isouy
¢ ‘(ce) sap
{(S310A (sagnor) [ (saiad abuns
e ' riee (as|nd sw|) AQ-p e1s .ﬂnn:u;.li L.;:w: v.uud)_.uua
| ! At 10 JudLd asuey1oede ys1nbe uaum opou A11ie10 adA
! 3 \ o1 10 1ie10d 1
ey e v apy 4 uoy31puo) 1154

(01) (6) (8) (L) S10100)01 JuaIsSuULa |, Jo uostaedwo))

T e P ———r——— -




-

e ———

e PTG

R2

CRI1

Pl ;

P
—
e
—
—

“»Ow Z0—~HOZCw

Figure 2,.2-1, A Generalized Protection System for ILS Control Lines

A generalized protection system for ILS control circuitry cables is shown above.
The circuit consists of a surge protector connected in parallel from the susceptible
terminals in the junction box to ground. It is pointed out in the previous reports 4,7
that surge protectors should be installed as close to the junction box as possible so
that both the traveling wave and reflecting wave due to surges are limited to safe
values at the terminals of the protected circuit. A good ground should also be pro-
vided in the junction box for connection of the ground side of the protector. In
general, the protective system P1 consists of any of the three surge protectors pre-
viously mentioned. If the choice of surge protectors is either a spark gap or MOV
varistor, the breakdown voltages chosen must be greater than the operating voltage
but below the withstand levels of both negative and positive surges of the element
in the circuit, For avalanche diodes, only the positive surge level has to be con-
sidered since a negative surge forward-biases the diode and clamps the voltage to
approximately zero. Resistors R1 and R2 may be placed in series with the line to
limit surge current to a safe value for the protector and to limit circuit current
that may flow from the protected side of the line in the event that the surge protector
fails by shorting. Diode CR1 is added on the protected side to give additional pro-
tection in case of failure in the surge protector device for certain types of communi-
cation sub-systems. As shown in Chapters 3 and 4 and Tables 4-1 through 4-5, only

those protective devices required by the specific circuit involved are designated,

- g g —————
-
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2.3  Withstand Capabilities of Avalanche Diode Surge Protectors

Since the clamping requirement for most of the susceptible circuits of the
Wilcox Mark I/D ILS is unipolar and below 30 volts, the avalanche diodes will be
used extensively. Because of the relatively low power-handling capabilities of
avalanche diodes, series resistance (R1 in Figure 2.2-1) may be used to limit the
surge current in the diode itself to safe levels. A procedure for selecting the value
of this series resistance R1 for avalanche diode is presented which is essentially
the same as in Reference [6].

The value of series resistance R1 is determined by the surge-handling data

provided for the avalanche diode and can be calculated from the following expression,

vV -V \Y%

R1 0 BD ~ (¢}
[ 1

pp pp

BD
voltage of the diode and is usually very small compared to Vd and lpp is the safe peak

where \‘“ is the peak amplitude of the expected voltage surge, V is the breakdown

current for the diode. This safe peak current Il” can be obtained from the data
sheet for the avalanche diodes (see Appendix B). It should be noted that the safe
peak current IP)' applics when the avalanche diode is reverse biased; the diode will

handle a larger peak current when forward biased.

The bipolar version of the avalanche diode mentioned above consists of two
avalanche diodes connected in series opposed. The method of determining the re-
sistance value R1 to limit the current to the safe peak current ll’l) is the same
as for the unipolar diode but it must be done for each polarity (unless the voltage
\'I‘yl) is ignored) and the higher value of resistance used. This w ill be described
further in examples in Chapters 3 and 1.




CHAPTER 3

DETERMINATION OF WITHSTAND CA PABILITIES
AND PROTECTION REQUIREMENTS

3.1 Description cf 'Nilcox Mark I/D ILS

The equipment considered in this study include the following units of the
Wilcox Mark 1/D ILS:

Localizer/Glide Slope Control Unit (FA-9355)

Glide Slope Monitor (FA-9370)

Localizer Monitor (FA-9357)

Glide Slope Transmitter (FA9369)

Localizer Transmitter (FA-9353)

Localizer/Glide Slope RF Power Panel (FA-9356)

Localizer/Glide Slope Power Supply (FA-9354)

Glide Slope Monitor Combining Network (FA-9372)

Glide Slope Antenna (FA-9373)

Glide Slope Monitor Detector/Antenna (FA-9371)

Glide Slope Tower Tilt Monitor (FA-9378)

Localizer Antenna Array (FA-9358)

The corresponding instruction manuals for the above units are listed in Appendix
B. A typical installation of either a Localizer or Glide Slope Station is shown in Fig-
ures 3.1-1, (This equipment is located inside a shelter). Figure 3.1-2 shows a
Glide Slope Antenna and Monitor Detector/Antenna and Figure 3.1-3 shows a Local-
izer Antenna Array. Other equipment in the ILS system not included in this study
were:

Localizer Receivers (FA-9387 and FA-9414)

Glide Slope Receivers (FA-9389 and FA-9415)

Remote Status Units (FA-9391 and FA-9416)

These units inform control tower personnel when the Localizer and Glide Slope
Stations are not functioning. (See Figure 3.1-4) However, since they are remote
units, i.e. are not connected to the Localizer/Glide Slope Equipment through control
lines, they were not considered vulnerable to induced lightning pulses. Marker
Beacon Stations were also not included in this study since they are not connected to

the Wilcox Mark I/D equipment.
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Figure 3. 1-1.

Equipment Cabinet, Front and Rear Views
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Figure 1-3. Shelter
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Figure 3. 1-4B ILS Localizer and Glide Slope Remote Status Unit

2 Method of Determining Vulnerable Components of the Wilcox /D I1.S

9
Je

The vulnerability of components of the Wilcox 1/D ILS to damage by voltages
induced on transmission and control lines was investigated by the following method.
The starting point was to assum:2 a maximum induced surge level and probable pulse
shape based on studies done under Part 1 of the F'AA Lightning Protection Study
and described in Section 2.1 of this report. Next, the circuit and installation dia-
grams from the manutacturers were examined to find which transmission and control
lines were located outside of the lightning protected shelters. IFollowing this, the
components of the I/D ILS that were connected directly to these unprotected lines
were determined, The withstand capabilities of each of the vulnerable components
was then calculated, and where necessary, protective devices recommended. The

listing of protective devices will be given in Chapter 1,




3.5  Cables which may he Possible Surge Sources
222 4 as

The interconnect wiring diagrams for the Localizer Station (see Figure 3.3-1)
and for the Glide Slope Station (see Figure 3.3-2) show that the cables listed in
[able 3.3-1 may be sources of lightning induced surges. Cables W1 and WS are
both buried cables which may have impulses induced on them due to nearby ground
strikes. Cable W9 has an open run of approximately 30 feet up one leg of the Glide
Slope Antenna Tower unprotected by conduit. Direct strikes to the tower as well

as nearby ground strikes may induce pulses in this cable.

3.1 Components Vulnerable to Lightning Surges

1

.11 Tocalizer Components

I'he circuit diagrams of the circuits connected to the cables listed in Table
J3.3-1 were examined to see which components could be vulnerable to pulses induced
on these cables.  The first circuits examined were that of the Localizer Monitor
shown in Figure 2, 1-1. The potentially vulnerable components are listed in Table
S 1=1. Through the connection to terminal 3TB1-9 the following components were
considered vulnerable: CR1 (IN43S1), Q1 and Q2 (JAN 2N3055), VR1 and VR2
(JAN INT19A), and DS-1 through DS-10 (indicator lamps). Through connections to
the indicator lamps, the following components may be vulnerable: 3A6-Q6 through
Q-10 (JAN 2N1711) on the Alarm Assembly Card (see Figure 3.4-2), 3A8-Q2 (JAN
2N1711) on the Antenna Cable FFault Assembly (see Figure 3.4-3) and 3A3-Q1 (JAN
2N1711) and 3A3-CR4 (JAN 1N4148) on the Signal Processor Assembly Card (see

Figure 3.1-4),

The connection of Cable W4 to 1TB1-3 then to 3TB1-11 (Zero Ref. Pulse Out)
makes the follov 1y components vulnerable: 3A4-Q1 (2N1711) on the Timing Assembly
Card (see Figure 3, 1-5), 3Q1 and 3Q2 (JAN 2N3055) on the Monitor Main Frame
‘8 Volt supply, (see Figure 3.4-1) and 3A6-VR1 (JAN IN748A) on the Alarm As-
sembly Card (see Figure 3.4-2). The connections to 1TB1-5 (Course Detected
Signal In) and to 1TB1-7 (Width Detected Signal In) from Cable W4 continue to
terminals 3TB2-1 and 3TB2-3 respectively, making the following components
vulnerable: 3A1-U1A (MC 1558) and 3A1-VR1 (IN748A) on the Course Channel
Signal Processor Assembly (sce Figure 3,4-4) and 3A2-U1TA (MC 1558) and 3A2-VR1
(IN7T1%A) on the Width Signal Processor Assembly (see Figure 3.4-1), In addition

the +8 volt supply on the main frame may also be vulnerable.
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The connection of cable W4 to terminal 1TB1-10 and then to terminal 3TB2-5
of the Localizer Monitor leads to the 500 Hz sine wave oscillator of the Antenna
Cable Fault Assembly. The components potentially vulnerable here are the oper-
ational amplifier 3A8-U3B (MC 1558GH2) and the quadrature bilateral switch
3AS-U2 (CDH016AD3) (see Figure 3.4-3). Additionally, the Antenna Cable Fault
Assembly is potentially vulnerable through connections 1TB1-13, 15 and 17 leading
to 3TB2-7, 9 and 11. The connections are to identical circuits (Cable Fault De-
tector Signal Inputs U3, U4 and U5) whose vulnerable component is 1/2 of a
MC1558GH2 (3A8-U1A, -UIB and -U14A). The signal input U5 is only used on
wide aperture antenna systems. On the same card, all of these connections lead

to the voltage regulator in the +4V supply, 3A8-VR1 (IN7T48A),

Other vulnerable components connected to cable Wi are located in the Local-
izer Antenna Array through terminal block 6TB1 (sce Figure 3,4-6). These |
components are listed in Table 3,4-2, The first of these is the antenna misalignment
switch, which is connected to terminals 6TB1-1 and 2 and is normally closed.

The remaining potentially vulnerable components are diodes containing in the
Integral Detectors Ul(Course), U2(Width), U3(Cable Fault), U4(Cable Fault) and
U5(Cable IFault); detector U5 is only installed in Wide Aperture Systems. These
detectors are all identical as shown in Figure 3.4-7, and the vulnerable components

are CR1 and CR2 (HP5082-3077) and CR3 (HP5082-2800),

Je.4.2 Glide Slope Components

The potentially vulnerable components in the Glide Slope Monitor through
connections to Cables W9 and W9 are listed in Table 3.14-3. (sce ligures 3.3-2
and 3.4-8), This circuit conneets to the Antenna Tilt Switch and is similar to the
Antenna Misalignment Switch Circuit in the Localizer Monitor. Through connections
to Pin 3TB1-9, the following components may be vulnerable: CRI1 (IN4384), Q1
and Q2 (JAN 2N3055), VRT and VR2 (JAN IN 749A) and DS-1 through D3-10 (indicator
lamps). Through connections to the indicator lamps, the following components mav
be vulnerable (see Figure 3.4-2): 3A6-Q1, and Q-6 through Q-10, and Q=14 (J AN
2N1711) on the near Field Path Signal Processor Assembly Card. On the samao Signal
Processor Card, the components 3A3-Q1 (JAN 2N1711) and CR4 (JAN IN4145) may

be vulnerable since they are connected to Cable W9 at 13TB1-2,

The connection of Cable W8 to 13TB1-3 (Zero Ref. Pulse Out) leaves the

following components vulnerable: 3A4-Q1 (2N1711) on the Timing Assembly Card

oo
(97




(sce Figure 3.4-5), 3Q1 and Q2 (JAN 2N3055) on the Monitor Mainframe '8 volt
supply (see Figure 3.4-1) and 3A6-VR1 (JAN IN748A) on the Alarm Assembly Card
(sce Figure 3.4-2). The connection of Cable W8 to 13TB1-9 and then to the Near
Iield Path Signal Processing Assembly leads to 3A3=U1A (MC1558GH2) and 3A3-

VR1 (IN748A) (see Figure 3.4-4).

The remaining components in the Glide Slope Station that may be vulnerable
are contained in the Antenna Tower Tilt Switch connected to cable W9 and in the
Near-Field Monitor Detector/Antenna connected to Cable W8 (see Figure 3.3-2).
These components and their cable cennections are listed in Table 3.4-4, The
Antenna Tower Tilt Switch is a normally open "pendulum in a donut' type, man-
ufactured by Wilcox. The Near-Field Monitor Detector/Antenna Unit is similar
to the Integral Detectors used in the Localizer Station and contains the same
vulnerable components: CR1 and CR2 (HP5082-3077) and CR3 (HP5082-2800)

(see Figure 3.4-9.)

3.1.3 Summary of Vulnerable Components

The following list contains all of the components judged to be vulnerable to
lichtning surges in the Wilcox 1/D Glide Slope and Localizer Stations:
(1) Transistors: JAN 2N3055
JAN 2N1711
(2) Integrated Circuits: MC 1558G H2
CD1016AD3
(3) Diodes: JAN INT48A
JAN INT49A
IN4148
IN4384
HP5082-2800
HP5082-3077
(4) Switches, Lamps and
Capacitors 1HS41 Microswitch (Honeywell)
Antenna Tilt Switch (Wilcox)
Lamps DS-1 through DS=10

Electrolytic Capacitors 3A4-C15 and -C16
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3.0 Withstand Capabilities of Vulnerable Components

The surge withstand capabilities of the solid state circuit elements of the
Wilcox Mark I/D ILS were determined analvtically by calculating the voltages,
currents and powers produced in the particular circuit element by a test voltage
applied between ground and the terminal connected to a buried control cable con-
ductor. The test waveform used was a 10 x 1000 with a 1000 - volt peak amplitude,
i.e. 1:‘ 10 usec; ‘(l = 1000 usec, which is the worst case waveform for lichtning-
induced surges as discussed in Section 2. 1. Both positive and negative waveforms
were considered. Using the model of surge generators with zero internal impedance,
the maximum power to which a semiconductor device may be exposed due to lightning-
induced surge can be determined. This value of maximum peak power is compared
with the failure level estimates of semiconductor diodes and transistors due to an
electromagnetic pulse by Wunsch (11). If the peak surge power exceeds the maximum
power that the solid state components can withstand without failure, safe values
of voltage and/or current for components in the circuit were then established from
the manufacturer's data sheets. In those cases where the available data were not
directly applicable, the determination of safe values were based on calculations
using data supplied by the manufacturers.

FFor switches and lamps, a comparison of safe values from manufacturer's
data sheet and the worst case test waveforms as mentioned before is usually suf-
ficient to determine whether or not a protective device is required, The details
of these and other similar calculations are desceribed in the following several
paragraphs.

3.5.1 Withstand Capabilities of Solid State Devices

The withstand level of a solid state semiconductor device is defined as the
amplitude of either the voltage or current surge which may be applied to the
circuit terminal to just cause failvre. Failure of a solid state junction device, such
as a transistor or diode, is considered to have occurred if any p-n junction has
become an open or a short circuit |11],  This effect of an open or a short circuit
can occur due to the application of either forward or reverse voltages, although
failure mechanism of the PN junctions may be due to different causes for the two
cases. The principal breakdown mechanisms on a single PN junction are:

(1) Surface breakdown around the junction;

(2) Internal breakdown through the junction within the body of the device.

"'I




The actual destruct mechanism for surface breakdown is usually the establish-
ment of a high leakage path around the junction thus nullifying junction action,
The analvsis of surface breakdown is very difficult since it depends on a number
of parameters, for example, the geometry of the device, doping profile, lattice
imperfection and discontinuities on the surface, some of which are probably not
known at the present time. Thus, theoretical models which have been used are
cenerally limited to the consideration of potential gradients at the surface under
homogeneous crystal conditions and approximate geometrical boundaries which
is then amenable to theoretical calculations. It becomes even more formidable
if a transient condition is imposed. Davies and Gentry [12] state, "Unfortunately
the transient energy which can be dissipated during surface breakdown is both
unpredictable and appreciably lewer than that which can be absorbed within the body
of the PN junction device." Nonetheless, junctions have now been successfully
designed and built which exhibit body breakdown prior to any surface breakdown

phenomenon.

in internal breakdown, the destruct mechanism apparently results from
changes in the junction parameters due to electrical stress which usually result
in locally hich temperature within the junction. For very short and large ampli-
tude surges, the effect is localized causing melting at hot spots which results from
dislocation and imperfection of the crystal lattice within the junction. For long
term heating at temperatures well below the melting level, alloying and impurity
diffusion occurs to such an extent that the junction is either totally destroyved or

its properties drastically changed.

While both failure mechanisms are caused by negative surges only the in-
ternal body breakdown mechanism is responsive to positive surges since the
potential gradients on the surface across the junction are normally quite small
when the junction is conducting. Furthermore, it was found experimentally that
in general a PN junction is more vulnerable to power dissipation in the reverse
polarity mode and the base-emitter junction is more vulnerable than the other

junction in a transistor.

While long term heating that degrades the performance of a solid state
device is very important in the studies of semiconductor vulnerability, it is
believed that the short and large amplitude surges which can cause hot spots are

the most probable failure cause of semiconductors in lightning. Although the hot
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spot may be due to one of the many different microscopic mechanisms, it has been
found that most of these failure mechanisms are linked primarily to the junction
temperature. Therefore, the theoretical treatment of the problem can be reduced
to a thermal analysis. For pulse time between 0.1 to 20 microseconds the junction

failure condition can be expressed as:

- S K (1)

where t is the duration time in seconds and P is the magnitude of rectangular
pulse power in watts and K is a constant which depends on the particular solid

: : - 1/2
state device in units of watt-seconds / "

The value of K can be calculated from either the manufacturer's data sheet
or reference [11]. Thus, for a given value of K, the maximum transient power
a particular solid state device can withstand for a given pulse can be determined |

very casily from Equation (1),

3.5.1,1 Withstand Capabilities of Transistors JAN 2N3055 and JAN 2N1711

The JAN 2N3055 is an NPN Silicon high power transistor used as a voltage
regulator in the Monitor mainframe +8 VDC and +5V supplies (see Figure 3,1-1).
The value of K is not available from reference [11] for this transistor and was

calculated using the value of thermal resistance from junction to case, Gi('

1.5°C /watts [13, p. 200-line 55], and the formula [11, Equation ITI-8|¢

-(1.11) -(1.11)

N 31.5 O, 31,5(1:5) 20, 1.

JC
This value of K must be modified since the pulse is triangular and exponential,
from the value above to K' — (3/ v(-E)}\' as derived by Huddleston, ct,al. [6]. Thus
K' ~ 42,6 and the withstand level of the JAN 2N3055 is

_1./9 _n 179
P =K't 1/2 (42,6)(1,000 x 10 “svc) 1/2 1,350 watts peak power,

The JAN 2N1711 transistor is an NPN silicon transistor used in switching
applications and as an amplifier in both the Localizer and Glide Slope Stations.

The withstand level can be calculated by first caleulating the thermal resistance

from junction to ambient, Qj'l' This was calculated in two ways: (1) using the
: i 50z o Pl Ay e
derating factor in free air at 25°C 3 9"1 (4.5mW/oC) 2227C /Watt and (2)

Ji

using the maximum operating temperature and maximum dissipation in ambicnt

air ©;, (175°C = 257C)/800mW - 181.5°C /Watt, Then K 5)7:.2(-)“"'“‘
1.54 for 6, 181,5°C/Watt and K 1,20 for i 222°C Avatt. (11, Equation

«
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111-10]. Another means of finding K is the junction capacitance model [11, p. 21-

24] using the equation:

K, o (0.81)
— (1.1 x 10 ')\'h‘1
C.
]
where (‘i junction capacitance (in pl7) and \'I)(I breakdown voltage of the transistor.
H\‘('(-n 30 volts for the 2N1711, and we will then assume \'h(l 10 volts. Using

the value of (‘j 25pF [13], then:

K, = (25 pF) (1.1x107) 40)0-81) _ o 546

Wunsch, et,al [11] lists the value of K = 0,36 without saying which model was

used for the calculation, The values of K, K' and Pm'm calculated using the

methods listed here are shown in Table 3.5-1.

Table 3.5-1 Withstand Levels of JAN 2N1711

Basis of Caleculation K FCt P (watts)
peak
i, 181, 57C /watt 1.54 3.2% 103, 1
©ia 2229C /watt 1.20 2.55 80.5
('j 25 p¥F, \.lxl 10 volts 0,546 1.16 36.6
Wunsch, et.al, (11) 0.36 0.76 24,2
The most conservative value, I)m'l\' 24,2 watts will be used to determine the

vulnerability for the 2N1711,

3.5.1.2 Withstand Levels of Integrated Circuits: MC1558GH2 and CD4016AD3

The integrated circuit MC1558GH2 is a dual operational amplifier with an
input impedance of ~#200M £, and is rated at Maximum Input Offset Current of
0.5 ADC, Maximum Power Supply Voltages of 22 and -22 volts, Maximum Input
Differential Voltage equal to the Power Supply Voltage Applied, Power dissipation
of 680 mW for the entire circuit, and a derating factor of 6mW/°C, The derivations
of withstand levels of Reference [11] do not apply to this circuit. With no further
guide lines available, the requirement that the maximum input differential voltage
not exceed the applied power supply voltages will be used to determine the pro-

tection levels,
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The integrated circuit CD4016AD3 is a Quadrature Bilateral Switch with four
switches on a single chip.  The input impedance is typically l”l: ohms, indicating
a field effect device, with a maximum control voltage of = 15 volts. This type of
circuit is also not covered by the derivations of Reference [11] and the criteria
for protection levels will be that the voltages applied to the circuit do not exceed

the maximum control voltage,

3.5.1.3 Withstand levels of diodes: JAN IN7148A, JAN IN749A, IN4148, 1N1584,

HP 5082-2800 and HP 5082-3077

The JAN IN748A diode is a 3.9 volt silicon zener reference diode with a
. SR : O . -
maximum power dissipation of 400mW at 25°°C and a maximum ambient temperature

of 175°C. 114, p. 154, line 18], Using these values to calculate Hj,], K, K' and

P
O O
1756 C=25"C Rt e
lel T4 waits 375 C/watt
— l),
K 972, 2(375) o 0. 625
K' = = K= 1,326
J2
: , =8, ~1/2
P oeak ‘\/F = 1,326 (1000 x 107) s 11.9 watts peak power
From Wunsch, et.al, [11] K = 1.1 and I)m'L\' 73.8 watts, for the IN748A, but

since the value of 41.9 watts calculated above is the more conservative value,
it shall be used in caleulating the protection requirements for the JAN INTASA

diode.

The JAN INT49A diode is also a silicon reference diode with a reference
voltage of 4,3 volts, maximum dissipation of 100mW at 252 and a maximum
ambient temperature of 1750C. [14, p. 155, line 35]. Since these art the same
values as for the JAN 1N748A, the calculated values for the JAN INT49A are

(-9.,l :375()(7/\\':111, K = 0,625, K' = 1.326 and Pp 41.9 watts peak power.

J‘
The 1N4148 is a silicon highspeed switching diode with a peak inverse
voltage of 75 volts and a maximum reverse current of 25nA at 20 volts, 25°C
ambient and a maximum temperature of 200°C at the junction. The diode also has
a junction capacitance of 4,0 pfd, and an absolute max. forward current of 200mA
at 1757 maximum ambient temperature,  Using the maximum forward current at
a forward voltage of & 1,0 volts, the maximum power dissipation is 200mW at 175°C

ambient maximum,
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175%-25°C

e et <o 5 Y 7
©a 500 mW -~ (00 C/watt
= 2.
K 972. 2(750) bt 0.265
K" 0,562
l’p = 17. 8 watts
Calculating K from the junction capacitance method gives
- 3 =3 B
K = (1.1x 10 Sog BN 10 sy o < 0, 145

bd
K' =0,308

l)) 9. 74 watts peak power
J

This lower value will be used to determine the protection necessary.

The 1N4384 is a silicon rectifier with the following specifications: [14,

p. 307, line 98.]
Peak Inverse Voltage

Max.,
Max.
Max.,
Max.

Max.

Surge Current (250)
Temperature

Forward Voltage Drop
Average Forward Current

Reverse Current

400 volts

50 Amps for 1 cycle of 60 Hz

175°C ambient

1.3 volts at 1 amp at 100°C ambient
1.0 A at 100°C ambient

0.25 mA at 150°C ambient, 400 volts

The maximum power dissipation at 100°C is then (1.3 volts)(1.0A) = 1,3 watts.

175°C-100°C

Tl T O /i s
I'hen: qu 1.3 wakis 57.7 C/watt
=19
K =972, 2(57. 7) i 0487
K'=18.,51
g 0 -6 '1/2 « ;
Pp(*'l.k = (13.51)(1000 x 10 ) 427.2 watts peak power

The HP5082-2800 (JAN 1IN5711) is an epitaxial, planar passivated metal-

silicon Schottky barrier high-speed switching diode mounted in the integral de-

tectors of both glide slope and localizer stations. It has a peak inverse voltage

3 : ’ " P~ I
of 70 volts, a capacitance of 2,0 pf, a max ambient temperature of 200°C, an

2 ‘ 0rO0n
absolute maximum power dissipation of 250 mW at 257 C

r 0 o0 51 : :
1.4 ;m\\/ C above 25 C, [15] The maximum peak power can be calculated using

, and a derating factor of




the thermal resistance Hi" or using the junction capacitance. I'rom the thermal

resistance method: (note: this is a planar device)

e
O, ~ [1.43mW Vi &) 699. 3°C /watt
or & e
20002570 .. 6
S5a = 250mW 7007 C /watt
1.24

K = (972.2)(700) 0.288

K'=0,612

P 19. 34 watts

P e

For the junction capacitance method:
-3 0.8

K - (2.0)01.1x 107270)"* 3V = 9, 0686
K' = 0,146
P 1.61 watts.,

P

The lower rating, Pl) 4.61 watts will be chosen to determine the protecticn

requirements.

The HP5082-3077 is a planar-passivated silicon PIN switching diode also
used in all of the integral detectors in both glide slope and localizer stations.
The ratings on this diode are: Breakdown voltage - 200 volts, junction capacitance
0.3 pf, absolute maximum power dissipation 250mW (T 25°C) and absolute
maximum operating temperature, 150°C. [15] Calculating I’l) using the thermal
resistance method gives:

O O
50 =25 C 3
“J"l ¥”)')())m\\" - 5000('/“'““
1.24

K = (972.2)(500)" 0.438
K' = 0,92¢
P 29,4 watts
P
calculating I’p by the junction capacitance model gives:
-3 0,
K = (0.3)(1. 1 x 107200)°* 31 0,024
K'=0,0511

| o 1.62 watts

.




The lower rating of 1,62 watts will be used to determine the protection

)

requirements for the HP5082-3077 diode.

Table 3.5-2

shows the maximum peak power withstand levels for each of

the deviees in this section and the method used to determine this value.

Table 3.5-2

Withstand levels for Vulnerable Semiconductor Devices in

Device

JAN 2N
JAN 2N3077

JAN INT4SA
JAN 1IN749A

IN4148
IN4384

HP 5082-2800
(JAN IN5T711)

HP 5082-3077

Wileox 1/D System

Withstand Level
(Peak Power, Watts)

24,2

4.6

1.6

Computation
Method Used

Wunsch, et.al. [11]

Thermal resistance,
junction to case

Thermal resistance,
junction to ambient

Thermal resistance,
junction to ambient

junction capacitance

thermal resistance,
junction to ambient

junction capacitance

junction capacitance

In general, the junction capacitance method gives more conservative values

and Wunsch, et.al. [11] refer to this method as the most accurate one in pre-

dicting failure levels,

not available for all devices listed above,

HHowever, the data necessary for this calculation was

3.5.2 Withstand Levels of Other Components in Wilcox 1/D ILS System

In addition to the semiconductor components in the system, certain lamps

and switches vital to the operation of the system are also vulnerable to lightning

induced surges. These are the indicator lamps, on both glide slope and localizer

stations, the Antenna Tower Tilt Switeh (GS) and the Antenna Misalignment Switch

(Loc.)

4



|

The indicator lamps are 28 volt, 0.04 amp, units (1.2 watts max.). The
failure level of these lamps is not known, but a conservative estimate based on
their poor ability to conduct heat away by the leads, would limit the maximum

peak power to a few watts.,

The Antenna Misalignment Switch in the Localizer Status is a Honeywell -
1HS41 microswitch rated at 28 VDC, 25 Amp resistive or 120 VAC, 1 amp re-
sistive. Since the switch is normally closed, the primary protection would be

to limit the current through the switch under pulse conditions to the 1 Amp level,

The Glide Slope Station Antenna Tilt Switch manufactured by Wilcox has
a normal working voltage of 28 VDC with a current capacity of As 1A [16]. This
switch is normally open so the primary protection would be to prevent the voltage
from rising high enough to arc over the switch and secondly, if the switch is

closed at the moment of surge, to limit the current to ~v 1 amp.

The electrolytic capacitors, 3A4-C15 and -C16 in the Timing Assembly
Card are rated at 10 a4 I, 20WYDC, To prevent the capacitor from failing under
surgeconditions, the voltage across the capacitors should be prevented from

rising above the working voltage and should be prevented from reversing polarity.

In Chapter 4, the protection requirements for each of the components dis-
cussed in Chapter 3 will be determined taking into account the maximum peak
power determined here and the other components in the various circuits which may

limit the voltage or current overload reaching a vulnerable component,




CHAPTER 4
RECOMMENDED PROTECTION REQUIREMENTS FOR VULNERABILE
COMPONENTS AND INSTALLATION POINTS

1.1 T.ocalizer Station

The protection requirements will be determined terminal by terminal starting
with the Tocalizer Station connections to Cable W4 (see Table 3.4-1). The ends of
this cable are at terminal blocks 1TB1 (shelter) and 6TB1 (Antenna Array). Typical
installations are shown in Figures 4.1-1 and 4.1-2. Through terminal 1TB1-1,
the surge current to 3TB1-9 and thus to several components is limited by R7 (4. TK L)
to a peak current of 1000/4,7 X 10:: 0.213 amps. The peak power that the 1N4384
diode must dissipate for a 1000V surge is then (1.3 volts) (0.213 amps) = 0,25 watts,
thus the 1N4384 will withstand negative pulses. When the diode is reverse biased
(positive induced pulses), and breaks down at its PIV of 400 volts, then the maximum
peak power is (100)(0.213 amps) = 85 watts which is less than the withstand level

ol 4

7 watts (see Table 3,5-2).

)

—

Figure 4. 1-1A: Typical installation of terminal block
1'TB1 in the Localizer Station
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Typical Installation of Localizer Terminal Block
6'TB1 at the Antenna Array,




Q1 of the 8 and +5 Mainframe (JAN 2N3055) is also connected to 1TB1-1,
and the eurrent through the collector to emitter is limited by R7 to 0,213 amps
maximum peak current. If Q1 is fully saturated at ns 1.0 volts, then the maximum
surge power is ~s 0,213 watts, well below the withstand level, The maximum

\ is determined by R2 (390 ohms) and will be a maximum of V

cB CB Max

(0.213)(390) = 84 volts which is below the rating for the 2N3055 of 100 volts [13].

The V is rated at 7,0 VDC and is limited in this circuit by VR1 to 4.3
I-B Max

VDC. Thus as long as VR1 does not fail, Q1 will withstand lightning induced

pulses of 1000 volts to terminal 1TB1-1. A similar situation applies to Q2

(JAN 2N:3055) in that the maximum current, collector to emitter, is also limited

by R7. The peak forward surge power will then also be A, 0,213 watts, well

below the withstand level, The \ is limited by VR2 to 4.3 VDC and the \

CB B
by R5 (27 ohms) to (0.213A) (274 ) = 5.7 volts. Both of these values are well
below the ratings and Q2 also does not need additional protection as long as VR2

does not fail.

The reference diodes VR1 and VR2 (JAN 1N749A) also have their max-
imum current limited by R7 to ~ 0.21 amps, and cach would need to dissipate
a peak power of (4.3)(0.21) = 0.9 watts in the regulating direction. In the for-
ward direction, assuming a maximum voltage drop of ~ 1,0 volt across the
diode, the diodes would each have to dissipate ~ 0.21 watts. Both of these are
bhelow the withstand levels of the JAN 1N749A, but for absolute safety, the peak
current should be limited to 85MA [13], which means the voltage at 1 TB1-1

should never exceed + 400 volts,

The indicator lamps DS-1 through DS-10 are also connected to 1 TBI1-1
through R7 and from there to ground through 2 JAN 2N1711 and/or a 180 ohm
resistor,  The current is thus limited by R7, the lamp, and the 180 ohm series
resistor to a maximum of (1000)/(4700 + 700 + 180) = 0,18 amps, and the peak
power dissipated by each lamp is then ~s23 watts. However, if the surge voltage
at 1'TB1-1 is limited to ¢ 400 volts, then each lamp is only A 3.6 watts which
would be an acceptable level and would not fail the lamps,

As mentioned above, each lamp, DS-2 through DS-10 is switched by a
JAN 2N1711 transistor as shown in Figure 3.41-2 of the Alarm Assembly Card,

The current through the lamp passes through the emitter-collector circuit and is




limited to 0,18 amp peak for a 1000 volt surge pulse. When the JAN 2N1711 is

fully saturated (\'(‘ ~s 1.0 volt) the max. peak power dissipated will be s 0. 18

watts which is muc:\' less than the peak power withstand level, If the transistor is
turned off, then the peak voltage applied to the 2N1711 is through the voltage divider
created by the Lamp DS-1, its 180 ohm resistor, and R7. For a 1000 volt surge,
this peak voltage would be a&~ 160 volts whereas the breakdown voltage rating on

the 2N1711 is B\'(‘}‘: 30 volts. The power dissipated then would be (30V)(0,18 A)
5.1 watts which is less than the withstand level of the 2N1711., However, for absolute
protection to prevent reverse breakdown, if the voltage surces at 1'TB1-1 are

limited to + 190 volts, then BV is never exceeded., This will also protect the

‘B
collector to base junction s:in('o(ﬂ\'(.B 75 volts.

The base-emitter junction of 3A3-Q1 (JAN 2N1711) Signal Processor As-
sembly (see Figure 3.4-4) is also vulnerable to surges since the base is connected
directly to cable W4, The current through the base-emitter circuit is limited by
R53 (22 Kohms) and R51 (180 ohms) to Az 0.045 amps for a peak power of ~45mW
when the transistor is saturated, In the reverse direction, BV[;}{ =7 VDC for a
maximum peak power of a» 0.32 watts., Both power levels are below the withstand
levels for JAN 2N1711 but for absolute protection, the terminal 1TB1-1 should

be prevented from going negative,

The last vulnerable component at this terminal is diode 3A3-CR4 (JAN 1IN4148)
on the Signal Processor Assembly (sce Figure 3,4-1)., However, the current
through this diode is limited by R50 (100 K« to a maximum of 10 mA in the
forward direction (minimum peak power a~s 10mW) which is well below the with-

stand level for this diode, In the reverse direction, the maximum voltace applied

would be throueh the voltage divider of R50 (100K ) and R51 (100K£). Since the

peak inverse voltage (PIV) of the IN4148 is 100 volts, then limiting the peak voltage
at 1'TB1-1 to less than 200 volts would keep the voltage at the 1N4148 below the PIV,

The Protection Requirements at 1TB1-1 for the worse case are to limit
the voltage to +190 volts and -7 volts, A unipolar avalanche diode, with a break-
down voltage of A&~ 190 volts such as the leadless transient suppressor GZ 411157
listed in Appendix C, would be adequate protection. However, since the maximum
peak pulse current through this diode is 5,2 amps, a series resistance of ~ 160 £
must be installed in the line to limit the current as explained in Section 2.3 of

this report. It is felt that this value of resistance would interfere with the normal
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functionine of the line and a lower value of series resistance is necessary. Ac-
cordingly installing a GZ 111117 diode with breakdown voltage of 55 volts and
maximum peak current of 18,6 amps requires only a 514 , 2 watt resistor
for current limitine. This diode resistor combination will furnish more than
adequate protection and will not interfere with normal operations of the line con-
nected to terminal 1TB1-1. This diode and resistor combination and point of

installation are shown in Table 4-1,

The connection of Cable W1 to 1TB1-3 allows surge pulses to reach tran-
sistors 3A4-Q1 (2N1711) on the Timing Assembly Card (see Figure 3.4-5). Col-
lector-emitter current is limited by R28 (1K) to a peak of 1.0 amp for a surge
pulse of 1000 volts peak, provided C16 does not fail (20 WVDC), The peak power
in the forward direction is then A4, 1.0 watt and as 30 watts in the reverse direction
(BVep =30 VDC). This latter value is above the withstand level of 24 watts for
the 2N1711 and this terminal 1TB1-3 should be protected to limit the peak voltage
to < 500 volts peak., However, if C16 fails by shorting, then nothing limits the
current flow through 3A4-Q1, and the voltage across R28 should be prevented
from exceeding more than twice the working voltage of the capacitor. This can
be done by limiting the suree voltage to + 40 volts peak by a bipolar avalanche
diode at 1TB1-3. In addition C15 (10 & fd, 20 WVDC) will be protected by this
diode as will be Q1 and Q2 (JAN 2N3055), and VR2 (JAN 1N749A) in the +8 volt
supply on the monitor mainframe, and C12 (20 WVDC), C11 (20 WVDC) and 3A6-
VR1 (JAN INT48A) in the -4 volt power supply regulator circuit on the Alarm
Assembly Card., The avalanche diode to protect 1TB1-3 is the bipolar GZ 41116H
which has a breakdown voltage of & 35 volts and 2 maximum peak current of 26
amps. This requires a series resistance of 33 ohms. Further the GZ 41116H
has a capacitance of Az 2,4 nfd which should not disturb the operations of the line
connected to 1TB1-3, nor should the 33 ohm series resistor (see Table 4-1). An
additional bipolar diode is installed at terminal 1TB1-4 which is the return line
for the Zero Reference Pulse. This line is left floating at the terminal but grounded
internally, A GZ 11115Q bipolar protector with the lowest breakdown voltage
available ( Ay 7 volts) and a maximum peak pulse current of 139 amps is installed
along with a series resistance of 10 ohms to prevent surge voltages from reaching
the interior of the localizer monitor circuits while not interferring with the oper-
ation of the equipment. An additional 10 ohm resistor is used to trigger the diode

(sce Table 1-1),
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Terminal 1TB1-5 leads to Course Channel Sienal Processor components
3A1-U1A (MC 1558 GH2), and 3A1-VR1 (IN748A), (see Figure 3.4-4). The
withstand level of the MC 1558 GH2 integrated circuit could not be determined but
the maximum input differential voltage should not exceed the maximum supply
voltage * 8 volts DC. The voltage regulator diode 5A1-VR1 is adequately protected
from current surges by R2 (39K N ), The peak voltage at terminal 1TB1-5 should
then be limited by a protective diode but the capacitance of the diode and the value
of the series resistor should not interfere with the normal operation of the line.
The lowest capacitance available is for the GZ 603168 diode which has a breakdown
voltage of A~z 6.8 volts, a maximum peak current of 70 amps and a capacitance
at 0 volts of 250 pF. A series current limiting resistor is required to protect
the diode. The same diode is installed in the ground returns (terminal 1TB1-6)
with an additional 15 ohm series resistor to proteet the internal grounding of the
monitor mainframe (see Table 4-1), The identical situation occurs with terminals
1'"B1-7 and =8 (Width Detected Signal In and Ground Return) as with terminals

1'TB1-5 and =6 above, and the same protection requirements are listed in Table 4-1.

Terminal 1TB1-10 leads to the Antenna Cable Fault Zero Reference 500 Hz
sine wave generators which includes 3A8-U3B (MC1558GH2) and 3AS8-U2 (CD 40 16
AD3). As mentioned above, the voltage level to the MC1558GH2 should be limited
to + 22 volts, but should be limited to + 20 volts for the CD4016AD3. The recom-
mended protective diode is a GZ 41116A (Bipolar) with a series resistor of 20 ohms.
The connection to terminal 1TB1-11, the return for the zero reference, is also

protected as mentioned above,

Three pairs of terminals, 1TB1-13 and 14, =15 and 16, and -17 and 18
have protection requirements similar to terminals 1TB1-5 and 6, and -7 and 8.
However, it is felt that the capacitance effects are not as critical on these three
pairs because of the higher signal levels, anl standard bipolar diodes are recom-
mended for these lines (see Table 4-1). Protection on terminals 1TB1-17 and 18
need only be installed if the cable is connected to these terminals.  This completes
the protection requirements for components connected to Cable W4 in the Localizer
Station at the Shelter end of the cable. The recommended protector diodes, series
resistors and installation points are shown in Table 4=1. The other end of Cable
W4 terminates at the Antenna Array and the protection requirements for components

in the Antenna Array will be discussed in this next section.
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The other end of Cable W1 terminates at te rminal block 6TB1. Terminals
6TB1-1 and 2 connect to the Antenna Misalicnment Switch. Protection of this
switch requires limiting the current to 1 amp. This can be done by the combin-
ation of a GZ 1411147 diode with a breakdown voltage of as 55 volts, a series 56
ohm resistor to limit the current to the switch and a 56 ohm resistor to limit

the current through the diode, (see Table 4-2),

Terminals 6TB1-3 and 1 connect to the Course and Width Integral detectors
which requires that diodes CR1 and CR2 (HP 5082-3077) be protected (see Figure
3.4=T7). The current through CR1, by way of terminals B and C of the integral
detector, is limited by R5 (2.2 K ohm), to 45 mA peak and the current through
CR?2 is limited by R6 (150 ohm) to 6.7 amps peak for a 1000 volt peak surge. In
the forward direction, (~ 1.0 volts across each diode), CR1 would have to dis-
sipate 0.15 watts peak and CR2, 6,7 watts, This exceeds the rating for CR2
(1.6 watts) and the voltage surge at 6TB1-3 must be limited to -15 volts. In the
reverse direction, the peak power dissipated intCR2 (BV = 200 volts), would be
1(1000-200)/1501200 = 1,066 watts. However, if the voltage at 6TB1-3 is held

to less than +200 volts, CR2 will not break down, The protection requirement,

can be satisfied by a bipolar diode with breakdown voltage of + 15 volts (GZ 41115Y
which requires a 15 ohm current limiting resistor (see Table 4-2), The reference
pulse return line (6TB1-4) is protected in the same manner as mentioned pre-

viously,

Terminals 6TB1-5 and 6TB1-7 conneet to the output of the Course and the
Width Integral Detectors respectively, In each case the vulnerable component
is CR3 (HP 5082-2800) through terminal D of the detector. The low pass filter
combination of C5-L3=C6 provides no protection from lightning pulses of the
10 x 1000 shape for CR3 and thus a series resistor must be included in the pro-
tective circuit to limit the current through the diode without disturbing the operation
of the circuit., Since the withstand level of the [P 5082-2800 is 4.6 watts and the
forward voltage is as 1/volt, the current should be limited to A7 4.6 amps,
F'urther, the reverse voltage applied to the diode should be less than 70 volts to
prevent breakdown, A complication with these leads is that the eircuit is sensitive
to additional capacitance as well as to additional resistance on the lines. The
method employed at the other end of these lines will be employed here, namely

low capacitance protective diodes, G7 603168, with an additional series resistance




of 15 ohms to limit the current through CR3 (see Table 4-2), Terminals 6 THB1-(

mnd =8 are returns for terminals -5 and =7 and are protected in the same manner,

FTerminals 6TB1-10 and =11 lead to the Cable Fault Integral Detectors U3,
(4 and U5 in the same manner as 6TB1-3 and -4. The protection recommended
is the same as for 6TB1-3 and —1. Protection requirements for terminals 6TBI
-15 and =17 are the same as for 6TB1-5 and -7 but the lines to =15, 15 and =17
are not as sensitive to additional capacitance as for -5 and -7 and standard diodes
are recommended,. The same protection is inst alled in the return lines, terminal
6TB1-14, =16, and =18, for reasons given earlier. This completes the protectio
requirements for cable W4 at the Antenna Array Termination. The rec mmencle
protection is listed in Table 4-2. This also completes the recommended protecti

for the lLocalizer Station,

4.2 Glide Slope Station

Cables W8 and W9 conneet through terminal block 13TB1 to the Glide Slope
Monitor. A typical installation of 13TB1 is shown in Figures 4,2-1A and B,
The connection to terminal 13TB1-1 is almost identical to the eonnection to termit
1TB1-1 in the Localizer Station. The exception is that since the Tower Tilt Switcl
is normally open, terminal 3TB1-10 is not wired to 3TB1-9 on the GG, S, Monitor
as it is in the Localizer Monitor (see Table 3.4-3)., However, if the surge is
sufficient to are over the switch or if the switch is closed at the time of the lightn
strike, then the same components are vulnerable as for the Localizer Monitor.
For this reason, the same protective devices are recommended for both terminal

13TB1-1 and 13TRB1-2, (sece Table 4-3).

’

I'he connection of Cable W9 to terminal 13TB1-3 leads to the same vulnerabl
components in the Glide Slope Monitor as the connection to terminal 1TB1-3 on thi
Localizer Monitor., Since the circuits are identical, the recommended protection
is identical (see Table 4-3). However, the connection from terminal 3 to Path
Integral Detector U1l and Width Integral Detector 2 should be made from the

;n:.h'(‘ln-rl gide of R1 and not conneeted directly to Cable W9, l'erminal 13TBI1

is the return for 13TB1-3 and is also protected as previously explained.

I'he connection of Cable W8 to 13TB1-9 leads to the same vulnerable con
ponents as did the connection to terminal 1TH1-5 in the Localizer Station. The

protection recommended is the same, including the ground return (e rminal,
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Figure 4,2-1B: Closeup View of Installation of Glide Slope Terminal
Block 13TB1,
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13TB1-10. Here again the circuits are sensitive to additional capacitance and
resistance, so the recommended protectors are the special low capacitance diodes
(see Table 1-3). This completes the recommended protection for the Glide Slope
Station circuits located in the shelter. The remaining vulnerable circuits are

in the Monitor Detector/Antenna and the Tower Tilt Switch.

The other end of Cable W8 connects to the Monitor Detector/Antenna unit
which is a modified Integral Detector. The vulnerable components are the same
as for Integral Detectors in the Localizer Station Antenna Array. Terminals
C, B, D, and A in the plug-jack W8P1-9J1 of the Glide Slope unit correspond
directly to terminals 3, 4, 5, and 6 in terminal block 6 TB1 of the Localizer Unit.
The recommended protection is the same as for the Localizer unit but the protective
devices for the Monitor Detector/Antenna Unit listed in Table 4-4 must be installed
in a separate terminal block inside a junction box added between Cable W8 and the

plug-jack connector W8P1-9J1.

The last vulnerable component in the Glide Slope Station is the Antenna Tower
Tilt Switch, Unit 15, This is a pendulum type, normally open, whose current
rating is A, 1 amp when closed. The protective circuit resistance should be kept
below an additional 200 ohms, [16]. The recommended protection on the line
which is normally at +28 volts (terminal A in W9P1-15J1) is to limit the voltage |
to “55 volts, =0 volts and the current through the switch, when closed, to ~2 1 amp.
Since the switch is normally open, a protective diode is added in the return line
as previously mentioned (see Table 4-5), Installation of the recommended protective
devices will require a seperate terminal block in a junction box added between
Cable W9 and the plug-jack connector W9P1-15J1 at the Antenna Tower Tilt Switch,

Unit 15,

1.3 Installation

The recommended devices for the protection of the Wilcox 1/D ILS Localizer
and Glide Slope Stations utilizing the leadless transient suppressor diodes is given
in Tables 4-1 through Table 1-5, A terminal block designed to accept the leadless
transient suppressor diodes of Appendix C is available and is shown in Figure 4.3-1
[17]. These blocks are available in units to hold up to 10 diodes. A typical installation
is shown in Figure 4,3-2 with two series resistors installed.  When installing the
protective diode circuits, a separate, direct, ground connection should be provided

to at each terminal block to insure proper operation of the protective circuits.
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FA9455A 6.1
FA94558 11.9
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I"igure 1.3-1 Lightning Protection Module, Plan View

The plan view gives critical clearance and mounting dimensions. The 5 terminal
unit is designated FA 9455A, The 10 terminal is designated I'A 9455B. Figure
4,3-2 is a full scale photograph of the FFA 9455A showing diode insertion and
resistor mounting for the most common arrangements,
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Figure 4,3-2 LPM Type FA 9455 A

Note the crossover connector connecting the top two terminals. This
is used in the occasional case where more mounting points are required
such as for a series diode,
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APPENDIX A

IFAA Lightning Study Participants

Florida Institute of Technology ~ Cable Testing and Equipment Analvsis
Dr. Andrew W. Revay, Jr,
Dr. Marvin D. Drake
Richard M, Cosel
Dr, Richard . Hu
Purdue University - Protective Devices
Warren Peele (Project T.eader)
Dr, Chin-Iin Chen
Georgia Institute of Technology - Equipment Analysis
Keith Huddleston
Dr, John Nordgard
Air Force Institute of Technology - Reliability Aspects

I.t, Col. Jerry 1. Hanson
Prof. T.L. Regulinski
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APPENDIX B

Wilcox 1/D ILS Localizer Station

{ { ¥

|

G

{ |

| CABID NA Table §-1 NA A | A

i (This Instr l

; ; Book) 1

| |

| | rr6750.82 [16750.82 T16750.82 16 .82 T16750.82
|

| |

i { ¥

| MONITOR | TI6750.81 T16750.81 T16750.81 TI6750.81 T16750.81

| 3 |

| {

[ } 167350.91 TI6750.91 T16750.9 T16750.91 r16750.91
]
|

PANEL

POWER]

T16750.80

Table 8-2
(This Instr
Book

|
T16750.80
Table 8-3

(This Instr
dook)

T16750.92

T16750.80

Figure 11-8
(This Instr
Rook)

T16750,.92

I16750.80

|

Figure 11=10
(This Instr
Book)

T167359.92
16750.80
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APPENDIX B

Wilcox 1/D ILS Glide Slope Station

FA-9351/FA-9352/FA-49356/FA-49365 FA-9367/FA-9371/FA-9372/FA-9378 T16750.78
Functional Index
INSTRUCTION BOOK REFERENCE
PRECISE
UNIT THEORY OF PARTS DESC ALIGNMENT ACCESS SCHEMATIC
OPERATION & LOCATION PROCEDURE BLK DIAG DIAGRAM
Equipment NA Table 8-1 NA NA NA
| Cabinet (This Instr
| ) Book)
|
| Control T16750.82 TI6750.82 TI16750.82 T16750.82 T16750.82
| bate 2 ————t
Monitor T16750.81 T16750.81 r16750,81 TI6750.81 T16750.81
{
| Trans- T16750.79 T16750.79 T16750.79 T16750.79 TI6750.79
mitter «
Rf Power| Para 2-3.b Table 8-2 NA Fig. 11-8 Fig. 11-10
Panel 5 (This Iastr (This Instr (This Instr (This Instr
Book) Book) Book) Book)
Power T16750.80 TI6750.80 T16750.80 TI6750.80 T16750.80
Supply 7
Monitor Para 2-3.c Table 8-5 Para 9-8.d, NA NA
Detector (This Instr (This Instr 9-9.¢
Antenna Boox ) Book) (This Instr
i Book)
Antenna T16750.83 T16750.83 T16750.83 T16750.83 TI16750.83
10
Shelter NA Table 8-3 NA NA NA
11 1 (This Inscr
| Book)
Sideband Ti6750.84 T16750.84 T16750.84 T16750.84 TI6750.84
Reterence
Amplitudel
and Phase|
Control
Unit 12
ix
B-2

e e e e e s cpE
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T16750.78

APPENDIX B

Wilcox 1/D ILS Glide Slope Station

FA-

Functional Index (Cont)

3351/FA-9352/FA-9356/FA-9365/FA-9367/FA-9371/FA-9372/FA-9378

INSTRUCTION BOOK REFERENCE

P
UNIT THEORY OF PARTS DESC ALIGNMENT ,\gigégﬁ SCHEMATIC
OPERATION & LOCATION PROCEDURE BLK DIAG DIAGRAM
Monitor Para 2-3.c Table 8-4 NA Fig. 11-12; Fig. 11-14,
Comb ining (This Instr (This Instr 11-16 (This 11-18 (This
Network Book) Book) Instr Book) Instr Book)
13
Tower Para 2-3.e Table 8-5 Para 9-11 NA NA
TilE (This Instr (This Instr (This Inscr
Monitor Book) Book) Book)
15
i
{
i
'
i
|
|
!
]
i
4 X
5
;‘
Q
%- B-3




APPENDIX C
LEADLESS TRANSIENT SUPPRESSORS -
ELECTRICAL CHARACTERISTICS

Pages C1 through 3 tabulate the electrical characteristics and FAA part
numbers for the transient suppressors specified in this handbook. The JEDEC
equivalents are not mechanically interchangeable and are included for reference
purposes. Also included is a listing of commercial equivalent units also manu-
factured by General Semiconductor Industries, Inc. Use of the data sheet is

with permission of the copyright owner.
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TrANSZORB

TRANSIENT VOLTAGE
..k x.. SUPPRESSORS
1.5KC6.8

GENERAL SEMICONDUCTOR INDUSTRIES, INC. THRU

1.5KC110A

DESCRIPTION

This leadless TransZorb is designed for direct retro-fit or replacement of a gas-discharge suppressor
when lower voltages are needed to protect voltage sensitive circuitry. For Bipolar applications, see
notes on the reverse side.

The TransZorb has a peak pulse power rating of 1500 watts for 1 millisecond and therefore can be
used in applications where induced lightning on rural or remote transmission lines present a hazard to
the electronic circuitry. (Reference: R.E.A. Specification P.E. 60). The response time of TransZorb
clamping action is effectively instantaneous (better than 1 x 10 i sec.); therefore, they can protect
Integrated Circuits, MOS aevices, Hybrids and other voltage-sensitive semiconductors and compo
nents. TransZorbs can also be used in series or parallel to increase the peak power ratings

TransZorbs have proven to be effective in Airborne Avionics and Controls, Mobil Communication
Equipment, Computer Power Supplies, Numerically Controlled Machinery, and in many other ap
plications where inductive and switching transients are present.

e 1500 watts peak power dissipation

e Available in ranges from 6.8V to 110V.
.

MAXIMUM RATINGS

e 1500 Watts of Peak Pulse Power dissipation at 25 C

e t.,..(0voltsto BV min) Lessthan 1 x 10 '/ seconds
e Operating and Storage Temperatures: —65 ta +175 C
e Forward surge rating 200 amps, 1/120 second at 25 C
e Steady State power dissipation. 1.0 W

e Repetition rate (duty cycle) 01%

MECHANICAL CHARACTERISTICS
Ceramic Case with Metal Caps

Weight: 1.25 grams (approximate)

Polarity marked with polarity symbol

Body marked with Logo *i+ and type number

ELECTRICAL CHARACTERISTICS

e (Clamping Ratio 1.33 @ Full rated power
1.15 @ 50% rated power

emping Retio  The ratio of 1he setusl Ve (Clampung Voltege

T BV (Brewh down Voltagel a5 messured 1 o Wecitic device ABBREVIATIONS & SYMBOLS

he

See figure 3100 test pulse wave shape
VR Stand Off Voltage Applied Reverse
Voltage to assure a nonconductive con
100 - — 5 10.000 dition (See Note 1)

~ - { - -«: 4{3 - - : = H 3FF BV(min)  This s the mimimum Breakdown
1 1 1 o ﬁg 5 = 12 - = = o Voltage the dewice will exhibit and
4 . 44 - - Measured ot +4 s used 10 assure that conduction does
z + ! Wave Form - See figwe 3) ‘]L 8 4+ leoBas ) ot occur pror 1o this voltage level

- ‘ Won repetitive 0l g a25C
210 e % === . —pp —t = 1,000 Ve (max) Maximum Clamping Voltage The
b i —t 1 . s o e 5 4 } 1 2 = - HH maximum peak voltage appearing across
< K 1 13 3 HINGE 1) G 8 9 11 - . the TransZort when subjected to the
2 -4+ = w.{» + S it peak pulse current in a one millisecond
- - b " h~ : s Measured ot time interval - The peak pulse voltages
E 3 Stand off Voltage are the combination of voltage rise due
a 1k 4 o “.: 100 1o both the series resistance and ther

u — 3 t - 3 — 3 mal nse
K. - —p— o Ipp  Peak Pulse Current See Figure 3

—+ P Peak Pulse Power
H In  Reverse Leakage
10 Note |
100ns fus V0us 100us = 10ms v 10V 100V 1000V A TransZor s normally selected according to
1g - Pulse Time - sec BV Breakdown Voltage  volts the reverse “Stand Otf Voltage” (V) which
FIGURE 2 should be equal to or greater than the OC or
FIGURE 1 — Peak Pulse Power vs Pulse Time Typical Capacitance vs Breakdown Voltage  continuous peak operating voltage level

TransZorb™ is a registered trademark of General Semiconductor Industries, Inc

A




GENERAL SEMICONDUCTOR INDUSTRIES, INC.

ELECTRICAL CHARACTERISTICS at 25°C

MAXIMUM

REVERSE CLAMPING MAXIMUM MAXIMUM

STAND OFF BREAKDOWN VOLTAGE REVERSE PEAR PULSE MAXIMUM

VOLTAGE VOLTAGE a lpr LEARAGE CURRENT TEMPERATURE
“-fc';:;&m. (See Note ! (11 a I (See Fig 3 a Ve See Fig 31 COEFFICIENT

PART Ve vouTS b v Ie tee 0F BY
NUMBER vouLTS Win Max VoLTS A A %/*C

1.5KC6 8 550 6.12 18 10 10.8 1000 139 087
1.5KC6 8A S 80 645 14 10 10 1000 143 0s7
1 SKC7 § 6 08 678 8.2§ 10 1 500 128 061
1.5KC7.5A 6. 40 13 L 10 11.3 500 132 061
1.5KC8.2 664 T iR Q902 10 ) § 200 120 065
1.5KC8.2A 02 9 K61 10 ) | 200 124 065
1.5KC91 { 819 100 ! i 8 50 109 06K
1.5KC9 1A X K68 9 55§ 14 4 ) 12 6K
1.5KC10 510 9 00 11.0 15.0 10 100 )73
1 SKC10A BSS 9.5 10§ 1 145 \ 103 073
1.5KC11 892 949 o 3 1 16.2 5 34 07s8
1.5KC11A 140 10§ 116 156 5 " 07s
15KC12 9.72 108 13.2 17.3 5 078
1.5KC12A 10.2 114 12.6 16 S i )78
1.5KC13 108 11 143 1 19.0 5 q 081
1.5KC13A 11.1 12.4 13 18.2 5 82 081
1 5KC15§ 2.1 133 16 22.0 S 6HE 084
1.5KC15A 12.8 143 158 21.2 5 1 084
1.5KC16 129 144 17.6 23.5 S 64 086
1. SKC16A 136 15.2 16 K 22.5 S 6 086
1.5KC18 49 16.2 19 K8 265 5 56 S 088
1 SKC18A 153 It K9 25.2 59§ 088
1.5KC20 62 18.0 220 29.1 S §1.§ 090
1 SKC20A 1 19.0 21.0 2 54 090
1.5KC22 178 19 % 42 31 9 S 47 092
1.5KC22A 18 8 209 23.1 30.6 S 19 092
1.5KC24 19 4 216 26 4 i4 7 S 44 094
1.5KC24A 205 228 5.2 33.2 S 45 094
1.5KC27 1.8 243 29 391 S i8S 096
1.5KC27A 23.1 237 54 1 37.5 S 40 096
1.5KC30 243 27.0 330 435 5 345 09
1. 5KC30A 256 28§ 3s 41.4 b i6 097
1.5KC33 268 29 36 3 4 5 3s 098
1.5KC33A 28.2 314 4 1 a5 ) 33 098
1.5KC36 291 i2 4 19 6 ! 520 5 29 099
1.5KC36A 308 342 378 1 499 5 30 099
1.5KC39 i1¢ 351 429 S6.4 5 26.5 100
1. 5KC39A (R} 37.1 41.0 ! 539 5 8 100
1.5KC43 4.8 i8 473 | 619 S 24 101
1.5KC43A ib K 409 452 ! 593 5 253 101
1.5KC47 i8 1 423 51.7 ! 671K ) 222 101
1.5KC47A 40.2 14 49 4 64 8 5 23.2 101
1.5KCS1 41,3 459 $6 .1 ! i 5 204 102
1.5KCS1A 4316 48 S 546 1 0.1 5 214 102
1.5KC56 45 4 S0.4 616 ! 805 5 186 103
1 SKCS6A 47 8 532 SK 8 | 17.0 S 195 103
1.5KC62 50.2 558 682 ! 890 S 169 104
1. 5KC62A 530 584 65.1 ! 850 S AT 104
1.5KC68 55.1 61.2 48 ! 98.0 b) 15.3 104
1 5KC68A 581 64.6 4 ! 92.0 S 163 104
1.5KC7S 60 67.5 825 ! 108.0 ] 139 105
1.5KCT75A 641 7.3 ‘B8 ! 103.0 S 14 6 105
1 5KC82 66 4 38 902 | 118.0 S V&:d 105
1 5KC82A 0 9 86 1 ! 113.0 S 13.3 105
1.5KC91 $ K19 100 0 | 131.0 5 114 106
1 5KC91A 1.8 B6 5 95.5 ! 125.0 S 12.0 106
1 5KC100 LA 900 1100 1 144.0 S 10.4 106
1 SKCTOGA 85§ 950 105 0 ! 137.0 S 1.0 106
1 5KCi10 LRI 990 121.0 | 158.0 5 95 107
1 SKC110A 940 105.0 1160 ! 152.0 5 99 107

Vi at 100 AMPS PEAK 8 ) MSEC SINE WAVE equals 15 VOLTS MAXIMUM

TransZordbs' ™ can be used in series or parallel to increase their power handling capability. No precautions are
required when using TransZorbs in a series string and power dissipation for two or more devices of the
same type s equally shared When using TransZorbs (n parallel it is necessary for the units to be closely
matched (approx | volt of each other) in order for equal sharing to take place Matched sets can be

ordered from the dactory for a small additional charge

15KC68  Copyright Genersl Semiconductor Industries, Inc, 1 76

L I

TEST WAVEFORM
PARAMETERS

te = W0umnc H
g = 1000us0c

\
Half-Value - P2
e

i

10 x 1000 Waveform
as defined by REA.

t -~ Time - msec

FIGURE 3 — P WNave Form

O SR pe—

100 T T

(See Figure 1 for Peak Pulse vs
\ Pulse Time Characteristics)
|

Peak Pulse Power (Py) or Current (1)

Pl \
0 50 100 150 200

T Temperature C

FIGURE 4 — Derating Curve

Non-standard voltage types between those
tabulated may be specified as illustrated

Family Type Nominal BV Tolerance Suffix

e
16KC 72 A

BV Will be Nominal BV *5% for “A’
suffix types and “10% for non-suffix
types at the test current of the next
lower standard voltage type

Vi Will be 85% of Nominal BV for "A”

suffix type and B1% of Nominal BV
for non-suffix types

« Will be proportionally interpolated

between the two neighboring stand

ard types

Will be that of the next lower stand

ard type

pp Will be proportionately interpolated
between the two neighboring standard
types

BIPOLAR APPLICATIONS

For Bipolar use C or CA Suffix for types
1.5KC7.5 through types 15KC110.
Electrical characteristics apply in
both directions.

Printed in USA

= |




891E09 29 ON 1uvd 159

ON LBV4 ¥IWOLSND

W4/ A90TONHI3L 40 3LNLILSNI YQI¥014  wiwoisnd

4
LL-L2-5 sval D Als
&) 1 o Woue wARIZAY Mo hL - TW S N 1S IV W08
NS 3 LSNON HOLIONCOINES VBN T) e
Q3A0Nd4Y x %
170YVIIZZId I as zz:n_ ¥

1I0VINOD
Avidiwv

—
>

Aaog
WWVHID)

1OVINOD
VI iWw

S (T

AR Lap]

(PN PN
W o

—p m
| !
o%z-
L3 A

SR, RS

CXeWw YTy

Xeu ApL°S

tuTw

\99°9

ydgsz  iserg A0 e ddueitdede

IN[BA ISIID 5 0 umop
juIAN) < d NUSd umwwit Xeyy

:ddp yor 8 9Seipoy Surduep)
1 1JULIN) JTBNEI] ASI3AY

VUGT & Ad (ORI u) umopyealy

SHLSRLLIOWVIVID

Low Capacitance Tranzorb

Cc7

e

. NI 1 se BRI

e g




9

10.

12,

13.

14,

16.
17.

Appendix D, References/Bibliography

R.M. Cosel, A.W, Revay, Jr., J. Stahman: '"FAA Lightning Protection
Study: Lightning Simulation Tests of Communication Cables, " i"inal Report,

January 1974, Report No. FAA-RD-74-71

E.E. Sunde: "Lightning Protection of Buried Toll Cable, " B.S,T.J., 24,
pp. 253-300, 1955.

D.W. Bodle and P.A. Gresh: "Lightning Surges in Paired Telephone Cable
Facilities, " B.S.T.J., 40 pp. 547-576, 1960,

D. A. Douglass: '"Lightning Induced Current Surges on a Buried Multicoaxial
Cable System, " Wire Journal, January 1973.

. Bennison, A.J. Ghazi and P, Ferland: "Lightning Surges in Open Wire,
Coaxial and Paired Cables, " IEEE Trans., COM-21, No. 10, pp. 1136~
1143, 1973.

G.K. Huddleston, J.D. Nordgard and R.W, Larson: "FAA Lightning Pro-
tection Study - Lightning Protection Requirements for AN/GRN-27 (V)
Instrument Landing System, ' Final Report. FAA Report RD-74-131,

April 1974,

C. Chen: "FAA Lightning Protection Study: Lightning Protection Devices, "
Final Report, April 1974. Report No. FAA-RD-74-104,

A.V. Bazarian: 'Gas Discharge Devices for use in Transient Voltage Pro-
tection and Electrical Energy Transfer, ' Technical Manual TPTM-2-73,
Signalite, Neptune, New Jersey, (1973).

F.B. Golden, and R.W, Fox: "GE-MOV Varistors Voltage Transient
Suppressors, " General Electric Company Application Note 200,60 (July,
1972).

M.J. Coyle: 'Designers' Guide to Circuit Protectors, " MCG Electronics
Inc., Deer Park, New York.

D.C. Wunsch, R.L. Cline and G, R, Case: "Semiconductor Vulnerability, "
Technical Report No. AFWL~TR-73-119, Braddock, Dunn and McDonald,
Inc., 1973,

R.L. Davies and F.E. Gentry: "Control of Electric Field at the Surface of
P=N Junctions, " IEEE Transactions on Electron Devices, ED-11, pp. 313-
322, July 1964,

Transistor D, A, T. A, Book, 35th Edition, Autumn 1973, p. 200 - line 55.

Semiconductor Diode D.A.T.A, Book, D.A, T, A, Inc., Orange, New Jersey,
33rd Edition, Spring 1974,

Hewlett Packard Components, Diode and Transistor Designs Catalog,
May 1974,

Wilcox Corporation, private communication.

Private communication with G, K, Huddleston,

D-1




