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OVERVIEW

There are now abundant supplies of devices, available to
both the public and specialized electronic market, which are
claimed by their manufacturers to provide transient protection
for electrical equipment. However, there is no common test
procedure for determining "success" in transient pulse protection
that can be ganerally applied to all devices'. In this program, a
family of protective devices has been selected for application to
transient protection of amateur radio stations. A test plan for
qualification testing of such devices is described here which
offers a rational approach to certifying the average performance
of particular groups of deviceo against such fast-rising
(nanoseconds) and powerful (kilovolt3) transient pulses as might
be generated by lightning or electromagnetic pulse (EMP). The
laboratory facilities of IRT Corporation, San Diego, California
have been selected for this test actiity, with test results to
be reported by Electrospace Systems, Inc.' Those devices found to
be qualified may then be used with confidence in transient
protection applications such as the amaveur radio configurations
to be developed under this program.

* CONCEPT

The protective device qualification program depends on the
careful testing of a statistically significant sample of
protective devices against an appropriate trainsient threat pulse,
with results stated precisely in terms of pre-determined criteria
for success.,

The success criteria includes ability to reject a sufficient
percentage of the applied transient threat, determined in
accordance with the desired application, to allow use of the
device as part of a transient protection scheme. This capability
will be characterized by a rejection ratio, measured in decibels,
defined a-

Peak Signal In
RR = 20 log .-- - -- - -"

db 10 Peak Signal Out

The rejection ratio will be certified by comparison of an input
and output waveform suitably scaled to allow direct overlay of
the waveforms. Other success criteriawill include the ability of
the device to withstand at least a minimal number of threat
stresses without failure (degradation of the rejection ratio
below a specified error margin), a measure or variance between
tested devices, and an absolute magnitude of voltage and current
which cause actual failure of the device to support its intended
use.

A detailed test concept on which this test plan is based is
provided as Attachment 1.
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TEST PROGRAM

Threat Definition

Qualification is desired against both EMP and lightning

transients in this program. Other than the case of a direct

lightning stroke, EMP is generally considered a more stringent

threat to electrical systems than lightning. Consequently, the

qualification test pulse will approximate the characteristics of

EMP, rising to full strength in fewer than 20 nanoseconds and

decaying exponentially in about one microsecond. A "typical" EMP

waveform for free field was defined in "EMP Engineering and

Design Principles" (Bell Telephone Laboratories, 1975) according

to the exponential equation
4 6 8

E(t) - 5.25 x 10 [exp(- 4 x 10 t) - exp(-4, 7 6 x 10 t)]

where E is in volts per meter, and t in seconds. As that

waveform is frequently used in unclassified work, it will also be

utilized in this test program.
The transient threat to electrical hardware does not come

directly from the free field, but rather from the interaction of

the electric and magnetic fields with electrical conductors. For

this program, it is considered likely that voltage and current

transients in conductors will exhibit rise times slower than the,

free field, and may oscillate or decay at a much slower rate than

the free field. However, approximation of the free field

waveform in injected current or voltage test transients is a

reasonable worst case transient pulse and will be used in this
program.

For currents, peaks in excess of thousands of amperes have

been predicted as response to EMP. Similarly, voltages may reach

hundreds of kilovolts. However, in practice, the physical

dimensions and characteristics of the conductors themselves will

tend to limit currents and voltages, although not always without

physical damage to the conductors. For example, it has been

proposed that the highest transient voltage transmitted through a

residential power distribution breaker box would be limited by

air discharge breakdown. Conversely, antenna leads and signal

cables in an amateur radio station may not possess such close

tolerances, and the peak transients experienced, if limited at

all, would be determined by the lengths and configurations of

condu'ctors exposed to the fields, and the dielectric strength of U 11

their electric insulation. Devices exposed to limited voltages

will be first tested against a low level, but fast rising pulse

before being exposed to maximum values of voltage and current.

Therefore, the following peak values will be used in the

protective device qualification tests for this program:

CONDUCTOR PEAK VOLTAGE PEAK CURRENT TEST CLASS
vol ts amps

Power connections 600 120 A
'Box interconnections 600 20 B

Exterior Conductors 4500 1000 C.
1-4



Threat Definition (continued)

The highest pulse level obtainable in the laboratory will also be

utilized to test for insulation breakdown of the protective

devices. Should a device fail under voltage stress, or be

predicted to fail by its published operating characteristics, an

attempt will be made on similar devices to determine the maximum
safe voltage limits for the device class. Similarly, the current

shunting capability of the protective devices will be. examined,

and limitations observed during testing will be reported.
Each protective device will be subjected to ten equal

pulses, in order to ensure that protection is not circumvented by

the tirst threat transient received. A cooling time of

approximately one second will be allowed between pulses. Devices
which are designed to provide protection for only one pulse will,

be liqted as limited qualifiers for this program, as it is

conceivable that singular replacement of inexpensive devices

might provide a cost-effective means of obtaining protection.

Device Selection

For this test, selection of devices was governed by the
applicability of their use in protection of the "typical" amateur
radio configurations defined under this overall program.
Appendix I contains a detailed listing of devices art: 'he Test
Class to which they have been assigned. In some ases, a
particular device may have multiple applications in the
protection scheme which require it to survive more than one class
of threat peaks. Qualification results against each test class
will be reported separately for those devices.

Required Measurements

Direct Testing:
A direct device test consists of driving its terminals with

a differential mode signal from a pulse generator. The direct
test is conducted once with source impedance appropriate to the
tabulated voltages and currents listed previously, and once with
the tabulated voltage and a source impedance of fifty ohms.
Fifty ohms was chosen because it is most commonly encountered in
house wiring and antenna connections. The input and output pulse
magnitudes will be recorded by photograph on a suitable scale vs
time to allow direct comparison and determination of rejection
ratio for both test situations. Markers will be inserted into
each photograph to fix the point of "zero" time, and to calibrate
voltage magnitudes.

For each protective device, the number of identical devices
listed in Appendix I will be tested. This number will vary from

one to fifteen depending on the device and on test results.
Values of the rejection ratio (and spike duration, if any) will
be statistically compared in real test time to evaluate the mean
and standard deviation of those data for each device. When as
many as ten identical devices have been subjected to both forward L

1-5



%

Required Measurements (continued)
4

and reverse tests and the statistical parameters are converging
to a useful value, no further testing of the device against that
particular threat will be required. Conversely, when results do
not indicate a convergent mean and/or standard deviation, more
devices will be tested (if available within the cost restraints
of the program) in order to better define the characteristics of
the device.

When a device under test fails to maintain a rejection ratio
within five decibels of its original value against the second
thru tenth pulses, an identical device will be repeat tested
under a series of reduced stress levels (25%, 50%, and 75%) in an
attempt to find any -alue under which satisfactory protection
under repeated stress is probable. The test results for, that
device would then indicate a limitation on use of the device for
this program.

Reverse Polarity Testing:
After completion'of the direct testing described above, the

entire test series will be repeated with opposite polarity of the
pulser to the device terminals. The recorded data for the
reverse polarity tests will be photographed separately from the
direct test results.

Tests to Failure:
For those devices listed in Appendix.I as requiring "Test to

Failure," after completion of both series of tests described
above, the voltage output of the pulser (with a low source
impedance) will be increased (direct polarity followed
immediately by reversed polarity) until device failure occurs, or
the operating limitation of the pulser is reached. %
Manufacturer's operating data will be compared with measured
operating parameters where necessary to define failure. The
lowest voltage value for which failure occured under either
polarity will characterize the failure voltage for this program.
Response to Test-To-Failure pulses will be indicated in the test p--
results as "T' level tests.

Data Organization

Device Identification:
Test data will be identified with the Device Identification

Number as listed in Appendix I. Data obtained with reversed
polarity pulses will show an "R" after the Device Identification
Number. The first suffix , separated by a "-", will indicate the
letter code of the Test Class followed immediately by an "L" for
the low (tabulated current) impedance or an "H" for the 50 ohm
impedance test. Data for repeated Dulses of the same device' will
carry an additional suffix "-n" where "n" is the sequence number
of the pulse (1-10). Data for repeat tests of an identical
renlacement device will also carry a suffix "-L" where "L" is the
letter designator of the replacement. For example:

Test Data Set 24R-AH-3-B L
4 - A . ,rorz.d noIritv test of device 24, with "A" class



Data Organization (continued) "

pulses from a 50 oam source, this set being the third repetition
of the pulse against the second identical device tested.

Test Waveforms:
Test Data for each pulse will be recorded on a suitable time

scale to adequatelr indicate the initial firing of the threat
transient, the firing of the device under test, and the settling
level of the d'vice. Both the input (threat) and output (reduced
threat) magnitudes %till be normally be recorded on the same-
photograph, which may also be utilized for the nine repeat pulses
to provide more efficient recording of data.

Failure Levels:
Test pulses which result in device failure instead of

expected protection will be identified with the device
nomenclature as described above plus the peak magnitude of 'the
pulse which resulted in failure. Note the required use of the
suffix "R" to indicate failure inder reversed polarity.

REPORTING REQUIREMENTS

Device Results:
Data photographs for each protective device will be

consolidated as raw data for the report of test results.
Additional graphics will be prepared where they may depict
meaningful device characteristics. All data will be reviewed and
utilized in the development of a narrative characterization of
each device which specifically addresses its suitability for the
purpose of transient protection in this progr3m. Any limitations
on use resulting from the tests, as well as cost and
availability, will be included in the characterization.
Test Methods: ,

The generic methods and procedures utilized during the
protective device. tests are summarized as Appendix II. A
discussion -f error sources and their effect on test results is-included. %"

Final Report:
A final report of test activity will be prepared to contain

a summary of methods and generalized results, In addition, r
specific recommendationa, based on test results, will be provided
to guide utilization of tested devices in the remaining activity
of this program.

TEST PROGRAM COORDINATION

Laboratory Responsibility:
Lab scientists of IRT rorporation will have sole

responsibility for operation of the transient pulse sources and
data recorders in a 'manner which provides maximum safety for
personnel and government property not under cest, including
previously recorded test data.
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Test Program Coordination (cont nued)

- Program Engineer(s) :

-" Program ' enginee representing Electrospace Systems,
Incorporated will assist the Lab Scientists in conducting the
test prcgram, including management of protective device inventory
and preparation of devices for test connection. These personnel
are responsible for selection of devices for test, and review of
results to determine additional tests required, with appropriate
guidance from IRT scientists. Program engineers shall arrange
for custody and transportation of test materials owned by the

*i government, ESI or its other contractors, and for obtaining and
safeguarding unclassified test data from IRT scientists. No
classified information will be utilized or generated by this
program.
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Attachment

A TEST CONCEPT
FOR

TRANSIENT PROTECTIVE DEVICES
SUITABLE FOR FAST-RISING PULSES

December 3, 1984

1-9



Contents

Overview
Background
Concept
Features

Selection of Devices
Threat Definition
Facility Requirements
Personnel Requirements
Reporting of Results

Program Coordination

Appendices
I - Listing of Devices

II - Listing of Test Equipment

1-10



OVERVIEW

bo There are now abundant supplies of devices, available to
both the public and specialized electronic market, which are

claimed by their manufacturers to provide complete transient
protection for electrical equipment. However, there is no common
test procedure for determining "success" in transient pulse
protection that can be generally applied to all devices. A
concept for qualification testing of protective deices is
described here which offers a rational approach to certifying the
average performance of a particular group of devices against such
fast-rising (nanoseconds) and powerful (kilovolts) transient
pulses as might be generated by lightning or electromagnetic
pulse (EMP). Those devices found to be '"qualified" may then be
used with confidence in transient protection applications such as
the amateur iadio configurations to be developed under this
program.

BACKGROUND

As mechanical devices and vacuum tubes are phased out of
common radio and communications equipment, a realization has
developed that the solid state devies now in use are becoming
more and more vulnerable to transient electrical signals. Hence,
a new market for transient protection has arisen, causing
manufacturers to increase development and production of such
devices.

Some limited government research into transient protectiv
devices against EMP has been accomplished during the past fifteen
years, but the results are not generally available to the public,
and generally not compiled into any useful data base.

If a standard test method and reporting system for transient
protective devices were available, individual private radio
amateurs could make rational decisions concerning the purchase of
such devices. Without such information, devices are not likely
to be installed, or, if installed, the sole criterion for the
purchase decision might be initial cost.

1-1



CONCEPT

The following paragraphs describe features of a protective
device qualification program which depends on the careful testing
of a significant sample of protective dev'.ces against a
recognized transient threat pulse, with results stated precisely
in terms of pre-determined critera for success.
I The success critera will include ability to reject a
sufficient percentage of threat magnitude, determined in
accordance with the desired application, to allow use of the
device as part of a transient protection scheme. This capability
will be characterized by a rejection ratio, measured in decibels,
defined as:

Peak Signal In
Z 20 log

10 Peak Signal Out

The rejection ratio will be certified by comparison of an input
and output waveform suitably scaled to allow direct overlay of
the waveforms. Other critera will include the abilty of the
device to withstand at least a minimum number of threat stresses
without failure (degradation of the rejection ratio below a
specified error margin), a measure of variance between tested
devices, and an absolute magnitude of voltage and current which
cause actual failure of the device to support its intended use.

FEATURES

Selection of Devices
There exist three commonly used approaches to the general

problem of transient protection. The undesired transient signal
may be diverted to a more harmless path (diversion), reflected
back tov.ard its source (reflection), or absorbed in a lossy
medium (absorbtion). Among the most popular gadgets purchased by
the public for protection of computers and radio gear are such
diversion devices as spark gaps, silicon transient voltage
suppressors, and metal oxide varistors. The more serious radio
operator way be familiar with such reflection devices as filters,
or combination diversion-reflection devices commonly called
hybrid transient suppressors. Conventional protection devices
such as circuit breakers, fuses, or relays are generally
considered too slow to interrupt fast lignting or EMP, and will
not be tested here.

Screening of protective devices available over the counter
should result in a test list of the most inexpensive units
considered representative of each type. Where economically
feasible, enough units of each type will be tested to define a
significant statistical sample. Experience in prior test
programs indicates that about 15 units of each device should
provide such a sample. Appendix I lists examples of such devices
in common use.

1-12



Features (continued)

Threat Definition

Other than the case of a direct lightning stroke, EMP is
generally considered a more stringent threat to electrical
systems than lightning. Consequently, the qualification test
pulse must rise to full strength in fewer than 10 nanoseconds and
decay exponentially in about one microsecond. For currents,
peaks in excess of thousands of amperes have been predicted as
response to EMP. Similiarly, voltages may reach hundreds of
kilovolts. In some cases, the required operating parameter for a
protective device is the slope of the voltage (or current)
wavefront with respect to time.

The protective devices must also be tested more than once,
in order to ensure that protection is not circumvented by the

first threat transient received.

Facility Requirements

The selection of facilities and test equipment for the
qualification testing is one of two key factors governing success
or failure of this program. The test lab must be large enough to
provide a stable environment for device tests, even if similar
devices are tested weeks apart. The transient source must be
calibrated and demonstrated to perfcrm according to its

* calibration at frequent intervals durzng testing. Specialized
equipmert will 'be required to connect the source to the devices
under test without introducing spurious signals or lengthening
the rise times of the pulses, and to recordthe input and output
waveforms 4cross each device tested. An efficient system of
controlling test data and documenting resul'.s must be provided by
the test facility. Use of one of thw appropriate government labs
for this effort is possible, if potential problems of cost, L
availability, scheduling, and over-classification of data can be
overcome.

46
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Features (continued)

Personnel Requirements

The other key factor governing the success of this program
is ensuring that testing is conducted under the direct control
and guidance of personnel who have documented, specific
experience in EMP pulse test programs. Failure to provide
EMP-test qualified personnel is certain to generate test results
that will not be considered adequate by the Defense scientific
community, most likely with good reason, far few technicians in
industry or government routinely deal with the myriad problems
caused by testing almost to failure with high powered, fast
rising transients. Sophisticated pulsers and test probes
requiring calibration of both time and amplitude, with limited
distortion-free ranges of operation, create many opportunitiet
for inexperienced personnel to unknowingly record invalid data.

From a program standpoint, effective use of a hired
laboratory (be it government or commercial) will require the
continuous assistance of at least one knowledgeable member of the
program team, who can interpret results and make any required
changes in device selection as the test progresses.

Reporting of Results

A general plan for organizing data records must be included
in the overall test plan for this program. As a minimum, it will
be necessary to determine the average transient attenuation of
the threat pulse for, each groLup of like protective devices, and
the amolitude evel where failure of the device occurs.
Organizing the devices will allow any correlations between
standard operating oarameters and test results to be easily
observed. A modern lab is expected to obtain directly digitized
tabulations of the input and output waveform for comparison with
limits of the protection design.

Program Coordination

From the partial listing of transient protection devices
available (see Appendix I), the protection design engineer should
indicate those of least cost that are expected to perform the,
protective function as desired. If they can be obtained, the
less costly devices should be of prime importance for testing,
because one of the goals of the program is minimal cost to the
radio operator who installs the protection. As discussed under
"Personnel Requirements", final day-to-day selection of devices
for test is dependent upon results to date and the availability
of substitutes for tested devices which did not "qualify".
Depending on the availability of test time, it would be
desirable to qualify as many devices as possible to expand the
availability of parts for the "Protection Kits" which t'ill be
developed under this contract.
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Appendix I

. TYPE MANUFACTUREF TRADE NAME MODELS

SG C P CLARE AND CO COMM GAP 21,
SG FISCHER CUSTOM COMM GAS-CAP DIODE
SG JOSLYN ELECTRONICS SYS MSP 16

SG JOSLYN ELECTRONICS SYS TRIGARD 7
SG JOSLYN ELECTRONICS SYS SURGITRON 26
SG SIEMENS BUTTON TYPE SVP 13
SG SIEMENS POWER TYPE SUP 5
S5 SIEMENS COMMUNICATIONS TYPE SvP 11
SG TII INDUSTRIES INC SURGE ARRESTOR TUBES I"
MOV GENERAL ELECTRIC CO SURGE ARRESTOR
MOV INTERNATIONAL RECTIFIER ZENAMIC MOV TRANS SUPPR 95
TVS SENERAL ELECTRIC CO HOME LIGHTNINC PROTECTOR
IVS GENERAL SEMICNDCTOR IND TRANSZORB is
YIEc G'NERAL SEMICN!STOR IND ZORB ELECTROSTAT DISCHARGE 9

TUB TRANSI-TnAP
TVS TRW C4PACITORS TRANSIENT VOLTAGE PROTECT i57

HT? CONTROL CONCEPTS CORP ISLATROL, 35
HTP CONTROL CONCEPTS CORP ISLATROL BI-DIRECTIONAL 9
HTP FISCHER CUSTOM COMM SPIKEGUARD 12
HIP JOSLYN ELECTRONIC SYS PROTECTORS 8
HTP KAPUSI LABORATORIES INTERGUARD 3
'HTP KAPUSI LABORATORIES LINE SURGE ABSORBER 4
HTP KAPUSI LABURATORIES POWER GUARD 2
HTP KONIC INTERNATIONAL TRANSTECTORS 40
HTP MCG ELECTRONICS INC EQPT & BRANCH PROTECTORS 13
HTP MCG ELECTRONICS SIGNAL LINE PROTECTOR 3
HTP MCG ELECTRONICS. INC WALL OUTLET PROTECTOR 4
HTP TII INDUSTRIES INC OVER-VOLTAGE SURGE PROT 9
HTP TII INDUSTRIES INC POWERLINE SURGE PROTECTOR 7
FIL RFI CORPORATION SUBMINATURE FILTERS 34
FIL ERIE TECH PRODUCTS EMI FILTERS 42
FIL SPRAGUE ELECTRIC CO RADIO INTERFERENCE FILTERS 225

SG a SPARK GAP. HTP a HYBRID, MOV 3 METAL OXIDE VARISTOR, TVS TRANSIENT
VOLTAGE SUPPRESSOR. FIL £ FILTERS
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Appendix II

Direct Injection Equipment

The following equipment is typical of that required to
inject a standard EMP waveform into a selected test device.
Choice of the equipment acti.vlly used depends on the levels of
voltage or current desired, ai.d the method of signal driving:

Coaxial charge line pulse generator
(nanosecond rise, 500 volts into 50 ohms)

High power pulse generator
(10 nanosecond rise, up to 100 microsecond length,,
500 volts into 50 ohms)

Optically triggered pulse generator
(nanosecond rise,, 3 amps into 50 ohms)

High power Marx generator
(400 kilovolt, 40 kiloamp into short circuit)

Capacitive discharge pulse generator
(40 kilovolt)

Damped sinusoid generator
(variable ring/frequency, 0.5 kw into 50 ohms)

-- Controllable capacitive discharge pulse generator
(20 kv-100 kv, 10 nanosecond risetime)

Response Measuring Devices

High impedance voltage probes
(calibrated, shielded against spurious signals)

Differential voltage probes
(calibrated, adjustable reference point),

Calibrated impedancw matching transformers
(with adjustable attenuation).

Current- probes of various AC ranges
(calibrated, with adjustable attenuation)

Shielded data links from probes to recorders
(calibrated amplifiers and attenuators)

Digitizing Oscilloscopes
(calibrated, with internal and external triggers,
with reference time marks)
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Section 2

LIST OF DEVICES

ITEM MANUFACTURER PART DESCRIPTION

I FISCHER FCC-120F-P SPIKEGUARD SUPPRESSOR - AC
POWERLINE PROTECTOR

2 FISCHER FCC-250-300-UHF SPIKEGUARD SUPPRESSOR COAXIAL LINE
3 FISCHER FCC-250-350-UHF SPIKEGUARD SUPPRESSOR COAXIAL LINE
4 FISCHER FCC-250-75-BNC SPIKEGUARD SUPPRESSOR COAXIAL LINE
5 FISCHER FCC-250-150-UHF SPIKEGUARD SUPPRESSOR COAXIAL LINE
6 FISCHER, FCC-250-120-UHF SPIKEGUARD SUPPRESSOR COAXIAL LINE
7 FISCHER FCC-450-i20-UHF SPIKEGUARD SUPPRESSOR COAXIAL LINE
8 JOSLYN 2027-23-B MINIATURE GAS-TUBE SURGE PROTECTOR

(lISP)
9 JOSLYN 2027-35-B MINIATURE GAS-TUBE SURGE PROTECTOR

(MSP)
10 JOSLYN 1270-02 SURGITRON - PLUG-IN AC SURGE

ARRESTOR
11 JOSLYN 1250-32 SURGITRON - SURGE ARRESTOR ,
12 JOSLYN 1664-08 TRANSIENT PROTECTOR FOR DATA INPUT

CIRCUIT
13 JOSLYN 2027-09-B MINIATURE GAS-TUBE SURGE PROTECTOR

(MSP)
14 JOSLYN 2027-15-B MINIATURE GAS-TUBE SURGE PROTECTOR

(MSP)
15 JOSLYN 2022-44 TRIGUARD THREE-ELECTRODE GAS-TUBE

SURGE PROTECTOR
16 JOSLYN 2031-23-B MINIATURE GAS-TUBE SURGE PROTECTOR

17 JOSLYN 2031-35-B MINIATURE GAS-TUBE SURGE PROTECTOR
(MSP)

18 GENERAL ELECTRIC V39ZA6 METAL OXIDE VARISTOR (GE-MOV)
19 GENERAL ELECTRIC V82ZA12 METAL OXIDE VARISTOR (GE-MOV)
20 GENERAL ELECTRIC V18OZAIO METAL OXIDE VARISTOR (GE-MOV)
21 GENERAL ELECTRIC V8ZA2 METAL OXIDE VARISTOR (GE-MOV)
22 GENERAL ELECTRIC V36ZA80 METAL OXIDE VARISTOR (GE-MOV) S

23 POLYPHASER CORP IS-NEMP COAXIAL LINE PROTECTOR
24 POLYPHASER CORP IS-NEMP-1 COAXIAL LINE PROTECTOR
25 POLYPHASER CORP IS-NEMP-2 COAXIAL LINE PROTECTOR

26 TII T11428 PLUG-IN POWERLINE PROTECTOR
27 SIEMENS SlOKII METAL OXIDE VARISTOR (SIOV) N,
28 SIEMENS S20K25 METAL OXIDE VARISTOR (SIOV)
29 SIEMENS S14K50 METAL OXIDE VARISTOR (SIOV)
30 SIEMENS SlOK60 METAL OXIDE VARISTOR (SIOV)
31 SIEMENS S14K130 METAL OXIDE VARISTOR (SIOV)
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LIST OF DEVICES (Contd)

ITEM MANUFACTLRER PART DESCRIPTION

32 SIEMENS B,-C75 BUTTON TYPE SURGE VOLTAGE PROTECTOR
33 SIEMENS B1-C90/20 BUTTON TYPE SURGE VOLTAGE PROTECTOR
34 SIEMENS Bl-C145 BUTTON TYPE SURGE VOLTAGE PROTECTOR

(AC)
35 SIEMS B1-A230 BUTTON TYPE SURGE VOLTAGE PROTECTOR
36 SIEMENS B1-A350 BUTTON TYPE SURGE VOLTAGE PROTECTOR
37 SIEMENS $8-C150 POWER TYPE SURGE VOLTAGE PROTECTOR
38 SIEMENS T61-C350 COMMUNICATIONS TYPE SURGE VOLTAGE --

PROTECTOR
39 ALPHA DELTA TRANSI TRAP LT COAXIAL LINE SURGE PROTECTOR
40 ALPHA DELTA TRANSI TRAP R-T COAXIAL LINE SURGE PROTECTOR
41 GENERAL SEMICONDUCTOR 587B051 120 VAC LINE PROTECTOR TRANSORB
42 GENERAL SEMICONDUCTOR ICTE-5 TRANSZORB
43 GENERAL SEMICONDUCTOR ICTE-15 TRANSZORB
44 GENERAL SEMICONDUCTOR ICTE-8C TRANSZORB
45 GENERAL SEMIlONDUCTOR LC76.5A TRANSZORB
46 GENERAL SEMICCNDUCTOR LCE!5A TRANSZORB
47 GENERAL SEMICONDUCTOR U"E51 TRANSZORB
48 GENERAL SEMICONDUCTOR LCE130A TRANSZORB
49 GENERAL SEMICONDUCTOR PHP 120 TRANSZORB BIDIRECTIONAL AC 'POWER

PROTECTOR
50 GENERAL SEMICONDUCTOR GHV-12 BIDIRECTIONAL SURGE PROTECTOR
51 GENERAL SEMICONDUCTOR GSV1O1 BIDIRECTIONAL VARISTOR -,.
52 GENERAL SEMICONDUCTOR GSV201 BIDIRECTIONAL VARISTOR
53 ELECTRONIC FROTECTION LEMON AC SURGE PROTECTOR

DEVICES
54 ELECTRONIC PRCTECTION PEACH AC SURGE PROTECTOR

DEVICES
55 S. L. WABER LG-10 AC POWERLINE PROTECTOR
56 ARCHER 61-2785 3 OUTLET VOLTAGE SPIKE PROTECTOR

' 2'2
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Section 3

MANUFACTURERS

1. Alpha Delta Communications
P.O. Box 571
Centerville, Ohio 45459
(513) 435-4772 .-

2. Electronic Protection Devices, Inc.
P.O. Box 673
Waltham, Massachusetts 02254
(617) 890-2518
1-800-343-1813

3. Fischer Custom Communications, Inc. 1.

P.O. Box 581
Manhattan Beach, California 90266
(213) 642-0049

4. General Electric
MYD38. Building 7, Electronics Park
Syracuse, New York 13221
(315) 253-7321
(315) 456-3515

5. General Semiconductor Industries, Inc.
2001 West Tenth Place
Tempe, Arizona 85281
(602) 968-3101

6. Joslyn Electronic Systems Division

P.O. Box 817 .-

Santa Barbara Research Park

6868 Cortona Drive
Goleta, California 93116

(805) 968-3551

7. Polyphaser Corporation
1425 Industrial Way
Gardnerville, Nevada 89410-1237
(702) 782-2511

8. Siemens Corporation

186 Wood Avenue South
Iselin, New Jersey 08830
(201) 321-3400
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MANUFACTURERS

9. S. L. Waber Division
S. L. Industries, Inc.___
300 Harvard Avenue
Westville, New Jersey 08093

(609) 456-5400
(800) 257-8384

10. TII Industrtes, Inc.
1375 Akron, Street
Copiague, New York 11726
(516) 789-5020
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SPIKEGUARD

SUPPRESSORS
NANOSECOND TRANSIENT PROTECTION

MODELS AVAILABLE FOR

,u * COAXIAL LINES

" TELEPHONE CIRCUITS

-1/ SEMICONDUCTOR CIRCUITS
I

.

FISCHER CUSTOM COMMUNICATIONS U,,. 4,

- V-'-. BOX 581 * MANHATTAN' BEACH, CALIFORNiA 90266 * TELEPHONE (213) 545-4617
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FISCHER CUSTOM COMMUNICATIONS
BOX 511 " MANHATTAN BEACH. CA. * 9026

AREA CODE 213 432t17

SPIKEGUARD PROTECTOR CHARACTERISTICS

MODEL FCC-120F-P

The FCC-120F-P is designed to protect 120 VR S 60-400 Hz
single phase powerlines. The protector is designed with
metal oxide type components.

It is capable of sustaining 4000 peak amperes for a transient
having a duration of 20 microseconds, and 400 peak amperes
for 400 microseconds. It is also capble of dissipating 25
watts of average power, and 30 joules of energy.

The unit will clamp line to ground transients to 400-600
peak volts depending upon the exact risetime gradient of the
transients, the impedance of the circuits, and the length
of leads from protector to ground. The maximum clamping
vcltage will be for those transients approximating a
gradient of one megavolt per microsecond, with total clamping
occurring in a few nanoseconds for very fast transients.

The above clamping characteristics will be maintained when
tested to the requirements of the Surge Withstand Capebillty
specified by ANSI C37.90a

Physically, the FCC-120F-P is 2.5" X 3.5" X 2.0" in shape.
It has solid ground straps which can be used to mount the
unit, and at the same time provides a low impedance path
to the mounting cabinet or ground plane. A terminal is
mounted on the surface opposite the grounding tabs in order
to make the electrical connection to the 120 VRMS powerline.
In order to provide optimum clamping of transients, the lead
to this terminal should be trimmed as short as possible to
minimize its inductance.
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FISCHER CUSTOM COMMUNICATIONS
BOX 581 * MANHATTAN BEACH, CA. 90266

AREA CODE 213 545-4617
213442-049

SPIKEGUARD SPECIFICATIONS

LIGHTNING AND TRANSIENT PROTECTION

Characteristics:

Spikeguards provide protection from transients originating from switching, lightning, and EMP. Spikeguards have
been designed to provide protection for sensitive electronic circuitry as well as for transmitters and receivers at their
antenna transmission line terminals.

They exhibit fast response through the UHF region, and are constructed from proven transmission line, gaseous
discharge components, silicon components, and can be subjected to many repeated transients.

Spikeguards have been organized into various types that will optimize those protective characteristics required.

The FCC-250 series (the part numbering system will be described later) are rated at 10,000 amperes for a duration of
10 microseconds. This series is available in a number of dc breakdown voltages varying from 75 volts to 2000 volts.
For dc voltages up to 2000 volts this series has a pulse (overshoot) breakdown varying from1000 to 3000 volts for a
pulse rise time of 1 megavolt/microsecond. The impedance of this series is approximately equivalent to 2.5 picofarads
in shunt with the transmissior, line load.

Typical VSWR characteristics of this series for type N, UHF, and C coaxial connectors are as follows:

100 MHz 1,21
200 MHz 1.4:1
300 MHz 1.6:1
400 MHz 1.8:1

The 1.8:1, VSWR will create less than 5 per cent of the incident power being reflected back to the transmitter.

In the event that the total tolerable VSWRis specified for the entire coax-to.antenna system, a determination can be
made if the addition of a Spikeguard will exceed the limit. It is merely necessary to specify the VSWR and impedance
of the. system without the Spikeguard, and the above ana!ysis can be carried out.

The FCC-350 series is rated at 3000 peak amperes for a 15 microsecond pulse halfwidth for breakdown voltage ratings
from 550 to 4000 volt,. This series is available in various breakdown voltages varying from 550 to 30,000 volts.

The 350 series is extremely fast in reacting to transient voltages. The overshoot to the dc specified trip voltages for
transients having a pulse rate of rise of 1 megavolt/microsecond is minimal, since the trip voltage is achieved in 1 to 2
nanoseconds. The impedance of this series is approximately equivalent to 2 picofarads in shunt with the trensmisrion
line load.

Typical VSWR characteristics of the 350 series, for-type NJ, UHF, C, and HN coaxial connectors are as follows:

Frequency (MHz) VSWR
N UHF C HN

50 1.1:1 1.1:1 1.05:1 1.1:1
100 1.2:1 1.3:1 1.1:1 1.12:1
200 1.3:1 1.5:1 1.4:1 1.2:1
300 1.6:1 1.7:1 1.7:1 1.45:1
4C0 2.4:1 2.3:1 2.2:1 2.0:1

An improved 750 and 350 series has been developed, now designated the 250A and 350A series. These units have
improvad VSWR character;Vic with all electrical and mechanical characteristics remaining the same as previously
stated for the 250 and 350 series.
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FISCHER CUSTOM COMMUNICATIONS
BOX 581' * MANHATTAN BEACH, CA. 90266

AREA CODE 213 545.4617

The 250A series for the type N and UHF connectors have nominal VSWR values as follows:

Frequency (MHz) VSWR

50 1,1:1
200 1.2:1
300 1.35:1
400 1.5:1

The 350A series for type N, UHF, C, and HN connectors have nominal VSWR values as follows:

Frequency (MHz) VSWR

N UHF C HN

50 1.05:1 1.05:1 1.05:1 1.1:1
100 11.:1 1.1:1 1.1:1 1.2:1
200 1.2:1 1.:1 1.35:1 1.2:1
300 1.6:1 1.7:1 1.6:1 1 4:1,

400 2.0:1 2.1:1 2.0:1 1.8:1

The insertion loss of all the previously mentioned types is approximately 0.5 db up to 450 MHz.

The FCC 450 series Spikeguards have been designed to provide transient protection for receivers and transmitters up
to 100 watts of output power. They have also been designed to provide transient protection for sensitive semiconductor
components and integrated circuits.

The 450 series are constructed from proven silicon components, tht are in turn encased in epoxy.

They can be provided with clamping voltages varying from 6 to 200 volts. The 6 to 20 volt units are capable of
sustaining 70 amperes of peak current for a triangular pulse having a 4 microsecond pulse width. From 20 volts and
up the units have a decreasing current capability, with the 200 volt unit capable of sustaining 5 amperes of peak
current for 15 microseconds.

The dc impedance in the nonconducting mode is equal to or greater than 5 megohms.

The clamping voltages are achieved in approximately 1' nanosecond for transients having a risetime gradient of 1
megavolt/microsecond, Of particular importance is the fact that these units exhibit a capacitance of approximately
2 picofarads.

Since these units operate extremely fast and have such low capacitance, they will provide transient protection for
sensitive semiconductor compcnents, parti-ularly, integrated circuits, such as TTL, ECL, DTL. MOS, and MSI. Due
to t0e tact that they have low capacitance these units can protect not only power supplies, but input and output data
lines, without degrading the data transmissioni operating characteristics, by excessive capacitive loading.

Typical dimensions of these units are 0.75" long by 0.5" wide by 0.5" high.

The FCC 450 series are also packaged in coaxial connectors to protect receivers and transmi,er; from transients.
They exhibit fast response thruugh the UHF region by clamping in approximately 1 nanosecond when subjected to
transients exhibiting risetime gradients of the order of 1 megavolt/microsecond. These units also have a distributed
',aoacitance of approximately 2 picofarads.

For example, the FCC-450-10-(connector type) is used to protect receivers and clamps fast transients at 10 volts peak.

Typical VSWR characteristics for type N, C, and UHF coaxial connector versions of the FCC-450-f )-( } are as
follows:
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FISCHER CUSTOM COMMUNICATIONS
BOX 581 - MANHATTAN BEACH, CA. 90266

AREA CODE 213 545-4617

Frequency (MHz) VSWR

50 1.1:1
100 1.3:1
200 1.4:1
300 1.5:1
400 2.0:1
500 2.5:1

The 450 series when clamping a transient will not permit the energy levels to exceed the microjoule level even for
transients lasting 20 microseconds. The VSWR values permit normal receiver operation with little or no degradation
in performance to frequencies of 500 MHz.

The 450 series that clamp up to 200 volts are capable of protecting transmitters up to 100 watts.

It must be cautioned that. since the 450 series can only sustain a limited transient pulse, they should be used in
combination with a 250 series. The 450 series must be placed as close to the transmitter or receiver as possible, and
the 250 series must be placed as close to the antenna as possible. The 250 series will intercept the transient first and
will limit the overall energy to the low millijoule level thus not permitting the transient energy to exceed the safe
level of the 450 series.

In order to obtain optimum transient protection the two units must be separated via the coaxial cable by at least 50
feet for a slow transient having a risetime gradient of 20 kilovolts/microsecond; and by3 feet for a fast transient
having a risetime gradient of 1 megavoit/microsecond.

The above hybrid combination provides optimum protection of both transmitters and receivers.

Even though the 250 series will have some overshoot, those units used for transmitters up to 100 watts will still
clamp at 1800 volts or lower, for a transient having a risetime gradient of 1 megavolt/microsecond, and 1000 volts
or lower for a transient having a risetime gradient of 20 kilovolts/inicrosecond.

In most instances these overshoot voltages will not cause failure of an antenna or transmission line since they will
only last for 2 nanoseconds for the 1 megavolt/microsecond risetime gradient, and 50 nanoseconds for the 20
kilovolt/microsecond gradient.

The energy levels finally permitted to arrive at a transmitter or receiver during a transient will be, well within'the safe
levels of 450 series normal operation.

As transmitter power output levels approach 10 kilowatts the 250 series performance nearly equals that of the 350
series. The Spikeguard clamp voltage for a 10 kilowatt transmitter would ideally be about 200 volts in order to
prevent inadvertent firing of the Spikeguard due to transmitter power and antenna VSWR. A 2000 volt rated 250
series will only overshoot to 3000 volts before clamping a 1 megavolt/micro.econd gradient transient. This overshoot
will only exist for a period of about 1 nanosecond. Even for a 100 watt transmittor the condition isn't mis,- -wo!
severe. A 100 watt transmitter will be rated to clamp at 230 volts. A 1 me, volt/microsecond gradient transient will
cause an overshoot voltage of about 1500 volts. This will only permit the overshoot to exist for a period of approxi-
matety 2 nanoseconds. The energy permitted to exist during either of the above two examples would not exceed
200 microjoules, which is insufficient to damage 100 to 500 watt transmitters.

Therefore, transmitter protection is recommended as follows. For transmitters up to 100 watts output, a hybrid
combination of a 250 series placed ai or near the antenna, and a 450 series at the transmitter is recommended For
transmitters of 100 watts to 10 kilowatts, a 250 series unit placed near the antenna is recommended. A 350 series is

. recommended for all transmitters exceeding 10 kilowatts.
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FISCHER CUSTOM COMMUNICATIONS
BOX 581 - MANHATTAN BEACH, CA. 90266,

AREA CODE 213 545-4617
-.... 13.642.Ocj,

In the event'that the 250'series overshoot for 100 to 10 kilowatt transmitters cannot be tolerated, the 350 series will
remove that condition.

The 250, 350 and 450 series protectors have also been configured for protection of telephone, and computer data
lines. Protection is offered for 1 to 150 pairs of data lines. Installation is convenient and economical through the use

of a Quick-Connect Terminal Block providing junction points to the protectors that shunt the lines to ground.

The Quick Connect Terminals. strip, connect, and trim wire in one operation. The terminals are designed to make a

cositive connection to unskinned 20-24 gauge conductors, or 18 and 19 gauge skinned wire, and accomplish this
th-ough a spring tensioned terminal clip, and Ouick-Connect tool combination.

The procedure for installation of a data line is to just hook the unstripped conductor to the top of the c!ip. Then
using the Quick-Connect tool, push the wire down into the clp. This action automatically Atrips the insulation.

forms arA electrical connection, and cuts off excess wire. All of the above in one fast operation.

T'ie overall data line protector comes with a 250, 350, or 450 type Spikeguard installed between each terminal strip

and the ground strip. The ground strip runs the entire length of the block, and has convenient bolt holes to permit
mounting and attachment to any earth connection available. The position of the ground strip permits very short

leads, mimmizing inductance in the installation.

The entire terminal block can also be supplied in a metal housing, if no convenient terminal box is already available.

Ali Spikeguards used for transmitter protection have a "Warning" decal specifying the maximum wattage rating that

the transmitter should be operated at. This is to remind a trnsmitter operator not to accidentally run up the trans-
b=O m tter power output above its normal operatinq level. This would cause the transmitter output to be short circuited

and create a high 'JSWR. This is a saf,.ty precaution since each Spikeguard will have a voltage rating that wiI allow'
oueration of the transmitter at its designed power output, and also provide the desired protection from an incoming
transient.

Fscher CJstom Communications power line transient protectors are especially designed to achieve optimum suppression

of high eneigy nanosecond risetime transients.

Two types of protectors are available.

The FCC.120-P Model plugs into the free electrical outlet next to the on, your equipmeht receives its power. The
FCC-120-P is a 120 VAC (60-400 Hz) power line rated device, which is capable of sustaining a transient peak current
of 1000 amperes for 5 microseconds, and 100 peak amperes for 100 microseconds.

Tansients varying from 400-100,000 peak volts will be clamped at 400 to 600 peak volts. This type of suppressor is
constructed from a metal oxide semiconductor, which clamps transients having risetime gradients of the order of a
megavolt/microsecond.

The FCC-120A-P is capable of withstanding 2000 peak amperes for 5 microseconds, and 200 peak amperes for 100
microseconds. All other characteristics are as previously stated.

The other type of power line protector not only enables optimum performance of the metal oxide component, but
increased overall cir.-uit protection by the addition of common mode chokes placed in series with the power line
between the meiz! oxide components and the equipment being protected. This circuit configuration pe'mits the
metal oxide component to have a high common mode inductive impedance in series with the load, thu. increasing its
abality to clamp Clamping under these conditions wil! occur with the transient delivering minimum current to the
load being protected. Transients varying from 400-100.000 peak volts will be clamped at 300 to 500 peak volts.

Other advantages of this design are as follows:

1 The common core ,nductuf toroidal *indings will not suffer core saturation, and voltage drop when passing the
high power line currents
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FISCHER CUSTOM COMMUNICATIONS
BOX 581 - MANHATTAN BEACH, CA, 90266

AREA CODE 213 545-4617
21U42-0049

'wp,

2. The inherent capacitance of the metal oxide components, and the common mode chokes create an LC filter that
wi constantly provide protection from ;ower level transients and interference caused by common mode currents.

This mode! is designated the FCC-120-PC. It is capable of continuously carrying 15 amperes of either 60 or 400 Hz
single phase power line currents. It is capable of sustaining 2000 peak amperes for 5 microseconds, and 200 peak
amperes for 100 microseconds.

Instaiation is convenient, just plug tle male receptacle of the'suppressor into a single phase, third wire grounded,
wall outlet. Then plug the equipment to be protected into a grounded socket provided in the suppressor.

Spez al units such as three phase circuits, greater transient current capability, or greater continuous current capability
will be quoted onrequest.

'Insta lation information is extremely convenient. All that is required for the coaxial types is the insertion of the T
con-ector assembly at any convenient coaxial cable connector near eiti.:r the antenna terminals, or ne3r the transmitter
and or receiver terminals.

The cata line 450 se:ies must have its terminals soldered across the terminalsto be protected.

The Quick-Connect data line Spikeguard assembly comes with the suppressors already assembled. The only tasks for
insta ;ation are the mounting of 'he block, wire connections, snd routing of the leads.

Oraeong information is straight forward with the part numbering system as follows, for the 250, 350, ind 450 series:

Exan'ple: FCC-250-90-N

FCC 250 - 90 - N ,t t t
50 ohms Nominal Breakdown Connector

Voltage

Example: FCC,350-550-UHF

FCC - 350 - HF -

tt t
50 ohms Nominal Breakdown Connector

Voltage

No designation of a coaxial connector for the 450 series will identify a series mounted directly to a circuit via soldered
term -nals, such as follows:

Example: FCC-450-10

FCC - 450 - 10
t

Nominal Broakdowrn
Vol"ag
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FISCHER CUSTOM ,COMMUNICATIONS
BOX 581 • MANHATTAN BEACH, CA. 90266

AREA CODE 213 545.4617

The Quick-Connect block part numbering is as follows:

Example: FCC-250-75-25-S

FCC - 250 - 75 - 25 - S ,.

t t t t-
Series 75 Volts 25 Pairs Shielded

Example: FCC-450-10-6-(Blank)

FCC 450 10 6 (Blank)

t t t t
Series 10 Volts 6 Pairs Unshielded

Any type of coaxial connector can be specified to fit specific requirements. Since a coaxial Spikeguard is in shunt
with the load, it is only necessary that the T connector carry the desired power of the transmitter; and the clamping
circuit provide the breakdown voltage desired. The part numbering system is readily adaptable to specifying other
connectors along with the desired impedance and clamping voltage, thus assuring the transmitter and/or receiver of
protection during normal operation.

4-'
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FISCHIER CUSTOM COMMUNICATIONS
BOX 561.- MANHATTAN BEACH, CA. *90266

AREA CODE 213* 5.45-4617
212-642-004
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TECHNICAL DATA

MSP®
Miniature Gas-tube

Surge Protectors
--. 2027 and 2029 Series

Joelyn MSP® gas-tube protectors are precision built
surge and transient protection devices. Performance is

repeatable over a long life period.

APPLICATION age returns to normal. Ionization and deioni-
The MSP ® protects against overvoltages zation are extremely fast due to the type of
caused by switching surges, contact with gas fill and physical configuration used.
foreign circuits, and lightning discharges,
either inauced or conducted. Fast response CONSTRUCTION
makes the MSP* particularly effective as The gas tubes are assembled under clean
protection agaiist transients. It protects room conditions. Inspection in accordance
electronic circuits and associated cornpo- with stringent quality assurance procedures
nents in telecommunication, computer, in- ensures total reliability. , -
dustrial control equipment, data logging, ..

CRT displays, microwav3, traffic control, and The special alloy metal electrodes of the gas
missile firing systems. tube are hermetically sealed at high temper.

ature to a high-alumina ceramic body. This
METHOD OF OPERATION provides leak-proof dependability. The high-
When a surge exceeds the breakdown voI- alumnia ceramic Is formulated for high insu- -
age of the tube (surge sparkover voltage), the lation resistance and low dielectric loss.
gap becomes intensively ionized, and con- Symmetry of construction provides equal
ductlon takes place within a fraction of a performance with either polarity of applied
microsecond. The ionized protector becomes voltage.
a short circuit and remains so until the volt-

JOSLYN MSP0 SURGE SPARKOVER CHARACTERISTICS

0

RESPONSE time (SECONDS)
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J TECHNICAL DATA

MODEL 1270-02

SURGITRON
PLUG-IN AC SURGE ARRESTER

110-135V RMS, 50-60 Hz
3 Wire Grounded Single Phase

Listed by Underwriters Laboratories Inc.

For this reason, this surge arrester has
wides-read use in computer installa-
tions and microwave stations as well
as in the telephone, railroad, and pe-
troleum industries.

METHOD OF OPERATION

DISTINCTIVE FEATURES When a surge voltage exceeds the nor-
eal system voltage the arrester instan-

1. Instantaneous and reliable respdr, se taneously conducts the surge to ground.
in any environment. The arrester continues to conduct the

2. Absolutely no interruption of power surge to ground until the surge has
nor drop in voltage during or after passed and the system voltage has re-
passage of a surge. turned to normal. The arrester automat- -

3. Extremely long life with dependable ically restores itself to its normal oper-

protection. ating condition. The 1270-02 incorpor-
ates a fuse which opens the circuit,

4. Low voltage clamping level even thereby extinguishing the indicator light
with high current surges. and removing the protector and its pro- %

5. Ability to protect against surge cur- tected load from the circuit, when one
rents up to 12,000 amps peak (8 x or more of the following events takes
20 ,1sec wave), place:

6. Re!iable and equal performance in 1. If the load exceeds 15 amperes. *7 I
either polarity. 2. If the surge current is substan-

APPLICATION tially greater than 4000 amperes .. :
or longer in duration than 8 x 20"";,.,,

The surge arrester model 1270-02 is orlonerondurto hn8x2microseconds.
designed to protect against transients
caused by lightning, induction, switch- 3. If the protector reaches its end-of-
ing surges and EMP. life.

The instantaneous response makes it Replacing the fuse restores the pro-
particularly effective in preventing tector to service if the fuse opened be-
damage to delicate solid state elec- cause of events 1 or 2. Event 3 will cause
tronic equipment. the replacement fuse to open also. 4

*Covered by one or more of the follown g patents:

2.312,368 3.320.462 3.353,066 3,388.274 3.413,587 3.448,337

3.535,582 3.543,207 3,564.473 3.588.576 3.811,064 3.813,577 3.828,290 *
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SPEC17=tCATIONS
NPPUCATION 120 Vrmns, Single Phase

3-wire Grounded 50/60 Hz
Voltage Ra1ting: 110-135 Vrms Phase to Neutral
Power Rating: 15 amperes
Clamping Voltage: 190 Vrms
Response Time: Instantaneous (No Delay-

Continuous Conduction)
Discharge Voltage: 9

At 1,500 amperes 450 V Nom.
5,000 amperes 500 V Nom.

Minimum Life: 1.5 KA 8x20u±sec wave 5,000 Operations
4.10 KA 8x20/4sec wave 1,000 Operations

Extreme Duty Discharge Capacity: .12,000 amperes peaK*
(8x20jASec wave)
wer Consumption: Excluding Light Less than 0.040 Watts

i cluding Light Less than 0.300 Watts
sing: 15 ampere, 250 Vrms
lipping Weight: Approx. 1 pound

jrge Currents greater than 4.000 amperes may require replacing
fuse to restore arrester function.

mensions:

3.29

4.30

I ~ 'q~~y'2.03 2.40

.13

-~~---~ 668 CORTONA DRIVE
U~J ~-~ii~ ~SANA 0ARBARA RESEARCH PARK

4POS OF:FICE BOX 817
GOLETA. CALIFORNIA 93116
TELEPHONE (805) 968-3551

ELECTRONIC SYSTEMS TELEGRAM: JOSLECTRON. GOLETA

JES 263-2.4 7/83 0 HID,

4-15L



TEC: :NICAL DATA

MODEL 1250-32

SURGITRON ®

SURGE ARRESTER

110-175V RMS, 50-60 Hz

2 Wire, Single Phase

. .Listed by Underwriters Laboratories Inc.

For this reason, this power arrester has
widespread use in computer installa-
tions and mifcrowave stations as well
as in'the telephone, railroad, and pe-
troleum industries.

With increased use of sensitive elec-
DISTINCTIVE FEATURES tronics such as computers, air condi-

1. Instantaneous and reliable response tioning controls and video recorders in
n ahomes, low voltage arresters are need-in any environment. ed to prevent damage from electrical

2. Absolutely no interruption of power surges. These arresters are ideally suit-
, nor drop in voltage during or after ed for-this and are designed for easy

passage of a surge. installation at fuse boxes and similar lo-

3. Extremely long life with dependable cations.
protection. Long life and maintenance free opera-

. Ltion, even in heavy surge conditions,4. Low voltage clamping level even make this unit the perfect arrester for
w hsremote and unattended stations, or sta-

5. Ability to withstand surge currents tions with no back-up circuits available.
UP to 20.000 amps peak (8 x 20 The arrester is enclosed in a moisture
*s-c: wave) and survive, proof housing to ensure reliable opera-

in tion in any environmental condition.
6. Reliable and equal performance MEiDnFOERTOr • either polarity.,eithe polaity.METHOD OF OPERATION

When a surge voltage exceeds the nor-
APPLICATION mal system voltage the arrester instan-

The po~wer arrester model 1250-32 is taneously conducts the surge to ground."Th Powe arrester montdue 125o3 iodutsh
designed to protect against transients The arrester continues to conduct the
caused by lightning, induction, switch- surge to ground until the surge has
ing surges and EMP. passed and the systern voltage has re-

turned to normal. The arrester automat-
The instantaneous response makes it ically restores itself to its normal oper-
particularly effective in preventing ating condition without interruption of

damage to delicate solid state elec- service and with no necessity to replace,tronic equipment, fuses or to reset circuit breakers.

3 312 888 3.320.4 2 3.353.064 3.388.274 3.413.587 3.448.337

3..35 582 3.543.207 3,564,473 3.588,576 3,811.064 3.813.577 3.828.290
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SPECIFICATIONS

APPLICATION 120V RMS, Single Phase
2-wire 50/60 Hz

Voltage Rating: 11O-175Vrms Phase to Neutral

Power Rating Unlimited

Response Time Instantaneous (No Delay
Continuous Conduction)

Response with Rate-of-Rise Less than 350V pk
of lOkV/ts

Discharge Voltage 8x20,sec
Wave with 5,000 Amps 650 V Nom.

10,000 Amps 750 V Nom.

Minimum Life 1.5 KA 8x20,,sec wave 2500 Operations

Extreme Duty Discharge Capacity 20.000 Amps Peak
(8x20,,sec wave)

Power Consumption Less than 30 Milliwatts

Operating Temperature Range -40°F to - 1400 F

Maximum Operating Altitude 12.000 Feet

Shipping Weight: Approx. .5 pound

CONNECTION DIAGRAMS

6Th1

2.13 1/2 14 NPS THREAD - 2,03 --

1.50 NO 14 A.W.G jTRANOED WIRE .84

PVC INSULATION. EACH WIRE

S 18t I " LONG

2.22

~ ~- -6868 CORTCONA DRIVE
-, SANTA BARBARA RESEARCH PARK

-POST OFFICE BOX 817
, 1 GOLETA. CALtFOrNIA 93116

-- TELEPHONE t8OSJ 968-3551

ELECTRONIC SYSTEMS TWX 910-334-3464

ES 254 2M 2/84 r H P.
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TECHNICAL DATA
g J~

LWIP

V. 111 MODEL 1663-08

•"" TRANSIENT PROTECTOR

For Data Input Circuit, DC to 20kHz

Model 1663-08 is designed to fit and GROUNDING
protect all typical 4-20 MA current loops
from damaging transients induced by Top center 6-32 stud with nuts and

fromdamgingtrasiens iduce bywashers is the ground terminal. Ground
lightning or switching of heavy equip- sr is 346 wonnectiall protec
ment and powerlines, strap P/N 34860 will connect all protec-

tor ground terminals and only one earth
The 1663-08 will protect any low volt- ground connection is required. One
age/low current DC to 20kHz circuits. ground strap for each protector is re-
PiN 36213 mounting rail allows easy, quired.
installation on any equipment rack. Use a -6 or larger nickel-clad copper
Simulated lightning tests in our lab- wire to connect the equipment housing
oratory, using a variety of transmitters, to a suitable earth geound as shown in

showed all transmitters still performing Figures 1 and 2.
to specification with no change to either
protector or transmitters, even after Basically, these protectors divert the
repeated surges of 10,OOOA. lightning induced surge current to

ground before it' can reach the instru-
CONSTRUCT!ON ment, thereby reducing the voltage
The 1663-08 surge and transient pro- potential between the housing 3nd ele,:-
tector is a two-stage protection unit. A tronic components inside from several
common chamber, three-element, gas thousand volts to a low and safe level.
tube assures ultra-fast and balanced If for any reason direct grounding of
clamping. The solid state portion transmitter is not permissible (cathodic
clamps the voltage to a very low, safe protection or other), a Joslyn 2002-01
level, gas tube in series with ti-ie ground wire
The circuit design ensure- equal pro- will isolate the transmitter from earth
tection against surges ot either polarity, and still hold potential between housing
Re!iability. long-ife, and easy mounting and earth at a reasonable level during
are the outstanding features of this a discharge. See Figure 2.
unit.

"Co'vo.d by on* of f! oe Of tie foillwsnl patenfti:

3 312.868 3.320.462 3.353,066 3388.274 3.413.587 3.448.337

3 535 582 3.543.207 3.564 473 3,588.576 3.811,064 3813.577 3.28.290
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ELECTRICAL CHARACTERISTICS
Typical Signal Level: 24V
DC Breakdown: li.~-.l-ine 66V

line-to-ground 33V
Discharge Voltage: with 10,00);amp 8 x 20,,s surge

line-to-line < 100
line-to-ground < 50V

Surge Life: (No. of operations)
with 500 amp 10 x 1000,.s surge L-G >403
with 10,000 amp 8 x 20,,s surge L-G 10
Seiries DC Resistance: (per line) 229
Leakage Current at 24V < 15,,A
Maximum Load-Current 1O0ma

rNTU Ocawgrn j*LNFIC I XIWTE
go OTHER 

ago-4

FIG. 2
Oil LOCATION W1016" M"OCY

OsaW" OF Tn*..StTER is OT
aNu. MCC"* JOSLYN

OSJOSLYN

5.35

4-~w - - 688 OTOADRV
GSANTA BABAA ESARHAR
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TECHNICAL DATA

- TRIGARD'
Three-Electrode Gas-tube

Surge Protectors
"- Joslyn TRIGARD9 gas-tube protectors are precision built, heavy duty,

Nsurge and transient protection devices. Performance is
repeatable over a long life period.

or-"" C F* C

N e .. ,

DISTINCTIVE FEATURES METHOD OF OPERATION
1. Extremely fast and repeatable respotise in When a surge exceeds the breakdown voltage

light or dark environment (see Figure 1) across any portion of the tube (surge sparkover
voltage), the entire gap becomes intensively

2. Equal performance on surges of either ionized, and full conduction (akes place within
larity a fraction of a microsecond. The ioniz, d pro-

3. Balanced response from either line to tector becomes a short circuit from line-to-line
ground and from each line-to-ground and remains so

until the voltage returns to normal. Ionization
4. 100% inspected and deionization are extremely fast due to the
5. Delivery from stock type of gas fill and physical configuration used.

CONSTRUCTION
4PPUCAT1ON The gas tubs are assembled under clean
The TRIGARD* protects balanced pairs against room conditions. Inspection in accordance
ove ,voltages caused by switching surges, con- with stringent quality assurance procedures
tact with foreign circuits, and lightning dis- ensures total re,'iability.
charges. either induced or conducted. Fast The special alloy metal electrodes of the gas
response makes the TRIGARD" - particularly tube are hermetically sealed at high temper.
effertive as protection against transients. It ature to a nigh-alumina ceramic body. This
prote-ts electronic circuits and assoctated com- provides leak-proof depewlability. The high
ponents in telecommnr ication. computer, in- alumina cerarnic is fotmulated for high insul-
d-jstrial control equtpment, data logging, CRT ation resistance and low diectric loss. Sym-
displays. microwave, traffic control, and mis- metry of construction provides equal perfor-
sile firing systems, mance with either polarity of applied voltage.

4-20



TABLE 1
III N Le Iut i Surge Ufe Surle Life Maximum 0 va 60 1 wlol

fe Spadl Impulse 1000 A* ZO.000 A* Single Ce Cu.."t Voltage
(SeFgr (Voltge I0V~u'(mee)IOerto 0OeainVots Sparto l 0x IOO.ac Wz20sc surge Carrying C.ng Pe

Une.to-Gmund Voltage At (Operations) (Operations) 8i2O034c Ablty Ability* REA PE55S(volts) liVy ", (A em I Oprto 10 Overaio,e io w G
Rate of Rm FoI O Ise (o)

(Volts) ,c' Duration
(Ampere) (Amperes)

2021-35 None A 250-350 600 >1000 >50 40.000 130 175

2022-24 Z20 AWG B 250-350 600 >1000 >50 25.000 180 30 175

2022-44 J20 AWOG C 250-350 600 >1000 >50 25.000 180 30 j_175

2024.01 z 18 AWG 0 250-500 750 >1000 >50 35.000 180 30 175

2024-021 18 AWG B 250-500 750 >1000 >50 35.000 180 30 175

2024-031 =18 AWG C 250-500 750 >1000 >50 35.000 180 30 175

2024-091 None A 250-500 750 >1000 >50 40.000 180 30 175

* Ith Limns Sionmftneomiy to Gmund

FIGURE 1

I 'A

4 - 3 i .... _ Z

.....I_. .. .. ! i . /

o" 1/,' /t / _ i ......-.-.-.. -- __. ,.,:: ,:-,__ .. _

F---_% T :,iii i I-- -

.- .01 ' . / 1 . .. 10. -0

wepw r f dcmos)

6868 CORTOA ORIVE
SANTA BARBARA RESEARCH PARK
POST OFFICE BOX 8 17

- . . GOLETA, CALFORNIA 93116
TELEPHONE ,8015 968 3551

ELECTRONIC SYSTEMS TELEGRAM JOSLECTRON GOLETA

JES 281 2M Z 03 H P
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-~ZA

The New Low Voltagie
GE-vc.VII Vait /

(For protection of
circuits 5Vdc

and below)

Genieral Electric Compimuvl

Applicatio'n Eng±ineering~

Semniconductor Produjct% IDepirtIOWt1t

GENERALQ ELECTRIC
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Z SERIES RATINGS AND CHARACTERISTICS TABLE

Z SERIES.
R AD0IAL
LEAD STYLE

MAXIMUM RTNS2C.CHARACTERISTICS ______

CONTINUOUS TRANSIENT MAXIMUM

MODEL ,VANtsTOm CLAMPING PM
OD. Slit PtAK VOLTAGE VLAE C'C

CI OMS ft NRY CURIN T I l.A DC VC g TEST AiC I
tus OI OTAG[ V6 AG 10 1000 si TANCE

IZ~ _____V.., AP~RS V:~SCURRENT isXWIP. 1 1 1

t______ ____ ____ _____________AMPRES_ VOLT VOLTS VO:ITS VOLTS AMPS 'PICOFARAOS

1VZA2 I 4 3 '0 S. L.00
GE N'ZA ;34 0 10

V12ZAI 4 0l 3000

V121AI 14 1.I 14 4 12 j I 1

14 1II 4 ' 14 4 I ~ 21 h 4' p 5 'X
4 OWN 3.4 11111

W22ZAI 14 1. ' 19 22 2 0 4' 5 :011 )

V241ASC -%"1 ____ _____ _4_ 7 _ _ -ht 4 - INY

V27ZAI f :it 11i 21 311 5 1'07W

* VflZA4 53 W 4 u S I 500

V33ZA1 ~ 36' $ 4,0 14W1(

V331AS 14 jINS t" 10 -0K)
V33ZA70 -i I * Iti.o 1~' 58 20 1 5111(

V36ZABO 'I o)~ 2wl 11 3
% 40 I) to 20 12)5)0

V39ZAI ~ . ' ~ I 4 1 4 0 Q, 5 1:(

V39ZA6 14 - IN . 11) &1X

W477AI 2 4" 4 I 4' 52 0, 42 5 1000I
V47ZAI 41 R 111 '411141

V56ZA2 44 -41) Iqv 4) I6 to2 t) 107 941,1

V56ZAS Ili so 1111 101 11) 4I1(W(

fVII8ZA2 411 -0 0j )I hil o$ '5 r1 5 _

L!.SZA)O 4 I INI~ 111 1'%4)

V82ZAZ 4; N, 40 to' 4 1 1 41 11 1,: 5 6
[V82ZA12~' 1411101 __- 147 .10 (X

V10OZA3 91 4) -- )1 ) 14141 1 111(1 1 W) 5 5(X)
V1001*5 I AI I I~) ___ ' 10 20

V12OZAI 2 6 2Eb6 2 10 210 s0 200

V17OMA 14 22 445 I~41 1200

VISOZA, 1 20 I ls I1 i 1,. 0 1 1 S I, ~ 1 01 25 41 1) I'01
2i 54) W) *A I__

V151A -IN 4____t_ -f;W "' . u n lo

00T sc- d-u-pvIoe of tansiaws -ot to weed 0,25. 0 4110.6. 1.0 weatt o# saw 7.,10.14 and 20snm tespctmveioy.
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.-

N-EMP PROTECTOR SERIES
BULKHEAD MOUNTABLE ,

" '" WITH EMI/RFI GASKET

Dimensions (LxWxH)
Inches - 2.45 x 1 x 2.25
MM - 62.1 x 25.5 x 57
Weight (approx. before packaging)
Ounces 4.5 Grams 127.6

IS-NEMP available In UHF, N
or BNC connectors L.

PolyPhaser model IS-NEMP Series is designed to protect from High Altitude Nuclear Blast(s)
effects on communications equipment. The ultra-fast 1 nanosecond response time' can
prevent the induced antenna ringing energy from damaging sensitive solid state equipment.

PolyPhaser's IS-NEMP Series is the only protector which uses our Patented equipment
isolation technique to ensure proper operation no matter what your equipment input port
looks like electrically (L, R or C: series or shunt to ground). Thus, we can specify what the
maximum throughput energy to your equipment would be under the worst case conditions.
As with all EMP gas tube type protectors, maximum transmit power is 3 function of frequency.

- This is to ensure proper turn-off after a pulse, even under transmit power.

Made from highly conductive 6101-T5 aluminum extrusion with 18-8 fasteners, these water
tight models use Type N. UHF or BNC Female Teflon connectors (standard) but Rexolite is
available on special request. Male connectors for both N, UHF or BNC available: indicate
either surge side or protected side or both. 18-8 Stainless mounting hardware and EMI.RFI
washer included

IS-NEMP IS-NEMP-1 IS-NEMP-2

Receive- 1-500 MHz 30-700 MHz. 125-1 GHz.
Transmit 1-100 MHz. @ 100W. 30-250 MHz. @ 30W. 125-250 MHz. @ 50W.
(CW-single 100-250 MHz @50W. 250-300 MHz. @25W. 250-500 MHz. @ 25W.
channel) 250-500 MHz @25W 500-1 GHz. @ 10W
EMP
Throughput 13.3 M Joules 600 u Joules 270 u.Joules
energy max

* Time measured after wavefront reaches DC threshold and until 30 VDC is achieved.
Frequency rpsponse for 1.1 to 1 VSWR or less and less than 0.1dB loss.
For Receive Only DC-3OMHz.. see our IS-50BB Protector on Page 17.

re. V ~PolyPhaser \ :
To Kep YOU Communkiatling... We Changed 81112 To Bliss

[KCorporation/i"
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POWERLINE PROTECTORS

TII hybrid Powerline Surge Protectors use the which can handle many times the peak current of an
synergistic action of Metal Oxide Varistors (MOVs) MOV or an avalanche diode.
and the TII Maximum Duty ga, tube arrester to This sharing of surge current again limits the
guard 3gainst dangerous and destructive powerline peak voltage seen by the protected equipment. As a
surges caused by switching. lightning and other final state of protection, many TII protectors also
transient sources. include a thermal circuit breaker that operates in the

A major producer of overvoltage and surge event of a sustained voltage surge that would
protection products for the telecommunications exceed the handling capabilities of both the gas tube
industry for 15 years. T11 Industries has designed a and the MOV. Operation of the circuit breaker
combination of components that provides superior ;emoves both the protection devices and the pro-
protection characterstics on ac powerlines. tected equipment trom the line and then automati-

These components are a hybrid of very fast cally restores to normal.
acting solid state devices and very high power dissi- As both industrial and consumer electronic -
pation gas tube devices. Together these compo- equipment becomes more sophisticated. it has
nents act in a way that is superior in performance to become more obvious that additional protection
that which any arrangement of either component techniques beyond those used in the past will be
used alone can provide. required In some instances Droducts that only limit

TII products with this combination of compo- peak voltages will not be sufficient and additional
nents can De used on both 120 and 220 240 volt circuitry will be necessary.
service w:th up to 15 20 and 30 amp loads They This can be scen today in the need for filters
protect sensitive electronic 9quipment such as as part of the overall protection scheme of a power-
PABX. key telephone systems and data systems. line protector The TII line of Powerline Surge
Metal Oxde Varistors (MOVs) respond to fast rise Protectors includes units both with and without
time lower energy content puises and limit the peak filters and units with and without line cords for a full
voltages seen by the protected equipment. On line of producZs to meet both end user and OEM
higher energy surges. the major portion of the surge, applications.

* current will oe diverted from the MOV to the gas tube

TIl 428 Plug-In Powerline Protector
UL Listed

a( MOVsl The equipment to be protected plugs into the duplex
/ receptacle on the unit The existing cow,, plate screw can be

used to hold the unit in place by its rmounting bracket When used
in a doub4e-dupiex branch receptacle, a Tii 71200101 mounting
adapter is recommended A iong-iife Pilo iamp iights when nor.
mal line voltage is present The sturdy gray reta enciosure is

ff1, D" J Supplied with a rubber burmper fOr proper positioning on the waii
surface with a branch receptacle

it, z The Ti1 428 is recommended for' aplicl ations where IprOtlec

l tion from the highest energy conten; surges on a 15 amp circuit is
required

MODEL DO.SCFNTION
TU 428 Plug-tn Powerine Protector 120 vac. 15 amp-

TII 71200101 Mounting Adapter
Weight 0 1 oz

D,-eo4s '.- x 2. ,2', Standard Package. 10 Adapters
We 9h 10 0z ..-

S-, ard Pa.kage 24 peces Desined to assist in providirig a more secure rmroutrinig when
S,' 1oegmt 15 ibs installi g Tii 428 Pow-frine Protector into a dnoub4e dupiex branch - -

recetale The riouni iin adartef replaces the screw t'at
i rsecures !he cover plate to the duoiex receplacie and prevents the

"" o ,s ! h re-eo,3cl r recessing into the wall boA once he 428 Is
' ,; c atc, ,ia, '2Z Vac. 5 ar ,'-, ,or ~ ciudeo instal;ed Cr removed from the wall oiate

:3': re-e-_,acie Th -, o'y esa ry,id .'e,!Qr
C95 z- 't o .. : a Ti1 Va.'-,,r, D..t -'-e-eecp dro'p oas ue MODEL ESUc"T'ON %
a3-ee- a: ,-,ee vcage a-o~r Mleta, Ov'oe Var,so-,s Ti! 7120Ii' l MOuin, Aoapie'
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51EMENSot-

(SlOWTm Metal Oxide, Varistors,:
for Surge Voltage ProtectionK
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Specifications

PAW ~ vwmslo PAW POO Rat"d snq. RaSWdfrwnsfl Ma- n,,.'

9.-. AC 00 I'. V, uu. mw4 e-. dG~OflVIIQ cawttantc -

ab- a (RISI Vols Vo psMips .o Wats VolS Pmvtwads

S05.' 1 10 03 01 47.. 5A 1600
SO-K 11 250 07 025 395A 3500
SIOR', 11 Is 18 Sm 18 04 40. ,OA 7500
S14K' 1 1000 34 06 36- 10A 18000
S2C ( 1 2000 11 10 36, 20A 27000

S7.tJ 100 03 01 56- 5A 1300
S'-0,14 250 08 0.25 47,, 5A 2800
S-,114 14 18" 22 500 2 1 04 4P -1OA 60001
S"1K14 1000 40 06 42, 10A 100oo
S209,'4 2000 16 10 44 , 20A 30000

S059.7 100 04 0.1 72, -5A 1050
SO- 1 250 10 025 58- 5A 2000
S 0-" 7 17 22 27 500 26 04 58. ',A 4000
S14K,7 1000 50 0.6 52, 10A 10000

2000 17 10 54 ,20A 22000

100 05 01 865,, SA 90
SC-K20 250 1 2 025 70, 5A 1500
S'0K20 20 27 33 500 32 0.4 70,- IOA 3000
S'4K20 1000 60 06 65' IOA 7500
527.Cbo 200 22 10 67, 20A 17000

Sc0.25 100 06 01 102 5A 500
S0K25 250 I 5 0.25 85, 5A 1350
1 0K25 25 31 39 500 38 04 85., IOA 2600

S 4K25 1000 72 06 75 -0A 6500
S200(25 20o 26 10 80- .0A 1 5000

SCK30 1 CO 07 01 127 5A 450
SC"K30 PrJ0 1 7 025 100 lO 5A 1150
SloK30 30 38 47 500 44 0, 100 ,o- 220O
S14K30 1000 88 0.6 90 ,IOA 5500

$20K30 2000 34 1.0 95.- 20A 13000

S05K35 100 39, 0.1 143.5A 400
S07K35 250 21 0.25 12)

r
,,A 0

SlOK(35 35 45 56 500 56 0.4 120 '11Oh 1800
S,4K3!, 1000 10 0.6 o110 OA 4500
S20K35 2000 38 1.0 110-, 20A 11000

S05K40 100 11 0.1 175.,5A 350
S07 A0 250 25 0-25 148.-5A 700
S104K40 40 56 68 500 68 0.4 145',, 10A 1300
S14140 1000 13 0.6 135,, 10A 3300
S20K40 2000 46 1.0 140, 20A 7000

! S5 50 400 1 8 0.10 143- 5A m
S07K50 1200 67 0.25 132. 5A 50
SIOS 50 as 82 2500 15 0.40 130, 0A 1900
S14KSC 4500 27 0.0 125- 10A 2900
5204K50 6600 36 1.00 125,-20A 5500

SOS4K60 400 22 0.10 172,, 5A 2n0
SO'K60 1200 e 2 0.25 160,., 5A 50
SlOK60 s0 65 100 2500 20 0.40 160I 1A 140
S14K60 450 30 0.60 1551. 0 2400 .

,204K60 a00 45 1.00 155- 20A 4800
FI S0575 400 26 0.1) 210,,SA 170

S07K75 1200 10 025 P00.. 10A 450
S10K"75 75 102 120 2500 24 0.40 215' 50A 110"
$14K75 4500 38 0.60 20(M,, 50A Iw00
S204 (5 6600 55 1.00 200- 'IWA 3800

K40K75 16000 130 1.4 220- 1000A 15000
SOSK95-" 32 0.10 "60., 140
S07K95 1200 12 0.25 250"IO A 350
SIOK95 96 127 150 500 2F 0.10 27(k,, 50A 900
S14K9- 4600 45 0.60 2'',, 50A 150
20K95 M600 65 1.00 250. I00A 3000

SOrK 130 42 0.10 355,,, SA 60 -

S07K130 1200 15 025 340,, IOA MCIo
S1OK 1130 m 175 205 2500 32 0.40 365,, 50A 500
S14K30 4600 55 0.0 340.. 5OA 1000
S20K 130 6600 80 1.0 34.,,, 100A 2O00
832K 130 Is00 200 1.20 350i,,300A "0
840K 130 300 420 1.4 360 1000A 6000
Sos 400 44 0.10 375- 5A 70
S074K(40 1200 I5 025 360, 1A 250
sl 140 140 185 220 2500 36 0.40 385. SOA 450
S14K 140 460 60 0.60 370. 50A 1000

1 204( '40 6600 9D I W 360. 1 OA 2000
S20K 14 will witlhstand 24 VDC for 15 minutes
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ction of SVP's -. utton Type SVP's

Sto lower cost, 2-electrodle SVP's Port Number D.C. Impulse Breakdown D.C. Max. Single 0

)referrec in most applications. Breakdown Voltage Holdover Impulse
:trode SVPs are used in cafses ____________ Voltage (Volts) Voltage Discharge
'ing symmetric lines with metallic w/losa W.O.Ileads' (Volts) I OOV1;uS IOKV/ius (Volts) (K Amp)
jes being a particular, critizal fac-
ecause all 3 electrodes of such a B1-C75 75 = 20%/ < 700 < 1000 > 60 5
are inse'ted in a common gas 61-C90/20 A1-C90/20 90±t20% < 700 < 1000 > 60 .5

arge chamber, conduction be- B1-F90 90.- 130 < 700 < 1000 > 60 5.--
1all 3 electrodes is assured in B1-C145 A1-C645 145±=20% < 750 < 1100 > 100 5

of a voltage transient in excess of B 1-A230 A1-A230 230:t 15% < 750 < 1200 > 130 5
r8ko otg o h ue 1-A350 A1-A350 350 ±15% < 750 < 1200 > 150 5

132-11600 630 =15% < 1200 < 2500 > 180
Ireakdown Voltage B2-1-10 11000O±20% < 1800 < 3000

132-1-125 2.5KV ± 20% < 4000 < 6000 2
pplicatic-s: 8 2-1-45 4.5KV = 20% < 500 < 8000 1
d 20 percent safety factor to max- B2-H8OX 6.4 KV - 8.8KV < 10000 < 12500
um DC supply voltage. B2-H100X SKV m.n. < 12000 < 14000 1____

lect an SVP which has a lower tol- Special Button Typos for A.C. Applications _____ _________ ____

Iagce greate tha thD au ee- 6-14 1C4 4 C 7breakd110
lia r-ate thf the brlekdown 1C45 .A-15 14 0% < 170 < 10

ned in'1 92-B270 270 = 15% < 1000 < 20005

eck that extinguishing criteria are B2-8470 A2-8470 470 = 15%/ < 1200 < 2500 5
8t 2-13800 A2-B800 800 ±151% < 1500 < 30005

pplicatio, s: .Common to all types: Transition Time: 0.1 us typ. 8ins:5 z 10.CO0 megohm
iltiply AC RMS voltageby 1.4 toCpaine:1pt.
tamn peak voltage.
Id 20 percent safety factor to peak Po eTyeS s
Itage. Po e Tye-V '

lect an SVP which has a lower tol- Impulse Breakdown Ma.Sgl Imus- .

ance lir-t of DC breakdown Part Number D.C. BreakdownlVlaeMx Snl mus
Itage greater than the value deter- Voltsg V Slag Impulse Life--
ned in 2 , (Volts') I- Discharge (# of pulses)
ieck that extinguishing criteria are -L-____ I______ l~/s 1K~S (A

e.L2-A230 230±15% < 1100 < 2000 20 > 1000
L2-A350 350±15% < 1300 < 2000 20 > 1000

inguishing Criteria L2-A600 600 ±15% < 1400 < 2500 20 > 1000
58-090 90±25% < 750 < 1200 20 > 150D

ie normal AC or DC operating S8-C150 150 ±20%. < 750 < 1200 20 > 1500
ages of a circuit may keep the SVP V1II K 0 <10 002
3 conduiCting mode after the V12-H1OX 1KV±25% <C 180 <7000 20
iage of a transient, which can 1-HX 3K Z < JG < 002
It in its destruction unless precau-
s are taken.
)r AC applications, the AC follow
ant rating must not be exceeded
also Definitions, para. 9). In cases Conmunication Type SVP's

re the follow current would be
tededl, a varistor should be placed 2-elecirode Types DC Break- Impulse aritakdow. DCI-Holdover Max. Single

ieries with ther SVP to limit the, down Voltage IVoltage (Volts) Voltage Impulse Disch.
wilood wo lads00V4M sec IO KV/p sec ____

,:r DC applications, if the normal ~ wolas 40 <5 C~2

rating voltage across the iube is 71-A350 Al-A350 350 r15 % < 750 I< 1200 > 150 5

rent into the SVP while in arc A4-A350 350 =20'!, < 800 I< 1200 2.5
le (10-20 volts across the SV P) does _ __jS.A350 300__420 <___ 750 __120 > 200 2
exceed the values listed below. a 3-alectrode Types

,~fd. capacitor placed in parallelf
1l the tube will cause it to extinguish: :led l eds _____

ypes: 1A TB1-C3 0 6C350 30*50O(L-G) < 750 <1200 > 150 2x 12
Si types- ,5A I300-850L-L) < 1200 <1800 > 300 NIA
others. 0.2AT1C i1 1

I-C 300-50CYL-G) < 750 < 1200 > 150 2x 20
the DC current is greater than 300-900L-L) < 12110 < 1800 > 300 NIA

3e values the current must be
'nentarily nterrupted.
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Characteristics of the Different
Impulse A C A.C SYP Dimensi.on Holder Holder Tpso V'

* j Late D.,chrge Follow Outline "ATpe Outline Btoi. SVPsare compactmedium
Curtael ~pret Current Drawing finches) Dwq duty 2-electrode tubes which provide

lootuft" t~nptimso ~mpsph)(Fig.) Fg adequate protection for most circuit
-' zo 2020 272012applications. They are readily mounted

> 20 20 0 A 72 t012on PC boards. By means of a patented
> 200 20 20 4 272 =012 AI-Al I1I process, high breakdown speed is a

200 20 20 4 272 :t012 key feature. Buttons are the most
-200 20 35 4 276 = 012 Al-Al 11 economical type of SV7.
200 20 25 A 238 =008 Al-All 11
200 20 25 A 236:= 012 Al-Al 11 spe v.. Butter t~pe fc C

20 25 4 256:= 012 tc'ns- undergo AC burn-in in order to
200 20 25 4 28: = 0 guarantee good extinguishing charac-

10 4 433 02teristics at high follow currents. This
10 4 43: 02feature makes them especially suit-

0A433 t 02 able for CATV amplifiers and other ap-
4 .433 ±,02 plications where AC voltage is present.

455 Ma- cov-e- t , ces are maximum duty 2-elec-
_______ _______ _____________ ________ ______trode types for applications where severe

5 27 ± .0 12 Al Al 11 current surges may be expected. such
276±020as from lightning and back EMF from

'(c 203 2 102 A-l 1 large motors.
20 20 35 4 295 =01 At 1 The L2-types, besides having high in-

20 20 35 4 315±=012 Al-Al 11 pulse current ratings. also have high
AC follow current carrying capability.
making them especially suitable for
connection across AC power lines. If
the AC follow current' may possiby be
exceed (due to low AC source im-
pedlance), the type Z1-V2 varistor
should be connectpd in series with the

A.C. CFlo aaiac V or ae odr Hle SVP, as shown in fig. 13 on page 7 The
Dischaerge ACFolwCpctne S Codnts Hle Hler varistor has low impedance at voltages

Cre11 Current (pF) Outline with Varistor Type Outline above the breakdown voltage ot the
* ms? IA. pk) Drawwng Type Dws. SVP. but higher impedance at lower

A __________(F4g) voltages, such that the follow current
is limiteid. thereby allowing the S'/P to

2M~ 100 < 68 3 Z1-V2 A2-1_I 10 extinguish.
200 100 < 45 3 Z14V2 A2-1.1 10 ComnctntyeS shaebn
200 100 < 45 3 Z1-V2 A2-LI 10 Cmuiaintp V' aebe

200 s0 < 3 8developed and refined through ex-
200 s < 3perience gained from actual use in

<0 80 12 3211 80 telecommunications equipment. Most
80 < 5 1 A2-1 10 types are designed to meet or exceed

s0 < 1.2 12 A2-1_1 10 the parameters specified in REA
Specification PE-80.

Coriamori to all types iled abov~e: Rins: z1.000 megohm Arneo urn aig rm5At
Tranitio tim 1)1Ms. yp.20KA is available. Selection criteria

depend on the level of protection re-
quired, and are often established by
the end customer for the equipment.

AC Impulse Insulation Capacitance Trani ) Delay OutfineOwgi. Holer Hole
Oster~ Lite 1114mstance onF Tm(tpTIm (Fig) Type Outfln

Cf*"If of pulsol] (:Ohm) (imsec) M psec: Dw".
* (Aus) ____ _____ ____ _____(Fig.)

20 > 20 0000 < I < 0-1 N/A 4 Al-Al 11
10 < 0I <1 <01 NIA 5 Al-Al 11
10 z ?10,000 < 1 < 0.1 NIA 5 Al-Al 11

200 > 1500 z10.000 < 3 < 0.1 NIA 7

2x90 I> S00 xLO.00 2.2 <0.1 < 2 T60: 2T61:I
MIA NWA -10.000 1.2 N/A N/A

2x2C0I 1000 z l0.11M 3 <0.1l < 3 6 Ti-Al 9
NiA N/A L, 10M0 2 NIA NIA

A = %ot Ap~,icabie
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Transt-Trap Surge Protectors are gas surge arresters
designed to protect sensitive electronic equipment
from damage due to excess voltages or currents
generated by transient phenomena (lightning or
static build-up).

. ,The elements in the Arc-Plug Cartridge consist ofN ~fi two metal electrodes hermetically sealed in a
rugged gas filled, ceramic cylinder. They perform as
voltage-dependent switches which can reliably and
repeatedly carry large currents for brief periods of time.
In operation, a s-jfficient voltage across the element
causes an arc to form between the electrodes, changing
its impedance from greater than 10,000 megohms to awith the fiel-replaceabe few millohms in less than 100 nanoseconds tme.

*While conducting in the arc mode, the voltaqe across the
ArcPlUgTM Cartndge surge arrester is less than 30 volts.

The life of the Arc-Plug Cartridge is a function of the
"riou surge current amplitude aad duration to which the device

- A.T A ,is subjected. Transients are by their very nature
unpredictable in magnitude and energy level.
Life may be many hundreds of operations, depending
on surge current wave shape.

After a sufficient number of lightning pulses have been
discharged through the Arc-Plug Cartridge, there
is a gradual lowering of breakdown voltage and insulation
resistance. Therefore, Arc-Plug Cartridge replacement is
indicated by an increase in VSWR during transmitter
tune-up, or by a "dead" receiver caused by an extremely
strong near-miss lightning discharge shorting the
Arc-Plug Cartridge. In this case, the short continues to
protect the equipment until cleared.

. ... YYYYVYYYYYY,? IMPORTANT-Read before installing! V YFVVVVVVVTV, V.V

• install at rear: INSTALLATION INFORMATION
Alpha Delta Transi-Trap Surge Protectors are desinned best for overall protection. For the system to work, it is
for installation at the rear of the equipment. absolutely necessary to attach a direct earth ground wireNote: Any model must be placed at a point in the coax to the nut and washers on the Arc-Plug Cartridge. (Aline where the VSWR does not exceed a 1 to prevent cold water pipe cbnne-tion is suitable if its ground path is

high R.F. voltages from triggering the units. If surge
outdoor use is planned, it is necessary to coat function without this onnection as there Is no other
thoroughly all surfaces (after attaching coax and return path for the arc energy.
ground wire) with a good sealer/protector. For aaximum protection, ground the antenna coax shield

2. Ground system: to an earth g-ound at the point of entry to the building.
This is important since a closer near-miss can cause aThe unique isolated ground system of Transi-Trap Surge high induced voltage on the shield. Also, attach an earth

Protectors permits direct earth connection while preventing ground to the chassLi of the station equipmnt. Both of
arc energy from being coupled to the equipment chassis these suggestions follow good engineering practice,
through the coax shields. Lab tests show this method to be regardless of the type of protec or in use.

Test results: OPERATIONAL AND TEST INFORMATION
The level of protection provided by Transi-Trap When the Transi-Trap Protector is inserted between
Protectors is remarkable, and our lab tests show out- the generator and the PIN diode, In a typical S0 ohm

S standing state-of-the-art performance. By using a coax.ial configuration, the diodes survive repeated
special wave front generator, simulating fast rise time pulses w-thout failure. Other receiver-type components
lightning-type pulses of up to 10 kilovolts, we have show the same remarkable results.
observed the performance of Transi-Trap Protectors
with semiconductors commonly used in solid state Nearby or distant lightning surge%:
receivers and transceivers. Our own experience in the Since many equipment failures occur as a result of
communications industry has shown that s,-,me of the lightring-induced surges from d!stant storm fronts and

* devices most sensitive to lightning-induced surges are near-misses, the operator will find a new dimension of
* certain PIN dxodes, including the higher voltage types protection with the use of Alpha Delta Transi-Trap
-7 rently used In the industry. These devices are known Surge Protectors.

.- . -e even more sensitive than many MOSFETs arnd bipolar"- "sersen tyoie seive thn aLightning-induced surges (transients) have unpredictsble
energy content, time duration, and ramp spafd (wave

,onne.ting this type of PIN diode directly to the front) characteristics. For that reason, th' e protectors
output of the wave front generator, with no protection, are not guaranteed to protect against direct strokes.
the induced pulse will "blow' the diode into a dead short. Also, certain semiconductors are beycnd the protection
It should be noted that many PIN diodes fail in equipment of these devices For example, some exctic MGS IC
when much lower-level surges cause them to become memory devices are so sensitive that the discharge
merely "leaky'. caused by the simple touch of a finger will destroy them.



Since it makes an Internal.
solderless, pressare-fit kIp fA I S

Arc-Plug' Cartridge, connection, a replacement INSTALLATION, INFRv MAION,
Attach ground wire Arc-Plug Cartridge is
here. (Do not loosen installed by screwing it MODELS AVAILABLE: (with UHF connector&)
bottom nut.) into the same threaded

hole. Do not cross- Transi-Trap, Models R-T I LT
thread or over-tighten. LwLvlPoetr-fruewt oi tt

emiove cartridge, Tighten only until you LwLvlPoetr-fruewt oi tt
-....crew plastic body Ofeil" the connection, receivers. transcel era or transmitters running
comp letely until entire up to 200 watts output at 50 ohms.

assebly s fee fromModel LT to 148 MHz. Model A-T to 500 MHz

Transi-Trap Models NV 6 NT
High Voltage Protector - for use with amplifiers
running up to 2kW output at 50 ohms.

*Model HT to 148 MHz, Model NV to 500 MNz
The Models R-T and HV Protector series are
special low loss (typ. 0. 1 dB at 500 MHz.)
models for use through VHF IUHF.

Replacement Arc-Plug Cartridges
For Models R-T & LT and for Models NV H T.

R-T WV ote: Models R-T and NV are also available
with ON" type connectors. These are Models

* Either connector can be R-T/N and NV/N.
usedforinpt oroutut.Models available with BNC connectors on

special order.

fire at the lowest Attach~ ground
lightning pulse wire here. (Do

* level,providin7 not loosen the
maximumnuthti

- 'tection. For touching the
6 Stvers andboy)

* ~ sceivers.
chart.)

Typical Voltage Breakdown Charactew1stka pca hokasre
A~rcP~u Catrige lemntsfor excellent mechanical shock and

Ramnp Speeds from 100 V/s to 30 Wyls vibration protection.
bIS VI., WeI

.... .. .. . .Warranty
_.. .... eltier warrants that achI unit sold to manufactured ini

..... . ...... accordance with 6ellers specifiationis. drawings.
...... sampleis or data in effect oni the date of receipt of the

order, a" they apply to those parts Called for oin the
... ....... order. and that each unit is free from, def acts in

I . .. ....... ... . aterial and worktmanship.

c ........ .. SeUsres liability under this warnyIs limited to the

* I kV ... .7 ... .. eetieiatmirts) or wormnship undor normal use

purchaed through this source) within one year from
. .... . ........... ........ datw of so1pmnrt. and will in no case be reeponsible for

... ... ........... special or oonsaquentiall damages tincludlot' but hot by
Me"e way o;f ailtat~on. cost or removal of urits from or

I by . . ...... . ... . reinstallation in equipmenit.

This warranty is in lieu of all other -tarrantiee
expressed or implied.

I" If. 1#4 ISO IW
Tlaw 1. Soide

Specifications. availailitty and prices at* subject to change wifthout not"c.

O;UTIONd: Each Are-Plug Cartridge has been selected and screened q'T-t ',
fcorte"t pulse breakdown and rf cris acteristics for each model,.7
Rlace only with proper Arc Pltig from kiphe~ Delta Contrunlranons.2

Alpha Delta Trarisi-Trap Protection Systetos are designed to. reduce
the hazards of liqhrtirtg-induced surges flies- devices. however. P 0 Box 571 1Telophone (I"
mill not r~evert fire or damtage caused by a direct stroke to an I____antenna or oTtier itructure. Centerville Ohio 415459 513145-4T?



OEM AC POWER LINE PROTECTORS
Patent Pending

__General Semiconductor Industries, Inc. has devel- world. TransZorb transient suppressors can be found
6We a family of 120 VAC power line protectors speci- in equipment manufactured for aerospace, telecomn-
fically for the OEM use;. These employ solid state municatioris. computer, instrumentation, and military
TransZor6,e technology, which has proven to be the applications. Now this same technology is available
most effective for protecting electronic equipment for OEM 120 VAC power line protection to IEEE 587
against over-voltage transients. Throughout the standards.

PROTECTION FEATURES

* Solid State TransZorb *Technology *Survives Multiple IEEE 587 Transients

e Meets IEEE Std. 587-1980 Categories A and B 9 Low Clamping Voltaye

e Sub-nanosecond Response Time e Protects 400 V Rated Solid Stite Components

'9 No Voltage Overshoot a Differential and Common Mode Protection

* Meets IEC 664 Clearance and Creepage Standards 9 Short Circuit Failure Mode

SPECIFICATIONS @ 2 5"C
Operating Line Voltage. 130 VAC Max.
Maximum Line Current 5878051,'5A RESPONSE 10 TRANSIENT VOLT#. S

5878151, ISA
5878201. 20A Ciampjin~g Test Conditions

* MAXIMUM RATINGS OPEN SHORT
'Transient Voltage 6000V pook MAXIMUM CIRCUIT CIRCUIT(*Transient Current. 300A p~ PROTECTiON CLAMPING VOLTAGE C'JRRENT

Storage and Operating Case MODE VOLTAGE 1 2 x 5Ous 8 x 2Ous
Temperature (Measured at IF-ETA 25V00 0A

center of mounting surface) Or to 85* C (LinFe teutIAL 395V 6000111 3000A

Current Leakage at 120 VAC
Line to Neutral l.0mA COMMON 500V 1000V 500A

Neutral to Ground: O.5mA (Neutral to Ground).) 650V 6000V 3000A

*Pt~w g W ow mtAw as 0e itk~k S T0 547- low CA9 a~scr8~~a

6FIGURE 3a FIGURE 3b 500

4 - No Protection TrarisZorb *

A Protected4

2 1 00
0 .~ TransZorbo 0

Protected 7

0 io 20 30 40 50 60 700102 QWWM

Ttme--asTwn-us

The above phototgraphs show the typical clamp- trasts the transient effects on eattirment with and
ing action of a 15 amp module. A 12 ohm resistor, without the protector. Figure 3h expan'ls thie

S used to represent the equipment loace for a 10A vertical scale to better exhibit the protector's low
current, is subjected !o IEEE STD. 587--Category clamping votage.
B test conditions (6000V, 3000A) Figure 3a con-

i4~m a a wgered irado ark CO OWW.M SWy,.0M~UCWo. W,5flS iC

*Genre-Al Smi(Yon(uctor lixhistrie%, Inlc. 'Ouik fl-n

4L. 2001 WEST TENTH PLACE *TEMPE. ARtIZONA 85281 9 (502) 968-3101 *TWX 910-950-1942.



5878 PROTECTOR

NEUTRAL NETRA L G WER
'['L SUPPLY

ELECTRONIC

CIRCUITS I

ELECTRONIC SYSTEM
FIGURE 4-Typ~ca kInstaion

This family of quality AC power line protectors High energy transients will cause a large circu-
offers a high degree of protection against 120VAC lating current in the AC input line. (2500A is
line noise and transients. It is ideal for protecting possible') To prevent electromagnetic coupling.
400V rated solid state components because the AC line on the input side of the protector must
TransZorb technology assures that line-to-neutral be dressed away from other wiring, and magnetic
voltages will not exceed 350 volts, shielding may be required. Also, the electrical

For maximum effectiveness, the protector wall outlet must be connected to a low impedence
should be installed directly after (he AC line on/off earth ground.
switch and fuse. This will protect the electronics While the modules are designed for transient
from the AC line switch arcing and the severe voltage protection, the advanced circuitry (patent
transient caused by a fuse clearing, pending) will also attenuate the amplitude

Some heat is produced when operating at full and slow the rate of rise of high frequency line
- rated current load, and heat sinking may be re- noise. If required, improved damping can be

0 qured to maintain case temperature below 85 0C. achieved by adding an external R-C network
Case temperature is measured at the center of between the line-out and neutral terminals. A
the mounting suriace. The unit should not be 62 ohm resistor in series with a 0LS/F, '400 volt
mounted to a low combustion temperature mate- capacitor is suggested.
rial such as wood.

777 ,1 'm

CASE OUTLINE

01511w.
inludes wiring Hardware
2 nuts and 2 washers per .

terminal.

2 Mounting Holes
". Clearance For 08 St-,ew _.

.... A -....-- - 0 169" Noom Dia. c

.. PART MAX LINE _ CASE (INCHES) CASE (CENTIMETERS) WEIGHT TERMINAL

NUMBER CURRENT A B C D A B C 0 GRAMS THREADS

.. : 5878051 5 Amps 20 20 25 30 508 508 635 762 250 48-32
5878151 15 A:nps 30 20 35 40 762 508 889 1016 50

"  
48-32 "

58201 20 Amps 30 30 35 40 762 762 889 1016 750 OG-32 -

~ * ~ d~.....i ~ , ~ l~ ~ i to ,, m m IS v ffflfl 1OW (W 4111001vc 31i~~ii diarWe ftc U SMAI# W ij 11*0 t W inUS.A



E*enerala Industries, Inc. souus 1cuusitiur

FEATURES APPLICATION CA 11

is IS -1 oak Pw a premiumn teries of trans-rit voltage7
suppressors specifically designbd enit

* AvM~Gk~rngeamm5Owdtested to protect Bipolar. MOS anit
Schortkly itmproved integrated circuits

0 "Pftfrom electrical disturbances. Tran-
*Tr5anot6orpr@We~U forCMOS, slents and noose putses are generated
RnL andl LLimer Functious). tromagnetic coupling, capacitive or in-

*Low clawmping factor dutvla switching. voltag revelr-

* : ach devicelOO0"teteod' U. and eletrstti dischlrge.

MIAXIMUM RATINGS ______________

op ISM Wat of Peak Pulae Power dos- Th TransLorb is desired over a CASE OUTLINE
sipston at 25'C (see deoirog curve) Crowbar circuit. a-LC or FIC newr

9 t1..w (0 volts to 8V min) unipolar. ano a cateri or clamping diodos, be-
Lesatfhan I x 10" second. &direction-CI Lssthn ao scoi cause of to wer components. speed Of-sf,~shnl cvresponse high power or energy ab- -* Operating and Storage temperatures sorption and tow Clamping factor
-65* to -175'C providing protection for the most

0 Forward surge rating half Cycle popular IC voltage levels.thoese de-
200amps. 1. 120 second at 251C vices are available for either unidirec-

* taySaepwrd5i.l~tional or bidiroctional applications.
&t T, = 75*C, Lead Length =I- These devices ae designed to disso-

a Reetiionrat icuty ycl) 0% ptat1500 wats of peak puts* power
O Reetiion atedut cycel 5% for I millisecond

MECHANICAL CHARACTERISTICS

OMolded Case
Oweight 1 5 grams (approxim'ate)

o Positive terminal marked with tand
(except Bidirectional types)

so Body niarkied with Logo . and
type numrnt

ELECTRICAL CHARACTERISTICS

Cl.-rmpoig Factor 1 33 at lull rated power
1 20 at 50% rated power

VO." o B 11=c* Voa, J,
~i~itI 1~ Pue l~ww~iP~dmVo lcunt 2-40saaot Pomw"'

7 -T-717

1-40 Peftafit Ovea Sheet Availlabli

1-35



gaas .A WAS v114 A f~w S

secsoFI ." ifS W1V oA

.CtI 50 300 60 7 1 5 1SO
ICTIE-4 so. 25 9.1 113 15 100
ICTtIO 100 2 !l7 137 4 g
ICrTE-12 120 2 14 i 161 165 70
bCTU15 15.0 2 176 201 206 sou

ICTE-18 180 2 21 2 242 25 2 so I
ICTI-22 220 2 259 298 320 40
ICTE -36 360 2 424A 506 54 3 23 J. . .

L CTI-45 450 2 529 633 700 19

v. at lat &-m pea 1 3 - A x . 3 5 vtz .aa-

IdE-SC s0 5 0 94 11.4 116 100
ICTE-1OC 100 *2 11 7 14 1 145 90
ICTE-12C 120 2 14 1 167 1'1 70TO ~
ICTE-1SC ISO 2 1'6 201 214 so ,*r~~. v

ICTE-IUC IS0 2 21 2 246 255 s0 . a .a-*.a~a

ICTE-22C 220 2 259 x a 320 40
ICT CTI-6C 360 2' 424 So06 543 23
ICTE-45C 4 50 2 529 63.3 700 19 ais .~a .'-

T,&,.SZolt ag. %M, a..4ae -. th.C4 ~ .4. .oitagc. ~W.. t.9W r~g.at*O Da.Ws_______________

5~tCt A* AP A89MVIAlTONS aSYMOOS

v,'"..o , $.a f t
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SemkmoductorII ~IndustriesInc. squa 1 COP"
FEATURtES APPLIATIO CASE I

0 ISmaPePuePower This Specification Shoot defineS a
41116a1"of ikeries of low-capacitance silicon Iran-

*AllOdabsinrabefrm Smil.1 170 wkent suppressors f or the protect-on of
volt ac; signal line This series employs a

* Lweetc apcaoec CWpoach standard TransZorb, in series with a
* Eacft dew"c 100% ftowd rectifier with the samer transint capa-

L bilties as the TransZorb The rectifier
IS also used to reduce the ef1fective

MAXIMUM RATINGS capacitance up thru I00MHz with a

*'500 viatlsol Peaki Powerdis- minimum amnount of signal loss or de-
slostiona 25iC (see drstng curvi" formation The low-capactanc*

.C 10-jottstoBVir Less TransZorb may be applied directly
I'anS0tO'secondtnecretical across the signal line to preven in- _________

COoefatmg and Sto;age tempers- duced transients from lightning. power -

turts 465,to-1tSc interruptions, or Static discharge CASE OUTLINE
0 Steady State aowerdlsfsiontlort ow __

at T, = 751C. Laad Length = 3.aO8-RPTO
0 Reett1onraItedjtycyicWe D5% 01CI1O

Desgned for commercial aoica- .-

MECHAICAL HARATERISJCS lions. this series offer% pricing advan- -
MECHAICALCHARCTERSTIC tages They i~avetie Same Characteis-

0 ) co Cs ticS as the s',andard TransZort). triat is. -

0 gi grams (aporoximate) high surge capability and extremely

L90 * :Sr banid to be on tri Catrhode fast reSporifa time If bipolar transient
e-'d of tie TfansZorb Capabi-lity li. reuirvid two low-capaci-

*Body Irnaled with Logo : and lance TrarisZortis must be used in
typ vucerparallel c pposite in polarity for comn-

_____________________ - plate ac protection For additional re-
duction it, capacitance. these units ran

ELECTRICAL CHARACTERISTICS 1 be used in conjunction with a bridge
network This will allow a lower cape-

C Ai~nn Facto- 1 40 at flil rated oower citanca with no change in PeCk pulse
300- at5%'tcowr Power capability of 1500 watts

aeftwcATiog is111 D. 'r. '4b Mti
-t 'M Wf,00~t 05~t, C SCHEMATIC

f*. ill AC Sg-" iL- eitWIil

isaw nwr DIxe ~vij Ie~ ii Yanv~oo 3

ROUME ~ ~ ~ ~ ~ ~ ~ ~ ~ n~~ I Ot ..%t .P~.t~ I~Ut-Ow""o cur,

K- --aw
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Semiconductor

FAT U APPL!CATIOK CASE 22

107.100 and. 15,000 wafts Peak Pulse PHP?'PIP series isdesignedfor appli.
Powso dksiapatllon cations reQuiringacosheln'A

0 Available In ranefr~m 84 to SOO pow-yr protection Those TransZorto*
ywats modules are use i:' applications

* Designed for Military (Pt4P sane.) * where extreme voltage transients can
entdorn mini (POP series) permanently dara8ge voltage se- .itive

* UL~ocignized( vA PIP120) systems or components The"e de-
0 Each device100% tested vices are most often used wheon dis-

- crete TransZorbs, do not have high
enough power reqluirements to sup-.

MAXIMUM RA-1NGS press large power surges
9 7 W00 and 15.000 watts Peak Pu;se__

power dissipation at the t msec pulseDECIIO
and 251C isee derating cu"'~) DESCRIPTION__________

iOperating and Storage tempefa- TransZorb modules can be used to ____________

lures -f5 to - 7t *C protect equipment from induced light.- ________
O Average Steady State power dissips- ning. power surges and transientit on-tion at SO*C 7 5 watts iaigfo inutv-stcngf
is....~ (0 volts to BV I Less than iaigfo nutv wthgvo

1 5 1O~secondspower interrupt. The modules hv
1 x 1 14 se ondsbeen successfully used for hoth Com -

mercial and military applications, in-
MECANCA C4AAC!RSTCS cluding telecommunications, aircraft,.

OMoldeNICAe CAATRSIS Shipboard, central office switching and
W oeht s PABX. CATV distribution, computers.

a egt46 grams lapprox-mate) distributed data processing, and pow-
O Bipolar for AC Applications er supplies
O Body marked with Logo *. and For military applications, the PHP

tyenumnber module Sub-alsembieS are packaged
in a hermeticaltysaled glass-to-metal
package Also available screentid in

tMOitary Applications PHOl SERIES I accordance with Mt L-S-i9500/507
Mivodules can hiave design consistency
with 'he' following MILITARY recluire-
ments asconitrolling specifications
" MIL-STO-1399 * MiL-E-16400
* MIL-STD-704 * MIll-S-'9500 507

P)GLUwI -#s fjj w ve Pub@ time* PIouli 2-orsk" cwwv .I

I-3
C77

4-39



PHIP3 300 45 0 t0 25 6 9 7

PHP9 60 20 350 100 10 250 167 110 15FGR p-A 4,41611111

PMP 120* 1200 170.0 200 10 250 319 47 150 ,CL.4

PHP 2O 2060 225.0 347 10 250 536 28 150 NZS

PHP 250 2500 13540 418 10 250 652 23 150 3
PI4P4AO "'D00 1623.0 735 10 250 1138 13.2 15

PH 50 500 7 8. 35 10 250 1292 116 5

IP: 6. 4 12,0 14 10 25 2 341 75
PIP 30 30.0 42.5 50 0 25 84 o 7

PIPO 60 W0 65.0 100 10 250 167 90 150

PIP 12W 1200 1700 200 10 260 319 47 150 me" I: A ?,&Z., 4 u-wm- C

PIP 20g 2080 2950O 347 10 250 536 28 150 (i-tsodb W 00 oi,
an. in* Dc Ws Dioo,, owai.O

PIP 250 2500 354,0 418 10 250 652 23 isml

PV 440 "400 6230 735 1 0 250 1138 13.2 150 $$@1 tCownOWSM0.a.Tlim 10

PIP 5W- 5000 7080 835 10 250 1292 116 15.0

see"l Voltag oala frome.,clovy. *c0,,,oesftd toW 101a11W avcal.Ore1

CASE OUTLINE

~ iAb~al1ATtONS &YOL
2 nS. 14"o-oflVol.0g.1 A--0 NW,

V1e0001 oVIiiif 100 0W'0.10Cf~v

COO1.O SmNO2I

dVIo" TOW 0 tI ..b10o S0d

. . t m,. ftQ lo
0

oy~l.0A

Tft os o0* C o" voi

loci"0 ton.. mor w~ V pA .. W.

I~~h 1,l~ 1111 of0 'OWS -f & l

I. Pom Pwo o 10. - " Pe .g.. 3

LuO1 Li..Pisoopo

MILITARY APPLICATIONS: PH4P serie sub-aaomblies are packaged on a her-
rroinaanys~ed 4as-toinw po~i". vatabt wthdesign Conststncy t

COMMERCIAL APPLICATIONS: PIP k'aafrewble r pakaged in a
molded epoxy casc
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General1-
~ *Sewiconductor4*industries,, Inc. Squats D oE.!v!

MAXIMUM RATINGS DESCRIPTION coNro CASE 19

* Steady State POWr I Watt At 50* C. symmetrical voltage characteristics
0t.. , (0 volts to BV mn)i Less of a non-biased resistor An additional
than 1 x 10-0 second (theoretical) feature ofttsmthodof manulicturad

9Operating and Storage tempera- low voltage protection, isthe reduction

lures. -65, to +150C of capacitarce for low voltage signal

* 'Surge. 30 Amps. 8.4 msec line protection.
100 Amps, 1 .0 mrsic

(capecitance, decay to 50oi -VlaeCmm. iirC)~iCC

MECHANICAL CI.ARACTIRIS1)CS

so Molded case to-GV
*Soldei'able leads GNVA

At Body marked with LOWo* and - 0
type number 1- a4.'t AE ULN

APPLICATION j. ti-6"

The GHV series devices are silicon

transiant voltage suppressors de- IGV. l -
signod'for protection against large a i
voltage transients on signal lines. They 5 .~of ot. el

g eaow coacttance. low noise devicas FIUR 2-Typ4Cc aCHitteO cURM [
wimch can be used directly across the ,

input of analog and digital circuitry
wilth minimum signal loss. 0 -

Their 9mall size and high surge cur- 60 .... -I

rent capability make them ideal sup- X tooK4W
pregsors for jelephorie and CATV re- I

petr.replacing typical veristor 3----.'
Wseis "strings" which consume much

needed space. The device has been 10-

proven effeactive in lightning environ- a-

_________________ U v SC14FMATIC

DESCRIPTION.-
The GHV saes Products combines

th'e technology of forward biased P-N 2 4 4 1 Oii~

junction vistor. st:cked to provide OW sgip - be~ y

PSI i*& MIA"A cunet"r CAPAVIANCI Cowf IF

MI~S MOIS F1______

GOZ 135 - 10 511 -4
0KV-3 20 11 10 319 -4

?71,6 to 259-

(IV5 3. 20 10 191 -10 i

OiiV4 4.0 74 10 1"5 -12

61V71 24 10 140 -14
aw-5 5.4 3.2 )a 130 -16
QKV-s 60 36 10 114 -it -. '

0KV-16 67 40 10 12 -20.
G4V- 1I 73 44 10 93 -- 22

GM-1 .0 44 10 86 -'2.
73KV-li '..7 5.2 10 79 -26
0K14I 94 56 10 741
S4V25 I V 60 10 67 -3t

ow- 6 10 6? 3
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4~ *Semiconductor
~j* industries, nic. t~gsu Io

____________CASE_____21_

MAXIMUM RATINGS DESCRIPTIONCO OCAE2

is Steady State Power. I Watt at s0. C diodes. They are packed in a plastic
* t~.w., (0volS toLW m)! ess encapsulated material exhibiting ox-

than 1 x0~ vlseco mn t LOSScl ceptional durability and reliability.

* Operating and Storage tempera- GSV devices are designed for con-

tures: 485* to +175'C trolled protection at various current

9 Surgs: 30 Amps. 8.4 msec at 251C. levels in addition to the peak pulse

70 Amps. 1.0 mseC at 25*C. current rating of 70 amps.

MECHANICAL CHARACTERISTICS pi GURIE I -.- ii T"i~i uW COftMlcw
___________________________of V~~~ .Vilsor cu"v"i

9 Molded Case ioO
* Bidirectininal _

0 Body marked with Logo*: and
type number/

APPLICATION I - -CASE OUTLINE

Thee vrisorsconsist of two 
1

matched silicon junctions co~nnected I
in parallel and opposite in polarity. -D too~
They are designed to replace copper.
oxide varistors in teehoeeuimn
and for numerous applications ranges- I Ti -

ing from fractional v-:;age regulators,
negative temperature coefficient resis- 1 I
tors, signal limiters and expanders and 5 6

meter protection. The GSV vanstors vy - v., as lyolt) 6

arepaced n aplastic encapsulated P~JE2~~ uw ~.i ote

material. Higher voltage devices are 3

also available from the fai~tory. They
are ideal for zeyser diode compensation -4
threshold limiters and wave shaping.

DESCREMATOC

plig a pair of paralll-conected VJl ol
maceVpo itely-poled40 s0lVolt

08IIl Vi 100 #ApS .35 50 volts

V. 100mAmps .4 .85 Volts

GS12 Vol 10D m Amps 664 7A Volts

G313 Vir 10 Amps 4582 Vot

~S21 VF 12OpAmps .48 108 Volts
Vi. lOmAmps 14 .10 volts
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SLEMON a.

111.1k LA

The Fruits Of Our Laborj
A bushel of surge protection jrodUCtS for every need.

All are UL pending and CSA listed ar~d contain solid state
circuit technology Two LED lights are your visual assurance ;~
that full protection is provided. The refo light indicztes
normal mode or line to line protection while the green light
indicates common mode or ground protection is being'
provided. When on, they indicate that the unit is
functioning properly.

The LEMONYM and EC-1t
AC Surge Protector

Forward surge rating at Duty cycle- 01 % at abcx'o.
25'C-- 1440 Amps for rating
I1/120 sec. Clamping responise t~ire

at 2 5'C-- 40W Operating temrperature-
*Clamping voltage-line to - 40*, to + 75*C

line (no'mal mode) * 1SAmp, 125 V/AC
ground (common moi~e) *6 outlets

4-43
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K PEACH-

B -RFfl3ERD

ACSRGE POETR

The PEACH'" and EC-V T

EMI-RF! F tered
AC Surge Protector

*Forward surge rating at - Dielectric Test-3000 VAC
25'C-1440 Amps for 60 sec:
1.120 sec - Operating temperature-

*Peak pulse power - 40'C to - 75'C
dissipation at 25'C- - 15 Amp. 125 VAC,
10.800W for one ms 1875 Watts

*Clamnpng voltage-lone to - Mode noise protection-
line (normal mode) normal and common
ground (common mode Noise reiection --frequency

*Duty cycle- 01 % at above 150KHZ-30MHZ
* rating . Attenu-tion---5db-37db

*Clamping response time continuous duty
5 nanoseconds - 3 outlets

* (5 x10 4se)

4-44



ARCHER ACCESSORIES FOR HOME OR WORKSHOP'
- V01tag Spike Protector Noise Filte/Voltage Spike Protecter

With StatUS Indicator Ught

79r 5 21~
akWfrExpenie Audio

S Surgesx~ In Electical syatun AC Outle A S
a Pimtwbt Ekectonic Con tonenfts d. folnens

Acts as safet valve by abot gdamaging 413ctronec equipment fro nos in 0.5 to 5 .ACfA.

~'- - with normal current flow. Easy to usa. no generated noise from enteiing lie. MOV -

h0ivofg #flSIy Jutl pith~u in.dtng %Milt rnge, adib pwrnsaurge t-
prpry 5an;:UL ead. Ckutfncnn.Three"r aed 10A a
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SECION 5

Test Photographs.
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Larceo Pulser - Used for 26,000 Voft Test

Large Pulser Trigger Circuitry and Variator In Test Configuration
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Small Pulser Used for 600 Volt and 4,500 Volt Test

Small Pulser, Pulse Trigger, Oscilloscope and Camera
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46-

-Small Puiser In Configuration to Take Reference Pulse for AC
Power Suppression Test

9A

Copper Sulfate Resistors - 50 Ohms
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Test Bench, DC Power Supply, Small Puiser

Small Puiser with AC Power Suppression Device In Teast Configuration

' r . • ww-v--rww.4-ri~r x•* A.' . V
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~777

Network Analyzer and Special Test Rig

- Special Test Rig with Varistors and Ferrite Beads

5-6
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Section 6

TEST PLAN

FOR
TRANSIENT THREAT TESTING OF

AMATEUIR RA~DIO EQUIPMENT

J !y '25, 1985

4..
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OVERVIEW

There exists a generally recognized need for' transiert
protection of all Communication equipment deemed essential to
carrying out the command and control function of the government
in any naetural or man-made disaster. While existing government
progr amis ha ve addressed the protection probl-em f or government
ovinred Equipment, only limited organized effort has been made to
prot~ect privately owned radio equipment which Could be pressed
into -iuch emergency service. This program has, initiated th2
definktion of survivability pr ocedures and ine-xpen sive tranrsient
proti-_ction pact:ages S~uitable for use by radio amateurs in
prot ec~t ing thei r equI ient agai nst f ast -r si nq pul ses, and tested
t he suitability of paclkage components. This phase of the test
p ro:g r am shoulI d demonstrate that the procedures and protection
parI:oges will , reduce the chance of equipment f ail1ure Under
transient threat. Six.teen standard radio station con~igurations
will bte tested, with and withoukt protection.. by ex:posure tb fast-
rliiTQ Pulses, and the results Of testing reported.

B4ACKGROUIND

Wit~h the increasing incorporation of minature solid state
de-,ices in commercial radio equipment used by the American radio
amateur. the -vulnerability of the equipment' to such fast-rising
transients as EMP has also increased. An earlier phase of this
test program was conducted to "qu.1lify" an ine?-pensive selection
of transient protective devices for use in protection packages by
r ad io amat eurs, with specific packages to be designed and tested
in this phase of the program.

Several EMF test and assessment programs conducted by the
governmenit ha e enabled reasonable bounds- to be assigned to
curren - and v.ol tages generated as a result of eNposure of
typical radio antennas and power lines to simulated or calculated
EMP. UsTe of the-se bounding values, appropriately scaled to the
threat field chosen for this progrm iLl nbe~usiuino
directl'v injected transients into the equipment ports instead of
requlrinq the entire station configuration to be placed within.
the SIMUlated threat f iel1d. The actUal v/olume of t he test f

siuAtiOn will thn be reduced t. ) a size convnetfrido

testI r -I.

In- this'phase of the program. survivability recommendations
and protection pac-kAges are being consi dered for six teen amateur
radio configurations, inclucding both tu~be-t'.,pe and sol id-state HF
station equi pment. hand-hel d transcei vers, and satellite
transceivers. Criteria for selectio:n of devices for the pc~e
inlcludVe price, gualification against a simulated EMF- through an
ear ; r P h -ts e cf this tcst program, and suitability f or the
r Tqui. r ed app I i c at i rjn. .1f the recommended procedures An d

* as~emh] E-1 prot ~ti or p -ic aqes can be proven ef fecti ve b--, te st -.ng
r s. t.,1;1ted E MFP fieI d then the be-nefits of their uice bv the

amter rdic. comrmunity/ can be easilv demontrated.
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CONCEPT

The planned concept for" this phase of the test program was
previously developed.

Si.-teen standard configurations will be subjected tL,
transient threat fields of 25 and 5() kilovolts per meter to
determine:

a) susceptibility of the equipment to the fields in, an
unwired and switched "off" mode.

b) susceptibility of the equipment to the fields with
interconnecting, wiring in place, but still switched "off ".

c) susceptibility of the equipment to the fields with
interconnecting wiring in place and equipment switched "on," but
no e>xternal peripheral devices attached.

d) susceptibility ot the equipment to the fields with
all wiring and peripherals in place and protected by transient
protection packages, equipment switched "on," and external
connection ports driven by injected signal appropriate to the
threat level, with equipment orientation varied within the field.

e) susceptibilitv of the equipment to the fields with
all wirinq and peripherals in place and not protected at, all,
equipment sWitched "on," and'exteroal connection ports driven by
injected signal appropriate to the threat level.

' -A standard objective test is described to determine that a
system remains functional during all aspects of testing.

L
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THREAT DEFINITION

Field Requirement:
Other than the case of a direct lightning stroke, EMP is

generally considered a more stringent threat to electrical

systems than lightning. Consequently, the verification test

fields must rise to full strength in fewer than 10 nanoseconds

and decay exponentially in about one microsecond. Theoretical

current peaks in excess of thousands of amperes have been

predicted as response to EMP. Similarly, voltages may reach

hundreds of kilovolts. Expected values for injection into the

systems under test will be scaled in proportion to the expected

field levels and practical limitations imposed by the typical

amatteur station. Testing will be conducted at the e.pected threat

level for each configuration.

The maximum electric field level expected from transients 
in

this program has heen established as fifty kilovolts per meter.

Using the free space relationship between electric and magnetic

fields would require a corresponding magnetic field of 133 amps

per meter. Either quantity, electric or magnetic field, may be

utilized to determine field acceptability.

Injection Limitations:
Normal coaxial cables available to amateur station operators

are limited in voltage handling capacity by their dielectric

breakdown levels in the insulation and by air gaps in connector-=.

DC strikeover in the range oF 4 to 6 kilovolts is conside-ed

normal performance for such cables, and will be verified for the

radio equipment under test. In the case of fast rising pulses,

the strikeover values will be higher, but it is considered highly

unlikely that voltages in excess of twice the DC strikeover could

be delivered through normal cables. Therefore, iniection pulses

for coax connectors on the equipment will be designed to exceed

twelve kilovolts (240 amperes into a 50 ohm load) at the antenna

end before any installed protection as a practical worst case.

In a similar manner, residential wiring practices and

circuit branch panels impuse a practical' limit on the response of

AC power wiring to a transient pulse. It has been predicted by

Boeing Aerospace Company that six ki lovolts is a

reasonable worst case for an EMP transient through military

branch circuits. Because a 50 ohm impedance to high frequency

cu'rent is considered reasonable in the AC power system, an

injection pulse of 120 amperes is considered suf fficient, to impose

a practical transient threat to *a home radio station power

sVstem. 

Each protection configuration will be subjected to more L

than one pulse at the maximum determined levels, in order to

ens:ure that protection is not circumvented by the first threat

t+ansient received. When it is apparent that damage to the radio

equipment has been caused by the transient. that equipment and

3ny similar equipment will be immediately withdrawn from testing

until suitable protective devices have been installed.

6-5
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Injection Pulse Sources
T he previously defined stress pulses for injection into

equipment configurations before protection may be obtained by
utilization of a suitabl-, pickup antenna within the test volume.
The injection pulIsesi will be verified to ensure their magnitude
and rise time are within criteria for EMP transient response and
the practical limitations previousLy cited. Actual home radio
station antennas are available 'in the test program for insertion
in the test volume. Output from these, if suf f i ci ent in ___

magnitude, may h,_ used as one or more of the injection pU!eE. 4

EQUIPMENT CONFIGURATION

Each radio system under test will be configured in a
real i sti c manner with a si mpl e antenna and p.nwer suppl IV
connec:tion. There is no assurance that a typical amateur radio
station will receivc any inherent electrmagnetic shielding from
the building structure, so these tests will be conducted with the
radio equipment exposed to the full field unless it is determined
that s. hielding is required as part of the protection package.
Ma': i mum electrical stress of the equipment will orcur when
differential voltages rise between components witnin each
circuit. Such differential voltages are ma. imized when the
equipment chassis is held at or near ground potential while the
transient is :imposed on the circuit. This effet will be ensured
by locating the equip-nent under test directly Lin the metal floor
(ground p1 ane) o+ the simulator , with a low impedance ground .

strap connecting each chassis to the ground plane. 9
Connection of AC power will be by means of ;:he standard

cords supplied by the radio manufacturer to a circuit
distribution box within the test volume. AC jower for the
radio equipment may be totally isolated from that supplying the
simulation apparatus to minimize undesireable effects on test
instrumentation. If the radio power is isolated,' both the
neutral (white) and the safety ground (green) wire must be
connected to the simulator ground plane at the circuit
di s;Ir i but ion bo,'. This grounding is done to ensure max I mum
pote-,1:i a] diffe-ence between the hot (black) lead and any other
point with in the circuit under tei=,t. Because of such grounding, * -

the power injection pulse will be imposed only on the hot wire,
but e. ery protect i ve power device validated under test m ut
contain a circuit providing equivalent protection between neutral
and ground to that provided between hot and ground.

Connection of DC power will be achieved by utilization of a
Si-: f not cord provided by the manufacturer connected to a f. I y i,
-charged automobile battery within the test volume. No additional

si gr -. w.ill be injected onto the DC power supply other than its
respons to the actual Si mul ator f i f i d. -

Handheld units with sel f-contained power supplies wil be
tested tvi the si muml ator isolated from any conductor
Sur-V vi riq units may also be tested in a chtrging mode, powired

r om the AC power source prev. o,,sly described. with iniection of
the £~._-'(er transi nt irto the AC t'er-minal of the charger. .' €

6-6
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EQUIPMENT CALIBRATION

Baseline Testing:
One of the m.ast important aspects of this test program is

the determination of acceptable performance by each of the
amateur radio systems under test. Depending on its utilization
in the radio system, a specific item of equipment could require
differing power levels or sensitivities. For the purposes of
this testing,' therefore, an objective measurement series will be
L ed to characterize the performance of each item of radio
equipment. A measurement of output power (in watts) into a dLummy
lead will be made for every band of each transmitting device. A
sensitivitv meaSurement for each receiver wit' be accomplished by
determining the input signal required (in de ibels) to obtain a
calibrated signal strength as measured by the receiver's signal
meter. Manv of the systems under test have spccial features: for
ease of operation* these features will not be meaTured unl.'ss
their absence severely limits the utility of the equipment.

This series of baseline measurements will be recorded for
each of the si.xteen amateur radio systems at the test site before
an., testing begins, and completely repeated after any tran-i ent
pulsing of' the system. Narrative comments will discuss an/
significant failures of system features which are observed.

Determi nation of Failure:
Equipment will not be removed from the test series unle.?!: it

__ is considered totally incapable of performing its des:.igned
+ %e function. Such equipment will be immediately delivered to a
reoair facility to determine and replace the failed components,
and sutahle protection provided for those components before
furthe tE sting of that equipment. In cases where the system
iuir&nrdr test is merely degraded in performance,., the test series
will be continued unless the test engineers determine that
repairs are required before proceeding in order to preserve test

: i!" i r t e ujr i t v.

S-'stem upset is defined as a temporary malfunction of the
stm which m&,/ requiire operator intervention before the s,.stem

-ar- fttncti n gin, e.g. cycling the power switch to restcre
e. r

-n
c to a microc,ip. System upset which can be easily overcome

b* i ar amateur oL;er ator- wi thout any.physical repair will ot be
as a s .'stem fAilure.

DATA ORGANI-ATION

.._. ~Eq i rmr..-t Ccr t r ol

It s imperati ,e that the v;.,r inis systems ur,der te - be
-' n,entoried and mnaqetd' to ensure that each tr&rntient

.. p' a.r i and its effect are proper I y recorded.
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Rep orti ng Requi rements:
Fi el d strength measutrements will1 be reqUi red for ever/'

transi1ent pulse imposed on equipment. After c~alibration of the
field, a single scope photograph 'of the field sensor- response of
evePr y pul Se, suitably annotated. will1 suffice f or this
requirement.

% ~ When determining the magni.tude of Currents or voltages for
injecti on pulses or antenna rsponses. the field sensor response
will be si mul taneousl y recorded to enSUre that pUl ser Output ias

ofthe inrtended magnitude.
Basel ine results Will be recorded in a standardi-ed formra t

for each system, with frequencies chosen to adequatl / rpresent7
each band available while allowing efficient completiLon of the
intermediate basel ine testing. Narrative comments r)f
observations during each level of testing will be recorded both
in the test log and on the baseline measurement sheets.

SequAence of Testing:
*Test inq will be performed in the sequence listed in the

Concept section of this plan. If systems reach the final tes~t
phase (f ull fiel d Wi thout prot ec t ion), care will1 be taken to

ensuire that fallure of a single peripheral will not eliminate a
particular system fromn further testing. Any sy/stems which appear
to suLrvive the Full f ield Without protection will be tested LIFdmr-
l oad as a complete. powered'system (either AC generator or PC
batter.,.0 within the test volume.

Final Report:
Afinal report will be prepare Which contains the dt

previc.'islv described, and provides a narrative charActeri~atiorn
cf the resu~ltS Of the test program for each system, includina its
observed susceptibility, and the effect of protective devices and
Procedures. A complete description of applicable protection will
be included in the report.

TEST PROGRAM COORDINATION

Laborc~r- Responsibi lity:
L Lb scientists cf I RT Corporation will have sole

r r-r- -rs~ i ii ty for ope-ration of the transient pulse sources and
d r recordercz in a manner which provides MR 1 mum sa-fet, f o -r

perscnrel a nd Q ui Pr n m e rt procperty? not under test. includi ng
Prc-,ic.y! .1v, recorded test~ data.

Rep a 1- Fa:c i I it:
FPepr eseni. at iees -f EST will be rf-sponsi bie for obtairing an v.,,

epa rsho vstem under test i r a tirrtl v fast nfln. WhF-n
4ej _e:~ e frf:de, t he'. wi I11 be documernted thorou(3hl +

r- th-e i r _I r epol-t of testi rq.

6-9
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TEST .PROGRAM4 COORD I NAT I ON (c on ti nued):

Program Engineer (s):
Program engineers representing Electrospace Systermc7.

Incorpnrated will asisist the Lab Scientists in conducting the
test program. including management of the equipment inventory and
preparation pf systems for testing. These personnel are
responsible for 'baseline te! tinq and review of reSUlts topdetermfi ne additi4o'nal tests re'quired, with appropriate (;U idclarc: e
from IRT scientists. Proqram engineers shall arrange for custody
and transportation of test materials owned by the government, ESI
Lr its other- at~c~s nd for obtaining ard SafegUarding
unci.~ns-if led test data. No classified irformation wil11 be
utilized or generated by this program.
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YAESU FP-757HD
HEAVY DUTY POWER SUPPLY

" FOR THE FT-757GX HF TRANSCEIVER

(ALSO FT-180, FT-180A, FT-77, FT-707)

The'FP-757HD is an 'external AC power supply and speaker for use with the FT-757GX and other HF
transceivers requiring 13.5 VDC at up to 20 amperes for extended periods.

Excellent regulation and conservative design assure the owner of many years of trouble-free operation,
even in heavy duty applications, such as full power AM. FM or RTTY transmission. A thermally-
switched cooling fan automatically activates during long periods of high current demand, to maintain
safe operating temperature in the power supply.

SPECIFICATIONS

Output' voltage: 13.5 VDC
Output current: 20 amps extended duty cycle (30 minutes on/30 minutes off)
Ambient temperature: 0" to +40(0C

* Input voltage: I00i 10/ 17/200/.20/234 VAC, 50/60 Hz
'.- Case dimensions: 93(H) x 240(W) x 235(D) mm

Weight: Approx. 6.9 kg
Speaker output: 3 viatts at 4 ohms

INSTALLATION

Before connecting the FP-757HD to any power source, be absolutely certain that the voltage specifi-
cation on the rear panel matches your local supply voltage. The FP-757HD is manufactured for use
around the world, from a variety of AC power sources. and the power transformer primary must be
connected pcopcily as ghown on the reverse side of this page to prevent damage to the internal circvty.

Also, be absolutely certain to use a fuse of the proper rating. For 100/ 10/I 17 VAC, use only a
b-amp fuse, For 20C/2201234 VAC. use only a 3-amnp fuse.

FT- 757GX/SX FP-757HD
.: _+Q

p 135v EXT V AC BOOV

__



FT-757GX
HF ALL MODE

COMPUTER AIDED TRANSCEIVER

GENERAL DESCRIPTION

The F'I-757GX incorporates the finest fea'res of the latest developments in Amateur
transceiver design. with the most recent advances in microprocessor technology and

computer-aided manufactunng techniques. to provide full performance all mode operation

as standard on all HF amateur bands. as well as continuous general coverage reception from

G.5 to 30 MHz.

Yaesu's famous IF Shift 'Width passband control system allows the operator an almost
infinite variety of selectivity settings for minimizing interference during SSB. C%, and
ECSS reception of AM signals- Wideband AM and narrowband CW filters are also included
- as standard accessories. A switchable RF amplifier and 20 dB attenuator are provided to
optimize sensitivit> and dynamic range under any conditions. whi!e the noise blanker has
its own AGC adjustable from the front panel. from narrow lignition-type) to wide I wood-
pecker) blanking pulse wid.hs.

The diecast top half of the FT-757GX provides a glimpse of the revolutionary engineering
concepts behind the unique transmitter design, which utilizes a new Duct Flow Cooling
system to force air throughout the entire transceiver., The thermodynamic efficiency of
this sytem makes the FT-757GX by far the smallest transceiver of its kind, yet easily
capable of full power (100 W output rominal) RTTY and FM transmission when used with
an appropriate heavy duty power supply.

. The FT-757GX offers full break-in QSK CW operation plus Yaesu's new custom-designed
iambic electronic keyer with dot memory using a 4-bit microprocessor built in, as a stand-
ard feature. When operating split-frequency QSK, the FT-757GX provides an automatic
momentary check of the transmitting frequency before jumping to the receive frequency,

so the operator can watch both frequencies for activity at the same time.



For SSB and AM signal punch, the AF speech processor circuit in the FT-757GX is a
combination AF clipper and compressor designed to provide the optimum possible increase
in average speech power with minimum distortion of the signal. Caretul filtering before the
modulator assures clean output, with a substantial increase in average power.

The completely new dual PLL synthesis scheme provides tuning steps of 10 Hz, incorpo-
rating an 8-bit microprocessor which the operator controls from the tuning knob, optional
scanning microphone buttons or external home computer (via the CAT System optional
Interface Unit). Front panel keys and buttons are also provided for accessing and inter-
changing eight memory channels plus two VFOs (A/B) and a clarifier with unlimited
frequency range, as well as the PMS (Programmable Memory Scan) system, which allows
automatic scanning between.two memory channel frequencies with auto stop on those
above a preset signal level. All of these fratures can also be controlled through the CAT
system. An internal lithium battery provides complete backup for the memories and
VFO, for 5 years or more.

The three internal microprocessors perform many of the functions that previously re-
quired large numbers of discrete components and controls, so that the simplicity of tb-.
FT-757GX, inside and out, belies the highly advanced features available to the operator.
The CAD/CAM systems used to lay out and assemble the circuit boards provides a clean.
orderly design that is uncluttered and easy to service, while reducing the possibility of
human assembly errors to almost nil.

Optional accessories include your choice of the MD-11B8 Desktop Scanning microphone
or MH- I B8 Handy Scanning microphone. A:o. Yaesu has designed the FC 757AT Fully
Automatic Antenna Tuner to match the FT-757GX perfectly in all respects. Incorpora-
ting its own microprocessor and lithium-backed memory, the FC-757AT can quickly tune
your antenna system for minimum SWR at the transmitting frequency with just the touch
or a button. and then store the settings in memory for almost instant recall at a later
time The FC-757AT accpts two antennas - or as many as five when used with the
FAS-! 4R Remote Antenna Selector.

Special high duty-cycle power supplies designed for the FT-757GX include the ultra-
compact FP-757GX Switching Power Supply and the FP-757HD Heavy Duty Series
Regulator Power Supply with forced-air cooling and automatic thermal fan control. For
light-duty applications, the FP-700 standard power supply may be used.

Please read this manual carefully to obtain optimum performance and enjoyment from
the FT-757GX.

C o le- an E ha ut o utlet H o e *~ Fn s

.Jl", _

":::';-~~~_ *;..... -:ji

Pan Motor Local Unit Chassis RF Unit Sheld Plate PA Unit

FT-757GX Dtict Flow Cooling System



SPECIFICATIONS
TRANSMITTER

Wrequency range: Maximum FM deviation:
160 m band 15 to 1.99999 MHz ±5 kHz
80 m band 3.5 tO 3.99999 MHz
40 m band 7.0 to 7.49999 MHz Output impedance:
30 m band 10.0 to 10.49999 MHz 50 ohms (nominal), unbalanced
20 m band 14.0 to 14.49999 MHz
17 m band 18.0 to 18.49999 MHz Microphone impedance:
15 m band 21.0 to 21.49999 MHz Low (500 to 600 ohms)
12 m band 24.5 to 24.99999 MHz
10 m band 28.0 to 29.99999 MHz

RECEIVER
Tuning step.

10 Hz and 500 kHz (band step) Frequency range:
500 kHz to 29.99999 MHz (continuous)

Emission types:
LSB. USB (A3i/33E'), CW (AI/AIA*), Circuit type:
AM (A3!A3E*), FM (F3/G3E*) Triple conversion superheterodyne

New emission designation per WARC '79
Clariffer range:

Power output: Unlited
SSB. CW. FM 100 W (PEP/DC) w/slight-

ly less on I Om Sensitivity:
AM 25 W (Carrier) (CW, SSB and AM figures measured for 10 dB

S+N/N)
.arrier suppression: *l.530 MHz 0500 kHz-.5 MHz

better than 40 dB below peak output SSB. CW(W). FSK
*better than 0.25 ;&V "better than 2.0 wV

Unwanted sideband suppression: CW(N)
better than 50 dB below peak output *better than 0.16 pV "better than 1.25 V
(0 kHz tone) AM

*better than 1.0 jV "better than 8.0 uV
Spurious radiation: FM

better than 50 dB below peak output better than 0.6 MV for 12 dB SINAD

Audio response. Intermediate frequcicies:
less than -6 dB from 300 -3000 Hz I st IF: 47.060 MHz

2nd IF: 8.215 MHz
3rd order intermodulation distortion: 3rd IF: 455 kHz

better than -35 dB below peak output FM IF: 455 kHz
(14 MHz, 100W)

Image rejection:
Frequency stability: better than 70 dB

better than ± 10 ppm from 0 - 40 0C after
15mn warmup IF rejection:

. odulation type: better than 70 dB for all frequencies

A3J; Balanced Modulator
A3: Low Level Moduiator
F3: Variable Reactance Modulator
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SPECIFICATIONS

MATCHING SECTION POWER REQUIREMENTS

Frequency range (TX, w/auto band select): Supply voltage:

1.8- 2.0 MHz 13.5V DC± 10%'
3.5- 4.0MHz
7.0 - 7.5 MHz Current:

10.0 - 10 5 MHz. 300 mA max.
14.0 - 14.5 MHz (400 mA w/FAS-1-4R)
180 - 18.5 MHz
21.0 -21.5 MHz Size:
24.5 - 25.0 MHz (W) 238 x (H) 94 x (D) 241 mm
28.0 - 29.9 MHz

Weight:

Input impedance: Approximately 3.7 kg
5011

Output impedance range: Specifications subject to charie withoul notice of obtiof

10 - 25011
25 - I00fn (1.8 - 2.0 MHz) Supplied Accessories

Maximum RF power: Connection Cable A (T9100I60A) I

150W 5D-2V Coax w/type M connectors
Connection Cable B (T9015099) I

Insertion loss: Control Cable C for FT-757GX (T9101292)
less than 0.5 dB

Optional Accessories
Motor stop SWR:

1.5.1 or better Control Cable for FT-980 (134000014) 1
FAS-l4R Remote Antenna Selector

SWR meter scale range: (D3000198)
II - 31

In-line power meter ranges:
i5W, 150W f/s

COW A
t.

wack

DUMMY LOAD 3 e

50n

Power dissipation:
100W C"W (less than 30 sec.) CaeC

•4 0

"0

NNUMMOI Otion for FT-9180 (04C ,OO141 ___



FT-726 R ~

ALL MODE TRIBANDER

GENERAL DESCRIPTION

-he FT-'26PR i . des!gntd for the V 'UHF amateur operator who requires every conceivable operatir'ig feature
necessiry for unlimited sinele and multi-band all made operation with one convenient pac:kage. Inter-
changeable plug-in RF modules for each band allow the operator to instail the bands of his zhoice. Each
module provides 10 watts of RF output in ill modes. and up to three modules can be installed at one time.
-O3ther modules can be installed or exchanged in a matter of minutes. and each in cludes a connector for
ontrolling an external RF power amplifier.

A ne-A degree of operating flexibility is made possitile by a icustom designed 8-bit 10OS microprocessor.
co~jpled with a careful' combination of front panel key buttons and controls that allows straightforward
comn'rience e'en fr the momt exotic types of operation. such as r.everse odd shift repeater testing or full A

dupl~'\ crossband splits for amateur satellite QS~s.

Sre ' ial features are provided for each mode of operation. such as a discriminator center tuning meter and
independent channel step tuning knob for FM. IF shift and width cont-.ols for CW andi SSB. an AF SSB
sp.-elh piawvessor. and provision for an optional narrow CW filter. AHl modes can be tuned or scanned in
20 H! steps. and bo~h the tuning knobs and scanning system have selectable turuing rates.

All of the features that are considered extras on monolband transceivers are included, such Ds priority. channel
checking. programmable repeater shift. programmable limited band scanning, eleven memori"~ toring both

freueny ad ode meo~sanning, andltimm or backup retaining the memories. VFOs.

programmed odd shift 2nd clarifier offset.

In addition to t~e shift width system. other functions previously unavailable except on HF transceivers
include selectable AGC rates. RF gain control, fully independent multimode. multiband dual VF~s. and

memory clarifier with separate display. Yaesu's unique dual multimeter system is include for expanded e
monitoring capability in both transmit and receive. or lull duplex.

)ptions include th Satellite IF Unit. 600 Hz CW narrow filter. DC cable for 13.5V mobile or emergency
operation, and a growing selection of RF modules for various bands.

Please study ~this manual carefully in order to become familiar W'ith the many convenient features and



SPECIFICATIONS

GENERAL Modulation types:
A3J Balanced modulator

Frequency coverage: F3 : Variable reactance modulator .,.,.

50 - 53.99998 MHz (option) Frequency stability:
144- 145.99998 MHz or 6 m : Better than t 10 ppm"
144 - 147.99998 MHz 2 m : Better than ±10 ppm
430 - 439.99998 MHz (option) 70 cm : Better than ±5 ppm
440 - 449.99998 MHz (option) Microphone impedance:

Frequency steps- 500-600 ohms
20 200 Hz for SSB CW 'FM Tone call frequency:
.10 kHz or 12.5125 kHz for FM-CH mode 1,800 Hzor !,750Hz
Iper local requirements .  (per local requirements)

Repeater shifts:
:1 MHz for 50 MHz
:t%00 kHz for 144 MHz RECEIVER
:5 MH,-±1.6 MHz or ±7.6 MHz for 430 MHz
'Programmable repeater shift also included) Sensitivities:

Operating modes: 6m SSB Less than 0.15 MV for 10dB,'

LSB, LSB, CW. FM (S+N)/N
S2mSSB :Less than 0.15 uV for 10dBPower requirements: .,

100, 110, !17, 200. 2_20,' or 234 VAC tS+N)!N1000H 0 o70cm SSB Less than0.15jAVfor 12dB
- 5Q 60 Hz (+/or 13 8 VD(" (%%'optional cable) +N.N.--

6 m FM : Less than 0.25 pV for 12 dB

Power consumption: SINAD
* Receive: 45 VA (.oC), 1.5 A (DC) 2 FM " Less than 0.25 iVL for 12 dB

Transmit: 120 VA (AC), SINAD
4.5 A (DC) for lOW RF 70cm FM Less than 0.20 oV for 12dB "

Dime nsions: SINAD
334 (W) x 129 (H) x 315 (D) mm ((W sensitivity is same as SSB if the optional

Weig v: (-W filter is not installed)
pprox. 11 kg Selectivity (-6 dB/-60 dB):

i% o optional modules, Satellite Unit) SSB 2.4 kHz14.0 kHz (adjusts continuously
from I2 kHz to .4kHzat -6dB)

CW 600 HzIl.2 kHz
TRANSMITTER (with optional C(W filter)

FM 15 kHz!30 kHz
(CW selectivity is same as SSB if the optional

6 m 20 W PEP'DC for 10 W out (7W filter is not installed)
m 30 W PEPDC for 10 W out m ec

70 cm 30 W PEP DC for 10 W out I than 60 dB

Carrier suppression:
Better than 40 dB AF ortput:

1.5 W min. CY 8 ohms, !0% THD
Spurious radiation:

Bettr thn -6 dBAF output impedance:Better than -60 dB 4-16 ohms ',:
7- Unwanted sideband suppression:

Be.ter than 40 dB
10.8!0 MHz

Transmitter audio response: 10,750 MHz
300-2,700 Hz at -6dB (SSB) 455 kHz

Maximum deviation: 67.6! 5 MHz (70 cm units only) -

.1. .-......... l. -
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GENERAL Spurious Output:.

Frequency Coverage More than 60dB below peak power outp Jt

Ham Band 1.8 MHz - 2.0MHz Carrier Suppression

3.45MHz - 4.1MHz More than 40dB below peak power output

6.95MHz 7.5MHz Unwanted Sideband:
995MHz- 105MHz More than 55dB down at 1000Hz AF input13.95MHz - 14.5MHz 

Microphone:

17.95MHz - 18.5MHz Impedance 600 ohms

20.95MHz - 21.5MHz Input Level 12 millivolts typical

24 45MHz 25 1MHz Dynamic or Electret Condenser Mcrophone

27.95MHz - 30 0MHz (Optional desk mic IC SM6 can be used.)

General Cover (Receive Onlyl
0 1MHz - 30.0MHz RECEIVER

Thirty 1MHz Segments (or Continuous) Receiving System:

RIT.XIT Coverage tl.0KHz SSB, CW, RTTY. AM
Frequency Control Triple Conversion Superheterodyne with con

CPU based 10Hz step Digital PILL synthesizer. tinuous Bandwidth Control.
Independent Transmit-Receive Frequency Availablf FM* Triple Conversion Superheterodyne

Frequency Readout: Receiving Mode:
6 digit 100Hz readout A,, A3 J (USB, LSB) F, (Output FSK audio signal). A,

Frequency Stability (Receive only I F 3

Less than -500Hz after switch on 1 min to 60 mins. and IF Frequencies:
less than ±100Hz after 1 hour. Less than ±IKHz in the' 1st 70.4515MHz
range of -10'C - +60-C. 2nd 9.0115MHz

Power Supply Requirements: 3rd 455KHz

* DC '138V ±15% Negative ground Current drain 20A Sensitivity:
max (at 200W input) SSB, CW, RTTY
AC power supply is available for AC operation. 0,1 1.6MHz Less than 3.2jV for 10dB S;!N

A .ntenna Impedance: 1.6 - 30MHz Less than 0.15,uV for 10dB SN
50 ohms Unbalanced AM 0.1 - 1.6MHz Less than 20iV for 10dB S'N

Weight 1.6 - 30MHz Less than 1/.V for 10dB S.N
8.0Kg (11Kg, when optional power supply is installed) FM* 1.6 - 30MHz Less than 0.3,uV for 12dB SINAD

Dmensions: Squelch Sensitivity:
111123) mm(H) x 280(3041 mm(W) x 355(383) mm(D) 1.6 - 30MHz Less than 0.5/uV
4 1, including prolections Selectivity:

SSB, CW, RTTY
TRANSMITTER 2.2KHz (Adjustable to 0.8KHz Min)

RF Power: at -6dB

SSB (A3 J) 200 Watts PEP input 4.2KHz at -60dB

CW (A, I, RTTY (F)1 200 Watts input AM 2.4KHz at -6dB, 4,8KHz at -60dB

FM (F3 ) ( 200 Watts input (When Filter switch ON)

Continuously Adjustable Output power 10 Watts - Max. 4.0KHz at -6dB, 15KHz at -60dB
Ernl-s~on Mode: FM* 15KHz at -6dB, 30KHz at -60dB

AJ SSB (Upper sideband and Lower sideband) Notch Filter Attenuation:

A, CW More than 30dB
F, RTTY (Frequency Shift Keying) Spurious Response Rejection Ratio:

F, FM More than 60dB
Harmonic Output: ALdio Output:

More than 60dB below peak power output More than 2.8 Watts
Audio Output Impedance:

8 Ohms

When optional FM unit is installed.
Specifications are approximate and are subjet to change without notice or obligation.

7-12
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~ICOC I-PS35
INKrRNAL POWER SUPPLY UNIT

D( 1 15 20A SIIC H ING RE6( LATOW

~Vr ne ~ 'i ve ~.I j nil 'or ICG\1s H Fascle

IC 745 jnd !C 751 11. j!;C-, ndS fl -rnat! n VyOU npw d while

usin tnrn Plfes.. 'ed jil tn , ot jjtons car#e'-II y tef0Fe installa
"01' SO , NWul If! M 'ri I ... " 'Ofr nncp dr(] full &auv from the

SPECI F ICATIONS

%tsl!' of Sor' nilurnto, Ttrinr 5
IC 2
Diode 4

* r~ Vn'ade110 220V AC l50 60Hz)

*A~.jtie r~ue ~urujton 10' of ncow Voltage

3utabie line voliagel

lonu* Caoact, 550VA (at 20A load)

Qu'put 'Jot 13 8V DC Negative ground

%13 Load Current 20A 10 mins ON 10 mins OF F)
* Drntnrons 194(WV) x 50(H) x 186(D) mm

,%tlQ h IApprox 2.3kg
K :Ircuded Main Unit1

Insulation Spacer1
Power Socket unitI
AC Power Cord1

Sparp Fuse 2

Installation Screws6
Insulation Washers 6

0
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;I IC 0I ELECTRIET CONDENSER TNPEE

DESK MICROPHONE I C -S M S
WITH BIAILT.IN PRE AMPLIFIER INSTRUCTION MANUAL

Con~ ~~.:rs the purchase of DESK IC-SM(5 is an' etectret condenser type lesk

%lOCPI-O\C)E :C-SM6 for rie', ICOM's microphone with a buili-n preamplifier. So,
transce :e, a DC voltage should be applied to the
This mcrocnore -vill increase your operat- preamplifier;' In the IC.SM6 the DC voltage
inc con.gmerc and ma ke operation of the is superimrosed on the AF output line,

transcet e' rn 'C.7 enjoyatie with c;ear tone ICOM transceiver has an 8 pin microphone
an,, coo-, o,0 -c capability connector, to accept, the iC-SM6 microphone

HOW TO USE 4. To transmit, ).ress the PTT switch do,%n-
------ w ard . VXhen it is released, the transce x ,

A 4sei',tI1vo control is installed on the wili -ret urn to the receive condition. For
bcttcm ot the mic stand. By turning it a long transmission, pull 'the PIT s ,:,cn

*to t*e -1-H or -L- position, the sensi- backwards, while pressing it dow.-n until;
tivt, wvill increase or decrease, resoec- the switch is locked and it wifl remain n
tivelv Adiust the con'trol so as to get that position until it is pushed forward
the proper sensitivity considering the .and released. Refer to the followi

-distance to the mic, the loudness of your chart.
voice and the environmental conditions.

2- The -. nd screen not only prevents back--______

grou'c noise Ide to wind, but also Pr

protects the mic Unless required, do LOCK RELEASE LC

not. remove the screen from the mic.

3, In orier to operate the micropho-ie,

c',nnect, i's plu g to !he mic socket on a
transceiver ior transmitter).____

W5C36 4t Tot2

,

ilF tid nait
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I C-AT500
I c-ATIOO

HF FULL AUTOMATIC ANTENNA TUNER

INSTRUCTION MANA

AftCO
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Number of Semiconductors Transistor 36
IC 10
Diode 55 (IC-AT100:49)

Frequency Range. 1 8 2.0 MHz (IC-AT100: tuner is bypassed)
35- 4.0MHz
7.0 7.3 MHz
10.0 - 10.5 MHz
140 14.5 MHz
180 - 18 5 MHz
21.0 -21,5 MHz
280 -30 0 MHz
(Auto band switching with IC.701/720/720A/730)

Power Capablihty -00W (continuous)/l kW (PEP)
(IC-AT100 100W/200W PEP)

Impedance Matching. 16:7 1500) to 500 resistive

Output Terminals: 4 coaxial connectors

Minimum Tune-up Power: 5OW (IC-AT100: 8W)

Tuneup Tme:4 -- 7 seconds (when operating band has been changed)
Tuneup Tme:Less than 3 seconds (on the same band)

Matching Accuracy {VSWR): Less than 1.2 (when auto-tuning)

Insertion Loss Less than 0.5 dB (when tuned up)

Power Supply Requirements, 13,8V DC (negative ground) ±15% 0.5A max

117V AC or 230V AC ±10%/ 13W max

Usable Condition., Temperature -100C - 600C

Dimensions 241 (W) X 111 (H) X 300(D) mm

Weight 6.4 kg (IC-AT100: 5.0 kg)
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Now ICOM offers the best Pttat may be
choices in compact 2-maler FM selected to be either a memory
mobiles., the IC-27M 45-watt comi- 11channel or a VFO channel. By
pact (i %' x Stiilfx ""D) and using sampling techniques, the

the C-27 25wattSu~r ca- ~operator con determine if a fre-
pact mobile. The IC-27A and quency at interest is free or busy.
IC-2714 we the smalle" full-
featured 2-meter mobile trans- Comipact

ciivers avoilabillil and feature an mobile transceivers at your local
intenalspeaer or esy nsfalo-ICQM dealer. For superb perform-ten or she lae por stall once. reliability, and thie ultimate

station, thet IC-37A 220M~i and in a VH-F mot a razzio. your only
IC-47A 440MHz 25 wattcmat. *. . .u-.i: -~ir-~~ i choice isan ICOM.
mobil*& are also available,

fhe able to stare receive frequency.
IC-2!A and IC-27H- come cam- tran~smit offset. offset direction.
pleti with 32 P. treauencias read,, and P1.L tone. Memrories are
to goi and are controili'?a from tile backed up by 0 lithium backup
ttont conei knob) Ea-rt Pt. fe- battery. which wil stare memories
auef fy may be sCl,<,,'d by the for up to seven years, The lc-25 2-metertemain tuning knob jnd stared into As on 25-watt mobile and its 45-waif
men, w'v for easy access along . : ..- Aan companion, the IC-25H, are

The IC 27H- provides with ' 3cquency and offset. addled plus. the IC-2 7A/H features also available,
15 ,als o at ul ower whie an optional speech synthesizer to
heC C-27A crovaes 25 malts of The IC-27A and verbally announce the receiver
o~jtcut oower IC-27H- -icrvu nine m~emories avail- frequency of the transceiver

through the simple touch
of a button.

with the IC-2 7A/H is ascan
ning system which allow

I-M3 scann-ng of the entire 2

Scanning mic-
wthDTMFpad

IC27 IC-27A
45Nrs25 Watts -

x W x .D I RHx5'-Wx "D

7-18
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GENERAL
Numbers of ser iconductors Transistor 57 .

FET 6
IC 24
Diode 110

Frequency caverage : IC-27A: 144MHz - 148MHz
IC-27E: 144MHz - 146MHz

Frequency resolution IC-27A: 5KHz'15KHz steps (Australian version: 5KHz/25KHz)
IC.27E: 12.5KHz/25KHz steps

Frequency control Microcomputer based 5KHz step (or 12.5KHz step) Digital
PLL synthesizer Independent Dual VFO Capability.

Frequency S3bility : Within ±1.5KHz
Memory channels 9 channels with any inband frequency programmable
Usable conditions : Temperature: -100 C - 600 C (140 F 1400 F)

Operational time: Continuous
Antenna impedance : 50 ohms unbalanced
Power supply requirement : 13.8V DC t±15% (negative ground)

6A Max.
Current drain (at 13.8V DC) : Transmitting; High (25W) Approx. 6.OA

Low ( 5W) Approx. 3.0A
Receiving; At max audio output Approx. 0.6A

Squelched Approx. 0.4A
Dimensions : 38(41)mm(H) x 140mm(W) x 177(191)mm(D)

): Shows the dimensions including projections
Weight : Approx. 1.2kg

TRANSMITTER

Output power : HIGH 25W LOW 5W
Emission mode : 16F3 (F3E 16K0)
Modulation system : Variable reactance frequency modulation
Max- frequency deviation : ±5KHi
Spurious emission : More than 60dB below carrier
Microphone : 600 ohm electret condenser microphone with push-tc-talk

and frequency UP/DOWN switches.
"C-27A: with 16 key dual-tone pad.)

(IC-27E: with 1750Hz tone burst unit.)
Operating mode Simolex, Duplex (Any offset in-band in 100KHz increments

programmable)

RECEIVER
Receiving sys.em : Do-uble-conversion superheterodyne
Modulation acceptance : 16F 3 (F3E 16K0)
Intermediate frequencies : 1st: 10.695MHz

2nd: 455KHz
Sensitivity Less than 0.2uV ior 12dB SINAD

Less than 0.4jaV for 20dB Noise quieting
Squelch senstivity Less than 0,15.iV
Spur,ous response reiection ratio More than 60dB

Selectivity More than 15KHz at -6dB point
Less than 30KHz at -60dB point

Audio output power More'than 2.0W
Audio output impedance 4 - 8 ohms

7 o M
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SPECIFICATIONS: IC-02A(T) ACCESSORkI ES
IC-0PI Cigarette Lighter Cord

Plg nolighter socket to'charge IC.0P3 or
intoICDC to operate unit from car battery

GENERAL DC-35 Drop-in Charcler
Frequency coverage 1 44 00- 147 995MHz .Charges oil ICOM battery paM hre, 1C-uecrslto.5 10 15.20. or25KHz steps 13P2 in 1 5 hours. IC-BP3 in 15 'hour. FT P
Frequency control Digital PtL syntheizer, with keyboard etry and BP7 in 1.5 hours, and the IC-DP8 in 2.5
Scanrnn system Priory. memoTxry, progrmable hus
Frequency readout LCD dispa)(with wtcale bock light)
Frequency stability W(ithinT I1 ti K~rz
Memory channols 10 (with inrernal lithium battry backup) Pug into= tacevr n 1lps on lapel or
Usable condit' ins -10C-60*C(14F- 140*F) pa terHas PIT button.
Antenna impedance 50 ohms unbalanced LoatheCa
Power supply requirement 13.8VDC or attendant batteriesHihqatycstoptetoutrnevr
Current drain (at 8 AVOC) Tronismirtrq.i High (3.0w) approx. I OA Hhqaiycs opoetyu rncie

Low (03:w) approx. 45rrt OC-25U Wall Charger
Receiving: At maximunm audio aj~rox. 14A0nA Charges IC-3P3 pack. standard with

Squelhed approx. 3 rrA transceiver.
Dimensions 1 16.5mm(H) x 65mm(W) x 35mm(KD) without battery case OC-16U Wall Charger -

Weiht 51 59 including IC-3P3 battery pack and flexible antenna Clare IC.0P7 & 138Pcs ny

TRANSMITFIR S-10 Headwe
Output power High-. 3.Ow(bt8.4VtC):5.Ow(a 13.2VDC) xS-11oS8 P T Switctibox

Low 0.5w (ort8AVDC) r eue ihH-0
Emsinmode 1 6F3TobusdwtHS10

Modlotion system Variable reactance frequency modulation HSIIOSA VOX Uit
Max frequency deviation t5KHz To be used with 1--10. For ICM)AMT anid IC-
Sunous emission More than 60dlB below carrier O4NT) only.
Pt tones 32 buit-rin subaudlble tones. standard
Operating mode Simplex or duplex with programmable offse _

Microphone Built-in elecrrer conidenser mOPTI u NA
Optional ICRV spekImic can be use C-M IO A

Receotng system Double conversion suxrerdn Turanstors nuc 6
Receivn mode 16F3Trnits 6
Intermdate frequencies 1st 16Q9MHz: 2nd: 455KHz Diodes 10
Sensitivity Less than 0 32 iMV for 20dB quieting .IC I1
Squelch sensiti.vity Less than 0 1 uV Freqluency Coverage
Spumous response rejection ratio Mare than 60dB
Selectivity t7 5KHz or-6dB 4 180

tlISKHz at -60dB Acepioble Modulation
*Audio output Power Mare than 500mW FM

Audio output impedance 8 ohms Power 14IOOisV

13.8VDC lNgaiv Ground 3A Max

Approx. 2.OA at IlOW Output

BATTERY PACKS Aoo3r~rtnb

PACK HEIGHT REQUIRED BATTERIES VOLTAG OUTPUT ABLE NOTES I wrts
MODEL (IN WATTS) BATTERI___________

ICBP2 Lng LAY ~ o~oW~d Input (L)Impedance
3m r N-425 AR 7 2 3.0 NO

DC 25U or lne
IIC-0P3 39mm OC 30or N250 AA 84 30w Dimen~o son~s

___C-___ 035 x(7, 8 30 N Smrixd Oioge 5h) .35mrn( H) x 63mm(rW) x 16Omm(-KD)

IUM-3 (x6) 90 .30 Yes 5moa Appro No2flWegh
IC-0P4 d9mm Apo-30

BC-30Or NCd AA66 7 2 30 Yes ufe
BC-35 5.non7~og

I C(30 A~" OWooLf
IC-BP5 60mm Or N425 A 10,8 4.0 No r.

I BC 16U
IC-OP7 79 5mm or N-425AJR 13,2 50 No Hq o~/iira5 Ccrw

BC 35 1(XI) ___ __________

BC 16U -r
IC-P8 79 5Sm X(30 or *N-l300AR 84 3.0 No Smrdad PowwLon Ufe 8l i0riM,

NOTE Do nor exceed 3w input to Mv.

7-21 fPA O P
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.GFNERAL Modulation System:

Number of Semiconductors: SSB: Balanced modulation
89 FM: Variable reactance frequency modulation

T 14 Max, Frequency Deviation:

IC (Includes CPU) 5KHz
Diodes 160 Harmonic Output:

Frequency Coverage: More than 60dB below peak power output

144.0 - 146.0MHz Spurious Output:
(IC-271A: 143.8 -148.2MHz) More than 60dB below peak power output( Frequency Control: Carrier Suppression:CPU based l0Hz step PLL synthesizer. More than 40dB below peak power output

Independent Transmit-Receive Frequency Capability Unwanted Sidebanoa:
32 Memory Channe!s provided More than 40dB down at 1000Hz AF input
Programmed Scan, Memory Channel Scan and Mode- Microphone:

Selective Scan Capability 600 ohm electret condenser microphone with push-to-

Frequency Resolution: talk switch and scanning buttons.

SSB 10Hz steps (Automatic 100Hx steps shift) Operating Mode:

FM 5KHz steps Simplex, Duplex (Any in-band 10KHz steps frequency

,1 KHz steps with TUNING RATE switch depressed separation programmable)
Frequency Readout: RECEIVER

7 digit Luminescent display 100Hz readout
Freqt'ency Stability: Receiving System:

Within ±1.5KHz in the range of -100 C - +60C SSB, CW Single conversion superheterodyne
RIT Frequency Coverage: FM Double conversion superheterodyne

~. ±9.9KHz from displayed receive frequency Receiving Mode:
Powar Supply Requirements: A,. A3J (USB, LSB), F3

DC 13.8V ±15% Negative ground Current drain 6A max. IF Frequencies:
AC power supply is available for AC operation. SSB, CW 10.75MHz

Current Drain (at 13.8V DC): FM 10.75MHz. 455KHz
Transmitting , 25 watts output Approx. 6.OA Sensitivity:

1 watt output Approx. 2.OA SSB, CW Less than 0.5 microvolts for 10dB S+N/N
Receiving At max. audio output 1.4A FM Less than 0.3 microvolts for 12dB SINAD

Squelched 1.2A Less than 0.6 microvolts for 20dB noise quieting
Antenna Impedance: Squelch Sensitivity:

50 ohns Unbalanced SSB, CW Less than 0.6 microvolts
" Weight: FM Less than 0.4 microvolts

5.2 Kg Spurious response rejection ratio:
Dimensions: More than 60dB

110mm(H) x 285mm(W) x 275mm(D) Selectivity:
SSB. CW More than 2.4KHz at -6dB point

TRANSMITTER Less than 4.8KHz at --60dB point

RF Output Powei: FM More than 15KHz at -6dB pcint

* SSB (A3J) 25 Watts PEP Less than 30KHz at -60dB point
CW (A, ), FM (F3 ) 2C Watts Audio Output Power:

Continuously Adjustable Output power 1 watt - Max. More than 2.0 watts (at 8 ohm 10% distortion)

" Emission Mode: Audio Output Impedance:
*.° . SSB (A3J USB/LSB), CW (A1 ), FM (F3 ) 8 ohms

Specifications 3re approximax, and are subject to change without notice or obligation.
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GENERAL Max, Frequency Deviation:

Nunue of Smlconducltors. ±5KHz

Trarsstors 108 IuC-471A 110) Harmonic Output:

P710 .More than 60dB below peak power output

I C h ciudes CPU) 55 (IC 471A 59) Spurious Output.

rDICxres 174 llC-47 IA 1 78) More than 60dB below peak power output

PP-du?-cy Coverage Carrier Suppression:I

430 0 440 0MlHz More than 40dB below peak power output

tK .1 A 430 0 -450 ONMHz) Unwanted Sideband:
eecvContt 0. More than 40dIB down at 1000Hz AF input

CP'-, based 10Hz step PLL synthesize, Microphone:
IncependenT Transmit Receive Freauenty Capability 600 ohm electret condenser microphone with push-to-

32 Memory Channels provided talk switch 'and scanning buttons IIC--i71E: with 1750Hz
P.--v ammed Scan, Memory Channel Scan and Mode- tone-burst unit.)

Sewc! ve Scan Capabihty (IC-471A. Supplies an 8-pin plug instead of the micro.
Pr~e-rResolution, phone.)

SS6 10Hz steps (Automatic 100Hz steps shift), Operating Mode:

7 V 5KHz steps .Simplex. Duplex (Any in-band 10KHz steps frequency

1 K "-, steps 4iih TUNING RATE switchi depressed sprto rgambe
F'-caenc,, ReadoutRE 

IV '7 rigtLuminescent display 100Hz readout RCIE
Fieoue~cv Stability Receiving System:

N tr-in 0 0010. in the range of - 10'C - +60 C SSB, CW Double conversion superheterodyne
RIT PFeouency Coverage FM Triple conversion superheterodyne

01 QHz f'o., d-,-'3'ed receive frequency Receiving Mode:

j b*Poi.-.e' Supply Requirements Ar A IJ (1,9,B, LSB), F3
DC 13.8V c1KNegative ground Curre nt drain 8A max Intermediate Frequencies7
AC power supply is available for AC operation. SSB, CW 70.4515MHz, 10.75MHz
C D' ra-n iat 13 8V DC!, FM 70.4515MHz, 10.75MHz, 455KHz

T-jsm-ittng 25 watts output Approx. B.OA Sensitivity:
1 watt output Approx. 2,5A SSB, CW Less than 0.3 microvolts for 10dBI S+N/N

jReceiving At max audio output I AA F M Less than 0.3 microvolts for 12dB SINAD
Squelched 1.~2A Less than 0.5 microvolts for 20dB noise

' er-a Impedance quieting
50 ohms Unbalanced Squelch Sensitivity:

e gr-:SSB. CW Less than 1.0 microvolt
6 0 Kg FM Less than 0.3 mrcrovolts

Dimoensions. Spurious response rejection ratio:
1 10mmIHI x 285mm(WI x 275mm(DI More than 60dB

Selectivity:
TRANSMITTER SSB, CW More than 2.4K Hz at -6dB point
RF Output Power: Less than 4.BKHz at -60dB point

SSB (A, J) 25 Watts PEP FM More than 15KHz at -6dB point
*CW A, ), F M (F3) 25 Watts Less than 30KHz at -60d8 point

Continuously Adlustable Output power 1 watt - Max. Audio Output Power:
Emission Mode. More than 2.0 watts (at 8 ohm 10%" listortion)

SSB IA, J USB LSB 1. CW (A, ), F M (F,1 Audio Output Impedance:
Modulation System. 8 ohms

SSB Balanced modulation
F VM Var~a ble 'eactance frequency modulatton

Specifications are approximate and are subject to change without notice or obligation,
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III~iSECTICION1.SSPCICICTIONS

TGEnsmerL Frequency Range: 160. 80. 40, 30.,20.,17 15.,12 10 Meter Amnateur'bands
Receiver Frequency Range: 150 kHz to 30 MHz
Mode: A3J (LS9. LISS), Al1 (CW). A3 JAM), F3 (FM)
Antenna Impedance: A3.1 (LSB. USK) Al (CW). A3 (AM), F3 (FM........OPTION)
Power Requirement:. 12.0 to 16.0 V DC (13.8 V nominal)
Power Consumption: 20A approx. in transmit mode

1 .2A approx. in receive mode
Dimensions: 270 (1 0.6)W x 96 (3.8)H x 257 (10. 1) D0mm (inch)
Weight: 6.5 kg (14.3 lbs.)
[TRANSMITTER)
Final Power Input:

BadMode SSB CW FM AM

1 60m - 1 Sm band 20-OWPEP 200WDC -60W

1 Om band 250 WPEP 200 WDC 120W 60W
Modulation: SS9 n Balanced Modulation

FM = Variable Reactance Direct Shift
(with FM-430 optional accessory)

AM a Low Level Modulation (IF stage)
Carrier Supression. Better than 40 dB
Unwanted Sideband Suppression: Better than 50 dB
Harmonic Content: Less than -40 dB
Maximum Frequency Diviation (FM): r 5 kI~z (with FM-430 optional accessory)
Microphone Impedance: 500D to 50 kD
[RECEIVER]
Circuitry: SSB. CW.AM = Double conversion Superheterodyne

FM - Triple Conversion Superheterodyne
Intermediate Frequency: I at IF = 48.055 MHz

2nd IF 28.83 MHz
* -1.3rd IF =455 kHz (FM only)

Sensitivit:___________________

150kHz - 500kHz 500kHz - 1.8MHz 1.8MHz - 30MHz

SSB/CW(1 0 dB S/14) Less than I uV Less than 4 MV Less than 0.25,uV

AM( 0OdBS/N) Less than 13 pV Less than 40# *V Less than 2.5 pVi
FM (30 dB S/N) *Loss then 1 #V

FM (12 dB SINAD * -Less than 0.7 uV
with FM-430 optional accessory

Image Ratio: More than 70 dB (1.8 to 30 MHz)
More than 50 dB IFM-3rd image ratio)

IF Rejection: Morethen 70 dB11.8 to 30MHz)

SeiectivSele________

-6 dB -60 dB

_______________ 2.4 kHz 4.4 kHz

_____ AM______1_ 6 kHz 12 kHz

_____ FM____'2 __ 15 kHz 32 kHz

* 1 with YK-88A optional filter
* 2 with FM-430 optional accessory

Frequency Stability: Better than 1 30 x 1 0- (0'C to +50C), Within t 200 Hz from 1 to
60 minutes after turn-on: within ±t 30 Hz any 30.minute period
thereafter

Frequency Accuracy: Better than 10 x 1 0
*C Rj IT Variablo Rangei More than ± 1 kHz

* .. Audio Output Impedance: Il to-1t60
Audio Output Power: More than 1,5W across SO (at 10% distortion)

* Note: Circuit and ratings subject to change without notice due to developments in technology.



KENWOOD
N AFTER UNPACKING
Save the boxes and packing in the event your unit needs to

.6 }be transported for operation at a remote location, main-
- . m tenance, or service,

DC POWER SUPPLY 3 INTRODUCTION
The Model PS-430 is a regulated DC power supply design-

ed to match the KENWOOD TS-430S transceiver and

provide reliable fixed-station operation. Externai output

termin.'s (10 A max.) for operation of additional equip-

ment are also provided.

The PS-430 DC Power Supply has been carefully ZBEFORE USING
engineered and manufactured under rigid quality The following accessory items are included

standards, and should give you satisfactory and depend- Operating manual (850-4014-00). I I copy

able operation for many years. Fuse (6A) (F05-6021-05) ....... 1 piece

Before placing the equipment in service, we suggest you' Fuse (4A) (F05-4022-05) ...... 1 piece

read through this manual to become acquainted with AC power cord.' .......... 1 piece

correct operation. Should any trouble arise with the

unit, please contact your dealer.

* INSTALLATION
When using the bail. swing it fully forward to place the
TS-430 at the same height as that of the transceiver.

"This indic.ator lights when
tne Pov^,- AjpllV is ON.

This s tcb turns povw

ON. tjn0

SRAIL
Used to elevate the front
of the supply,

Fig. 1

Turn the Power Switch OFF before making connections.
Connect the AC power cord as shown in Fig. 2.
NoteiWhen connecting the unit to the TS-430V (10-W

model), use the DC cable suppliei with the trans-

ceiver.

TS-430S MAW43 owas supply

.0. 0. 0 0 0 0C ti VY nYI n

S External output

00

L AC outlet

OC output cable V



m CAUTIONS EMAINTENANCE
1. The PS-430 will not operate if the output terminals are 1. The supply is equipped with a 6-A AC fuse and a 20-A

shorted. DC fuse. If either one or both blow, DISCONNECT the
Before the PS-430 power switch is turned on, make AC power cable and check for the cause before replacing
certain the transceiver's power switch is OFF; otherwise, the defective fuse.
current greater than 2A may flow into the transceiver (Replacement fuses are available from your authorized
it it is in transmit mode. Secondly, the PS-430 may not KENWOOD dealer.)

operate if switched on with the transceiver in transmit CAUTION: NEVFR use a fuse of higher rating.
mode because the protection circuit may operate. Turn 2. The unit is designed to deliver 13.8V DC at 15 A. If,
the transceiver on after the PS-430 is turned on. at some future date, the supply should require adjust-

2. The fuses will blow if the unit ia overloaded. ment. consult your dealer.
3. Allow sufficient space behind the unit and install in a

well-ventilated location. Do not place any objects on top When changing an AC operating voltage, select the desired
of this unit. voltage with the selector switch located on the bottom of

4. Use the heaviest and shortest DC power cable possible this unit. In this case, the correct fuse must be installed,
from the accessory termirals. referring the table as shown.

If power cable length is excessivw the output voltage will AC voltage Fuse
drop or induced RF energy may cause premature power
supply protective shutdown. 120V 6A

5. When connecting two or more transceivers to the unit or 220V
when using the supply for any other purpose, check that 240V
the total operating current is below the rated current NOTE:
limit. Before changing the AC operating voltage, always dis.

connect the AC power cord from the AC line outlet.

U ADDITIONAL INFORMATION ESPECI FICATIONS
1. GENERAL INFORMATION Input voltage: 120/220/240V AC ± 10%, 50/
Your PS-430 has been factory adjusted and tested to 60 Hz
specification before shipment. Under normal circum- Output voltage: 13.8V DC (standard voltage)

- stances, it will operate in accordance with these operating Output current 20 A (25% duty cycle)
instructions. 15 A (50% duty cycle)
If your I:ower supply fails to work, contact the at thorized Continuous load current 10 A max. (including external
dealer from which you purchased it. for quick, reliable output terminal)
repair. Output voltage fluctuation: Within t 0.7 V at AC 120V,
All adjustments were preset at the factory and should only 220V, 240V ± 10%
be readjusted by a qualified technician with proper test (Load current: 15 A)
equipment. Within 0.7 V between 2-15
Attempting service or adjustment without factory authoriza- A load.
tion can voiri the power supply's warranty. (No-load o'jtput voltage: Less

2 ORDERING SPARE PARTS than 16 V at 120/220/240V,
When ordering replacement or spare parts for your equip- AC)
ment, be sure to specify the following: Iipple voltage: Less than 20 mV (rms) at

Model and serial number. Schematic number of the part. 13.8 V, output current 15 A.
Printed circuit board number on which the part is locat- Power consumption: Approx. 480 W (at toad
ed. Part number and name, if known, and Quantity current DC, 20 A)
desired. Dimensions: 173 (6-13/16) W x 95 (3-3/4)

3. SERVICE H x 245 (9-5/8) D mm (inch)

Should it ever become necessary to return the equipment Weigh Approx. 7 kg (15.4 lbs.)

for repair, pack in its original box and packing, and in-
clude a full, detailed description of the problems involved. * Circuit design and ratings are subject to change for im-
You need not return accessory items unless they are direct- provement without notice.
ly related to the service problem.

NOTE:
When claiming. warranty service, please include a photo-

'. "copy of the bill of sale, or other proof of purcha;e showing
the date of sale.



COMMUNICATION MICROPHONE
Microphont

MC-6O
INSTRUCTION MANUALGoenc

FEATURES
The MC-80 is designed for use with a wide range of communli-
cation equipment.
..jP/DOWN frequency switching and a preamplifier are pro-
.-ded. The silver and dark gray colors of the microphone
" atch other communication equipment. Lr

P.T.T, SAtcth

UBEFORE OEPRATION -POWER Svvtch
1. Power supply

Since the MC-80 uses an electret condenser microphone, __6KSwitch

power is required for operation.
(iObtain four 14) common "AA" cells.
(2) Remove the lid as shown in Fig. 2. Install the batteries

observing correct polarity. Replace the lid.
(3)After the batteries are installed, place the POWER

switch ON and verify that the LED lights. WieBak Sil
2- Connection to transceiver

As shown in Fig. 1, the MC-80 has a standard Kenwood "aSil

8-pin MIC connector. Fig. 3 shows the connection b,_- Red
tween the transceiver and the microplione. Connecting
te mnicrophtne to a transceiver with 4.pin or 6-pin MIC w

lack requires an optional adapter plug. Connection with BonI:raer

equipment other than Kentwood may require either re- Bu
connection of the plug, or a different type plug. Refer to
the instruction manual for necessary wiring details. Fig. 1.

31 Operation
Turning the POWER switch on lights the POWER ON LED
to show the mic is operating.
(1) Volume adju.tment

A Potentiometer to control the sound output level
is located at the rear of the mic stand panel.
Adjusting the POT varies the output from 0 to 10 mV.
A -50 d8 setting (approx. 3.3 mV output) is preset at
the factory. For normal operation, use this setting.

Travuc~ivw M Ic Mic con, etionPoe Y

___________r WC msdk adapter Pwrspl

TS-430, TS-930
T-rs-e1o TMa0 Spin Adapter not Us4"A*

TS,6WTW-40Wneeded. Direct. batteries.
TS-780_____
TP-9000 series 6 pini Use MJ-86
TR-77001840O series adacite'.

TS1213 sr 1 4 pinI
__ TS-5201:5230 se-m I adoter'

T"420,830 series

Transce-ver of en- owne-s 'nuIchange

ott', fileP t,"e n or ,S@ an
___________ Fig. 2 Soft"y installation
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(2) PTT and LOCK switch operation
Use the PTT or LOCK switch to transmit. Holding the Powflit

PTT switch depressed allows transmission and releasing Wc MK LE 
E

L WHITE

the switch returns operation from transmission to mc WC "".[",., o
reception. Depressing the LOCK switch once allows 11SVs -

transmission. The transmit mode remains ON after the 115,."

switch is released. Depressing the switch again switches LWUP qu UPLE
from the transmit mode to receive mode. The PTT WOINN 3DOWN '

sA tch is used for rapid QSO exchanges. The LOCK ocx PT.T DOW %
sw tch is used for relatively long transmissions. RED NC .

2 P T T iSTBYI %

(3) VOX operation SLACK GMO II

S.%,tching from the receive mode to the transmit mode

bv your voice is called VOX (voice operated transmit) Fig. 3. MC.SO block 4iaqram & mic plug connection

operation.
There is no need to touch the PTT or LOCK switch.

Whether or not the VOX operation is possible depends

upon whether the transciever or transmitter used is P U
VOX-equipped. For VOX operation, set up the trans- 1. Do not disassemble or otherwise modify the mic assembly,

ce wer and turn on the MC-80 power. or the original mic characteristics may be altered.

Spoeaking into the microphone automatically switches 2. The microphone is delicate. Be sure not to jar or shock the

the associated transceiver to transmission. When you microphone element.

stop speaking, the transceiver automatically returns to 3. Ensure that power is tu'rned off when the mic is not used.
the receive mode. Usually, a relay is used in the trans- 4. When the battery voltage drops due to depletion, the
ce-ver for switching between transmission and recep- power output will drop and distribution may occur.
tion. Relay "click" may be heard from the transceiver Replace the battery' for these indications.
wien switching from trarnsmit to receive or vise-versa.
For VOX operation details, refer to the transceiver
instruction manual. U SPECI FICATIONS

Mic unit ............ Omnidirectional electret cond-
(4) Modulation level enser.

S,nce the MC-80 employs an electret condenser micro- Output impedance ... Approx. 700 ohms ± 30% at t

phone, spe3king close to the microphone may some- 1,000 Hz-
tri'es result in reduced clarity. For normal operation, Sensitivity (0 dB a

maintain 10-15 cm distance to the microphone. The 1 V/u bur. 1,000 Hz) . . -40 dB ± 6 dB (VR MAX.)
optimum modulation level may vary dependinq upon Sensitivity when shipping - 50dB ± 6 dB
the transceiver and operating conditions. Adjust the Frequency characteristic . 200 - 7,000 Hz (± 6 dB)

transceiver MIC level control, referring to the trans- Power supply ........ Batteries 6V (1.5 V x 4)
oeiver instruction manual. (Batteries not supplied)

Current comsumption . . Approx. 10mA
(5) Output impedance (Batteries can be used more

The following are typical impedance of Kenwood than 500 hours)
communications equipment Weight ............ .700 g
HF equipment ................. 50k ohms
VHF & UHF equipment ............ 500 ohms'
The MC-80 is set for 680 ohms so it can be used with

all equipment types.

(6) UP/DOWN switch operation
Equipment having a remote UP and DOWN tuning
system can be controlled from the UP/DOWN micro-
phone, For equipment without remote tuning, the mic -p-

UP'DOWN switches are not used. TRO111-KENWOIOO CQRPORMATION
1______75 2Chopn,!t Sbuy y

T
o_,olb &an'__

711tOI-111115,WOCO0 COMMUPNCArlONS
01TIOKEDYWO0 COAMMUMCAT1ONS, GmbH

Y~~~lO- ~ ~ ~Cc PC~oUE-~O.3 .V.
1'IW10-CfNOO0 CAUlaTBkAUJA) P'V. LTC.
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AT-250_
' . - AUTOMATIC ANTENNA TUNER.-

CAUTION
1) The AT-250 is capable of sustaining 100W con- You are the owner Of our latest product, the new AT-250 Aitomatic

tinuous operating input power. However, during Antenna Tuner. Please read this instruction manual carefully befo.,'
auto tuning, very high voltage appears in the placing your unit in service. The unit has been carefully engineered
tuning circuit and the reflected impedance for and manufactured to rigid quality standards, and should give you
the transceiver varies greatly. Therefore, to pro- satisfactory and dependable operation for many years.
tect the transceiver, adjust the transmit output
to less than 5OW before tuning.

2) The antenna tuner is capable of matching a 20-
150 ohm load, or approximately up to 2.5:1
SWR. If the antenna and feed system exceed this
range, :he tuner may not stop, since it is beyond
the auto tuner's capability. In this case, do not
attempt further auto-tuner operation.
To perform auto-tuner operation, first adjust the
antenna and feed system.

FEATURES
1. All amateur bands covered in the HF range 4., POWER-SWR meter

Covers all amateur bands including the new WARC band Up to either 20 W or 200 W is indicated by the built-in
from 1.8 through 28 MHz. POWER-SWR meter, When the METER switch is set to

. Automatic band selection SWR, SWR is autoamtically calculated and indicated on .
. , When connected to the TS-430, the operating -band is the scale.

automatically selected from the transceiver. 5. Four antenna jacks
3. Dual power source capability Four antennas cover a broad frequency range. Any of

O -aton t,:z .'either 120, 220, or 240 V AC or 13.8V these antennas can be selected by the ANTENNA switch
DC. on the front panel.

In- normal operation (with the RX switch OUT), only the
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SPECIFICATIONS

1. Frequency range All amateur bands from 1.8 - 29.7 MHz

2. Input impedance 50 ohms unbalanced

3. Output impedance 20 - 150 ohms unbalanced
4. Insertion loss 0.8 dB or less
5. Pass through power 100W (200W PEP)
6. SWR value for motor stop 1.2:1 or less

7. Min. power for activation 3W
8. Max. tuning time Within 15 seconds
9. Power meter (peak value reading) = 10% at 100W (Meter Switch 200W Position) 6"

- 10% at 100W (Meter Switch 20W Position)

10. Power consumption (current) 15W AC
13.8V DC 600 mA

11. Power requirement 120V, 220V, or 240V AC selectable

13.8V (12-16) DC
12. Dimensions W174 (174) x H96 (107) x D257 (289) mm

shows projections included.
Weight 4.2 kg (9.24 lb.)

13. Package dimensions W385 x H167 x D264 mm

Capacitance: 0.017 m
3

14. Semiconductors ICs 13
FETs 2
Transistors 31
Diodes 77

ACCESSORIES
Remote cable (A) .............. 1
Remote cable (B) .............. I4

AC power cable .......... ..... 1

Grounding wire ................ 1
hIstruction manua! . . . . . . . . . . . . . . 1

Specifications may be subject to change without notice for technical improvement.

'
L
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SPEIFCATON
[General]
Semiconductors......................................... MPU. 1

ICs 19
Transistors 43
FETs 5
Diodes 61

Frequency range........................................ 144.0 to 1 48.0*1%Hz
Frequency synthesizer ................................. Digital control, phase locked VCO
Mode...................................................... FM (F3)
Anntenna impedance .................................. 50 ohms
Power requirement....................................1 13.8V DC± 1 5%
Grounding .....................-..................... Negative
Operating temperature ................................ -20'C to +50C
Current drain .................. .......................... 0.5V in reverive mode with no input singal

Max. 9.5A in HI transmit mode (TR-7950)
3.OA in LOW transmit mode (TR-7 950)
Max. 6.5A in HI tramsmit mode (TR-7930)
2.5A in LOW transmit mode (TR-7930)

Dimension ............ .................................. 175mm16 - 7/8) wide
64 mm (2 -1/2) high

220 mm i8 - 11/36") deep (TR-7 950)
206 mm (8 - 1/16") d~eep (TR-7930)
(projections excluded)

Weight.................................................... 1.9 kg (4.18 Ib) (TR-7950)
1.8 kg (3.96 lb) ITR-7930)

[Transmitter]
RIF output power (at 13.8V DC, 5012 load) ......... HI 45 Watts min (TR-7950)

Note
TX duty cycle: One minte TX

Three minutes RX
HI 25 Watts min. (TR-7930)
LOW 5 Watts approx. (not adjustable)

Modulation... ...... ................................... Phase sift
Frequency tolerance (-20C - +0*C) ............. Less than ±1 5 x 1 0-
Spurious radiation ...................................... HI Less than -70 dB

LOW Less than -60 dB
Maximum frequency devi3tion (FM) ............... ± t kHz
Audio response............. ....................... Within +1 /-3 B of 6 dB/oct pre-emphais

characteristic from 300 to 3000 Hz.
Audio distortion......................................... 3%max.
Microphone .............................................- Dynamic microphone with PTT switch. 50012

[Receiver]
Circuitry.................................................. Double superheterodyne
Intermediate frequency ...................... 1 st 10.695 MHz

2nd 455 kHz'
Receiver sensitivity .................................... Better than 12 dB for 0.25 pV SINAD6

Better than 50 dB tor 1 mV S+NfN
Receiver selectivity ....................... More than 12 kHz (-6 dB)

Less than 24 kHz (-60 dB)
Spuriour response...................................... Better than 70 dB
Scualch sensitivity ............................ .....Less than 0. 16 uV (threshold)
Auto scan stop level ................................. Less than 0.2 uV (threshold) -

Audio output.. ......... . . ...................... More than 2 Cwatts across 8 chins load (5% dist.)

Note: Circuit and ratings are subject to change without notice due to developments in technology.

.........................................



KENWOOD T-60

INSTRUCTION MANUAL

SPECIFICATIONS
[GENERAL] ITRANSMITTERI
Frequency Range........... 144 -148 MHz RF Output Power ............ HI =2.5 W
Memory Channels............l10CH LOW = 0. 3W approx.
M00 ...... ................. FM (F 31. (F2 in OCS mode) Meolulation ................ .. Variable reactance direct shift
OOerting vottag ......... _8.4 V DC * 25% Frequenicy Tolerance ..... Less than * 20 x 10-6
Poer Requiremnrt .......... 84 V. 450 mAH (Ni-Cd battery I - 1O0C - + 50 0C)

pack) Maximum Frequency
*9 V manganese or alkaline (not WiCdI Deviation .................. *5 kHz

6 pcs battery case (option) Spurious Radiation........... Less than - 60 d8
Baft-u4PowarRaemarennt .. CR2032 Lithium battery (RECEIVER)

*Ciaunt Drain ................ Approx 35mA in receive mode with Circuit....................... Double conversion superheterodyne
no inout signal IntarmnedlatFrequiency . 1..Ist IF =10. 7 MHz
Less than 8OOmA in HI transmit 2nd IF = 55 kHz
mod" (at 8.4 V) Sensitivity ................... Better than 1jwV lor SIN 30 dB

*Less than 400 mA in Low transmit Less than 0.2#,V for 12 d8 SINAD
mode (at 8.4 v) Past-Band Width ............ More than 12 kHz 1-6 dB)
Less than 1pA for memory back-up Selectivity ................... Less than 24 kHz I - 40 d8I

Gima-icing--------------.......Negative Spurious Response........... Better than 50 dB
Overriq Temerature...- 20-C to + 500C Squelch Sensitivity............Less than 0.2AV (threshold)
Atrmna Impedance ........ _0 Audio Output Power........More than 400 mW (at 10%
Domw-rsons ............. .....With Ni-Cd batteryi 66(2.6)W distortion and 8 0 load)

* , x 168f6 7)H- x 40('.6)D mm(inchl
With manglanese batteryi 66(2.6)W

x 176(7,0(1- x 40(1.6(D mmlinch) NOTE: Circuit and ratings may change without notice due to ad,
..... -..... .. With Ni-Cd bat-ey 520 g (1,2 lbs ( vances in technology.

With manganese battery. 51'0 g
(1.2 (bs.I
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Figure 1-1. T-4XC Transmitter

SPECI FICATIONS

Frequency Coverage:

Crystals Supplied: 3.5 to 4.0 MHz
7.0 to 7.5 MHz

14.0 to 14.5 MHz
21 .0 to 21.5 MHz
28.5 to 29.0 MHz

Accessory Crystals: 4 additional 500 kHz ranges (see table 2-1).
Between 1 .8 and 30 MHz
Excluding: 2.3 to 3.0 MHz

5.0 to 6.0 MHz
0 10.5 to 12.0 MHz

Fixed Freq. Crystal: Between 1 .8 and 30 MHz
Excluding: 2.3 to 3.0 MHz

5.0 to 6.0 MHz
* 10.5 to 12.0 MHz

- Dial Calibration: Zero to 500 kHz in I kHz increments.
Calibration Accuracy: Better than I kHz when calibrated to the nearest 100 kHz point.

•o



I

Frequency Stability: Drift is less than 100 Hz after warmup and less than 100 Hz with
10% change in line voltage.

Modes of Operation:

SSB: Upper or lower sideband on all bands. VOX or push-to-talk.

CW: Grid-block keying. VOX circuit is keyed for automatic transmit
receive switching. Sidetone oscillator is keyed for monitoring. Shifted
carrier system has no spurious output.

AM: Controlled carrier AM modulation is built-in. This system is com-
patible with SSB linear amplifiers. VOX or push-to-talk.

RTTY: Two methods of RTTY are available.

I The VFO is easily adaptable to FSK. Signal frequency shifts same
direction on all bands and same amount on any band with a given
dial setting.

2. The RTTY signal may also be generated by applying undistorted
audio tones at the mike input in the SSB mode. A jack is provided at
the rear panel to shift the carrier oscillator such that the frequency
restonse of the transmitter on LSB is altered so as to pass the tone
frequencies without generating unwanted harmonics or sidebands.

Sideband Suppression: 60 dB or better.

Carrier Suppression: 60 dB or better.

O * Average Distortioi
Products: In excess of 30 dB down.

Frequency Response:' SSB, 325 to 2725 Hz at 6 dB down.

Input Power: SSB and AM-200 Watts PEP, CW-200 Watts.

* Output Impedance: Nominal 52 Ohms adjustable with pi-network. (SWR should be 2:1
or less.)

" Microphone Input: High impedance.

AGC: Operates on SSB to prevent flat-topping due to overdrive.

Power Requirements: 650 Volts at 225 mA average and 400 mA maximum with 10%
regulation from 50 mA to 330 mA and maximum ripple of less
than 1%.
250 Volts at 120 mA with 10% regulation from 82 mA to 120 mA.

D This includes the effect of the 650 Volt supply change if both
voltages are obtained from the same transformer. Maximum ripple
m.'-t be less than 1/4%.

4 --45 to -65 Volts DC adjustable filtered bias into 33 K Ohm load.
12.6 Volts AC or DC at 3 amps.

" Dimensions: 5-1/2" high. 10-3/4" wide, cabinet depth 11-5/8". overall length
.2 _.. i12-1/4".

Weigl't: 14 lbs. 10 oz.
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SPECIFICATIONS

Frequency Coverage: Covers 3.5 to 4.0 MHz, 7.0 to 7.5 MHz. 14.0 to i14.5 MHz. 21.0 to
.. 21.5 MHz, and 28.5 to 29.0 MHz.

Accessory Coverage: 15 accessory crystal sockets are provided. Coverage of ,ny additional
500 kHz ranges between 1.5 and 30 MHz (except between 5.0 and
6.0 MHz) can be added by installing accessory crystals.

Modes of Operation: SSB, CW, AM, RTTY.

Sensitivity: SSB Mode: 10 dB signal-p!us-noise to noise ratio obtained on 80 M-
10 M amateur bands with iess than a 0.25 microvolt signal on the
antenna terminal, on other frequencies less than 0.5 microvolt signal.

Selectivity: As supplied:
SSB Mode: 2.4 kHz at 6 dB. 4.2 kHz at 60 dB.
AM Mode: 8.0 kHz at 6 dB. 28 kHz at 60 dB.

With accessory crystal filters:
AM Mode, 2 filters available:

6.0 kHz at 6 dB. 10 kHz at 60 dB.
4.0 kHz at 6 dB. 7.5 kHz at 60 d0.

CW 1.5. CW .5, CW .25 Modes, 3 filters available:
1.5 kHz at 6 dB. 3.0 kHz at 60 dB.
500 Hz at 6 dB, 1000 Hz at 60 dB.
250 Hz at 6 dB, 600 Hz at 60 dB.

Stability: After warm up, frequency will not drift more than 1 100 Hz. includ-
ing voltage variation of ± 107c.

Calibration: Better than ± I kHz when calibrated at nearest 100 kHz calibration
point.

Spurious Responses: Internal spurious response less than the equivalent of a I microvolt
antenna signal on all amateur bands.

Image Rejection: (11.29 MHz above desired): Over 70 dB below 23 MHz. 60 dB above
23 MHz.

Input Impedance: 52 Ohms nominal.

Audio Output Impedance: 3.2 Ohms to speaker, or headphones, 3000 Ohms arti vox.

Audio Output: * 0.7 Watt at AVC threshold, 2 Watts maximum at less than 5% T.H.D.

AGC: Audio Output increases 3 dB maximum for a RF input increase of
100 dB above AGC threshold. AGC threshold typically I microvolt.

Attack time: I millisecond

Release times: Slow: i second
Medium: 350 mSec
Fast: 50 mSec

Power Consumption: 60 Watts, 120/240 Volts AC. 50/60 Hz.

Size- 5.5 inches high, 10.75 inches wide. 12.25 inches deep overall.

Weielt: 17 pounds.

-, ,.



OPERATION and MAINTENANCE
MODEL 250 SERIES

Single Sideband Transceiver

INTRODUCTION

The Swan Model 250 Single Sideband Transceiver thermal stabUity is exceptionally high. All oscillators
together with its accessories and optional equipment are temperature compensated and voltage regulated.
is designed to be used for SSB AM or CW com- Push-to-talk operation is standard, with provision
munications in he 50-54 mc. amateur radio bands. for plugging in the Model VX-1 accessory Vox unit
MARS frequencies may also be covered by using the for automatic voice control.
Model 405X oscillator accessory.

The Model 250 generates a single sideband signal Wtith a suitable power supply, operation may be

by means of a crystal lattice fiter, and the transceive fixed, portable, or mobile. Power input is rated at

operation automatically tunes the transmitter to the 240 watts, PEP, on single sidebAnd. 180 watts on
received frequency. When operating'in single Cade- CW, and 75 watts on AM. The basic transceiver
reevd frdequthenraly. W n operi I sidangle Uside inludes automatic gain control (AGC), and grid
band mode, the normally trsed upper sideband (USE) blok CW keying.

is employed.

Basic circuitry of the s;Agle conversion design has Recommended power supplies are the model 1 17-XC
been proven in several thousand of the popular for ac operation and model 14-117 for 12-volt dc
Swan transceivers. Mechanical, electrical, and operation.

ELECTRN ICS
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SPECIFICATIONS:

FREQUENCY -RANGE REAR PANEL CONTROLS AND CONNECTORS

50-54 mc. (except for a narrow segment at 53.5 Bias potentiometer, CW key jack, Jones plug
mc) power connector, Vox connector, Antenna jack,

POWER INPUT Auxiliary relay switching.

Single Sidebani, Suppressed Carrier: VACUUM TUBE COMPLEMENT
240 watts, PEP, minimum. VI 6EW6 VFO Amplifier

CW: V2 12BE6 Transmitter Mixer
180 watts, dc input. V3 6GK6 Driver

AM(Single Sideband with Carrier): V4 6146B Power Amplifier
75 watts dc input. V5 6146B Power Amplifier

DISTORTION V6 6HA5 Receiver RF Amplifier

Distortion products down approx. 30 db. V7 6HA5 Receiver Mixer
'V8 6EW6 First IF Amplifier

UNWANTED SIDEBAND SUPPRESSION V9 12BA6 Second IF Amplifier

Unwanted sideband down more than 40 db. VI0 12AX7 Product Detector/ Receive Audio
VI I 6BN8 AGC Amplifier/ Rectifier

CARRIER SUPPRESSION V12 6GK6 Audio Amplifier
Carrier suppression greater than 50 db. V13 7360 Balanced Modulator

V14 12BA6 Carrier Oscillator
' ECEVER SENSITIVITY V15 12AX7 Mic. Amplifier/Transmit Audio

Less than 0.5 microvolt at 50 ohms impedance V16 OA2 Voltage Regulator

for signal-plus-noise to noise ratio of 10 db. DIODE AND TRANSISTOR COMPLEMENT
Noise figure better than 3 db.

AUDIO OUTPUT AND RESPONSE Qi 2N706 Oscillator
Q2 2N706 Emitter Follower

Audio output. 4 watts to 3.2 ohm load. Re- Q3 2N706 Buffer Amp.
sponse essentially flat from 300 to 3000 cps in DI00 Noise Limiter Diode
both receive and transmit. D1002 Noise Limiter Diode

TRANSMITTER OUTPUT D1601 1N2974A Zener voltage regulator
D1602 TS-2 Relay Silencing Diode

Wide-range Pi-network output matches antennas
esentially r-sistive from 15 to 500 ohms POWER hEQUIREMENTS
impedance. Filaments 12.6 volts, 4.5 amps, ac or dc

METERING Relay 12 volts dc, 250 ma.

Power amplifer cathode current 0-400 ma. and Bias -110 volts dc, 100 ma.

0-10 relative output indicator. Medium voltage 275 volts dc, 150 ma.
High voltage 800 volts dc, 300 ma. Peak

FRONT PANEL CONTROLS Trans.

Rec-Tune-CW. AF Gain, R.F. Gain, Mic. Gain,
Carrier Balance, PA Plate Tune, PA Grid Tune, DIMENSIONS A WEIGHT

PA Load. KC 7%ning Dial, MC Tuning Dial, Height 5-1/2 In. Depth 11 In.
Meter Switch. Width 13 In. Weight 17-1/4 lb.
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ASSEMBLY INSTRUCTIONS
FOR

MOSLEY THREE ELEMENT

TRAP MASTER ANTENNA

MODEL TA-33 JR.

V

FREQUENCY CMART

ELEMENT COLOR BAND CODE 1 **

RADIATOR RED 10 Mtws, 2.5 29.00
REPL CTOR YELLOW 15 Met.,s 21.150 ;1.30
DIRECTOR GREEN 20 Met.s 14.150 142,

"Be.t for Cl **Best for Phoae

NOTE: To order repacemet pans from iatruction sAet, refer Forem No. and Pon No.

-MOSLEY ELECTRONICS, INCORPORATED
-d4610 et LiM gh Boulevrd" """ ,Bridgeon, Mis&sour i 63042



ASSEMBLY AND INSTALLATION
INSTRUCTIONS 
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__________-__SPECIFICATIONS

AV-3 AV-4 AV-5

Overall Height CW 13 ft. 1'- (3.98m) 18 ft. (5.58m) 27 ft V4" (R.3'7m)
- Phone 12 ft. 8Y" (3.94m) 17 ft. 1/ (5.33m) 24 ft. 1W' (7.44m)

Wind Surface Area -CW 1.02 sq. ft. (.10 sqm) .46 sq. ft, (.14 sqm) 1.89 sq. ft.(.1859 sqm)

Assembled Weight 5.21 lbs (2.33kg) 7.15 lbs (3.22kg) 8.41 lbs (3.78kg)

Maximum Mast Diameter 1" (4.5cm) 1V': (4.5cm) 1%- (4.5cm) '

Frequencx Coverage (MHz) 28.0- 29.2 28.0 29.2 28.0- 29.2
21.0-21.5 21.0-21.5 21.0-21.5
14.0.- 14.4 14.0- 14.4 14.0- 14.4

7.0- 7.3 7.0-. 7.3
3.5- 4;0

Nominal Input Impedence 50 ohms (Takes PL-259 Connector)

Standing - Wave Ratio 1 .5:1 or less at Resonance

Power Handling Capability 2000 Watts P.E.P.

Element Material 6063 - T832 Hard-Drawn. Bright Finish Aluminum Tubing

Trap Material I/g" (3.1cm) Wall Fiberglass Tubing. with Copper or Aluminum Wire

t0a'

LIMITED WARRANTY
.USHCPAFT CORPORAT:ON PO BOX 4680 MANCHESTER. NEW HAMPSHIRE 03108 WARRANTS TO THE ORIGINAL CONSUMER PURCHASER FOR
ONE 'EAR FROM DATE OF PURCHASE THAT EACH CUSHCRAFT ANTENNA IS FREE OF DEFECTS IN MATERIAL OR WORKMANSHIP IF, IN THE
JUOGEMENT OF CUSHCRAFT. ANY SUCH ANTENNA IS DEFECTIVE. THEN CUSHCRAFT CORPORATION WILL, AT ITS OPTION., REPAIR OR REPLACE THE
AN-NNA AT ITS EXPENSE WITHIN THIRTY DAYS OF THE DATE THE ANTENNA IS RETURNED (AT PURCHASER'S EXPENSE) TO CUSHCRAFT OR ONE OF
ITS A -THORIZED REPRESENTATIVES THIS WARI'ANTY IS IN LIEU OF ALL OTHER EXPRESSED WARRANTIES. ANY IMPLIED WARRANTY IS LIMITED IN
DURATION TO ONE YEAR CUSHCRAFT CORPORATION SHALL NOT BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES WHICH MAY
RESULT FROM A DEFECT SOME STATES DO NOT ALLOW LIMITATIONS ON HOW LONG AN IMPLIED WARRANTY LASTS OR EXCLUSIONS OR
LIMiTATIONS OF INCIDENTAL OR CONSEQUENTIAL DAMAGES. SO THE ABOVE LIMITATION AND EXCLUSION MAY NOT APPLY TO YOU TH'S
WARRANTv GIVES YOU SPECIFIC LEGAL RIGHTS AND YOU MAY ALSO HAVE OTHER RIGHTS WHICH VARY FROM STATE TO STATE THIS WARRANTY
DOES NOT EXTEND TO ANY PRODUCTS WHICH HAVE BEEN SUBJECT TO MISUSE NEGLECT ACCIDENT OR IMPROPER INSTALLATION. ANY REPA:RS
OR ALTERATIONS OUTSIDE OF THE CUSHCRAFT FACTORY WILL NULIFY THIS WARRANTY.

.

P 0 BOX 4680 MANCHESTER. N H 03108 SPE,:;FICATIONS SUJE,'
"

YO C.ANiE WITHOUT NOTICE



COMPONENT IDENTIFICATION

FUEL TANK CAP

CARRYING HANDLE

PROTECTOR

AC RECEPIACLE

GRTETRONTEMNL OLFLECA

7-49

777 "llpp7



SPECIFICATIONS6%

Dimensions

Length x Width x Height35 30x6m(13.8 x 11.8 x 14.2 in)
Dry Weight 19.0 kg (41.9 lb)

Engine

Model HONDA G10O1<1
Engine Type 4 stroke, side valve 1_cylinder
Displacement 83 cm3 (5. 1cu.iA)
(Bore x Stroke! 48 x46 mm(1.9 x1.8 inl
Compression Ratio 6.5 : 1
Engine Speed 13600 rpm

-' Cooling System IForced air cooled
Ign~ition System i Transistor Magneto Ignition
Oil Capacity 0.45C' (0.48 USqt)
Fuel Tank Capacity 1 .3f' (0.34 USgal)
Spark Plug BMR-4A (NGK), W14 MR-U (ND)

Generato-

Rated voltage 120V
Rated frequency 60Hz

AC output Rated ampere 4.6A
Rated output j550 VAv-!
Maximum Output j650 VA

Only for charging 12 V
DC output automotive batteries

Maximum charging output= 8.3AI
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Equipment Test Photographs
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TEST PHOTOGRAPHS

EQUIPMENT TESTS

ki

. ....

l ' I ! !" HIGH VOLTAGE DC POWER SUPPLY, OSCILLOSCOPE AND

N EA R
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TEST PHOTOGRAPHS
EQUIPMENT TESTS

BENCH-CHECK EQUIPMENT

.

H FIELD SENSORS WITH METAL COAXIAL PROBE ON ROUND
SENSOR AND FIBER OPTIC TRANSMITTER AND CABLE ON
RECTANGULAR SENSOR.



S TEST PHOTOGRAPHS

EQUIPMENT TESTS

IM

TYPICAL SERIES A TEST CONFIGURATION

TYIA ERE 1TETCNIGRTO
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TEST PHOTOGRAPHS
EQUIPMENT TESTS

S7 "" i & i"4L

TYPICAL SERIES 52 TEST CONFIGURATION
p

STESTS C3 AND C4 EQUIPMENT CONFIGURATION. POWER
GENERATOR (IN BACKGROUND) AND ISOLATION TRANSFORMER. (NOT SHOWN) WERE CONNECTED



TEST PHOTOGRAPHS
EQUIPMENT TESTS

TYPICAL CONFIGURATION FOR AC POWER INJECTION

C- TYPICAL DC POWER CONFIGURATION. A 12 VOLT
AUTOMOBILE BATTERY IN THE METAL BOX.
RF PROTECTION DEVICE IS INSTALLED IN COAXIAL LINE.

4,


