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Tt national Comaunications System (NCS) is an organization of the Federal
severnment whase membership is comprised of 22 Covernment entities. Its
mission is to assist the fresident, National Security Council, Office of
Science and Technology folicy, and Office of Management and Budget in:

0 The exercise of their wartime and non-wart:me emergency funct1ons,
and their planning ard oversight responsibilities.

o The coordination of the plarning for and provision of National
Security/Emergency lreparedness communications for the Federal
govermment under all circumstances including crisis or emergency.

in sucport of this mission the NCS has executed a Memorandum of Understanding
With the American Radio Pelay League. Its purpose is to establish a brrad
framework for a cooperative and clese working relationship with volunteer
radio amateurs for support of natiora) emergency comunications functions. It
is intended through joint coordination and exercise of the resources of both
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-TEST  PLAN
FOR
TRANSIENT PROTECTIVE DEVICES
SUITABLE FOR FAST-RISING PULSES
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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 ga2nerally applied tc¢ 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 devices against such fast-rising
(nanoseconds) and powerful (kilovolts) 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 actirity, 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 transient 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 inr decibels,
defined as ' ‘

Peak Signal In
RR = 20 1log  —=—ememmemmemne—— .
db 10 Peak Signal Qut

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 meassure ot 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 ]. “
1-3
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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(-4.76 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 1is a
reasonable worst case transient pulse and will be used in this
program. ' : . 2

For currents, , peaks in excess of thousands of amperes have
been predicted as response to EMP. Similarly, voltages may reach
hundreds of kilovolts. However, 1in ©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 bex would be limited by

air discharge breakdown. Conversely, antenna leads and 'signal
cables in an amateur radio station may not pocssess such <close
tolerances, and the peak transients experienced, if limited at

all, would be determined by the lengths and configurations of
conductors exposed to the fields, and the dielectric strength of
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 wused 1in the
protective device qualification tests for this program:

CONDUCTOR . PEAK VOLTAGE PEAK CURRENT TEST CLASS
volts . amps :
Powver connections 600 120 : A
Box interconnections 600 20 B
Exterior Conductors 4500 1000 c.

1-4
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Threat Definition (continued)

The highest pulse level obtaimable 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, examlned
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 first 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 1listed as limited qualifiers for this program, as it 1is
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 wunder this overall program.
Appendix I contains a detailed listing of devices an: “he Test
Class to which they have been assigned. In some :2ses, 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 1is 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 commoniy encountered in
house wiring and antenna connections. The inpdt and output pulse
magnitudes will be recorded by photograph on a suitable scale vs
time to allow direct comparison and determination of rejection
racio for both test situations. Markers will be inserted into
ezch 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

1-5
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Required Measurements (continued)

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 value 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 cf 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 1low 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
results as "T" level tests.

Data Organization

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

Number as 1listed in Appendix I. Data obtained with reversed
polarity pulses will show an "R" after the Device 1Identification
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 pulses 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
imAdirarec a raverced nnlaritv test of device 24, with "A" class
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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 adequatel; indicate the initial firing of the threat
transient, the firing of the device under test, and the settling
level of the device. . Both the input (threat) and output {(reduced

threat) magnitudes will 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 1instead 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 under 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 datd will be reviewed and
utilized in the development of a narrative characterization of
each device which specifically addresses its suitability for the
purpose of transiernt protection ir this program. 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 procednres wutilized during the
protective ,evice. tests , are summarized as Appendix II. A
discussiorn  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
specific recommendations, 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 frorporation will have sole
responsibility for operation of the transient pulse sources and
data reccrders in a manner which provides maximum safety for
personnel and government property not under test, including
previously recorded test data. :

1-7
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Test Program Coordination (continued) .

Program Engineer(s):

.Program ' engineers 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
government ', ESI or its other contractors, and for obtaining and
safeguarding wunclassified test data from IRT scientists. No
classified informetion will be utilized or generated by this
program. '
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FOR
TRANSIENT PROTECTIVE DEVICES
SUITABLE FOR FAST-RISING PULSES
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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 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 devices is
described here which offers a rational approach to certifying the
average performance of a particular group of devices against such
fast-rising <(nancseconds) 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 radio confiqurations to be develcped 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 devizes 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. o ‘ . .

Some limited government research into transient protective
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.

I¥ a standard test method and reporting system for transient
protective devices were available, individual private radio
amateurs could make rational decisions concerning the purchase o+
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.

1-11




CONCEPT

The . following paragraphs describe features of a protective
device qualification program which depends on the careful testing
of a significant sample of protective devices against a
recognized transient threat pulae, with results stated precisely
in terms of pre~determined critera for success.

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,
definad as: ,

Peak Signai. In
= 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 ability of the
device to withstand at least a minimun number of threat stresses
without +failure (degradation -of the rejection ratio below a
specified error margin), a2 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 toward 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
operatcr may 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 ligntrning 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,




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 bhundreds 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 protectivg 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
qual:fication 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 fregquent intervals during 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, ancd to record the input and output
waveforms across each device teated. An efficient system of
controlling test data and documeniing resul:s must be provided by
the test facility. Use of one of the appropriate government labs
for this effort is possible, if potential problems of cost,
availubility, scheduling, and over—-classification of data can be
overcome. '
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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, for few technicians in
industry or government routinely deal with the myriad prcblems
caused by testing almost to failure with high powered, fast
rising transients, Sophisticated pulsers and test probes

‘reguiring calibration of both time and amplitude, with limited

distortion-free ranges of operation, create many opportunities
for inexperienced persornel to unknowingly recourd 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 menmber 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 eacnh Qroup of like protective devices, and
the amplitude evel where failure of the device occurs.
Organizing the devices will allow any correlations between
standard operating parameters and test results to be easily
observed. A modern lab is expected to cbtain directly digitized
tabulations of the input and autput waveform for comparison with
linits of the protection design.

-Program Coordination
From the partial listing of transient protection 'deQices

available (see Appendix I), the protection design engineer should
indicate those of least cost that are expected to perform the.

protective function as desired. I¥f 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 will be
devel oped under this contract.
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s TYPE

s€
s6
56
56
§6
56
56
55
56
MOV
nov
VS
Ivs
Tvs
TS
Tvs
ne
WTF
HTP
HTF
. HTP
M
s HTP
e CHTP
HTP
HTP
HTP
HTP
HTP
FIL
FIL
FIL

SG = SPARK GAP, HTP = HYBRID. MQV = METAL OXIDE VARISTOR,
VYOLTAGE SUFPRESSOR, FIL = FILTERS

Appendix I
MANGF ACTUREF TRADE NAME
€ P CLARE AND CO cOMM GAP
FISCHER CUSTOM COMM GAS-CAP DIODE
JOSLYN ELECTRONICS SYS . MSP
JOSLYN ELECTRONIGS SYS  TRIGARD
JOSLYN ELECTROMICS SYS  SURGITRON

SIEMENS
SIEMENS

SIEMENS

TI1 INDUSTRIES INC
GENEKRAL ELECTRIC CO
INTERNATIONAL RECTIFIER
SENERAL ELECTRIC €O
GENERAL SEMICNDCTOR IND
GENERAL SEMICNIZTOR IND

TRW CAPACITORS

CONTROL CONCEPTS CORP
CONTROL CONCEFTS CORP
FISCHER CUSTOM COMM
JOSLYN ELECTRONIC 5¥S
KAPUSI LABORATORIES
KAPUSI LARORATORIES
KAPUS] LABURATORIES
KONIC INTERNATIONAL
MCG ELECTRONICS INC
MCG ELECTRONICS

MCG ELECTRONICS. INC
TIT INDUSTRIES INC
T11 INDUSTRIES INC
RFI CORPORATION

ERIE TECH PRODUCTS
SPRAGUE ELECTRIC €O

BUTTON TYFE SVFP

POWER TYPE SVP
COMMUNICATIONS TYPE SVP
SURGE ARRESTOR TUBES
SURGE ARRESTOR

IENAMIC MOV TRANS SUPPR

. HOME LIGHTNING PROTECTOR

TRANSIGORB

I0RB ELECTROSTAT DISCHAREE
TRANST -70AP

TRANSIENT VOLTAGE PROTECT
ISLATROL,

ISLATROL BI-DIRECTIONAL
SPIKEGUARD

PROTECZTORS

INTERGUARD

LINE SURGE ABSORBER

POWER GUARD

TRANSTECTORS

EGPT & BRANCH PROTECTORS
SIGNAL LINE PROTECTOR
WALL QUTLET FROTECTOR
OVER~VOLTAGE SURGE PROT
POWERLINE SURGE PROTECTOR
SUBMINATURE FILTERS

EMI FILTERS

RADIO INTERFEREMNCE FILTERS

MOCELS

21

- N
~i

s O

11

13

=
w
~

- v
N OB WU ON & LN O WU -

[

Ll J

TVS = TRANSIENT

| G

KRRt 4

| S

»" e

g R e PR

e
M

RSSO I PRI POt

G AL AR SN AN 2 (N

PP

SR

e
ST LT

L L F

<

PP . .oti TP S




o

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 actu-~lly used depends on the levels of
voltage or current desired, a.Jd the method of signal driving:

Coaxial charge line pulse generator
(nanosecond rise, 3500 volts into 30 ohms)

High power pulse generator

(10 nanosecond rise, up to 100 microsecond length,

500 yolts inta 50 ohms)

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

High powervﬂarx generator '
(400 kilovolt, 40 kiloamp into short circuit)

Capacitive discharge pulse generator
(40 kilovolt)

Damped sinusoid generator ,
(variable ring/irequency, 0.5 kw into S5O ohms)

Controllable capacitive discharge pul se generator
(20 kv-100 kv, 10 nanosecond risetime)
Re;ponse“HQASUring‘thi:es
High impedance voltage probes
(calibrated, shielded against spurious signals)

Differential voltaée probes
(calibrated, adjustable reference point),

Calibrated impedance matching transformers
(with adijustable attenuation}

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

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

Digitizing Oscilloscopes
(calibrated, with internal and external trxggers,

with reference time marks)
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ITEM

W~ WM

10

11

13

14

15

16

MANUFACTURER

FISCHER

FISCHER

FISCHER
FISCHER
FISCHER
FISCHER
FISCHER
JOSLYN

JOSLYN
JOSLYN

JOSLYN
JOSLYN

JOSLYN
JOSLYN
JOSLYN
JOSLYN
JOSLYN

GENERAL ELECTRIC
GENERAL ELECTRIC
GENERAL ELECTRIC
GENERAL ELECTRIC
GENERAL ELECTRIC
POLYPHASER CORP

POLYPHASER CORP

POLYPHASER CORP

TII

STEMENS

STEMENS

STEMENS

STEMENS

SIEMENS

Section 2

LIST OF DEVICES

PART
FCC-120F-P

FCC-250-300-UHF
FCC~250~350~UHF
FCC-250-75-BNC
FCC~250-150-UHF
FCC-250~120~UHF
FCC-450-120-UHF
2027-23-B

2027-35-B
1270-02

1250~-32
1664~08

2027-09—5
2027-15-B
2022-44

2031-23-B
2031-35-B

V39ZA6
V82ZA12
V180zA10
V8ZA2
V36ZA80
IS-NEMP
IS~-NEMP-1
IS-NEMP-2
T11428
S10K11
S20K25
S14K50
S10K60
S14K130

2-1

DESCRIPTION

SPIKEGUARD SUPPRESSOR

POWERLINE PROTECTOR
SPIKEGUARD SUPPRESSOR
SPIKEGUARD SUPPRESSOR
SPIKEGUARD SUPPRESSOR
SPIKEGUARD SUPPRESSOR

- AC

COAXIAL LINE
COAXIAL LINE
COAXIAL LINE
COAXIAL LINE

SPIKEGUARD SUPPRESSOR COAXIAL LINE
SPIKEGUARD SUPPRESSOR COAXIAL LINE
MINIATURE GAS-TUBE SURGE PROTECTGR
(MSP)
MINIATURE GAS-TUBE SURGE PROTECTOR
(MSP)
SURGITRON - PLUG~IN AC SURGE
ARRESTOR
SURGITRON - SURGE ARRESTOR
TRANSIENT PROTECTOR FOR DATA INPUT
CIRCUIT

MINIATURE GAS-TUBE SURGE PROTECTOR

(MSP)

MINIATURE GAS-TUBE SURGE PROTECTOR

~ (MsP)

TRIGUARD THREE~ELECTRODE GAS-TUBE
SURGE PROTECTOR

MINIATURE GAS-TUBE SURGE PROTECTOR
(MSPJ

MINIATURE GAS-TUBE SURGE PROTECTOR
(MSP) C

METAL OXIDE VARISTOR (GE-MOV)

METAL OXIDE VARISTOR (GE-MOV)

METAL OXIDE VARISTOR (GE-MOV)

METAL OXIDE VARISTOR (GE-MOV)

METAL OXIDE VARISTOR (GE-MOV)

COAXIAL LINE PROTECTOR

COAXTIAL LINE PROTECTOR

COAXIAL LINE PROTECTOR .

PLUG~IN POWERLINE PROTECTOR

METAL OXIDE VARISTOR (SIOV)

METAL OXIDE VARISTOR (SIOV)

METAL OXIDE VARISTOR (SIOQV)

METAL OXIDE VARISTOR (SIOV)

METAL OXIDE VARISTOR (SIOQV)
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ITEM

32
33
34

35
36
37
38

-39

40
41
42
43
44
45
46
47
48
49

50
51
52
53

54

35

56

MANUFACTURER

SIEMENS
STIEMENS
STEMENS

SIEMENS
SIEMENS
SIEMENS
STEMENS

ALPHA DELTA
ALPHA DELTA

GENERAL
GENERAL
GENERAL
GENERAL
GENERAL
GENERAL

.GENERAL

GENERAL
GENERAL

GENERAL
GENERAL
GENERAL

SEMICONDUCTOR
SEMI CONDUCTOR

SEMICONDUCTOR

SEMICONDUCTOR
SEMITONDUCTOR
SEMICCNDUCTOR
SEMICONDUCTOR
SEMICONDUCTOR
SEMICONDUCTOR

SEMICONDUCTOR
SEMICONDUCTOR
SEMICCNDUCTOR

ELECTRONIC FROTECTION
DEVICES
ELECTRONIC PRCTECTION

DEVICES
S. L. WABER

ARCHER

LIST OF DEVICES (Contd)

PART
B1-C75

B1-C90/20
B1-C145

B1-A230
B1-A350
$8-C150
T61-C350

TRANSI TRAP LT
TRANSI TRAP R-T
5878051
ICTE-5
ICTE-15
ICTE-8C
LCZ&.5A
LCEi5A
IrESL
LCE130A
PHP 120

GHV-12
Gsv101
GSv201
LEMON
PEACH

1G-10
61-2785

2-2

DESCRIPTION

BUTTON TYPE SURGE VOLTAGE PROTECTOR

BUTTON TYPE SURGE VOLTAGE, PROTECTOR

BUTTON TYPE SURGE VOLTAGE PROTECTOR
(AC) :

BUTTON TYPE SURGE VOLTAGE PROTECTOR

BUTTON TYPE SURGE VOLTAGE PROTECTOR

POWER TYPE SURGE VOLTAGE PROTECTOR

COMMUNICATIONS TYPE SURGE VOLTAGE
PROTECTOR

COAXIAL LINE SURGE PROTECTOR

COAXIAL LINE SURGE PROTECTOR

120 VAC LINE PROTECTOR TRANSORB

TRANSZORB

TRANSZORB

TRANSZORB

TRANSZORB

TRANSZORB

TRANSZORB

TRAN3ZORB |

TRANSZORB BIDIRECTIONAL AC POWER
PROTECTOR

BIDIRECTIONAL SURGE PROTECTOR

BIDIRECTIONAL VARISTOR

BIDIRECTIONAL VARISTOR

AC SURGE PROTECTOR

AC SURGE PROTECTOR

AC POWERLINE PROTECTOR »
3 OUTLET VOLTAGE SPIKE PROTECTOR
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Section 3

MANUFACTURERS

Alpha Delta Communications
P.0. Box 571 '
Centerville, Ohio 45459
(513) 435-4772

Electronic Protection Devices, Inc.
P.0. Box 673

Waltham, Massachusetts 02254

(617) 890-2518

1-800-343-1813

Fischer Custom Communications, Inc.
P.0. Box 581

Manhattan Beach, California 90266
(213) 642-0049

General Electric

MD38, Buildiag 7, Electronics Park
Syracuse, New York 13221

(315) 253-7321

(315) 456~3515

. Ceneral Semiconductor Iadustries, Inc.

2001 West Tenth Place
Tempe, Arizona 85281

(€02) 968-3101

Joslyn Electronic Systems Division
P.0. Box 817

Santa Barbara Research Park

6868 Cortona Drive

Goleta, California 93116

(805) 968-3551 ‘

Polyphaser Corporation

1425 Industrial Way
Gardnerville, Nevada 89410-~1237
(702) 782-2511 :

Siemens Corporation

186 Wood Avenue South
Iselin, New Jersey 08830
(201) 321~3400
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9.

10.

S. L. Waber Division

S. L. Industries, Inc.

300 Harvard Avenue:
Westville, New Jersey 0809
(609) 456-5400 .
(800) 257-8384

TI1 Industries, Inc.
1375 Akrorm Street

. ‘Copiague, New York 11726

(516) 789-5020
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SECTION 4

Descripticn of Devices

s

Fisher . . . . . «'0 . & ; e s e i e s e s s e s s e e e e e e e
JoSlyn . ¢ 4 v ¢ e 6 e e e 6 6 e s e oe e e e e e e e e e e
General ElectTic o o & ¢ o 4 ¢ 4 o o o ¢ o o o o s 6 o o s s o o o »
Polyphaser . & & v 6 ¢ 4 6 ¢ o e 6 o 4 e e 6 e 6 s e e e e e e e e
TILe o o ¢ o o ¢ o ¢ o o o -~ & « o o o s o o o o o s o o s s o o s

SiemensS. o & ¢ ¢ o ¢ o o o o 4 6 s 6 s 8 s 6 s s e s s 6 s e b o o s

Alpha Delta. . . & ¢ v t v v 6 v e bt e e e e e e e e s e e e e

General SemiconduCtor. « + ¢ ¢« « ¢ ¢ o o a- 6 o o o s o 6 ¢ o o o o o

Electronic Protection Devices. . . « ¢ o ¢ o ¢ o ¢ ¢ o o o ¢ o o o &

Archer . . . o i 0 i e i et e e e e e e e e e e e e e e e e e e
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SPIKEGUARD

SUPPRESSORS

NANOSECOND TRANSIENT PROTECTION

'MODELS AVAILABLE FOR
~ » COAXIAL LINES
o TELEPHONE CIRCUITS
¢ 1/O SEMICONDUCTOR CIRCUITS

FISCHER CUSTOM COMMUNICATIONS ..ccsco

BOX 581 « MANHATTAN BEACH, CALIFORNIA 90266 « TELEPHONE (213) 545-4617
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FISCHER CUSTOM COMMUNICATIONS

BOX 581- MANRATTAN BEACH, CA. » S0266
AREA CODE 213 - 5&@72‘8‘6‘}7

SFIXEGUARD PROTECTOR CHARACTERISTICS
NMODEL FCC=l20F-P

The FCC~120F=~P 1s designed to protect 120 VRMS 60~400 Kz
single phese powerlines, The protector 1s 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 pesk amperes
for 400 microseconds, It 1s also capble of disslpating 25
watts of average power, and 30 Jjoules of energy.

The unit will eclamp line to ground transients to 400-600 -
peak volts depending upon the exaet risetlrme gradient of the
transients, the impedance of the circuits, and the length
of leads frowm protector to ground. The maximum clamping

- voltage will be for those translents approximating a

gradient of one megavolt per microsecond, with tetal clamping
oocurring in a few nanoseconds for very fast translents,

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

Physically, the FCC-120F-P 1s 2. 5" 3.5" X 2.,0" in shepe,
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 tha surface opposite the grounding tabs in order
to make the electrical connectlion to the 120 VAMS powerline,
In order to provide optimum clamping of transients, the lead

* to this termlinal should be trimmed as short as pos=ible to

minimize its inductance.,




FISCHER CUSTOM COMMUNICATIONS

BOX 581 « MANHATTAN BEACH, CA. 90266

AREA CODE 213 545-4617
2136420049

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 fcr 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 transmissicn 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-260 series {the part numbering system wiil 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 voltagas varying from 75 volts to 2000 volts.

For dc voltages up to 2000 valits this series has a pulse {overshoot) breakdown varying from1000 to 2000 volts fer 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 1.2:1
200 MHz 1.4:1
300 MH2z 1.6:1
400 MHz 1.8:1

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

in the event that the total tolerable VSWRIis 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 analysis 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 volit:. 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 voitages. The os)ershoot to the dc specified trip voltages for
transients having a pulse rate of rise of 1 megavolit/microsecond is minime!, since the trip voltage is achieved in 1 to 2

. nanoseconds. The impedance of this series is approximately equivaient to 2 picofarads in shunt with the transmiszion

line ioad.

Typical VSWR characteristics of the 350 series, for-type i1, UNF, C, and HN coaxial connectors are as follows:

Frequency (MH2) VSWR
N UHF C HN
50 1.1:1 1.1 1.05:1 ) 1.1:1
100 1.2:1 1.3:1 1.1:1 ‘ 1.12:11
200 1.3 1.5:1 1.4:1 1.2:1
300 1.6:1 1.72:1 t.7:1 1.45:1
4C0 24:1 2.3:1 2.2:1 2.0:1

An improsed 250 and 350 series has been developed, now designated the 250A and 350A series. These units have
improvad VSWR characteristice with alt electrical and mechanical characteristics remaining the same as previousiy
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
213.442.004>

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

Frequency (MH2z) ' VSWR
50 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 hav'e nominal VSWR values as follows:
Frequency (MH2) VSWR
' N UHF | c HN
50 1.05:1 1.05:1 1.05:1 1.1
100 ‘ 1.1 1.1:1 1.1 1.1:1
200 . 1.2:1 1.3:1 1.35:1 1.2
300 1.6:1 1.7 1.6:1 14:%
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 semlconducmr
components and integrated circuits.

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

They can be provided with clamping voitages varying from 6 to 200 volts. The 6 to 20 volt units are capable of
sustaining 7O 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 mods is équal 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 compenents, particularly, integrated circuits, such as TTL, ECL, DTL, MOS, and MS!. Due
to tne fact that they have low capacitance these units can protect not only power supplies, but input and output data
hines, without degrading the data transmission operating characteristics, by excessive capacitive ioading.

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

The FCC 450 series are also packaged in coaxial connectors to pratect receivers and transmiteers {rom 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 megavoit/microsecond. These units also have a distributed
~apacitance of approx:mately 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-{ )-( ) are as
fcliows:

4-5




'FISCHER CUSTOM COMMUNICATIONS

BOX 581 « MANHATTAN BEACH, CA. 90266
AREA CODE 213 545-4617

213.642.0049
Frequency (MHz) " ' VSNR
' 50 1.1:1 ‘
100 ‘ 1.3:1 :
200 1.4:1
300 1.56:1
‘ 400 o _ 2.0:1
500 , 25:1

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 operat:on with littie or no degradation
n 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 wiil intercept the transient first and
will limit the overall energy to the low mulluouie level thus not permitting the transient energy to exceed the safe
level of the 450 senes

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 by 3 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 voits
or lower for a transient having a risetime gradient of 20 kilovolts/microsecond.

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/mucrosecond risetime gradient, and 50 nanoseconds for the 20
kilovolt/microsecond gradncnt

The energy levels finally permitted to arrive at a transmitter or receiver during & transient will be well within the satfe
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 2000 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 voits before clamping a 1 megavoit/microsecond gradient transient. This overshoot
will only exist for a period of about 1 nanosecond. Even for a 100 watt transmittor the condition isn’t murh more
severe. A 100 watt transmitter will be rated to clamp at 230 voits. A 1 me, volt/microsecond gradient transient will

" cause an overshoot voltage of about 150Q volts. This will only permit the overthoot to exist for a period of approxi-

mately 2 nanoseconds. The energy permitted to axist during either of the above two examples wouid not exceed
200 microjoutes, which is insufficient to damage 100 to 500 watt transmitters. |

Therefore, transmitter protection is recommended as foilows. For transmitters up to 100 watts output, 3 hybrid
combination of a 250 series placed at or near. the antenn2, and a 450 series at the transmitter is recommended. For :
transmitters of 100 watts 1o 10 kilowatts, a 250 seriss unit placed near the antenng is recommended. A 350 series is ‘;
recommended for all transmitters exceedirg 10 kilowatts. -
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FISCHER CUSTOM COMMUNICATIONS

BOX 581 « MANHATTAN BEACH, CA. 90266,

AREA CODE 213 545-4617
28420047

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.

Tne Quick Connect Terminals. strip, connect, and trim wire in one operation. The terminals are designed to make a
positive connection to unskinned 20-24 gauge conductors, or 18 and 19 gauge skinned wire, and accomplish this
th-ough a spring tensioned terminal chp, and Cuick-Connect tool combination.

The procedure for installation of a data line is to just hook the unstripped conductor to the top of the clin. Then
using thz Quick-Connect tool, push the wire down into the cl.p. This action automatically strips the insulation,
torms an electrical connection, and cuts off excess wire. All of the above in one fast operation.

The 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 availabie. The position of the ground strip permits very short
leads, minimizing inductance 1n the instaliation.

Tne entire terminal block can also be supphied 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 transmmitter should be operated at. This is to remind a trunsmitter operator not to accidentally run up the trans:
m.tter power output above its normal operating level. This would cause the transmitter output to be short circuited
and create a high YSWR. This is a safaty precaution since each Spikeguard will have a voltage rating that wid allow |
overation of the transmitter at its designed power output, and also provide the desired protection from an incoming

transient. .

Fischer Custom Communications power line transient protectors are especially designed to achieve optimum suppression
ot high enetgy nanosecond risetime transients.

Two types of protectors are ayai|able.

The FCC-120-P Mode! plugs into the free eiectrical outiet next to the onr. your equipment receives its power. The
FCC-12C-P s 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 m.croseconds.

T-ansients 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 metat oxide component, but
increased overall circunt protection by the addition of common mode chokes placed in series with the pow'ovev‘ line
between the mei2! oxide components and the equipment being protected. This circuit configuration pe mits the
metal oxide component to have a high common maode inductive impedance in series with the load, thut increasing its
ablity to clamp. Clamping under these condit,ons wil! occur with the transient delivering minimum cutrent to the
10ad 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:

Y The common core :nductur torovdal windings will not suffer core saturation, and valtage drop when passing the
high powes line currents.
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'FISCHER CUSTOM COMMUNICATIONS

BOX 581 « MANHATTAN BEACH, CA, 90266
AREA CODE 213 545-4617

. 213.642.0049
N , .
LA

2. The inherent capacitance of the metal oxide components, and the comron mode chokes create an LC filter that

will constantly provide protection from iower levei 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. 1t is capable of sustaining 2000 peak amperes for 5 microseconds, and 200 peak
amperes for 100 microseconds.

Insta:‘ation is convenient, just plug tﬁ_e maie receptacie 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
wil! be quoted on request.

,insta.iation information is ext'remely‘ 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 eitt.2r the antenna terminals, or near the transmitter
and o receiver terminals. ‘ :

The data line 450 secies must have its terminals soldered across the terminals.to be protected. -

The Quick-Connect data fine Spikeguard assembl'v comes with the suppressors already assembied. The only tasks for

instaiiation are the mounting of the block, wire connections, and routing of the leads.

Order:ng information is stréight forward with the part numbeéing system ac fotlows, for the 250, 350, and 450 series:

Example: FCC-250-90-N '
o FCC - 250 - %0 - N

| i f f
' 50 ohms Nominsl Breakdown - Connector
Voitage
Example: FCC-350-550-UHF _
FCC - 350 - 550 - UHF
50ohms - . Nominal Breakdown "~ Connector
Voltage

No designation of 3 coaxial connector for the 450 series will identify a series mounted directly to a circuit via soldered
. termunais, such as follows: ' : '
Example: FCC-450-1O
FCC . - 450 - 10

t

Nominal Breakdown
Voitage
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FISCHER CUSTOM.COMMUNICATIONS

BOX 581 « MANHATTAN BEACH, CA. 90266
AREA CODE 213 545-4617
212.642.0049

o 00
«

The Quick-Connect block part numbering is as follows:

Example: FCC-250-75-25-S

FCe - 250 -

15 - - s
'Series 75 Volits . 25 Pairs Shielded
Example: FCC-450-10-6-(Blank)
FCC - 45 - 10 - 6 - {Blank)
Series 10Volts 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.
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APPLICATION

The MSP?® protects against overvoltages
caused by swiiching surges, contact with
foreign circuits, and lightning discharges,
either induced or conducted. Fast response
makes the MSP® particularly effective as
. protection agaitst transients. It protects
electronic circuits and associated comipo-
nents in telecommunication, computer, in-
dustrial control equipment, data logging,
CRT displays, microwavs, traffic control, and
missile firing systems.

METHOD OF OPERATION

When a surge exceeds the breakdown voli-
age of the tube (surge sparkover voltage), the
gap becomes intensively ionized, and con-
duction takes place within a fraciion of a
micro3zacond. The ionized protector becomes
a short circuit and remains so until the voit-

U -

TECHNICAL DATA

MSP°

‘Miniature Gas-tube
Surge Protectors

2027 and 2029 Series

Joslyn MSP® gas-tube protectors are pfoclslon built
surge and transient protection devices. Performancs is

repeatable over a long life pericd.

age returns to normal. lonization and deioni-
zation are extremely fast due to the typa of
gas fill and physical configuration used.

CONSTRUCTION

. The gas tubes are assembled under clean

room conditions. Inspection in accordance
with stringent quality assurance procedures
ensures total reliability.

The special alloy meta! electrodes of the gas
tube are hermetically sealed at high temper-
ature to-a high-alumina ceramic body. This

_provides leak-proof dependability. The high-

alumnia ceramic is formulated for high insu-
lation resistance and low dielectric loss.
Symmetry of construction provides equal
performance with either polarity of applied
voltage.

JOSLYN MSP® SURGE SPARKOVER CHARACT ERISTICS
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DISTINCTIVE FEATURES

1. Instantaneous and reliable response
in any environment.

2. Absolutely no interruption of powef
nor drop in voltage during or after
passage of a surge.

3. Extremely long life with dependable
protection.

4. Low voltage clamping
with high current surges.

5. Ability to protect against surge cur-
rents up to 12,000 amps peak (8 x
20 .sec wave).

6. Reliable and equal performance in
either polarity. '

level even

'APPLICATION
The surge arrester model 1270-02 is.

designed to protect against transients
caused by lightning, induction, switch-
ing surges and EMP.

The instantaneous response makes it

particularly effective in preventing
damage to delicate solid state elec-
tronic equipment.

*Coverad by one or mare of the following patents:
2,312,368 3.320.462 3,353,066
3;535,582 3,543,207 3.564.475

3.388.274
3,588.576

1aSLY

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
widespread use in computer installa-
tions and microwave stations as well

~as in the telephone railroad, and pe-

troleum industries.

METHOD OF OPERATION

When a surge voltage exceeds the nor-
mal system voltage the arrester instan-
taneously conducts the surge to ground.
The arrester continues to conduct the
surge to ground until the surge has
passed and the system volitage has re-
turned to normal. The arrester automat-
ically restores itself to its normal oper-
ating condition. The 1270-02 incorpor-
ates a fuse which opens the circuit,
thereby extinguishing the indicator light
and removing the protector and its pro-
tected load from the circuit, when one
or more of the following events takes
place:

1. If the load exceeds 15 ampefes.

2. If the surge current is substan-
tially greater than 4000 amperes
or longer in duration than 8 x 20
microseconds.

3. If the protector reaches its end of-
life.

Replacing the fuse restores the pro-
tector to service if the fuse opened be-
cause of events 1 or 2. Event 3 will cause
the replacement fuse to open also.

3.413.587
3.811.064

3.448,337

3.813,577 3,828,290

4-14




SPECITICATIONS

APPLICATION

120 Vrms, Single Phase
3-wire Grounded 50/60 Hz

Voitage Rating:

110-135 Vrms Phase to Neutral

Power Rating:

15 amperes

Clamping Voitage:

190 Vrms

Response Time:

Instantaneous (No Delay —
Continuous Conduction)

Discharge Voitage:

At 1,500 amperes 450 V Nom.

5,000 amperes 500 V Nom.
Minimum Life: 1.5 KA 8x20.sec wave 5,000 Operations
4.0 KA 8x20u.sec wave 1,000 Operations

- Extreme Duty Discharge Capacity:
(8x20.Sec wave)

12,000 amperes peak™

wer Consumption: Excluding Light Less than 0.040 Watts
. -1 “cluding Light Less than 0.300 Watts

sing: 15 ampere, 250 Vrms

lipping Weight: Approx. 1 pound

fusae to restore arrester function.

" mensions:

. irge Currents greater than 4,000 amperes may require replacing
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DISTINCTIVE FEATURES.

1. Instantaneous and reliable respcnse
in any environment.

2. Absolutely no interruption of power
nor drop in voltage during or after
passage of a surge.

3. Extremely long life with dependable
protection.

4. Low voltage ciamping level even
with high current surges.

S. Ability to withstand surge currents
up to 20.000 amps peak (8 x 20
sSeC wave) and survive.

6. Reliable and equal performance in
either polarity. :

APPLICATION

The power arrester model 1250-32 is
designed to protect against transients
caused by lightning, induction, switch-
INg surges and EMP.

The instantaneous response makes it
particularly effective in preventing
damage to delicate solid state elec-
tronic equipment.

*Cowered by one or more of the following patents:
3312888 3.320.462 1.353.066
3.535.582 3,943,207 3564473

3.388274
3.588,576

TEC: NICAL DATA

MODEL 125032
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 instalia-
tions and microwave stations as well
as in 'the telephone, railroad, and pe-
troleum industries.

With increased use of sensitive elec-
tronics such as computers, air condi-
tioning controls and video recorders in
homes, low voltage arresters are need-
ed to prevent damage from electrical
surges. These arresters are ideaily suit-
ed for this and are designed for easy
installation at fuse boxes and similar lo-
cations. :

Long life and maintenance free opera-
tion, even in heavy surge conditions,
make this unit the perfect arrester for
remote and unattended stations, or sta-
tions with no back-up circuits available.
The arrester is enclosed in a moisture
proof housing to ensure reliable opera-
tion in any environmental condition.

METHOD OF OPERATION

When a surge voltage exceeds the nor-
mal system voltage the arrester instan-
taneously conducts the surge to ground.
The arrester continues to conduct the
surge to ground until the surge has
passed and the cystem voltage has re-
turned to normal. The arrester automat-
ically restores itself to its normal oper-
ating condition without interruption of
service and with no necessity to replace
fuses or to reset circuit breakers. -

3,448,337
3,813,577

3,413,587

3.811.064 3.828.290

—
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SPECIFICATIONS

APPLICATION

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

Voitage Rating:

110-175 Vrms Phase to Neutral

Power Rating

Unlimited

Response Time

Instantaneous (Nc Delay —
Continuous Conduction)

Response with Rate-of-Rise
of 10kV/us

Less than 350V pk

Discharge Voltage 8x20.sec
Wave with 5,000 Amps
. 10,000 Amps

650 V Nom.
750 Vv Nom.

Minimum Life 1.5 KA 8x20.sec wave

2500 Operations

Extreme Duty Discharge Capacity
(8x20:sec wave)

20.000 Amps Feak

Power Consumption

Less than 30 Milliwatts

Operating Temperature Range

—40°Fto +-140°F

Maximum Operating Altitude

12,000 Feet

Shipping Weight:

Approx. .5 pound

CONNECTION DIAGRAMS
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Model 1663-08 is designed to fit and
protect ail typical 4-20 MA current loops
from damaging transients induced by /
lightning or switching of heavy equip-
ment and powerlines. B

The 1663-08. will protéct any low volt-
age/low current DC to 20kHz circuits.

P/N 36213 mounting rail allows easy,
installation on any equipment rack.
Simulated lightning tests in our lab-
oratory, using a variety of transmitters,
showed all transmitters still performing
to specification with no change to either
protector or transmitters, even after
repeated surges of 10,000A.

CONSTRUCTION:

The 1663-08 surge and transient pro-
tector is a two-stage protection unit. A
common chamber, three-.elemeént, gas
tube assures ultra-fast and balanced
clamping. The solid state portion
clamps the volitage to a very low, safe
level.

The circuit design ensurec equal pro-
tection against surges ot either polarity.
Rehability. long-life, and easy mounting
are the outstanding features of this
unit. .

*Covered by one or more of the following patents:
3312868 3.320.462 3.353.066
3.535 582 3.543.207 3564 473

3.388.274
3,588.576

R UUSLTE

|| TECHNICAL DATA

: MODEL 1663-08

TRANSIENT PROTECTOR

For Data Input Circuit, DC to 20kHz

GROUNDING

Top center 6-32 stud with nuts and
washers is the ground terminal. Ground
strap P/N 34860 will connect all protec-
tor ground terminals and only one earth
ground connection is required. One
ground strap for each protector is re-
quired.

Use a #6 or larger nickel-clad copper
wire to connect the equipment housing
to a suitable earth gr-ound as shown in
Figures 1 and 2. '

Basically, these protectors divert the
lightning induced  surge current to
ground before it can reach the instru-
ment, thereby reducing the volitage
potertial between the housing and elec-
tronic components inside from several
thousand volits to a low and safe level.

If for any reason direct grounding of
transmitter is not permissibia (cathodic
protection or other). a Josiyn 2002-01
gas tube in series with the zround wire

* will isolate the transmitter from. earth
and still hold potential between housing
and earth at a reasonable level during
a discharge. See Figure 2.

3413387
3.811.064

3.448.337

31.813.877 3,828.290
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ELECTRICAL CHARACTERISTICS

Typical Signal Level: 24V
DC Breakdowr: liiz *~-line 66V
_ line-to-ground 33v
:j.::_‘:- Discharge Volitage: with 10,000 amp 8 x 20.s surge
- line-to-line <100V
line-to-ground . <50V
Surge Life: (No. of operations) ‘
with 500 amp 10 x 1000.s surge L-G >409
with 10,000 amp 8 x 20.s surge L-G 10
Series DC Resistance: (per line) 220
Leakage Current at 24V <1S.A
Maximum Load-Current 100ma
' " | FIG. |
"uo'n -:T‘N'::. m ! ntd to TRANSMITTER
Uo s _r o!U adatie ux
3 9) i FIELD ":"':’ -
[c = O_Q—-——-s —2E 1, aorecrons
L =
Fi1G. 2
. Ot LOCATION WHERE DWAECT
SR WONS OF TRANSMITTER 1S NOT
ATy, RECLIVER JOSLYN Fres e
Of  aTHEN . 463-00 o ntd TRANSMITTER
‘ “a 3 ———gc < . s 1 somm
. 303 mewo semes |
i ° —— L pmoTECTORS [
3 JOSLYR
= e) 2002-00
CAS TUSE

-6-32UNC-2A THD
GROUND TERMINAL

® -3 -4 539
S‘E E§°

- 2.30 - -n -
-l - 3% - -
. !

. ®

-

%" r
- ;|

°

o~

| w——

Net wetght approx. 3 oz. Standard accessones include P/N 36213 Mounting Rail and P/N 34860 Ground Strap.

- TYTTTYTTT{TTT 77T 7T 6868 CORTO’ A DRIVE
. U B Qe "7t . SANTA BARBARA RESEARCH PARK
L ST . POST OFFICE BOX 817
R U s GOLETA, CALIFORNIA 93116

JES 269.2M 10.83 » P

) ’ T e e L2 TELEPHONE (80%) 968-35%1
ELECTRONIC SYSTEMS twx 910.334.34s54
’ Soecifications Subect to Change Without Prior Notice
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DISTINCTIVE FEATURES ,
1. Extremely fast and repeatable respouse in
light or dark environment (see Figure 1)

2. Equal performance con surges of either po-
lanty

3. Balanced response from either line to
ground

4. 1009 inspected.
5. Delivery from stock

APP’L!CATION

The TRIGARD® protects balanced pairs agamst
overvoitages caused by switching surges, con.
tact with foreign circurts, and lightning dis-
charges, either induced or cenducted. Fast
response makes the TRIGARD® particutarly
effective as protechion against ‘transients. |t
protects electranic circusts and associated com-
ponents in telecommuynication. computer, in-
dustrial controt equipment, data logging, CRT
displays. micraowave, tratfic control, and mis-
sile finng systems,

—r N\

HRTEE
” 17 “‘\i ay
TECHNlCAL DATA

TRIGARD?

Three-Electrode Gas-tube
- Surge Protectors

Josiyn TRIGARD® gas-tube protectors are precision built, heavy duty,
surge and transient protection devices. Performance is

repeatable over a long life period.
\
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METHOD OF OPERATION ,
When a surge exceeds the breakdown voitage
across any portion of the tube (surge sparkover
voltage), the entire gap becomes intensively
ionized, and full conduction (akes place within .
a fraction of a microsecond. The ionized pro-
tector becomes a short circuit from line-to-line
and frcm each line-to-ground and remains so
until the voitage returns to normal. lonization
and deionization are extremely fast due to tha
type of gas fill and physical configuration used.

CONSTRUCTION

The gas tubcs are assembled under clean
room conditions. Inspection in accordance
with stringent oguality assurance procedures
ensures total reliability,

The special alloy metal electrodes of the gas
tube are hermetically sealed at high temper.
ature to a nigh-alumina ceram:c body. This
provides leak-proot dependability. The high
alumina ceramic is formulated for high insul.
ation resistance and low dielectric loss. Sym.
metry of construction provides egual perfor.
mance with either polarity of applied voitage,




PN | Leads Dimensions oC Nominal | SurgeUfe | Surge Life | Mammum; 60Hz 60 Mz Hoidover
(See Figure) |  Sparkover Impulse 1000 A® 20.000 A* Singie Current Cusrent Yoitage
Volitage Sparkover | 10x1000.5e¢ | 8x20.s0cC Surge® Carming Ceying Per
Line-to-Ground | Voitage At | (Operations) | (Operations) | 8x20.sec | Abihty® Abiity® REA PE.56
(Voits) 100V usec (Amperes) | 1 Operation| 10 Operatrans | @ 200 mAl
Rate of Rise For 11 Of 1 Sec (Voits)
(Voits) Cycles Duration
(Amperss) | (Amperes)
2021-3% None A 250-350 600 >1000 >50 40,000 180 30 ' 178
2022-24| 220 AWG 'B 250-350 600 >1000 >50 25,000 180 30 175
2022441 220 AWG Cc 2%0-350 600 >1000 >50 25,000 180 0 173
202401 | 218 AWG D . 250-500 7%0 >1000 >50 55.00(3 180 30 175
2024-02| = 18 AWG 8 250-500 750 >1000 >%0 35,000 180 30 17%
2024-03| 2 18 AWG [o 250-500 750 >1000 >50 35,000 180 30 17%
202409 None A 250-500 7%0 >1000 >50 | 40,000 ! 180 30 175
*Soth Linas Simultanecusly to Ground
FIGURE 1
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The New Low Voltage
GE-MOV 1l Varistor.
(For protection of
circuits 5Vdc

- and below )

-

-
l-v—

Selald R. Korn

General Electric Company
Application Engineering
IS’emicm\dm:ul;r Products Departrient

Auburn, New York
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Z SERIES RATINGS AND CHARACTERISTICS TABLE . o
Z SERIES, o
RADIAL -
LEADSTYLE e
7.10. 14, 20mm . :
MAXIMUM RATINGS 25°C. ‘ CNARACTEMSTICS o
CONTINUOUS TRANSIENT MAXIMUM | .
MODEL ; : i VARISTOR cLAMPING | e
| ! o
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L » . ENERGY ‘ casact f
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- : ’ w20 Test cummENT |
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V2T2A4 13 : i s Fouw S AT ASN0 Lo
v272A80 o AN IR LT - sol 20 18000 ' =
V11241 . NIRERIN l Pl SRR R 1300
V332AS 14 ! nu Ly o 10 2000 -
VIIZAT0 NE St pteo®l o 1 sk | 20 15000 i
———— - . .
¥362A80 n NI 1wy 0% 2oem 0 nel 400 (X 20 1 2000 X
N ) i
visza N S I Y 1< LY ol W] Jxe] Ty s 1200 .
VI9ZA6 13 : ‘ N ) N L 00
e . ’'e p e . ._'-
vaTZAY - weolow PN 2% 2o a7 os2o0] e ] TLLY <
‘1 ; - i) {0 | SN0 -
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- tE PO NE 20 S o 6 6201 107 ] OO .
V58243 14 k SR 10T ‘ ICABIRLL 1000 »
VE8ZA? - P to T oto] e8] 80f 127 s 00 -
H -
VEAZATD R SRRl ILLD 1200 %00
VR22A2 - <o ~ iv 250 RN S TR BN E A 00
Va22412 S : : 10 LT 147 10 U ‘:
V100283 - o K1 | sw 2% wol o] o o] s SO0 %
V10024 P4 : RGAL T 178 110 2500 F4
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N
N-EMP PROTECTOR SERIES
o
S BULKHEAD MOUNTABLE Yy o
WITH EMI/RFI GASKET a5
' -
'ul'..
P4
Dimensions (LxWxH) ;;:‘.:’
Inches - 2.45 x 1x 2.25 LA
MM - 62.1 x 25.5 x 57 | &l
Weight (approx. before packaging) bood
Ounces 4.5  Grams 127.6 e
IS-NEMP available in UHF, N ' H o
or BNC connectors ' ' L =
PolyPhaser model IS-NEMP Scries is designed to protect from High Altitude Nuclear Blast(s)
effects on communications equipment. The uitra-fast 1 nanosecond response time* can SRS
prevent the induced antenna ringing energy from damaging sensitive solid state equipment. . =
h. .
PolyPhaser's IS-NEMP Series is the only proteclior which uses our Patented equipment T
isolation technique to ensure proper cperation no matter what your equipment input port o
looks like electrically (L, R or C; series or shunt to ground). Thus, we can specify what the e
maximum throughput energy to your equipment would be under the worst case conditions. f;-j.
P As with all EMP gas tube type protectors. maximum transmit power is a function of frequency. _ I N
- This is to ensure proper turn-off after a pulse, even under transmit power. - ) : —
' M
Made from highly conductive 6101-T5 aluminum extrusion with 18-8 fasteners, these water el
tight models use Type N, UHF or BNC Female Tefion connectors (standard) but Rexotliteis _::{-
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 ;'\C
washer included ' : re
‘ . -y
IS-NEMF IS-NEMP-1 IS-NEMP-2 X
Receive*  1-500 MHz. © 30-700 MHz. 125-1 GHz. Y
Transmit 1-100 MHz. @ 100W.  30-250 MHz. @ 30W.  125-250 MHz. @ S0W. ’ Z{;I
{CW-single 100-250 MHz. @ 50W. . 250-300 MHz. @ 25W. 250-500 MHz. @ 25W. e
channel) 250-500 MHz. @ 25W. 500-1 GHz. @ 10W. L
EMP '
Througrput  13.3 M Joules . 600 uv.Joules 270 u.Joules
energy max

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

Til hybrid Powerline Surge Protectors use the
synergistic action of Metal Oxide Vanstors (MOVs)
and the TIl Maximum Duty ga. tube arrester to
guard aganst dangerous and destructive powerline
surges caused by switching, lightning and other
transient sources.

A major producer of overvoltage and surge
protection products for the telecommunications
industry for 15 years. Til Industnes has designed a
combination of components that provides superior
protection characteristics on ac powerlines.

These components are a hybnd of very fast
acting sohd state devices and very high power dissi-
pation gas tube devices. Together these compo-
nents act in a way that 1s supernor in performance to
that which any arrangement of either component
used alone can provide.

Tl products with this combination of compo-
nents can be used on both 120 and 220 240 volt
service with up to 15 20 and 30 amp loads. They
protect sensitive electromc equipment such as
PABX. key telephone systems and data systems.
Metal Ox.de Varistors (MOVs) respond to fast nse
tme lower energy content puises and limit the peak
voltages seen by the protected equipment. On

~._higher energy surges. the major portion of the surge-
) current wili e diverted from the MOV to the gas tube

which can handle many times the peak current of an
MOV or an avalanche diode. .

This shaning of surge current agamn limits the
peak voltage seen by the protected equipment. As a
final state of protection. many Til protectors also
include a thermal circuit breaker that operates in the
event of a sustained voltage surge that would

* exceed the handling capabihities of both the gas tube

and the MQV. Operation of the circuit breaker
removes both the protection devices and the pro-
tected equipment from the ine and then automati-
cally restores to normai.

As both industrial and consumer electronic
equipment becomes more sophisticated. it has
becorne more obvious that addional protection
techmques beyond those used in the past will be
requrred. In some instances products that only mit
peak voltages will not be suthcient and additional
circuitry will be necessary.

This can be seen today in the need for filters
as part of the overall protection scheme of a power-
line protector The Tl line of Powerline Surge
Protectors ncludes units both with and without
filters and units with and withou! ine cords for a full
line of proctucts to meet both end user and OEM
appiications.

Ti1 428 Plug-In Powerline Protector
UL Listed

Dimarsimong 4 x2%. 124
We-gnt 1002

Stancard Pa xage 24 peces
Sr.pong Veght 15ibs .
The TH A28 5 a set-cortaned powerline surge protector whioh
~ U8 MC 3313 3200 720 Vas 13 amp three.prong grounded
crarznrecesracie Thy L7t rroroorales a Ryhnd orate hon
265 3~ g L2 g 3 TH Y um Doty ‘Prea-aiectroge gas 'ube
3crester arzinree verage Ta~ong Metat Oxge Varistors

25

(MOVs) The equipment to be protected plugs into the duplex
receptacte on the unit The existing cow.- plate screw can be
used to noid the unit in piace by its mounting bracket When used
1N 2 double-dupiex branch receptacie. a Ti 71200101 mounting
adapter 1s recommended A long-hfe piot lamp iights when nor.
mal line voltape 15 present The sturdy gray metat enclosure s
supplied with a rubber bumper lor proper posthioning on the walt
surface with a branch receptacle )

The Ti 428 s recommended for apphcations where protec-

hon from the highest energy content surges on a 15 amp circutt s
reJuired :

MODEL
TH A28

DFSCRIPTION
Ptug-in Powertne Protector. 120 Vac. 15 amp

Ti1 71200101 Mounting Acapter

Wewght 0 1 02
Standard Package. 10 Adapters

Designed to assist in provding 8 more secure mounting when
mstating Tl 428 Pow~riine Protector nto a double duplex branch
receptacie The mounting adagter replaces the screw that
secures the cover plate to the dupiex receptacia and prevents the
receptacie frgm racessing iNto the wail box once the 4281
nstaied cr removed ftom the wall piate

MODEL
T 71200140

DESCRIPTION
Mounnung Agapter
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Specifications

M Rated Varsior Rated pesk Rated singi# Rated trangsent Marxmym '
o vorage SNgle puise puise trans.ent BVErage DOwer clamping | Tymsca
; Pan AC oC (- 1000 Yensen current energy drsspaton voitage capacttance
o Mo Vol (RMS) VoRs vons Amps Joutes, watts vois ____ Puootwsas !
S05K*1 100 03 01 47, 5A 1600 ’
SOTK11 250 07 0.25 39/ 5A 3500 |
S10x 11 " 1% 18 - 500 18 04 40 - 10A 7500 ;
Sraxtd 1000 34 06 36.+ 10A 18000 !
S20K 1 . 2000 11 1.0 36 20A 27000 |
SnEn - 4 ) 100 . 03 01 56 5A 1300 . ey
SGox14 250 Y ' 0.25 47 1 5A 2800 ‘ O
Sox4 14 .18 22 500 21 04 . 48 . 10A 6000 A
S an14d : 1000 40 06 42 10A 15000 | S
SZ0n 14 : 2000 16 10 44 20A 30000 ! A
S0k T ‘ 100 04 0.1 72+ 5A 1050 Pt
So™x17 250 10 028 58 5A 2000 ke
SigK7 17 2 27 500 26 04 58 10A 4000 |
S1dmt? 1000 50 06 52 5 10A 10000 .
©oSamtT ) ' 2000 7 10 54 20A 22000 i
S05K20 . . 100 05 01 86 1 SA © 800 !
SCTk20 ‘ 250 12 025 701 5A 1500 |
5'0x20 20 7 33 500 32 04 70 10A 3000 |
S an20 o 1000 ' 60 06 65 10A 7500 |
_ S&m20 2000 . 22 ) 1.0 67 20A 17000
S08K25 ‘ ! 100 T 06 01 102 - 5A S00
SC™K25 250 15 0.25 85 . 5A 1350
310%25 F] 3 39 500 38 04 85./10A 2600
S14K25 ! 1000 72 06 75.- 10A 6500 !
S20%25 ' 2000 26 10 . 80 20A ‘15000
S0£K30 100 07 01 127 154 450
SCTX30 . 250 17 025 100 : S5A 1150 .
- S10K30 0 38 . 47 500 44 04 100 - 10A 2200 |
$1aK30 1000 88 06 90 . 10A 5500 !
. S20K30 2000 34 1.0 © 95 20A 13000 |
" 505K35 100 39, 0.1 143,/ 5A wo |
i S07TX35 250 21 0.25 120 . 5A %0 |
. S10K35 3% 45 56 ‘ 570 56 04 120+ 104 o0 |
S1aK3s 1000 10 06 . 1104 10A 4500
. S20%35 : 2000 38 1.0 110.1 20A 11000
. S05K40 ' 100 11 0.1 175.:5A 350
S0TK40 . 250 25 0.25 148 5A 700
© S10K40 «© 56 68 500 68 04 145 10A 1300
. §14K40 ‘ 1000 13 06 135 10A 3300
S20K40 2000 46 1.0 . 140 .: 20A 7000 |
$05K50 400 18 0.10 143.:5A 250 |
; SO7TKS0 1200 67 0.25 1321 5A 550
i S10%50 50 L] 8z 2500 15 0.40 130 4 10A 1900
¢ S14KsC 4500 27 0.60 1251 10A © 2900
}  S20K50 6500 3% 1.00 1251 20A 5500
i S05K60 400 22 0.10 17201 SA no
| S07K60 1200 e2 0.25 . 1604 SA 70
S10K60 [ ] 3 100 2500 20 0.40 160« 10A 1400
S14K60 4500 | 30 0.60 155/ iDA 2400 .
S20K60 8500 45 1.00 155.: 20A 4800 Iy
SO05K7S 400 26 0.1 210m 5A 170 B
| S07K75 1200 10 025 200« 10A 450 -4
! os10x75 Fo 102 120 2500 24 0.40 2151 50A 1eo e
! S14k7s 4500 38 060 200+ SOA 1900 o
L S20K7S 6500 55 1.00 200« 100A 3800 -~
BAOKTS 18000 130 1.4 . 220w 1000A - 15000
S05K95 400 32 0.10 2601 54 140
SO7N35 : 1200 12 0.25 2501 10A 350
S10K95 % 1”7 150 2500 26 0.40 | 270:1 50A 900
514K95 , ‘ . 4500 45 0.60 2501 S0A 1500
S20K95 8500 65 1.00 250+ 100A 3000
S05K130 400 42 '9.10 355 5A ‘80
SO7K130 : 1200 15 025 340« 10A 20
$10K130 130 . 175 205 2500 32 0.40 365 50A 500
$14K130 4500 55 0.60 340« 50A 1000 .
S20K 130 ! 0500 80 1.00 340« 100A 2000 5
BI2K130 15000 200 120 3504t 300A 8500 £
| Baox130 0000 420 14 © 360w 1000A 8000 O,
S05K 140 , 400 Y 0.10 375 54 70 ARAS
S07x 140 ' 1200 15 025 360 10A 250 PR
S10K 140 140 195 220 2500 % ' 0.40 385/ 50A 450 o
S14K 140 4500 60 0.60 370 50A 1000
i S20%140 L 8500 90 100 360 1004 2000
*S20K 14 will withstand 24 VDG for 15 minutes i
'.-'A:u‘.;‘
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ction of SVP’s

2 to lower cost, 2-electrode SVP's
yweferrec in most applications.
:trode SVP's are used in cases
ring symmetric lines with metallic
jes being a particulas critical fac-
ecause ail 3 electrodes of such a
are inserted in a common gas
arge chamber, conduction be-
1 all 3 e'ectrodes is assured in
of a voltzge transient in excess of
reakdow -~ voitage of the tube.

lreakdown Voltage

pplicatic~s:

d 20 percent safety factor to max-
um DC suoply voitage.

fect an SVP which has a lower tol-
ince hrt of DC breakdown
ltage greater than the value dater-
nedin '

1ieck that extinguishing criteria are
ait. : o

pplications: .

Htiply AC RMS voltage'by 1.4 to
tain peak voltage.

id 20 percent safety factor to peak
- Itage. :

‘lect an SVP which has a lower tol-
ance hrmit of DC breakdown
itage greater than the value deter-
ned in 2 ‘

eck that extinguishing criteria are
ot.

inguishing Criteria

¢ normal. AC or DC operating
1ges of a circuit may keep the SVP
3 conducting mode after the
sage of a transient, which can
It in its destruction unless precau-
s are taken.

3 AC applications, the AC follow
ent rating must not be exceeded

" also Definitions, para. 9). In cases
re the foilow current would be
qeded, a varistor shoulid be placed
eries with
ant.

or DC apptications, if the normai
rating voltage across the iube is
mer than the glow voitage and the
rent into the SVP while in arc
je (10-20 voits across the SVP) does
exceed the values listed below, a
- utd. capacitor placed in parailet
1the tube will cause it to extinguish:

ypes: 1A
S1 types: 0.5A
others: 0.2A

the DC current is greater than
se values the current must be
Tentarily .oterrupted.

_utton Type SVP's

the SVP to limit the.

Rt RIS AT W W W W oW e

I L . T T

Part Number D.C. Impuise Breakdown D.C. Max. Singie
Breakdown Voitage Holdover [impulse
Voitage (Voits) Voitage |Discharge
wileads W.0./leads (Voits) 100Viu's 10KV s (Volts) |(K Amp)
B1-C75 752 20% < 700 < 1000 > 60 5
81-C90/20 A1-C90/20 90 = 20% < 700 < 1000 > 60 .5
B1-F90 o 90 - 130 < 70| < 1000} > 60 5
B1-C145 A1-C145 145 = 20% < 750 < 1100 > 100 5
B1-A230 A1-A230 230+ 15% < 750 < 1200 >130 5
B81-A350 - A1-A350 350 = 15% < 750 < 1200 >150 5
B82-8600 630 = 15% < 1200 < 2500 > 180 5
B2-H10 1000 = 20% < 1800 < 3000 5
B2-H25 2.5KV = 20% < 4000 < 6000 2
B2-H45 45KV = 20% < 5000 < 8000 10
B2-H80X 6.4 KV -8.8KV < 10000 < 12500 - 1
B2-H100X GKV mun. < 12000 < 14000 1
Special Bu.ﬂon Types for A.C. Applications
B1-C145 A1-C145 145 = 20% < 7150 < 1100 5
82-8270 ' 270 = 15% < 1000 < 2000 5
B2-B470 A2-B470 © 470 = 15% < 1200 < 2500 5
82-8800 A2-B800 | 800 =z 15%% < 1500 < 3000 ]
Common to ali types: Transition Time: 0.1 us typ. Ring: = 10.C00 fnegohm
Capacitanze: 1 pF typ. .
Power Type SVP's
Part Number |D.C. Breakdown '""‘*'},‘oﬁ',';,"“"" Max. Single | Impuise
Voitage (Voits) impulse Life
(Voits) - Discharge | (# of puisss)
100V/ius 10KVius (KA) )
12-A230 230 = 15% | < 1100 < 2000 20 . > 1000
1L2-A350 350 = 15% | < 1300 < 2000 ) > 1000
L2-A600 600 = 15% < 1400 < 2500 20" > 1000
§8-C90 90 + 25% < 750 < 1200 20 > 1500
S$8-C150 150 + 20% < 750 < 1200 20 > 1500
V12-H10 1KV = 20% < 1800 < 3000 20
V12-H30X 3KV < =00 < 7000 20
Conxmunication Type SVP's
2-electrode Types DC Breat.- impulse Sreskdown | DC Holdover | Max. Single
down Voitage | Voltage (Voits) Voitage |['mpulss Disch.
(Volts) (Voita) (K Amp)
wileads | wio leads 100V/ 1 secl1OKViL sec .
B1-A350 |A1.A350 | 350 r15% | <750 |< 1200 > 150 5
) A4.A230 2302 20% < 800 < 1200 25
A4-A350 350 = 20%. < 800 |} < 1200 25
$1-A350 300 - 420 <750 | <1200 > 200 20
3-alectrode Types
wileads | wioleads
T81-C350] Te0.C350 | 300-500(L-G) | <750 | <1200 > 150 S 2x12
‘ 300-650(L-4) | < 1200 | <1800 > 300 N/A
[ T1c3s0| 3005000-G) | < 750 J<1200 | > 1%0 2x20
300-9004L-L) { < 1200 | <. 1800 > 300 NiA
4--29




Characteristics of the Different
Types of SVP'’s

impulse AC AC Svp Dimension Holder Holder
Lite Drscharge Foliow Quthine A" Type Outiine Buttonvpe SVP's arecompact medium
= Voot ' ‘Ac""‘:":‘::w (Ac':’o':';‘:h) 01;:;";9 {inches) 3‘:’:, duty 2-electrode tubes which provide .
~ putses - adequate protection for most crrcuit
e applications. They are readily mounted
: > 200 20 20 4 272 = 012 ' on PC boards. By means of a patented
> 200 20 20 4 272= 012 AvAY M process, high breakdown speed is a
» 200 20 20 4 272 = 012 . key feature. Buttons are the most
200 20 kL) 4 276 = 012 A1-A1 1 economical type of Svr.
200 20 5 4 238 = 908 AL-Al n Specit. Butter types for SO ;
. - . 1 Speci. on types for A0 prach
20 223 ;g : 22:: g:: ATAl tions undergo AC burn-in in order to
. 2 2 4 281: 008 guarantee good extinguishing charac-
200 = ' teristics at high follow currents. This
10 4 433= 02 teature makes them especiaily: suit-
04 433+ 02 able for CATV amplifiers and other ap-
4 433 = 02 " plications where AC voitage is present.
455 Max
Powe- tyres are maximum duty 2-elec-
trode types for applications where severe
- current surges may be expected. such
- 22200 228 g: . : g:z - g;g AT-A1 1 : Ias from ltightning and back EMF from
’ = arge motors.
T 200 20 35 4 295 = 012 At1-AY 1" . . .
. The L2-types, besides having high im-
;e 0 3 ‘ Ns=012 | Ara n pulse current ratings. aiso have high
AC follow current carrying capability.
making them especiafly suitabie for
connection across AC power lines. It
' the AC tollow current may possibly be
exceed (due to tow AC cource im-
.pedance), the type Z1-V2 varistor
gho’;:ld be connected in series with the
: VP, as shown in fig. 13 on page 7. The
D',z,s.,’. A.C. Foltow | Capacitance SvpP Coordinates | Holder Holder varistor has low impedance at voltages
Current Current pF) Outling | with Varistor | Type Outline above the breakdown volitage ot the
A, rms) (A, pk) Drawing Type - ~ SVP, but higher impedance at lower
(Fig.) voitages, such that the follow current
e ‘ ~ is limitad, thereby allowing the SVP to
( ‘ 0 100 < &8 3 21.v2 A2-L1 10 -extinguish.
200 100 < 45 3 Ziv2 © A2:L1 10 , . .
200 100 < 4% 3 21.v2 A2.L1 10 . Communication type SVP's have been
200 80 < 3 - a - developed and refined through ex-
200 80 < 3 8 perience gained from actual use in
80 < 15 12 A2-L1 10 telecommunications equipment. Most
* h types are designed to meet or exceed
80 <2 12 A2-L1 - 10 the parameters specified in REA

Specification PE-80.

A range of current ratings from 5KA to
20KA is available. Selection criteria
depend on the level of protection re-
quired. and are often established by
the end customer for the equipment.

Cormmon 10 alt types histed above: Ring: 2 10,000 megohm
‘ Transition time: 0.1 us. typ.

AC impuise | Insulation [Capacitance|Transitionf Dela 1
. . y |Outline Dwg{ Holder] Holder
Dischargel "'(ite  |Resistance| (pF) Time (typ)] Tima| (Fig) | Type | Outtine
Current lo'wbn)f (M Ohm) {useac) r(uucl Dwy.
W.rms) 4 {Fig.)
20} > 20 | 21000 | < < 01 | NA 4 arar] 0
10 210.000 < < 01 | NA 5 At-At] 1
10 210000 | < 1 <01 | NA ) At-A1] N
200 ! > 1500 2 10.000 < 3 < 01 | NA 7
2x90 | > 600 >10.000 22 <01 |< 2 lren:2781:1
N/A NIA 210000 1.2 NA | NA
2x200] > 1000 2 10.000 3 < 0.1 <3 8 T1-A1 9
| — NA NiA 2 10.000 2 NA | NA )

© - A = Not Applicadie

4-30
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with the field-replaceabie
Arc-Plug™ Cartridge

\e

install at rear:

Alpha Delta Transi~Trap Surge Protectors are desiconed
for installation at the rear of the equipment.

Note: Any model must be placed at a point in the coax
line where the VSWR does not exceed 2:1 to prevent
high R.F. voltages ‘rom triggering the units. If
outdoor use is planned, it is necessary to coat
thoroughly all surfaces (after attaching coax and
ground wire) wllth a good sealer/protector.

2. Cround system:

The unique isolated ground system of Transi-Trap Surge
Protectors permits direct earth connection while preventing
arc energy from being coupled to the equipment chassis
through the coax shields. Lab tests show this method to be

Test results:

The level of protection provided by Transt-Trap
Protectors is remarkable, and our lab tests show out-
standing state-of-the-art performance. By using a
special wave front generator, simulating fast rise time
lightning-type pulses of up to 10 kilovolts, we have
observed the performance of Transi-Trap Protectors
with semiconductors commonly used in solid state
raceivers and transceivers. Qur own experience in the
communications industry has shown that some of the
devices most sensitive to lightning-induced surges are
certain PIN dwdes, including the higher voltage types
.T-rently used in the industry. These devices are known
0@ even more sensitive than many MOSFETs and bipolar
T~ sistors (n typical use.

connecting this type of PIN dicde directly to the
output of the wave front generator, with no protection,
the induced pulse will "blow” the diode into a dead short,
It should be noted that many PIN diodes fail in equipment
when much iower-level surges zause them to become
merely "leaky®.

Transi-Trap Surge Protectors are gas jurge 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 of

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 sufficient voltage across the element
causes an arc to form between the electrodes, changing’
its impedance from greater than 10,000 megohms to a
few milliohms in less than 100 nanoseconds time.

While conducting in the arc mode, the voltage across the
surge arrester is less than 30 volts.

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

. 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 hghtning puises have been
discharged through the Arc-Plug Cartridge, there

is a gradual lowering of breakdown voitage 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 unt{l cleared. '

-_.*vvvvvvvvvvvvvvvv.. IMPORTANT“RQGdb@fOfOiﬂSf&”iﬂg! .vvvvvvvvvvvvvvvvvvvvvv‘
INSTALLATION INFORMATION |

best for overall protection., For the system to work, ft is
absolutely necessary to attach a direct earth ground wire

- to the nut and wasiers on the Arc-Plug Cartridge. (A

cold water pipe conne-tion is suitable if its ground path is .
not too long or circuitous.) The surge protactors will not
function without this connection as there is no other
return path for the arc energy.

For naximum protection, ground the antenna coax shield
to an earth ground at the point of entry 1o the bufiding.
This is impor:iant since a closer near-miss can cause a
high induced voltage on the shield. Also, attach an earth
ground to the chassis of the station equipment. Bot» of
these suggestions follow good engineering practice,
regardless of the type of protector in use.

OPERATIONAL AND TEST INFORMATION

When the Transi-Trap Protector 18 inserted between
the generator and the PIN diode, in a typical S0 ohm
coaxial configuration, the diodes survive repeated
pulses without failure. Other recefver-type components
show the same remarkable results.

Nearby or distant lightning surges: ‘

Since many equipment failures occur as a result of
lightring-induced surges from distant storm fronts and
near-misses, the operator will find a8 new dimension of
protection with the use of Alpha Delta Transt-Trap
Surge Protectors.

Lightning-induced surges (transients) have unpredictabls
enerqgy content, time duration, and ramp spsed {wave
front) characteristics. For that reason, these protactors
are not guaranteed to protect against direct strokes,
Also, certain semiconductors are beyund tha protection

of these devices For example, some sxotic ¥GS IC
memory devices are so sensitive that the discharge
caused by the simple touch of a finger will desiroy them.




Since it makes an {nternal,

solderless, pressure-fit
connection, a replacement
Arc-Plug Cartridge is
installed by screwing it
into the same threaded
hole. Do not cross-
thread or over-tighten.
Tighten only until you
*feel® the connection.

Arc-Plug” Cartridge.
Attach ground wire
here. (Do not loosen
- bottom nut.)

emove cartridge,
-..aCTew plastic body
completely until entire
assembly is free from
chassis.

R-T, HV

Either connector can be
used for input or output.

Arc-Plug
Cartridge.
Attacl. ground
wire here. (Do
not loosen the
nut that is
touching the

LT, HT

(Low Level Models
fire at the lowest
iightning pulse
level, providing
maximum
-~ ~tection. For
@ dvers and

— .sceivers,.

. chart.)

Typical Voltage Breakdown Characteristics
for Asc-Plug Cartridge Elements
Ramp Speeds from 100 V/s to 30 kV/us

uVins Viss

Typicel Brashdewn Veitege

WTION: Each Ate-Plug Cartricge has been selected and screened
for correct pulse breakdown and rf characteristics for each model.
Replace only with proper Arc-Plug from:Aipha Delta Communications.

Alpha Delta Trans:-Trap Protection Sysiems are designed tc reduce
the hazards of highining-induced surges. Thes= devices. however,
will not trevent fire or damage caused by a direct stroke o an
antenns or other structure. :

INSTALLATION INFORMATION

MODELS AVAILABLE: (with UHF connectors)

Transi-Trap Models R-T ¢ LT

Low Level Protector ~— for use with solid state
receivers, transce' 'ers or transmitters running
up to 200 watts output at 50 ohms.

Mode! LT to 148 MHz, Model R-T to 500 MHz

Transi-Trap Modeis HV ¢ HT

High Voltage Protector — for use with amplifiers
running up to 2kW output at 50 ohms.

Model HT to 148 MHz, Model HV to 500 MHz

The Models R-T and HV Protector series are‘
special low loss (typ. 0.1 dB at 500 MHz.)
models for use through VHF /UHF.

Replacement Arc-Plug Cartridges
For Models R-T & LT and for Models HV & HT.

Note: Models R-T and HV are also available
with "N" type connectors. These are Models
R-T/N and HV/N.

Models available with BNC connectors on
special order,

Special shock absorber
for excellent mechanical shock and
vibration protection.

- Warranty

Seller warrants that sach unft sold I8 manufactured in
accordance with seller's specifications, drawings,
samples or data in effect on the date of receipt of the
arder, as they apply to those parts cailed for on the
order, and that each unit is free from defects In
material and workmunship.

Seller's liability under this warranty is limited to the
repair or replacesent of any unit which proves o be

. defective in matsrial or workmanship under normal use
and service provided the unit is returned w the Alpha
Delta shipping potnt (or authcrized distributor
purchased through this source) within one yesr {rom
date of spipment, and will in no case be responaibie lor
special or consequential damages Including but not by
way of imitation, cost or removal of units {rom or
reinstallation in squipment.

This warranty is in lieu of all other arranties
expressod or implisd.

Spectfications, availability and prices are subject to change withou! notice.

RTESRRAS WA A

PO Box 571 Telephone ( W
.Centerville Ohio #5459 §13/4354772 Ajﬁ@
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" OEM AC POWER LINE PBOTEGTGﬁﬁ

Patent Pending

General Semiconductor Industries, Inc. has devel-

- oped a tamily of 120 VAC power line protectors speci-
‘" tically for the OEM user. These employ solid state

TransZorh® technology, which has proven to be the

" most effective for protecting electronic equipment

against over-voltage transients. Throughout the

PROTECTION

Solid State TransZorb*® Technology
Meets IEEE Std. 587-1980 Categories A and B
o Sub-nanosecond Response Time

No Voitage Overshoot
® Meets IEC 664 Clearance and Creepage Standards

worla. TransZorb transient suppressars can be found
in equipment manufactured for aerospace, telecom-
municatiors, computer, instrumentation, and military
applications. Now this same technology is available
for OEM 120 VAC power line protection to {EEE 587
standards.

FEATURES

Survives Multiple IEEE 587 Transients

e Low Clamping Voitaye ‘

Protects 400 V Rated Saclid Stite Componems
Ditterentiat and Common Mode Protection

. Shoﬁ Circuil Failure Mode

SPECIFICATIONS @ 25°C

Operating Line Voltage. 130 VAC Max.
Maximum Line Current. 5878051, SA RESPONSE TO TRANSIENT VOLTs 'S
587B151, 15A )
5878201, 2CA Ciamping Test Conditions
MAXIMUM RATINGS OPEN SHORT
‘Transient Voltage: 6000V pegx MAXIMUM CIRCUIT CIRCUIT
‘Transient Current.  3000A pegx PROTECTION CLAMPING | VOLTAGE CJRRENT
Storage and Operating Case MODE VOLTAGE | 1.2 x SOus 8 x 20us
Temperature (Measured at DIFFERENTIAL 295V 1000V 5004
center of mounting surface) 07 to 85°C (Line to Neutral) 3sov 6000V 3000A
Current Leakage at 120 VAC
' Line 1o Neutral: 1.0mA COMM_ON. 1000V
Neutral to Ground:  0.5mA {Neutral to Ground).) 650V 6000V 3000A

*Puise QINErator cutput 38 Der IeEE STD. 587-1080 Category B Ges Tetwe A

FIGURE 3a
No Protection

Kitovolts

TransZorb®
Protected

70

0 10 20 B W0 50 60

Time—us
The above phototgraphs show the typical ctamp-
ing action of a 15 amp module. A 12 ohm resistor,
used to represent the equipment loac for a 10A
current, is subjected to JEEE STD. 587 —Calegory
8 test zonditions {000V, 3000A). Figure 3a con-

*
4)!_;5‘

FIGURF 3b
TransZorb*
Protected

Vaits

0 10 20 B eo 0 s 70
Time—us
trasts the transient effects on eguipment with and
without the protector. Figure 3b expands the
vertical scale to better exhibit the protector's low
clamping voitage.

Teans Zory® ia & regestered trademark of Genersl SeMICONGUCIDr industries inc

General Semiconductor Industries, Inc. sauawp o

2001 WEST TENTH PLACE o TEMPE. ARIZONA 85281 ¢ (602) 968-3101 « TWX 9!0—950-!942
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5878 PROTECTOR

.-———\f\-———A-C)
ON/OFF s IN
L)

-

LNE O

5
NEUTRAL ' "%EUTRAL c,p;y_g

—

our

© SUPPLY

1

GROUND

CHASIS ' ! .
‘ ' ELECTRONIC SYSTEM
FIGURE 4—Typicsl instalistion

This family of quality AC power line protectois
offers a high degree of protection against 120VAC
line noise and transients. it is ideal for protecting
400V rated solhid state components because

TransZorb technoicgy assures that line-to-neutral

voltages will not exceed 350 volts.

For maximum effectiveness, the protector
should be installed directly after the AC line on/off
switch and fuse. This will protect the electronics
from the AC line switch arcing and the severe
transient caused by a fuse clearing.

Sume heat is produced when operating at full
rated current load, and heat sinking may be re-

quired to maintain case temperature below 85°C. "

Case temperature is measured at the center of
the mounting suriace. The unit should not be
mounted to a low combustion temperature mate-
rial such as wood.

ELECTRONIC
CIRCUITS

High energy transients will cause a large circu-
lating current in the AC input line. (2500A is
possible!) To prevent electromagnetic coupling,
the AC line on the input side of the protector must
be dressed away from other wiring, and magnetic
shielding may be required. Also, the electrical
wall outlet must be connected to a low impedence
earth ground. )

While the modules are designed for transient
voltage protection, the advanced circuitry (patent
pending) will also attenuate the amplitude
and slow the rate of rise of high frequency line
noise. If required, improved damping can be
achieved by adding an external R-C network
between the line-out and neutral terminals, A
62 ohm resistor in series with & 0.5uF, 400 voit
capacitor is suggested.

CASE OUTLINE

Incluges Wirnng Hardware:
2 nuts and 2 washers per

" terminal.

2 Mounting Holes
Clearance For #8 Screw

0.169" ivom Dia.

!
!
1
[
H
!

PART MAX LINE CASE (INCHES) CASE (CENTIMETERS) WEIGHT | TERMINAL
NUMBER | CURRENT | A 8 c (1] A B ! ¢ | o GRAMS | THREADS
5878051 5 Amps 20 20 25 30 | 508 508 635 7 62 250 *g-32
5878151 15 Amps 30 20 | as 40 762 508 89 | 1016 50" 8-
5878201 20 Airps 30 30 3s 40 762 762 389 | 1016 750 #10-32

Core NN & ©

o v B IS e Ine the noit to chanoe anv mecharecal of wlectical characheriatics 38 specifed harsin  Privied m USA.
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FEATURES

APPLICATION

© 1500 watts Pesk Puies Power
dissipation

® Aveilable in rangee from 5.010 48
volts

® Transient proteztion for CMOS,
MOS. BIPOLAR,ICs. (TTL.ECLDTL,
ATL and Livear Functions).

® Low clamping factor

® Eachdevice 100% tested’

MAXIMUM RATINGS

8 premium senes of trans.ent voltage
SUPPresson specifically desgned and
tested to protect Bipolar. MOS ang
Schottky 1mproved integrated circuits
from electncal disturbances. Tran-
sents and NOIse Dulises are generated
By slectromechanical switthing, elec-
tfromagnetic Coupiing, Capacitive orin-
ductive load switching, voitage rever-
sais, and electrostatic drecharge.

DESCRIPTION
® 1500 Watts o: Paak F‘ulu Power dis- The Translord 13 desired over 8 CASE OUTLINE
upaton at 25°C (see deratng Curve) crowbar circud. a'LC or RC network
® Lonmumg (0 vOils !3 8Y min} Umipolar. and a catch of clamping diode. be-
Less than 1 x 10 second, Bigirection- Cause of fewer components. speed of
8i. Less than 5 x 107 second tesponse MgQh power Of energy ab- L
L Ope.utmg nng Storage !omwatum sorption and low clamping factor
. -65° to ~175°C Providing protection for the most e
: Forward surge rating hait Cycle popular IC voltage ievels. ‘these de- i -
‘ ® 200amps. 1/120 second at 25°C vices are availabie for mther unidirec- .
- . y : .
o Sty Siae powerassaion Saw | [ 1008 o widrwcional apelcatons 5
MT = . Lead Length = 3/8" .
® Repetition rate (duty cycle) 05% f’:"" :?&::o';‘d of peak puise power .y
) ) -7
MECHANICAL CHARACTERISTICS -2
® Moigeq Case . -
® Weight 15 grams (approximate) T -
® Positive terrminal marked with bandg
(except Bidirectionat types) —t
® Body marxed with Logo 2, and .
type number
ELECTRICAL CHARACTERISTICS
Cismping Factor l 33 at fuli rated power
1 20 3t 50% rated power
Clampeng Fector The ratio of Ne sc1ust Vo Clamong
Veitage! o the BY « Brosadown VOtAge: a8 Mmessyured '
oF 8 0TI IBwCe
HIGURE - Bank Pulee Mower v Pulse Tune FIGURE 2--Ounrsting Gurre
o -
000 3 : { T ....,.....H
. g ! Sttt
) uf » - >
] o s
3 ] ! R :
’ 0 L * ! T
| 1 |
i ! i !
L R N
- : is ! AN
. - . 2 ° L i
Mne  lus  Wusee M0usec ‘ms  Omg  00ms 3 ol ® %
Ly Pusing Time — e T~ Tomporsture—~*C
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FEATURES APPLICATION
® 1500 watts Pesk Pulse Power This speciication sheet defines a
Aespation 20098 of low-Capacitance sihcon tran-
® Avsitabie inranges trom$.510 170 SNt 3UPDressors 10r the protect:on of .
volts ac mgnal hne This senes employs a
® Low capecitance 8C signal protection stancard TransZord® \n senes with a
& Each device 100% Wesied rectibgr with the same transient Capa-
bihities as the TransZord The rectifier
'3 8l30 used to reduce the effective
MAXIMUM RATINGS capsciance up thru 100MHZ with a
® 1500 wattso! Peak Power dis- minimum amount of signal ioss or de-
formation The tow-capac:tance
spatonat25 C (see derating curve)
@ gy (VOIS 10 BV mun) l?ogss TransZors may be apphed directly
man5x 10 second (1necretical) aCross the signal ine 10 prevent in-
® Operatingand Sto:ace tempera- duced transients from hghtring. power
tures _55? 10~175° g‘ e INErrUPLIONs. O stanc discharge CASE OUTLINE C
® Swady State power dissipation S OW
at T, = 75°C Lead Length = 3.8
® Repetnonrateidutycycier 05% DESCRIPTION
Designed 1ot commercial apolica-
tons. this series ofters pncing advan- |
MECHANICAL CHARACTERISTICS tages They have the samae characiens-
e *).0eq Case tcs as the s andard TransZord. that s,
" ® Wegnt 15 grams (appromimate) high surge capability and extremely
" ® Pcarty band 10 be on the cathode fast response ime If bipolar transient
L eng ot ihe TransZord ) CRpAbIIty '8 reQuITed two 1Ow-CapacH
® Body marked with LOGO o3+ and tance TearnsZorbs must be used 1n
type numrer ' parailel. cpposite 1n polanty for com-
' plete ac protection For additional re- '
: duchon i~ capscitance. these units can
ELECTRICAL CHARACTERISTICS be used n conunction with 8 bndge
network This will sitow a lower capa-
Camping Factos ! 40 a1 fuil rated power citance with no change in petk pulse
amangbacter T mar s ot power capabiiity of 1500 watts
caQe 2 e IV Bineec0ws v ONQE: 36 mea el - -
7 8 W0NCH S arece
APSLICATION NOTE Duwercos st DO Ue0d wath
0 L 1 a7 IE OOOONHE i~ DOISTY B8 SAOWE: SCHEMATIC
CCut tor AL SQnat Line oroection
Mots Wher Duise twstir g test'in TramZorp O -0
A-zancne ciraction DONOT puise 1 torward +
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FEATUR' APPLICATIOKN
® 7,500 and. 15,000 watts Peak Pulse PHP.PIP series 1s designed for apph-
Power digsipation cations requinng “across-the-iine” AC

o Avaliable inranges irom 8.4 10 500
volts

© Designed for Military (PHP senes)
andcommercial (PIP series)

& UL Recognized( w PIP120)

& Eachdevice 100% tested

MAXIMUM RATINGS

® 7 500 ang 15.000 watts Peak Puise
power diss:pation at the 1 msec pulse
and 25°C (see derating curve)

o Operating and Storage tempera-
tures 65° 10 -~ 17¢°C

o Average Steady State power dissipa-
ton 3t 50°C 7S watts

0 Lameny (0 voits to BV) Less than
1 x10™ seconds

powar protect:on These TransZorn®
modules are useC 10 applhications
where extireme voitage transients can
permanently dar.age voltage ser uitive
systems or components These de-
vices are most often used when dis-
crete TransZorbs do not have high

enough power requirements 10 sup- |

press |arQe power surges

DESCRIPTION

MECHANICAL CHARACTERISTICS

® Molgea Case

® Weight 46 grams (appronimate)

o Bipotar for AC Applications

® Body marked with L0go <% and
type number

3 Miitary Applications PP SERIES

Moduies can have des:gn consistency -

with the fotiowing MILITARY require-
ments as controlling specifications

® MIL-STD-1399 @ Mil-E-16400

o MIL-STD-704 o MIL-S-*9500 507

TransZord modules can be used to
protect equipment from induced ight-
nng. power surges ang transients on-
ginating from inductive switching or
power interrupt. The modules have
been successfully used for hoth com-
mercial and military apphcations, 1n-
cluding telecommunications, acrait,
shipboard. central office switching and
PABX. CATV distnibution. computers,
distributed data processing. and pow-
o supplies

For military apphications. the PHP
module sub-assembues are packaged
in 3 hermetically seaied glass-to-metal
package Aiso available screened in
accordance with MIL-S-19500/507

FIGURE 1 —Post Puise Power ve Puise Time

FIGURE 2—Dersting Curve
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PHP 24 240 ) 340 40 10 250 67 FIGUAE 3—Pulse Wavetorm
PHP 20 300 | 25 5 10 ] 250 84 90 75 ” - '
2 e I STEST wAvEFa
ppeo | s00 | 8so |00 10| 250 | 167 90 | 150 e o e
PMF 120°} 1200 {1700 j 200 10 | 250 39 47 | 150
PHP 208 | 2080 | 2350 | 347 10 | 250 536 28 | 150 g
PHP 250°] 2509 [ 354.0 418 10 250 852 23 150 i . X
PHP 440 | 4400 |6230 | 735 10| 250 | 1138 | 132 150 |
pHp 500°| 5000 | 7080 | 835 10| 250 | 1282 | mie | 150 i :
} %
PiP 8.4 g4 | 120 14 10 250 2 341 75 !
PP 24 240 40| 40 0 250 '+ 87 12 75
PP 20 30.0 425 50 10 250 84 | 1] 75
NOTES
PI? 80 600 85.0 100 10 25C 167 90 150 v —
PIP 120® | 1200 1700 | 200 10 250 319 47 150 Neote 1: A TranaZord 3 NOrmalty semctes
Pp208 | 2080 |2950 | 347 10} 250 | 536 | 28 | 150 iAol gl
an the OC of COMoUS Desk Operatng
PIP 250° { 2500 }3540 | 418 10 250 852 3 150 vonage leve
12 440 4400 16230 735 10 250 1138 13.2 | 150 u-h‘t Cu:cvto' o‘..;n..wvucucu.:
PP soos | 5000 | 7080 [ 835 10| 250 | 1292 | 116 ] 150 vor Figure $. Page 1+
;L " Specisl Voitages svellable trom faciory. ‘Recommanded fof manna sppiICaNONS
’ CASE QUTLINE
Case 22 ABSATVIATIONS A SYMBOLS
B s = [ Vo Stanc-OMvonage Aocked Reverse
I VORIgE 10 MBULE & AONCONTUCTve
i congt:on [Ses Now 1)
L J BY(men} This 18 e memmum Brestdown
blailudlll = 100 " VORage the Sevice weit exhrbt ang
- " s 6 - e 1 USET 10 SEBLR AT CONGUCHON
'[; LI Y :i '—m. W - :lno;;téwmwmnm
- 280
- it ¥ Veimaz: Masimum  Clampng  VoRrage
X ) tmary The maxiMum peex voitage 000081 -
0 actons the TranaZor when sub-
JOCtRS 10 M@ DOSN Duitd Current ue
8 ONe Muihsecond hine mistval The
| POSL DUISE vOITIQUS Bre the COm-
i oA neton Of vonags nee dus tc
DOIh NG SOV IRRILONCE SNG ther-
e e
las  Poan Puise Currert — Sen Fgure 3
P, Posn Puise Power e
L) Roverse Losvsge T
—_— :
A o am P EY TN :
MILITARY APPLICATIONS: PHP series sud- blies are p G in a her-
metically sesled giass-to-metal package. avaiiable with design Consistancy to
MiL-S$-19500/507.
COMMERCIAL APPLICATIONS: PIP series sub-sssembiies are packaged in & ' ‘ i
molded epoxy CIse. ) e
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: ¥ . lndl";tl"ies, Inc. SguARE J) COMPANY

100 Amps, 1.0 msec
{capecitance, decay to 50%)

'

MAXIMUM RATINGS ‘ DESCRIPTION CONTD CASE 19
@ Steady State Power 1 Watt at 50°C. symmetncal voltage charscienstics D el
@ Lommpng (0 vOIts to BV mun): Less of a non-biased resistor An additional B
than 1 x 107 second (thenretical) feature of this method of manutactured
o Opaersting and Storage tempera- low voltage protection, (s the reduction RS
tures. -85° to +150°C | of capacitarce for low voltage signat |
@ 'Surge. 30 Amps. 8.4 msec line protection.

FIGURE 1-Voltage Current Cherscteristic Curves

%

MECHANICAL CHARACTERISTICS
® Molded case
o Soiderable leads
® Body marked with Logo «» and
type number

CASE OUTLINE

APPLICATION '

Tvpas
Covem ter
GuV Senes

The GHV series devices are silicon
transiant voitage suppressors de- 2 oo
signed for protection sgainst large ) Y 0 15
voitage transients on signal lines. They BV — Broakdown Voltege — Volts
are 'Ow CRDACIANCe, low noise devicos
which can be used directly across the
irput of anslog and digial circuitry )
with minimum signal ioss. : 0

Their smali size and high surgs cur- ' w0 ~ Copcrtance " urve tor Bae
rent capability make them ideal sup- 8t Ve Sundott Vot |
prezsors for islephone and CATV re-
pesters, repiacing typicsl varistor o}
serias “strings” which consume much

— Pook Puise Current — Ampe
S

FIGURE 2—Typics!l Capacitenca Curves
0

needed space. The device has been
proven stfective in lightning environ-
menty.
: SCHEMATIC
DESCRIPTION '
The GHV seriss products sombines )
the technology of forward biased P-N b e S TR TR TR
junction varistor, stecked to provide GHY — Sertes — Device Type
YOLTAGE EARASE MAX MM )
'=' Sitm YOI TAGE cumeErr | CAPACITAMCE ;Jf;’;". .
i | mes hie an @0V, Wz w SO
NS YOLTS uh 7] wv/C G
oMY-2 1.3 ) 10 §17 vy Y
aMv-3 29 12 .10 319 ~5 .
QMY 27 16 10 %8 -8 L
QMV-§ 13 29 - 10 19t ~10 Loy
Givv-¢ 40 24 10 159 ~12 (,:‘-_'
aQMV.7 07 .28 10 140 18 PO
ANV 54 32 10 130 ~16 L
GHv-9 60 3% 10 114 —is A
QHY-19 67 40 10 102 —20 Py
QHY-11 73 [ 10 93 -2 RN
Qe -12 10 " 10 % 2 A
.13 87 52 10 ] T3 a4
Pty 1: 9 56 10 74 —~8 -
- H 160 80 10 [ —30
- 107 54 i0 62 -3
4-41
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MAXIMUM RATINGS

DESCRIPTION CONTD

CASE 21

o Steady State Power: 1 Watt at 50°C
© toumeny (0 vOIts to BV min)>Less
than 1 x 10™* second (theoretical)
e Operating and Storage tempera-
tures: -65* to +175°C

@ Surgs: 30 Amps. 8.4 msec at 25°C.
70 Amps. 1.0 msec at 25°C.

diodes. They are packed in a plastic
encapsulated material exhibiting ex-
ceptional durability and reliability.

GSV devices are designed for con-
trolled protection at various current
levels in addition to the peak pulse
current rating of 70 amps.

MECHANICAL CHARACTERISTICS

@ Moided Case .
& Bidirectional
© Body marked with LOgo «(» and
type number

APPLICATION

These varistors consist of two
matched sihicon junctions ccnnected
in parallel and opposite in polarity.
They are designed to replace copper
oxide varistors in telephone equipment
and for numerous applications range-
ing from fractionat v=itage regulators,
negative temperature coefficient resis-
tors, signai limiters and expandors and
meter protection. The GSV vanstors
are packed in a plastic encspsuiated
material. Higher voltage devices are
also available from the factory. They
are ides! 1or zener diode compensation
meter/galvanometer protection,
threshold limiters and wave shaping.

FIGURE 1—Ambeent T cmpersture Coefficient
of Voltage vs Varistor Current

10

0 123 4567 90
Vs — Voltage (Volts)

'DESCRIPTION

The term varistor defines a voitage
resistor that is symmetricai. The GSV
varistor is a PN junction device em-
ploying a pair of paralisi-connected,
mstched, oppositely-poled, silicon

FIGURE 2—~Range Curve, Current-Voltsge
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CASE OUTLINE

ﬂ

i
g

|

]
5
It

SCHEMATIC

min.  max.

Gsv101 Ve 10 uAmps a5 50 Voits

Ve 100 mAmMps .74 85 Voits

Gsvi02 Ve 100 m Amps 74 A5 Volits
Ir 2 Volts .10 - pAmps

GSVI0a Ve 1 yAmps 0 A4S Vaits
Ve - 10 yAmps 40 .50 Voits

Ve 100 uAmps 48 .58 Voits

Ve 1 mAmps 56 .68 Volts

Ve 10 mAmps 85 T4 Voits

Ve 100 mAmps 75 82 Vohs

S8v201 Ve 20 uAmps 70 100 Volts
Ve 100 mAmps 148 170 Volts
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The Fruits Gf Our Labor

A bushel of surge protection products for every need.

All are UL pending and CSA listed ard contain solid state
- circuit technology. Two LED lights are your visual assurance

that full protection i1s provided. The reu hght incicates

normal mode or line to ine protecticn while the green light

indicates common mode or ground protection is being '
provided. When on, they indicate that the unit is
functioning properly.

« Forward surge rating at

The LEMON™ and EC-{™

AC Surge Protector

25°C-— 1440 Amps for

1/120 sec.

« Peak puise power

Duty cycle— 01% at abovs:

rating

Clamping response ture

S nanoseconds

dissipation at 25°C— (5x 10 ?sec)
10 800W for one ms ¢ Dielectric test—3000 VAf
. + Steady state heat dissipation 60 sec
at 25°C.— 40w « Operating ter.perature—
« Clamping voltage-—ine to ~40°7 t0 +75°C

line (normal mode)

ground (common morie)

4-43

1% Amp, 125V C
6 outlets
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The PEACH™ and EC-IV™
EMI-RF! Filtered
AC Surge Protector

 Forward surge rating at
25°C—1440 Amps for
1120 sec

* Peak pulse power
drssipation at 25°C —
10,.800W for one ms

* Clarmping voltage—ine to
hne (normat mode)
ground (common mode)

* Duty cycie— 01% at above
ratng

« Clampng response time
S nanoseconds '
(5x 10 *sec)

4=44

* Dielectric test—3000 VAC
60 sec

* Operating temperature—
-'40°C to + 75°C

s 15 amp. 125 VAC,
1875 Watts

* Mode nosse protection —
normal and common

* Nose retection-—frequency
1S0KHZ-30MHZ

* Attenuation---5db-37db
contmuous duty

¢ 3outiets ’
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ARCHER® ACCESSORIES FOR HOME OR WORKSHGP

Voitage Spike Protector
With Status Indicator Light

%es

Noise Fiter/voltage Spike Protecter

2195

» ldeal for Expensive Audio, Video
u\d(:mmsm

Plugs Existing Grounc «d
.ACOutm

Guards sensitive equipment from line noise ®

and harmtul spikes. Torhgmid cooil filter prg.ect; e
slactronic squipment nose in 0.5 to AAXCNER »
MHz range, and prevents oquipmont- S T ™
Qenerated noiss from entering line. MOV - —

spike protecter absorbs power that

could damage {Cs. Neon indicator all
circus funchoning. Three-wire. Rated 10A at
120VAL. UL listed. 61-2788 .. ... .. 1.95

T

4-45
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Small Pulser Used for 600 Volt and 4,500 Volt Tast
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Small Pulser in Configuration to Take Reference Puilse for AC
Power Suppression Test _ , , ,
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Section 6

TEST PLAN

FOR
TRANSIENT THREAT TESTING OF

......

AMATEUR RADIO EQUIFPMENT

1985
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OVERVIEW

There exists a generally recognized need for transient
protection ot all communication equipment deemed ecsential to
carrving out the command and control function of the government
in  any natural or man-made disaster. While existing government
programs  have addressed the protection problem for government
owned equipment, only limited organized effort has been made to
protect privately owned radio equipment which could be pressed
intoe such emergency service. This program has - initiated the
definittion of survivability procedures and inexpensive tranzient

‘protection packages cuitable for use by radico amateurs in

protecting their equipment against fast-rising pulcees, and tested
the suitability of package components. This phase of the test
program shouwld demonstrate that the procedures and protection
packeges will . reduce the chance of equipment failure under
transient threat. Sixteen standard radio station confiqurations
will he tested, with and without protection. by exposure to fast-
rising pulses, and the results of testing reported.

'BACKGROUND.

With the increazing incorporation of minature solid <cstate
devsices 1n commercial radio equipment used by the American radioc
amateur, the vulnerability of the equipment to such fast-rising
trancients as EMP has alsno increased. An earlier phase of this
test program was conducted to "qualify" an inexpensive selection
of transient protective devices for use in protection packages by
radio amateurs, with specific package=s to be designed and tested
in this phase of the program. ‘

Several EMF test and assessment programs conducted by  the

government have enahled reasonable bounds to be assigned to

currents and voltages generated as a result of exposure of
tvpical radio antennas and power lines to simulated or calculated
EMP. tize of thece bounding values, approgriately scaled to the
threat field chosen for this program, will enable substitution of
directly 1njected transients into the equipment ports instead of

requiring the entire station configuration to be placed within

the csimulated threat field. The actual volume of the test
simulation will then be reduced to a size convenient for indoor
testing. '

dn thig phase of the program, survivability recommendations
and protection packages are being considered for sixteen amateur
radio configurations, including both tube-tipe and solid-ztate HF
station - equipment. . hand-held transceivers, and © =atellite
tranccel vers., Criteria for selection of devices for the pachages
include price,  gualification against a simulated EMF through an
earls;er phase ¢f this test preogram, and suitability for the

regulred applicatiaon, I+f the recommended procedures and
asgambl=d protection packages can be proven effective by testing
ir & eimulated EMP field, then the berefits of their use by the

amatevr radic community can be easily demonstrated.
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The planned concept for this phase of the test program was'
previously developed. | —
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Sinvteen standard configurations will be subjected tco s
tranzient threat fields of 25 and 50 kilovelts per meter *c
determine: ' ‘ . o
a)l susceptibility of the equipment to th=z fields in an '3;
unwired and switched "off" mcde. o
b) susceptibility of the equipment tu the fields with ey
interconnecting wiring in place, but still switched "off". Co
<) susceptibility of the equipment to the fields with "
interconnecting wiring in place and equipment switched "on," but -
no external peripheral devices attached.
d? susceptibility ot the ecuipment to the +fields with
all' wiring and peripherals in place and protected by transient
protection packagezs, equipment switched "on," and e:xternal
connection ports driven by injected signal appropriate to the i
threat level., with equipment orientaticn varied within the field. .FZ‘
e) susceptibilitv of the equipment to the fields with -
all wiring and peripherals in place and not protected at, all, QQ
equipment switched "on," and external connection ports driven bv e
. injected signal appropriate to the threat level. s
) A standard objective test is described to determine that "a —
esystem remains functional during all aspects of testing. e
g
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THREAT DEFINITION

Field Requirement: »

Other than the case of a direct lightning stroke, EMF 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 1¢ nanoseconds
and decay exponentially in about one microsecond. Theoretical
current peaks in  excess of thousands of amperes have been
predicted as response to EMF. 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
amateur station. Testing will be conducted at the expected threat
level for each configuration. '

The maximum electric field level expected from transients 1in
this program has heenn established as fifty kilovolte per meter.
Using the free space relationship between electric and magnetic
fields would require a corresponding magnetic field of 133  amps
rer meter. Either quantity, electric or magnetic field, may be
utilized to determine field acceptability. '

Injection Limitations: - -

MNormal coaxial cables available to amateur station operators
are limited in voltage handling capacity by their dielectric
breakdaown levels in the insulation and by air gaps in connectore.
DC strikeover in the range of 4 to & 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 wvoltages 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 bramch panels impuse a practical limit on the response of
AC power wiring to & transient pulse. It has been predicted by
Roeirng Aerospace Company ’ that =ix kilovolts 1s a
reaconable worst  case for an EMF  transient through military
branch . circuits. HBecause a 590 ohm impedance to high freguency
current is considered reasonable in the AC power system, an
injection pulse of 120 amperes is considered sufficient, to impose
a practical transient threat toa home radio .station power
evetem. ‘

Each protection configuration will be subjected to more
than one pulse at the maximum determined levels, in order to
ensure that protection is not circumvented by the first threat
trancsient received. UWhen it is apparent that damage to the radio
equipment has been caused by the transient. that equipment and
any similar equipment will be immediately withdrawn from testing
wntil suitable protective devices have been installed.
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Injection Fulse Sources ‘

The previously defined stress pulses for i1njection into
equipment configurations before protection may be obtained by
utilization of a suitabl~ pickup antenna within the test volume.
The injection pulses will be verified to ensure their magnitude
and rise time are within criteria for EMF transient response and

the practical 'limitations previously cited. Actual home radio
station antennas are available 'in the test program for i1nsertion
in the test volume. Qutput from these, if sufficient 1n

magnitude, may b2 us=ed as aone or more of the injection pulses.
EQUIFPMENT CONFIGURATION

Each radic system under test will be configured in &
realistic manner with a eimple antenna and power supply
connection. There is no assurance that a typical amatewr radio
station will receive any inherent electrmagrnetic shielding from
the building structure, so these teste will be conducted with the
radic equipment exposed to the full field unless it 1s determined
that chielding i1s required as part of the protection package.
Marimum electrical stress of the equipment will occur when
differential voltages rise between components witnin each
circuit. Such differential  voltages are masimized when the
equipmént chas=sig is held at or near ground potentiallwhile the
“transient is imposed on the circuit.  This effect will be ensured
by locatirng the eguiprnent under test directly on the metal flocor
‘ground plane) ot the simulator, with a low impedance ground
strap connecting each chassis to the ground plane.

Connection of AC power will be by means of +he standard
ordes supplied by  the radio manufacturer +o a circuit
distribution box within the test volume. AC osower for the

radic equipment may be totally isolated from that supplving the
simulation apparatus to minimize undesireable effects on test
instrumentation. If the radio power 1s isclated, both the
neutreal fwhite) and the safety ground {(green) wire must be
connected to  the simulator ground plane at the crrcuit
distribution baow. This grounding is dorne to ensuwwe maximum
potential diffe-ence between the hot (black) lead and any other
point wititin the circult under test. Because of such grounding,
the power injection pulse will be imposed only on the hot wire.
but every protective power device validated under test must
corntain a circuit providing equivalent protection between neutral
and ground to that provided between hot and ground.

CConrmection of DC power will be achieved by utilization of a
sit faot cord provided by the manufacturer connected to a  fully
charged automobile bhattery within the test volume. Mo additiconal
sigroal will be injected onte the DC power supply octher than its
response to the actual eimulator field.

Hamdheld uwrnits with self-contained power Supplies will ke
tected within the simulator isclated from  any conductor=.
Surviwving units may alsao bhe tested in a chargimg mode, powsered
trom the AC power source previously described. with iniection of
the pouwer transient irto the AT terminal of the charqger.
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EQUIFMENT CALIERATION

Baséline Testing:
One of the most important aspects of this test program is
the determination of acceptable performance by each of the

amateur radio systems under tecst. Lepending on ite utilization
in the radio system, specific item of equipment could require
differing power levele or sensitivities. For the purposes of

this testing, therefore, an objective measurement series wll be
used to characterize the performance of each item of radic
equipment. A measurement of output power (in watts) into a dummy
lcad will be made for every band of each transmitting device. ~
sensitivity measurement for each receiver wil'® 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 ¢pecial features for
ease of operationg these features will not be measured unleéss
their absence severely limits the utility of the eguipment.

This series of baseline measurements will be recorded for
zach of the sixteen amateur radio svstems at the test site before
anv testing begins, and completely repeated after any trancient
pulsing of the system. Marrative comments will discuss any
significant failures of system features which are observed.

- Petermymation of Faitlure: . .

Equipment will nct be removed from the test series unless it
1e consadered totally incapable of performing its designed
function. Such equipmént will be immediately delivered to a
revair facility to determine and replace the failed components,
and suitahle protection provided for those components tefore
further teztirng of that equipment. In cases where the cycstem

wuntder  test  1s 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
inteagrity. ‘ ' '

Svetem upset 1s defined as a temporary malfunction of the
svsten which mev require operator intervention before the cvetem
“am function  again, e.g. cvcling the power switch to rectcore
memcr v t0 & microctip. Svetem upset which can be easily overcome
v an amateur ouerator without anv. physical repair will ncot  be
reqarded as a e=vetem failure.

DATA ORGANMIZATION

Eoquionsrt Control:

It 12 imperat:ve that the various systems urider tezt he
terefally anventoried and managed to ensure that each  trarzient
e pusure and 1te effect are properly recorded.
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Feporting Requirements: » .
Field strength measurements will be required for every

transient pulse 1mposed on equipment. After ~alibration of the
field, a single scope photograpb of the field sensor responcse of
ever:y pulse, suitably anmotated, will suffice for this

requirement.

When determining the magnitude of currents or voltages for
injection pulses or antenna responses, the field sensor response
will bhe simultanecusly recorded to ensure that pu1=9r output was
of the intended magnitude.

Baseline results will be recorded in a =tandard1-9d format
for sach system, with fregquencies chosen to adequately represent
each band available while allowing efficient completion of the
intermediate basel1ne testing. Marrative comments of
aobeervations during each level of testing will be recorded both

cin the test log and on the baseline measurement sheet:z.

wequpnce of Testing:

re=tan will be performed in the sequence listed 1n thr
Concept section of this plan. If systems reach the final tee<
phase {(full field without protection), care will be talen *t;
ensure that failure of a single peripheral will not eliminate a
particular system from further testing. Any systems which appear
to survive the full field without protection will be tested undzr
load as & complete,. powered system {(either AC generator cor DC
batterv) within the test volume. ’

Final FReport:

A final report will be prepared which contains the data
previcusly described, and provides & narrative characterization
cf the resultz of the test program for each system, i1ncluding :tes
observed susceptibility., and the effect of protective devices and

procedures, A complete de=cr1ptxon of applicable protectlon will
be 1ncluded in the report.

TEST FROGRaM COCRDIMATION

Labor stcry Fesponsibility:

Lab screntistse = of | IRT Corporation will have sole

ez zneibility  for operation of the transient pulse souwrces and

datax recorders in a manner which provides matimum csafet, for

persornnel arnd govermnment property rmnot urder test, tnciuding
prevyonesl v recorded test datal

Repal- Facilibw:
Fepresentativese of ESI will be responcsible for obtairirng any

needed v epairs bo eyzstems under test inoa timely fashion. bibier
Tena s are  made, thev will be documented ‘thorcughly for
ST o the final o report of testing.
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TEST PROGRAM COORDINATION {continued):

Frogram Engineer (s): .
Frogram engineers representing Electrospace Systems,
Incorporated will assist the Lab Scientists in conducting the
test prugram, including management of the equipment inventory and
preparation gf syz2tems for tecsting. These persornel are
responcible for  baseline tegtirig and @ review of results to
determine additional tests reguired, with appropriate cguidance
from IRT scientists. FProgram engineers shall arrange for custody
and transportation of test materials owned by the government, E3ZI
cr 1ts other cortractors, . and for obtaining ard saféguarding
urclazzifired test data. No classified irformation will be
uti1lized 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-7S7HD 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,
i ' even in heavy duty applications. such as full power AM, FM or RTTY transmission. A thermaily-
. switched cooling fan automatically activates during long periods of hngh cufrent 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°C ‘
e Input voltage:  100/110/117/200/220/234 VAC, 59/60 Hz -
' K J Case dimensions: 93(H) x 240(W) x 235(D) mm
' Weight: Approx. 6.9 kg
Speaker output: 3 vsatts at 4 ohms

4|

i INSTALLATION

Before connecting the FP-7S7THD 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
connecied pioperly as shown on the reverse side of this page to prévent damage to the internal circvity. |

Also, be absolutely certain to use a2 fuse 6!‘ the proper rating. For 100/11C0/117 VAC, use only a
6-amp fuse. For 20CG/220/234 VAC. use only a 3-amp fuse.

FT-T57GX /SX - FP-757HD
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FT—757GX
HF ALL MODE |
CoMPUTER AIDED TRANSCEIVER

GENERAL DESCRIPTION

The FT-757GX incorporates the finest features of the latest developments in Amateur
transceiver desuign. 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 weil as continuous general coverage reception from
© 6.5 to 30 MHz.

Yaesu’s famous IF Shift/Width passband control system allows the operator an almost

infinite vanety of selectivity settings for minimizing interference during SSB. CW and

ECSS reception of AM signals. Wideband AM and narrowband CW filters are also included

— as standard accessories. A swiichable RF amplifier and 20 dB attenuator are provided to

optimize sensitivity and dynamic range under any conditions. while the noise blanker has

its own AGC adjustable from the front panel. from narrow (igmtion-typé) to wide { wood-
* pecker) blanking pulse widths. -

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 =fficiency of
this sytem makes the FT-757GX by far the smallest transceiver of its kind, yet easily
capable of full power (100 W output nominal) 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.
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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 (Prcgrammable Memory Scan) system, which allows
automatic scanning between .iwo memory channel frequencies with auto stop on those
above 'a preset signal level. All of these fratures can also be controlied through the CAT
system. An internal lithium battery provides complete backup for the memories and
VFOs, 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 thz
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 reducmg the possibility of
human assembly errors to almost nil.

Optional accessories include your choice of the MD-1B8 Desktop Scanning microphone
or MH-1B8 Handy Scanning microphone. Alzo, Yaesu has designed the FC-75S7AT 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
of 2 button. and then store the settings in memory for almost instant recall at a later
time The FC-757AT accepts two antennas — or as many as five when used with the
FAS-I 4R Remote Antenna Selector.

Special high chryfyclc power supplies designed for the FT-757GX include the ultra-
compact FP-757GX Switching Power Supply and the FP-7S7THD 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 carefilly to obtam optimum performance and enjoyment from :

the FT-757GX.
Coolng Fan EJhms'! Outlet }
® I — ) ’

o
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FT-757GX Duct Flow Cooling Systam
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SPECIFICATIONS.

TRANSMITTER

Frequency range:

160 m band 1.5 to 1.99999 MH:z
80 m band 3.5 t0 3.99999 MHz
40 m band 7.0 to 7.49999 MHz
30 m band 10.0 to 10.49999 MHz
20 m band - 14.0 tg 14.49999 MHz
17 m band 18.0 to 18.49999 MH:z
1Smband - 21.0to 21.49999 MHz
12 m band 24.5 to 24.99999 MHz
10 m band 28.0 t0 29.99999 MHz
Tuning steps.

10 Hz and 500 kHz (band step)

Emission types:
LSB. USB (A3J/J3E*), CW (A1/A1A®),
AM (A3/A3E®*) FM (F3/G3E®*)
* New emission designation per WARC 79

Power output:

SSB. CW_. FM
_ lylesson 10m
- AM 25 W (Carrier)
e |
Larrier suppression:

better than 40 dB below peak output

Unwanted sideband suppression:
better than 50 dB below peak output
(1 kHz tone) '

" Spurious radiation: :
better than 50 dB below peak output

Audio response:
less than -6 dB from 300 - 3090 Hz

3rd order intermodulation distortion:
better than -35 dB below peak output
(14 MHz, 100 W)

Frequency stability:
better than +10 ppm from 0 -40°C after
IS5 min. warm up
™ “fodulation type:
: A3J. Balanced Modulator
A3: Low Level Moduiator
F3. Variable Reactance Modulator

100 W (PEP/DC) w/slight-

Maximum FM deviation:
5 kHz

Output im‘pedance: ’
50 ohms (nominal), unbalanced

Microphone impedance:
Low (500 to 600 ohms)

" RECEIVER

Frequency rahge: '
500 kHz to 29.99999 MHz (continuous)

Circuit type:

Triple conversion superheterodyne

Clarifier range:
Unlimited

Sensitivity:
(CW, SSB and AM figures measured for 10 dB
S+N/N) ‘
*1.5~30 MHz **500 kHz~1.5 MHz
SSB, CW(W), FSK ‘
*better than 0.25 uV *®better than 2.0 uV

CW(N)

*better than 0.16 uV **better than 1.25 uV
AM ‘

®better than 1.0 uV " *®better than 8.0 uV
FM

better than 0.6 uV for 12 dB SINAD

Intermediate frequcncies:
Ist IF: 47.060 MH:z
2nd IF: 8.215 MHz
3rd IF: 455 kHz
- FMIF: 455 kHz

Image rejection:
better than 70 dB

IF rejection:
better than 70 dB for all frequencies

Rl 4
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MATCHING SECTION

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

1.8 - 2.0MHx»

35- 40MH:z

70 - 7.5MHz
10.0 - 10 S MHz
14.0 - 14.5 MHz
180 - 18.5 MHz
21.0 - 21.5 MHz
245 - 25.0MHz
'28.0 - 29.9 MHz

Input lmpedancc :
500

Output impedance range:
10 - 2500
25 -1000 (1.8 - 2.0 MH2)

Maximum RF power:
150w

Insertion loss: -
less than 0.5 dB

Motor stop SWR:
1.5:1 or better

SWDX meter scale range:
11 =31

In-tine power meter ranges:
15W, 150W f/s

DUMMY LOAD

Impedance:
so0n

Power dissipation:
100W CW (less than 30 sec.)

NI I AN A S A% A o SUnl 0 B an B e dhte A £ e 20 Sk Anci 2 Y

SPECIFICATIONS

POWER REQUIREMENTS

Supply voltage:
13.5VDC 210%:

Current:

300 mA max.

(400 mA w/FAS-14R)
Size:

Weight:
Approximately 3.7 kg

Speciﬁéatiom subgect to change without notice or obligation

Supplied Accessories

Connection Cable A (T9100160A)
SD-2V Coax w/type M connectors
Connection Cable B (T9015099)

Control Cable C for FT-757GX (T9101292)

Optionai Accessories

Control Cable for FT-980
FAS-1-4R Remote Antenna Se

(W) 238 x (H) 94 x (D) 241 mm

(D4000014)

(D3000198)
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FT-726R
ALL MODE TRIBANDER
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GENERAL DESCRIPTION o
The FT-726R i< designed for the V'UHF amateur operator who requires every conceivable operating feature T
necessary for unlimited single and multi-band all mode operction with one convenient package. Inter- T
changeable plug-in RF modules for each band allow the operator to instail the bands of his choice. Each ' ::'.-‘
module provides 10 watts of RF output in all modes. and up to three modules can be installed at one time. o)

;’Jther rmodules can be installed or exchanged in a matter of minutes. and each includes a connector for L
= ontrolling an external RF power amplifier. ' ~
A new degree of operating flexibility is made possitie by a custom designed 8-bit NMOS microprocessor. -'.':;
coupled with a careful’ combination of front panel key buttons and controls that allows straightforward. : "i
comenience cven for the most exotic types of operation. such as reverse add shift repeater testing or full o
duplen crossband splits for amateur satellite QSOs. Lo
.
Srecial 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 widch controls for CW 2nd SSB. an AF SSB _‘
spzech processor. and provision for an optional narrow CW filter. Al modes can be tuned or scanned in Py

20 Hz steps. and toth the tuning knobs and scanning system have selectable tuning rates.

All of the features that are considered extras or monotand transceivers are included. such as pnonty channel
checking. programmable repeater shitt, programmable limited band scanning. eleven memories itoring both
frequency and mode. memory scanning. and lithium memory backup retaining the memories, VFOs,
programmed odd shift 2nd clarifier offset.

e

In addition to the shif\. width system. other functions previously unavailable except on HF transceivers ;\'
include selectable AGC rates. RF gain control, fully independent multimode. multiband dual VFOs. and Qj
memory clarnfier with separate display. Yaesu's unique dual multimeter system is include for expanded i:‘
. monitoring capability in both transmit and receive, or tull duplex. ey

o ',ii.
»
W

AN

Telat

Iptions 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.

‘0
Y

»

Please study ‘this manual carefully in order to become familiar with the many cqnveni_ent features and
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SPECIFICATIONS

GENERAL

Frequency coverage:
50 - $3.99998 MHz (option)
144 - 145.99998 MHz or
144 - 147.99998 MH:z
430 - 439.99998 MHz (option)
+0 - 139.99998 MHz (option)

Frequency steps:
20 200 Hz for SSB'CW'FM
S 10 kHz or 12.5/25 kHz for FM-CH mode

(per local requirements?}

Repeater shifts:
=1 MHz for 50 MHz
=600 kHz for 144 MHz
=3 MHz, 1.6 MHz or £ 7.6 MHz for 430 MHz
+Programmable repeater shift also included)

Operating modes:
USB. LSB. CW, FM
Power requirements:
100. 110, 117, 200C. 220, or 234 VAC
- 3060 Hz
or 13.83 VDC (w optional cable)

Power consumption:
Recetve: 45 VA (AQ), 1.5A (DO)
Transmit: 120 VA (ACQ),
4.5 A (DC)for 10 W RF

'e:

Dimensions:

AW I29(H x 315(D) min
Weight:

Approx. 11 kg

tw o optional modules, Satellite Unit)

TRANSMITTER

Power input: .
6m 20 WPEP/DC for 10 W out
2m 30 WPEP/DC for 10 W out
70cm 30 W PEP/DC for 10 'V out
Carnier suppression:
Better than 40 dB

Spurious radiation:
Better than -60 dB
7. Unwanied sideband suppression:
- Better than 40 dB

Transmitter audio response:
300- 2,700 Hz at ~-6dB (SSB)

Mavimum deviation:
[N § PUVE = ¥ BN

Modulation types:
A3] : Balanced modulator
F3 : Vanable reactance modulator

Frequency stability:
6m : Better than +10 ppm
2m  : Better than +10 ppm
70 cm : Better than 5 ppm
Microphone impedance:
500-600 vhms

Tone call frequency:
1.800 Hz or 1,750 Hz
(per local requirements)

RECEIVER
Sensitivities: :
6 m SSB : Lessthan 0.15uV for 10dB
‘ (S+N)/N ,
2m SSB : Lessthan Q.15 uV for 10 dB
(S*NVN
70 cm SSB - Less than 0.iSuV for 12 dB
(S+N)/N
6mFM :LessthanO’Squorl‘dB
SINAD ,
>mFM : Less than 0.25 uV for 12 dB
SINAD
70cm FM _: Less than 0.20 4V for 12 dB
SINAD

(CW sensitivity is same as SSB if the optional
CW filter is not installed)

Selectivity (-6 dB/-60 dB):
SSB : 2.4 kHz/4.0 kHz (adjusts continuously
from 1.2 kHz to 2.4 kHz at -6 dB)
CW . 600 Hz/1.2 kHz ‘
{with optional CW filter)
FM : 15 kHz/30 kHz
~ (CW selectivity is same as SSB if the optional
CW filter is not installed)
Image rejection:
~ Better than 60 dB
AF ovtput:
1.5 W min. @ 8 ohms, 10% THD
AF output impedance:
4-16 ohms
IF frequencies:
10.810 MHz
10.750 MHz
455 kHz
67.615 MHz (70 cm units only)
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GENERAL
Frequency Coverage’
Ham Band 1.8 MHz ~ 2.0MH:

3.45MHz ~ 4 .1MH;
6.95MHz ~ 7 5MH;
9.95MHz ~ 10.5MH;
13.95MHz ~ 14 5MH;
17.95MHz ~ 18 5MH;
20.95MHz ~ 21 5MHz
24 45MHz ~ 25 1MH;
27.95MH7z ~ 30.0MH;
General Cover (Receiwve Only)
0 1MHz ~ 30.0MH2
Thirty IMHz Segments (or Continuous!
RIT.YIT Coverage  *1.0KHz
Frequency Control
CPU based 10Hz step Digial PLL synthesizer.
Independent Transmit-Receive Frequency Available
Frequency Readout:
6 digit 100Hz readout
Frequency Stability
Less than =500Hz after switch on 1 min to 60 mins, and
less than *100Hz after 1 hour. Less than +1KHz in the'
range of —10°C ~ +60°C.
. Power Supply Requitements:
. L4 DC "13.8V £15% Negative ground Current drain 20A
) max. {at 200W input)
AC power supply 1s available for AC operatvon
Antenna Impedance:
50 ohms Unbalanced
Waeight
8.0Kg (11Kg, when optionat power supply 1s installed)
Dimensions:
S 1110123) mm(H) x 280304} mm{W)} x 355(383) mm(D)
"{ ). including projections

TRANSMITTER

RF Power:
SSB (A, J) 200 Watts PEP input
CW (A}, RTTY (F;) 200 Watts input
FM (F,)* 200 Watts input

Conrtinuousty Adjustabie Output power 10 Watts ~ Max.

Em::s.0n Mode:
Al $S8 (Upper sideband and Lower sideband)

A, Cw
F RTTY (Frequency Shift Keying)
F, FM

Harmonic Qutput:
More than 60dB below peak power cutput

* When optional FM ynit is installed.

Spurious OQutput:

More than 60dB below peak power output
Carrier Suppression

More than 40dB below peak power output
Unwanted Sideband:

More than 55d8 down at 1000Hz AF input
Microphone:

Impedance 60C ohms

Input Level 12 mithvolts typical

Dynamic or Etectret Condenser Microphone

{Optional desk mic IC SM6 can be used.i

RECEIVER

Recetving System:
$SB. CW, RTTY. AM
Triple Conversion Superheterodyne with con
tinuous Bandw:dth Control.
FM® Triple Conversion Superheterodyne
Recewmg Mode:
- Ay, A3J (USB, LSB) Fl {Output FSK audio signal), A,
{Receive only) Fy* )
{F Frequencies:
1st 70.4515MHz
2nd 9.0115MH;
3rd  455KHz
Sensitivity:
SSB, CW, RTTY
0.1 ~ 1.6MHz Less than 3. 2uV for 10dB S'N
1.6 ~ 30MHz Less than 0.15uV for 10d8 S'N
AM 0.1 ~ 1.6MHz Less than  20uV for 10JB S'N
1.6 ~ 30MHz Less than 1tuV for 10dB S.N
_ Fm° 1.6 ~ 30MHz Less than0.3uV for 12dB SINAD
Squelch Sensitivity: -
1.6 ~ 30MHz Less than 0.5uV
Selectivity:
SSB, Cw, RTTY
2.2KHz {Adjustable to 0.8KHz Min)
at —6dB
4.2KHz at —-60dB
AM 2.4KHz at ~-6d8B, 4. 8KMHz at ~60d8B
(When Filter switch ON)
) 4 0KHz at ~6dB, 15KHz at -60dB
FMm* 15KHz at ~6dB, 30KHz at —60d8
Notch Filter Attenuation:
More than 20dB
Spurious Response Rejection Ratio:
More than 60d8
Audio QOutput:
More than 2.8 Watts
Audio Output Impedance:
8 Ohms

Spec.fications are approximate and are subject to change without notice or obligation.
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@ iCon "INSTRUCTION MANUAL

“. IC-PS35

INTERNAL POWER SUPPLY UNIT

DO BN 208 SWITCHING REGLLATORS

i . T ¢ nstr L ohion Manuadl jaued esee . puens and instatlation nstruc
TS HOE The Tntoral Dower SLEDH umit for ICLCM's HF transcerver
1C 745 ang 1C 751 Iv aise arevides ntormation you need while ' '
dsing them. p“’d%:.’ reat all tme nstrgctons carefuily before installa

L 5o you Wil et maxmem pectormance arg tull vaiue trom the

\ set ,
[+
SPECIFICATIONS '
Nurher 0f Semacanduetorns Transistor 5
1C 2 .
' , Diode 4
® ' frit Voltage 110 220V AC (50 60H7)
Avevahie Voltage Fluctuation =10 of ‘nput voltage
) suitable fine voltage)
Input Capacity 550V A (at 20A load!}
Qutput Yoltage 13 8V DC Negative ground
Mav. Load Current , 204 {10 mins ON 10 mins OFF)
ﬁ \e Dimentions 184(W) x 50(H) x 186(D) mm
Weght Approx 2. 3kg
K ¢ Inctuded Main Unit

Insutation Spacer
' Power Socket Unit
, AC Power Cord
“ Spare Fuse
installation Screws
insulation Washers

D O N — - =
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ELECTRET CONDENSER TYPE

DESK MICROPHONE

i dian s SR s it g ot

IC-SIVI6

WITH Bl,l‘L.T-VlN‘. »PRF#«AMPLIHIER |NSTRUC‘T|ON MANU‘AL

- the purchase of DESK
1C-SM6 ICOM’s

Congra® . anions
AMICRCA=0ONE

transce .er

for new

This micropnone Wwill increase your .|ooerat~
Ing com.emence and make operation of the
transcener m.re emovable with ciear tone
ansd goos D.Cch L capability

HOWTOUSE

1 A sensitnity control is installed on the
botior of the mic stand. By turning 1t

10 tre H' or L7 position, the sensi-
tvit, will increase or decrease, respec-
tively. Adjust the control so as to get

the proper sensitivity considering the
Jistance to the mic, the ioudness of ycur
voice and the environmental conditions.
2. The «'nd screer not only prevents back-
Cground noise Jue 1o wind, but also
protects the mic  Uniess required, do
nut remove the screen from the mic.
3. In order to operate the microphone,
connect 115 plug 10 the mic socket on a

transcesver {Or transmitter),

IC-SME is an etectret condenser type Jesk

microphone with a built-n preamphfier. Sn,

a DC voltage should oe applied to the

preamptifier.’ tn the IC-SM6 the DC voltage '
1s superimposed on the AF output line.

ICOM transceiver has an 8 pin microphone

connector, to accept the iC-SM6 micropheone

4. To transmit, press the PTT switch down:
ward. \When it is releaséd, the transce - e-
will.return to the receive condition. For
a long transmission, pult the PTT sw.tcn
backwards, while pressing it down un':.;
the switch is locked and 1t wiil remarn .n
that position until it is pushed forward
and released. Refer 1o the foliowing

chart.

PTT
LOCK

LOCK RELEASE

e ey
|

N

ICOM INCORPORATED

Prirted in dagan
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IC-AT500
1C-AT100

| - HF FULL AUTOMATIC ANTENNA TUNER

ICCM
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Number of Sem.conduétors

Frequency Range:

Power Capability

impedance Matching: |
Output Terminals:
Mimmum Tune-up Power:

Tune-up Tlmef

Matching Accuracy (VSWR):
Insertion LOsS!

Power Supply Requirements’

Usable Condition:
Dimensions’

Weight ‘

s e S T o
AR S T AL A Wl St A AL N A

SECTION: Hii¢ SPECIFICATIONSH

o Jn S un e S S

~ LA L

Transistor 36
IC 10
Diode 55 (IC-AT100:49)

18 ~ 2.0 MHz (IC-AT100: tuner is bypassed)
35~ 40 MHz

.70 ~ 7.3 MHz

100 ~ 10.5 MHz
140 ~ 145 MH2
180 ~ 185 MHz
210 ~ 215 MHz
280 ~ 30.0 MHz
(Auto band switching with 1C-701/720/720A/730)

300W {continuous)/t kW (PEP)
(1C-AT100: 100W/200W PEP)

16.7 ~ 1500 to 500 resistive
4 coaxial connectors
50W (IC-AT100: BW)

4 -- 7 seconds (when operating band has been changed)
Less than 3 seconds (on the same band)

Léss than 1.2 (when auto-tuning)
Less than 0.5 dB (when tuned up)

13.8V DC (negative ground) +15% 0.5A max
117V AC or 230V AC £10% 13W max

~ Temperature ~10°C ~ 60°C

241(W) X 111(H) X 300(D) mm

6.4 kg {IC-AT100: 5.0 kg)

P Y
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Now ICOM offers :he best
choices in compaoact 2-meter FM
mobiies. the IC-27H 45waft com-
poct (1%"H x 59 "Wx 94"D) and
the IC-27A 25-watt super com-
pact mobile. The IC-27A and
IC-27H are the smaltest full-
fectured 2-meter mobile frans-
Crivers available, and feature an
internal speaker for @asy installo-
tion. For ihe uitimate portable
siation, the 1C-37A 220MHz and
IC-47A 440MH2 25 watt compaoct
mobiles are also availabie.

The IC-27H provices
45 wars of cut Dut power white
*ne C-27A crovides 25 watts of
outout power

The

IC-2/A and IC- 27H come com-
plete with 32 PL frequencrasready
0 gu and are controiie J from the
front nanel knob  Eor.h PL fre-
Quer -y may be sek:ciad oy the
main tuning knot .and stored iInto
merm: ¥y for aasy Occess along
with “ aquency and offset.

. The IC-27A and
IC-27H nQvy Ning memories avail-

1C-HM23

48 Narrs
TOHYS Wx 2D

Scanming mic
w th DTMF pad

able 1o store recewve frequency,
trarismit offset. offset direction,
and PL tone. Mermmones are
backed up by o lithium backup
pattery. which will store memories
for up 1o seven years.

= S envem 28 As
added plus the IC- 27A/H fecrures
an ophional speech synthesizer to
verbaily announce the recever
frequency of the ransceiver
through the simpie touch
of a button.

- Included
with rhe IC 27A/H is g scan-
ning system which afiows
scannng of the entire
bona.

1IC-27A
25 Watts
15Hx 5 " Wx 7D

7-18

Priority may be
selected to be either a memaory
channel or a VWO channei. By
using sampling technigues, the
operator can determine if a fre-
quency of interest is free or busy.

compoct
maobile transceivers at your local
ICOM deaqler. For supert perform-
ance. reliability, ond the uitimate
in @ VHF mo! 'a radio. your only
choice is an KCOM.

The IC-25A 2(neter
25-watt mobile and its 45-watt
companion. the IC-25H. are

also availabie.

f“m

-~

o mv———.

Also Available: 1C-37A 220MHz
‘ and IC-47A 440MHz Coempact Mobiles

The World System




GENERAL

Numbers of ser iconductors

" Frequency caoverage

Frequency resolution
Frequency controt

Frequency s:3bility
Memory channels
Usable conditions

Antenna impedance
Power supply requirement

Current drain (at 13.8V DC)

Dimensions
Weight

TRANSMITTER

Output power

Emission mode
Modulation system

Max . frequency deviation
Spurious emission
Microphone

Transistor 57

FET 6
iC 24
Diode 110

IC-27A: 144MHz ~ 148MHz

IC-27E: 144MHz ~ 146MH2z )
IC-27A: 5KHz/15KHz steps (Australian version: 5KHz/25KHz)
IC.27E: 12.5KH2/25KH¢ steps

Microcomputer based 5KHz step {or 12.5KHz step) Digital
PLL synthesizer Independent Dual VFO Capability.

Within £1.5KHz

9 channals with any inband frequency programmable
Temperature: —10°C ~ 60°C (14°F ~ 140°F)

Operational time: Continuous

50 ohms unbalanced '

13.8V DC *15% {negative ground)

6A Max.

Transmitting; High (25W) | Approx. 6.0A
Low { 5W) Approx. 3.0A

Receiving; At max audio output Approx. 0.6A
Squeliched 4pprox. 0.4A

38(41)mm(H) x 140mmi(W) x 177(191)mm(D}
{): Shows the dimensions including projections
Approx. 1.2kg

: HIGH 25W LOW 5W

16F, (F3E 16K0)

Variable reactance frequency modulation

+5KHz

More thah 60dB below carrier

600 ohm electret condenser microphone with push-tc-tatk
and frequency UP/DOWN switches.

"C.27A: with 16 key dual-tone pad.)

(1C-27E: with 1750Hz tone burst unit.)
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Operating mode Simplex, Duplex (Any offset in-band in 100KHz increments
programmable) g
RECEIVER :
Receiving system Double-conversion superheterodyne .
Modulation acceptance 16F; (F3E 16K0) .
Intermediate frequencies 1st:  10.695MHz .
2nd: 355KHz .
Sensitivity Less than 0.2uV for 12dB SINAD .
Less than 0.4uV for 20dB Noise quieting l
Sauelch sensitivity . Less than 0.15uV Y
Spurious response reiection ratio : More than 60dB :
Selectivity More than 15K Rz at —6dB point s
. Less than 30KHz at —60dB point .
Audio output power More than 2.0W [l
Audio output impedance 4 ~ 8 ohme i
T
e '
.. '
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]
b
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= |COM infroduces the

" eompliment its existing lineat. -
popuiar hondheld transceivers and.
accessories. The new directentry |
microprocessot controtied IC-02A is
atull{eatured 2-meter handheid.

Some ot its many fealures are:
Scarmrg. 15 memcnes. cuciex offset
sorage -~ memcry, caa oftsets. 32
<eyDOoCra selactesie PLicnes ahich
storgn memory JnG intermal Wrium
zerer, TOCKLD

Keyboard enfry "~'cL3rhe '
IR o to Ro IEol e e o L e (oo S A AN

Ler T es TLL ST e ones

repminr, I OOty 2N 00K L

Pemeg 3moT TN o otme TLI0AT

An easy-to-read custo
readout ~ 1 T TTe L

e new IC-02A - . > 277

- . .

o

/

B ST 2P FYEWTH

E v ': v ‘e
the-Hne IC:02A and }€-02ALtax” =~

e wmmem-mw-emoesm cw e e e s e e

oock). -7 - T L

A variety of baiferies.cre -
avauapie for the IC-02A and IC-02AT,
inclucing the new iong-ufe 84 vol?
IC-9F8 andt 13.2 vort IC-8P7 The IC-
8R7 anc 8P8 rmay de charged from a-
rcpo panet ccnnecror for 13.8 voits

L aRICH wil QIS0 cower franscener

Spergnon.

[COM’s IC-2A(T) ~27" ~ 25" 2 T '
LT e IT I tsIImp et e

. TheWorld System
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SPECIFICATIONS: 1C-02A(T)

.

e
»." GENERAL

Frequency coverage
Frequency resolution.
Frequency control
Scanming system
Frequency readout
Frequency srability
Memory channeis
Usable condif ns

14400 — 147 995MHz

5.10 15 20 or 25KHz steps
Digiral PLL synthesizer, with keyboard enfry
Pn . programmabie

onfy.
LCD disph
Within +1 SKHz

(warh swirchable back light) '

10 (wth inrernal lithium barrery backup)
-10°C - 60°C(14°F — 140°F)

Anfenna impedance 50 ohms unbalanced
Power supply requirement 13.8VDC or orrendant barrenes
Current drain (at 8 4YDC) Transmimng: High (3.0w) approx. 1 0A
Low (0.5w) coprox. 450mA
Recemving: Ar maximum audin approx. 140mA
Squeiched approx. JSMA
Dimensions 116.5mm(H) x 65mm(W) x 35mm{ D) wathour borrery case
Weight 5159 nduding IC-BP3 batrery pack and flexible antenna
MOutputwmpM High: 3 0w (ar8.4VDQC): 50w (ar 13.2VDQC)
r igh: J ard. ;. aft1d.
ch' 0.5w (ar8 4vDQ)
Emission mode 16F3 ‘ .
Modulofion system Variable reacrance frequency modularion
Max. frequency deviation +SKHz
Spurious emission More than 60dB below camer
rones 32 builrn subaudible rones. srandard
Operoting mode Simpiex or duplex with programmable offset
Microphone Butir-in electrer condenser microphone
Opnonat IC-HMP speaker/mic can be used.
RECEIVER : '
Recaming system - Double conversion superhetrodyne
Receiving mode 16F3
Invermergote frequencies 15t 16 9MHz 2nd: 455KHz
Sensitiviry Less than .32 uV for 20dB quienng
Squeich sensitiviry lesstan Q01 uv
Spunous response rejection rafic More than 60d0
- Selecnvity +7 5KHz ar -6d0
< . +15KHz ar -60d8
@ Audio ourput power More than 500mW
= Audio output impedance 8 ohms
BATTERY CHARGER TYPICAL jREPLACE-
PACK HEIGHT | REQUIRED| BATTERIES | YOLTAGE} OUTPUT ADLE NOTES
MODEL ) (IN WATTS) BATTERIES
1CBP2 | 3Smm oco90 Na25 AR | 72 30 No | Low PowesQuck Qe (! Sty
B35S | (&) ’ Long Life: Overcharge tromected
BC.25U or
IC00 | 99me [ OC I or NZO M s 30 No |jondordPower
« lumame)| 90 30 Yes | 5rondord Powerio Rechorge
| IC-0F4 | 49mm oy
! ngsm NCdAAGDY 72 30 Yes |iow loweilonguie,
| icors | oomm| XX {na2sar| 108 | 40 NG | e L L e
0C-35 ) prorecred
BC-16U .
IC-BP7 | 79 5mem| _ or N425AR | 132 50 No  |Han Power Quak or Siow Charge
| 0C35 (x11} ‘
7 BC10U or Srondard PowerrLong Lfe ¢ 800mAN
IC-DP8 | 79 Sene DL o .Naogwx 84 30 No ong
8C-35 7

\
TW M AL wor Ndd Darenes  “"Do nof artemor fo recharge requiar or gikoine bafrenes

7-21

ACCESSCRIES

IC-CP1 Cigarene Lighter Cord

Ptugs inro lighrer socket to charge IC-BP3 or
into IC-0C1 to operate unir from car barrery
BCIS Dror-in Charger

Charges all ICOM barrery packs. Charges IC-
BP2 1n 15 hours, IC-BP3 n 15 hours. ICBPS
and BP7 in 1.5 howrs. and the IC-0P8 in 2.5

IC-HM9 Speaker/Microphone
nfo ranscerver and clips on lope! or
t Has PTT burton.
Leather Case
High qualiry case 10 profect your ransceiver

8C-25U Wall Charger
Charges IC-8P3 pack. srandard wirh
Tonscever.

BC-16U Wail Charger '
Charges IC-0P7 G’&’a Padks. only.
HS-10 Headset

H$-1030 PTT Swirchbox
To be used wirh H5-10,

HS-103A VOX Unit
To be used with H3-1Q. For ICO2AT) and IC-
04XT) only.

OPTIONAL
IC-MLt

Number of Semiconductors
Tronsistors 6 '

., Diodes 10
| 1

Frequency Covera
144 — 148MHz ¢
Acceprable Modulation

M

Power Su Requirements

13.8VDC £ 135% Negotive Ground JA Max.
Current Drain

Approx. 20A ar 10W Ourpur

Aporox. I0mA ar srand by

Drive Power Requirements
2.3 Warms

Power
10 Wars -

Input Impedance
S&Jn Unbalanced

t (Load) Impedance
50Q Unbalanced

Dimensions '
ASmm(H) x 63 W) x 160mm( D)

Weight
A;prggox; 320~

N
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-7 GFNERAL

Number of Semiconductors:
Transistors 89
FET 4
1C (includes CPU) 50
Diodes 160

Frequency Coverage:
144.0 ~ 146.0MH2z
(1IC-271A: 143.8 ~ 148.2MH2)
. Frequency Control:
CPU based 10Hz step PLL synthesuer

tndependent Transmit-Receive Frequency Capability -

32 Memory Channe's provided

Programmed Scan, Memory Channel Scan and Mode-

Selective Scan Capability
Frequency Resolution:

SSB 10Hz steps (Automatic 100H2 s(eps shift)

FM 5KH2z steps

AKHz steps with TUNING RATE switch depressed
Frequency Readout:

<7 digit Luminescent display 100Hz readout
Freguency Stability:

Within £1.5KHz in the range of —10°C ~ +60°C
RIT Frequency Coverage:

+9 9KHz from displayed receive frequency

. ‘_,! Powar Supply Requirements:

DC 13.8V +15% Negative ground Current drain 6A max.
AC power supply is availabte for AC operation.
Current Drain (at 13.8V DC):

Transmitting , 25 watts output Approx. 6.0A
1 wstt output Approx. 2.0A
Receiving At max. audio output 1.4A
Squelched 1.2A

Antenna tmpedance:
50 ohrns Unbalanced
Weight:
5.2 Kg
Dimensions:
110mm(H) x 285mm(W) x 275mm(D)

TRANSMITTER

RF Output Powei :

SSB {A3J) 25 Watts PEP

CW{A;), FM (F;)  2E Watts

Continuously Adjustable Qutput power 1 watt ~ Max,
Emission Mode:

SSB (A,J USB/LSB), CW (A, ), FM (F,)

Modculation System:

SSB: Batanced modulation

FM:  Variable reactance frequency modulation
Max. Frequency Deviation:

*5KHz
Harmonic Output:

More than 60dB below peak power output
Spurious Qutput:

" More than 60d8 below peak power output
Carrier Suppression:

More than 4348 below peak power output
Unwanted Sidebana:

More than 40dB down at 1000Hz AF input '
Microphone:

‘600 ohm electret corndenser microphone with push-to-

talk switch and scanning buttons,

_Operating Mode:

Simplex, Duplex {Any in-band 10KHz steps frequencv
separation programmabie)}

RECEIVER

Receiving System:
SSB, CW Single conversion superheterodyne
M Dauble conversion superheterodyne
Receiving Mode:
A,, A;J (USB, LSB), F,
IF Frequencies:
SSB, CW 10.75MHz

M 10.75MHz, 455KH2z

Sensitivity: '
SSB, CW Less than 0.5 microvolts for 10dB S+N/N
FM Less than 0.3 microvolits for 12dB SINAD

Less than 0.6 microvolts for 20dB noise quieting
Squelch Sensitivity:
SSB, CW Less than 0.6 microvolts
FM * Less than 0.4 microvolts
Spurious response rejection ratio:
More than 60dB
Selectivity:
SSB, CW More than 2.4KHz at —6dB point
Less than 4.8KH2 at —-60dB point -

M More than 15KH2 at ~6dB peint
Less than 30KHz at —60dB point
Audio Output Power:

More than 2.0 watts (at 8 ohm 10% distortion)
Audio Qutput Impedance:
8 ohms

Specifications are approximars and are subject to change without notice or obligation.
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- GENERAL

Number of Semiconductots.

Trarsistors 108 (1IC-471A 110}

FET 10

IC vinciudes CPUI 55 (IC471A 59)
- Drades 174 (1C-471A 178)

Frequency Coverage:
4300 ~ 440 0VH2
C471A 4300 ~ 450 OMH2)
F-eguency Contiol,
CPL pased 10Hz step PLL synthesizer
Incependent  Transmit-Recewve Freauency
32 Memory Channels provided '
. Pragrammed Scan, Memaory Channel Scan and Mode-
Seiect-ve Scan Capabtulity
Freacency Resclution,
SS8  10Hz steps (Automatic 100H2 steps shitt)
7N S5KHz steps
1Kz steps with TUNING RATE switch depressed
Frugouency Readout
7 0.git Luminescent disptay 100Hz readout
Freauency Stabnlnzv
W inin 0.001° in the range of -10 C~+0C
RiT Frequency Coverage
~0 QW47 team deentaved receive frequency

Capability

Pouwer Supply Requirements
- DC 13.8Vv =15°. Negative ground Currem drain BA max
'AC power supply s avaitable for AC operation.

Curent Dran1at 138V DCH:
Transmitting 25 watts output Approx. 8.0A
1 watt output Approx. 2.5A
Receiving At max aud:o output 1.4A
Squelched 12A

Anterna Impedance
50 ohms Unbalanced
Weigr:
60 Kg
Dimensions:
110mmiH) x 285mmi{W) x 275mm(D)

TRANSMITTER

RF Qutput Power:
SSB 1A, 4) 25 Watts PEP
CW A ) FM (F,) 25 Watts

Continyously Adjustable Output power 1 watt ~ Max.
Emission Mode:

SSB (A, J USB:LSBY, CW(A ), FM (F )
Modutation System.

SSB  Balanced modulation

F\ Variable reactance frequency modulat‘,op

Max. Frequency Deviation:
*5KH2

Harmonic Output:

. More than 6QdB below peak power output

Spurious Output;
More than 60dB below peak power output

Carrier Suppression: '
Mcre than 40dB below peak power output

Unwanted Sideband:
More than 40dB down at 1000Hz AF input

Microphone:
600 ohm electret condenser microphone with push-to-
talk switch and scanning buttons (1C-A71E: with 1750H2
tone-burst unit) '
(IC-471A. Suppli‘es an 8-pin plug instead of the micro-
phone.)

Operating Mode:
Simplex, Duplex (Any in-band 10KHz steps frequency
separation programmable) '

RECEIVER"

Receving System:
SSB, CW Double conversion superheterodyne
FM Triple conversion superheterodyne
Receiving Mode:
A,, A,J (USB, LSB), F, "
Intermediate Frequencies:
SSB, CW 70.4515MHz, 10.756MH2

FM . 70.4515MHz, 10.75MHz, 455K Hz
Sensitivity:

SSB, CW Less than 0.3 microvolts for 10dB S+N/N

FM Less than 0.3 microvolts for 12dB SINAD

Less than 0.5 microvolts for 20dB noise
quieting
Squelch Sensitivity:
SSB, CW Less than 1.0 microvolt
FM Less than 0.3 microvolts
Spurious response rejection ratio:
More than 60dB
Selectivity: o
SSB, CW More than 2.4KHz at —6dB point
‘ Less than 4.8KHz at —60dB point
More than 15KHz at —6dB point
Less than 30KHz at —60dB point
Audio Output Power:
More than 2.0 watts {(at 8 ohm 103
Audio Qutrut Impedance:
8 ohms

FM

listortion)

Specifications are approximate and are subject to change without notice or abligation, -
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SECTION 1. SPECIFICATIONS

'f wo'+ (GENERAL)
“w"»' Transmitter Frequency Range:
Receiver Frequency Range:

160, 80, 40, 30, 20, 17 , 15,12 , 10 metar Amateur bands
150 kHz to 30 MHz

Mode: A3J (LSP, USB), A1 (CW), A3 (AM) F3 (FM)
' Antenna impedance: A3J(LSB. USB), A1 (CW), A3 (AM), F3 (FM..... ... OPTION})
Power Requirement: . 12.0t0 160V DC(13.8 V nominal)
Power Consumption: 20A approx. in transmit mode
1.2A approx. in receive mode
Dimensions: 270(10.6)W x 96 {3.8)H x 257 (10.1) D mm (inch)
Woeight: 65kg(14.31bs.)
[TRANSMITTER]
Final Power Input: .
Mode )
Band SSB cw M AM |
160m - 15m band 250WPEP 200WDC - 60w
10m band 250WPEP 200wW0C 120W eow
Modulation: SSB = Balanced Modulation
FM = Variable Reactance Direct Shift
{with FM-430 optional accessory)
AM = Low Levei Modulation (IF stage}
Carrier Supression: Better than 40 dB
Unwanted Sideband Suppression: Better than 50 dB

Harmonic Content:
Maximum Frequency Diviation (FM):

Less than -40 dB
+ 5 kHz (with FM-430 optional accessory)

Microphone Impedance: 5004210 50 k2

[RECEIVER]) : .

Circuitry: S$S8, CW,'AM = Double conversion Superheterodyne
FM = Triple Conversion Superheterodyne

Intermediate Frequency: 18t IF=48.055 MHz

2nd IF = 8.83 MH2
‘.'-',_ 3rd IF = 455 kM2 (FM only)
® Scnsitivity:

Freguency
_ 150kHz - 500kHz S00kHz - 1.8MH2 1.8MHz - 30MHz
Mode : )
SSB/CW(10dBS/N) |  Lessthan 1 uVv Less than 4 1V Less than 0.25 uV
AM(10 dB S/N) Less than 13 uV Less than 40 uV Less than 2.5 uV
FM (30 dB S/N) - - *Less than 1 4V |
FM {12 dB SINAD) C- - *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 (FM-3rd image ratio)
IF Rejection: More then 70 dB (1.8 to 30 MHz)
Selectivity:
Selectivity
-6dB -80 dB
Mode ‘ ‘
SS8/CW 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: Botter than =+ 30 x 107 (0°C to +50°C), Within + 200 Hz from 1 to
80 minutes after turn-on: within + 30 Hz any 30 minute period
thersafter
. Frequency Accuracy: Better than 10 x 10™°
% RIT Variable Range: More than = 1 kHz
~".~ Audio Output Impedance: 40210 1602
Audio OQutput Power: More than 1.5W across 82 (at 10% dutomon)
Note: Circuit and ratings subject to change without notice due to developments in technology.
- - WA AT | e N B e e T gt et 4 m T e o - .- - -t e~ - _e.Le.= - P “«. % v. v ®w s o om m e = m o= . oa
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KENWOOD
J I AFTER UNPACKING
) Save the boxes and packing in the event your unit needs to
o j.: . p 5-4 3 D be transported for operation at a remote focation, main-
: tenance, of service. l

DC POWER SUPPLY MINTRODUCTION

The Mode! PS-430 is a requiated DC power supply design-
ed to match the KENWOOD TS-430S transceiver and
provide reliable fixed-station operation. Externai output
terminals (10 A max.) for operation of additional equip-
ment are also provided. ‘

B S RNCEAS Wte Sa iRt A

[

The PS-430 DC Power Supply has been carefully SIBEFORE USING
engineered and manufactured under rigid quality
standards, and should give you satisfactory and depend-
able operation for many years.

The following accessory items are included
Operating manual (850-4014-00). . 1 copy

) 7 . . Fuse (6A} (F05-6021-05) ...... 1 piece
Before placing the equipment in service, we suggest you’ Fuse (4A) (FO5-4022:05) . . . ... 1 piece
read through this manual to become acquainted with ACpowercord ... ......... 1 piece
correct operation. Should any trouble arise with the :
unit, please contact your dealer.
B INSTALLATION

When using the bail, swing it fully forward to place the
TS-430 at the same height as that of the transceiver.

‘_.Q POWER ON indicator fred) = i e T :
1 4

This indicator lights when o mowen
the Powes Supply is ON. L
» | acer
POWER Switch
This switch turns power
ON. Kenx
o¢ o2 somy .

BAIL
Used to elevate the front
of the supply.

L

Fig. 1

Turn the Power Switch OFF before making connections.

Connect the AC power cord as shown in Fig. 2.

Note: When connecting the unit to the TS-430V (10-W
model), use the DC cable supplied with the trans-

ceiver,
P$-430 Power supply
@ m Externasl output
- lén I 1 o terminal ’
s |, D>
=T
q AC outiet

DC output cable = R 0 W, Wl
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Your PS-430 has Leen factory adjusted and tested to

DA ARRA Sl 2 LR R B 540 BAKS b iaaeh e e

M CAUTIONS

1. The PS-430 will not operate if the output terminals are

shorted.
Before the PS-430 power switch is turned on, make
certain the transceiver's power switch is OF F; otherwise,
current graater than 2A may flow into the transceiver
IT it is in transmit mode. Secondly, the PS-430 may not
operate if switched on with the transceiver in transmit
mode because the protection circuit may operate. Turn
the transceiver on after the PS-430 is turned on.

2. The fuses will blow if the unit is overioaded.

3. Allow sufficient space behind the unit and install in a
well-ventilated location. Do not place any objects on top
of this unit. '

4. Use the heaviest and shortest DC power cable possible
from the accessory termirals, ‘
If power cable length is excessiv. the output voltage will
drop or induced RF energy may cause premature power
supply protective shutdown,

5. When connecting two or more transceivers to the unit or
when using the supply for any other purpose, check that
the total operating current is below the rated current
limit.

B ADDITIONAL INFORMATION
1. GENERAL INFORMATION

specificaticn before shipment. Under normal circum-
stances, it will operate in accordance with these operating
instructions. ‘

If your fower supply fails to work, contact the au thorized

dealer from which you purchased it. for quick, reliable -

repair.

All adjustments were preset at the factory and should only
be readjusted by a qualified technician with proper test
equipment.

Attempting service or adjustment without factory authoriza-

tion can void the power supply’s warranty.
2 ORDERING SPARE PARTS

When ordering replacement or spare parts for your equip-

ment, be sure to specify the following:
Mode! and serial number. Schematic number of the part.
Printed circuit board number on which the part is locat-

ed. Part number and name, if known, and Quantity

desired.

3. SERVICE .

Should it ever become necessary to return the equipment
for repair, pack in its original box and packing, and in-
ciude a full, detailed description of the problems invoived.
You need not return accessory items unless they are direct-
ly related to the service problem.

NOTE:

When claiming warra‘my service, please include a photo-

. copy of the bill of sale, or other proof of purchase showing

the date of sale.

YR TN Y T WML S T S YT R TN N e e e v
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BMAINTENANCE

1. The supply is equipped with a 6-A AC fuse and a 20-A
DC fuse. If either one or both blow, DISCONNECT the
AC power cable and check for the cause before replacing
the defective fuse. )

(Replacement fuses are available from your authorized
KENWQCOD dealer.)

CAUTION: NEVER use a fuse of higher rating.

2. The unit is designed to deliver 13.8V DC at 15 A. If,
at some future date, the supply should require adjust-
ment, consuit your dealer.

When changing an AC operating voltagé, select the desired
voltage with the selector switch located on the bottom of
this unit. In this case, .the correct fuse must be installed,
referring the table as shown.

AC voltage Fuse
120V 6A
220V
240V aA

NOTE: .
Before changing the AC operating voltage, zalways dis-
connect the AC power cord from the AC line outlet,

B SPECIFICATIONS

Input voitage: 120/220/240V AC £ 10%, 50/
' 60 Hz

Output voltage: 13.8V DC (standard voltage)

Qutput current: 20 A (25% duty cycle)

15 A (50% duty cycle)

10 A max. (including external
output terminal)

Within £ 0.7 V at AC 120V,
220V, 240V  10% '
(Load current: 15 A)

Within 0.7 V between 2—-15
A load.

(No-ioad output voltage: Less
than 16 V at 120/220/24GV.
AC) :
Less than 20 mV (rms) at
13.8 V, output current 15 A,
Approx. 480 W (at foad
current DC, 20 A)

173 (6-13/18} W x 95 (3-3/4)
H x 245 (9-5/8) D mm (inch)
Approx. 7 kg (15.4 ibs.)

Continuous load current:

Output voltage fluctuation:

Ripple vol‘tage:
Plom conmmptjon:
mes:

Weight:

* Circuit design and ratings are subject to change for im-
provement without notice.
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KENWOOD

COMMUNICATION MICROPHONE

MC-80

' INSTRUCTION MANUAL

B FEATURES

The MC-80 is designed for use with a wide range of communi-
cation equipment. )
~P/DOWN frequency switching and a preamplifier are pro-
v.ded. The silver and dark gray colors of the microphone
-~atch other communication equipment,

B BEFORE OEPRATION
1. Power suppiy
Since the MC-80 uses an electret condenser microphone,
power is required for operation.
{110btain four (8) 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.

2. Connection to transceiver
As shown in Fig. 1, the MC-80 has astandard Kenwood
B8-pin MIC connector. Fig. 3 shows the connection be-
tween the transceiver and the microphone. Connecting

L the microphune to a transceiver with 4-pin or 6-pin MIC

. .. | Mic connection
) Traneceiver Mic jock ' ond sdapter J:ownv upply
. TS430, 15930
. T™-201. TM-401 8 pin Adapter not Use 4 “AA"
, T5-660. TW-4000 needed. Dirsct. .| batteries.
_T$780 J
" TR-9000 series 6oin | Ut MIBE i
' TR.7700/8490 series scooter, |
© TR.7200/7500 secies | |
T5.120°130 sariey | 4o Use M .84 :
_— TS520/530 seras | P! adapter, ,
TS-820/830 series | ! :
S " Fefer o the transceiver |
Transcaver of an- owrers manual change

jack requires an optional adapter plug. Connection with
equipment other than Kenwood may require either re-
connection of the plug, or a different type plug. Refer 10
the instruction manual for necessary wiring details. ‘

3. Operation )

Turning the POWER switch on lights the POWER ON LED

to show the mic is operating.

{1) Volume sdjustment
A potentiometer to contro! 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 dB setting {approx. 3.3 mV cutput) is preset at
the factory. For normal operation, use this setting.

other manufacrurer the wiring of use an ,
© adaptes

% Microphone

Gooseneck

.MP"

[————————UP DOWN Switch

[
o

K E N OO0

~—PQOWER Switch

D A A RN

-—LOOK Switch
White Shield
(og -0
R
o ed
Green '
o— Brown , -0

7-32

Fig. 2 Battery instalistion
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(2) PTT and LOCK switch operation

Use the PTT or LOCK switch to transmit. Holding the
PTT switch depressed allows transmission and releasing
the switch returns operation from transmission to
reception. Depressing the LOCK switch once aliows
transmission, The transmit mode remains ON after the
switch is reteased. Depressing the switch again switches
from the transmit mode to receive mode, The PTT
sw tch 1s used for rapid QSO exchanges. The LOCK
sw tch is used for relatively long transmissions.

(3) VOX operation
Sw.tching from the receive mode to the transmit mode

by your voice is called VOX (voice operated transmit)
operation. :
There is no need to touch the PTT or LOCK switch.
Whether or not the VOX operation is possible depends
Jspon whether the transciever or transmitter used is
vOX-equipped. For VOX operation, set up the trans-
ce ver and turn on the MC-80 power.
Soceaking into the microphone automatically switches
-the associated transceiver to transmission., When you
stop speaking, the transceiver automatically returns to
" the receive mode. Usually, a relay is used in the trans-
ce.ver for switching between transmission and recep-
tion. Relay “click’” may be heard from the transceiver
when switching from transmit to receive or vise-versa.
For VOX operation detaiis, refer to the transceiver
instruction manual.

{4) Modulation level

Since the MC-80 employs an electret condenser micro-
phone, speaking close to the microphone may some-
umes result in reduced clarity. For normal operation,
maintain 10—15 cm distance to the microphone. The
optimum modulation level may vary dependina upon
the transceiver and operating conditions. Adjust the
transceiver MIC level control, referring to the trans-
ceiver instruction manual.

(5) Output impedance
The following are typ:cal impedance of Kenwood
communications equipment: R
HF equipment . ... ........ v.... 50k ohms
VHF & UHF equipment ........... 500 ohms
The MC-80 is set for 680 ohms so it can be used with
al! equipment types,

{8) 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
UP/DOWN switches are not used.

MRS R o PENCE MR Bt s AR BT A Se 44 80 4 ‘7':,1“
v

\ >

e 1 MK LEVEL e .
J K

D—- MIC AP 4 r "“. \JOUY PUT .
, 15V 4 qE o

L <N

DOWN UP SHIELD {'Dcmo -

—‘T;; — BROWN Dolwn N

g o of: :

T 2979 RED NC .

T 2)PTTI(STBY) *

BUACK = o 4

(8)GNo 3

Fig. 3. MC-80 block tisgram & mic plug conn‘ction '

M PRECAUTIONS -
1, Do not disassemble or otherwise modify the mic assembly, ;
or the original mic characteristics may be altered. N

2. The microphone is delicate, Be sure not to jar or shock the -
microphone element.

3. Ensure that power is turned off when the mic is not used. .
4, When the battery voltage drops due to depletion, the 4

power output will drop and distribution may occur.
Repiace the battery for these indications.

B SPECIFICATIONS
Micunit. . .......... Omnidirectional etectret cond-
enser,
Output impedance ... Approx. 700 ohms * 30% at
1,000 w2z

Sensitivity (0 dB = . ‘
1 V/u ber, 1,000 B2} .. -40dB * 6 dB (VR MAX.)
Sensitivity when shipping — 50dB + 6 dB
Frequency characteristic . 200 ~ 7,000 Hz (¢ 6 dB)
Power supply ........ Batteries 6V (1.5 V x 4)
(Batteries not supplied)
Current comsumption . . Approx. 10mA
(Batteries can be used more
than 500 h0urs)
Weight . . ... e .....700g

A product of
TRIC-KENWOOOD CORPORATION

175 2 chome stibuya shitiuya ku Tokyo 150 Japan

TRIO-K ENWOOD COMMUNIC ATIONS
:‘r’ruénwooo EPMMUMCAﬂons. @b
TRIO-KENWOOD ELECTROMCS, N.V.
FRIO-KENWOOD (AUBTRALA) PTY. LTD.
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= AUTOMATIC ANTENNA TUNER=—

"CAUTION -

1) The AT-250 is capable of sustaining 100W con-
.7, tinuous operating input power. However, during
.‘~ auto tuning, very high voltage appears in the
" tuning circuit and the reflected impedance for

the -transceiver varies greatly. Therefore, to pro-
tect the transceiver, adjust the transmit output
to less than S0W before tuning.

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.

2

You are the owner Of our latest product, the new AT-250 Automatic
Antenna Tuner. Please read this instruction manual carefully befo.2
placing your unit in service. The unit has been carefully engineered
and manufactured to rigid quality standards, and should give you
satisfactory and dependable operation for many years.

FEATURES

1. All amateur bands covered in the HF range

Covers all amateur bands including the new WARC band

from 1.8 through 28 MHz.
. Automatic band selection

automatically selected from the transceiver,
3. Dual power source capability

Operation r.:—-\ ‘either 120, 220, or 240 V AC or 13. BV

DC.

7" When connected to the TS-430, the operating -band is

4. POWER-SWR meter .
Up to either 20 W or 200 W is indigcated by the built-in
POWER-SWR meter. When the METER switch is set to
SWR, SWR is autoamtically calculated and indicated on
the scale.

5. Four antenna jacks
Four antennas cover a broad frequency range. Any of
these antennas can be selected by the ANTENNA switch
on the front panel
In normal operation {with the RX switch OUT), only the
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SPECIFICATIONS

1. Frequency range

2. input impedance

3.  Output impedance

4, Insertion loss

5. Pass through power

6.  SWR vaiue for motor stop

7.  Min. power for activation

8. Max. tuning time

9.  Power meter {peak value reading)
10. Power consumption (current)
1.

Power requirement
12. Dimensions

Weight
13, Package dimensions

14. Semiconductors

1o ‘

ACCESSORIES

Remote cable (A} ............. .

Remote cable (B) ............. .

ACpowercable .......... .....
Grounding wire' . ........... e
Instruction manua! . .............

All amateur bands from 1.8 — 29.7 MHz

50 ohms unbalanced

20 - 150 ohms unbalanced

0.8 dB or less

100W (200W PEP)

1.2:1 or less

3w

Within 156 seconds

= 10% at T0OW (Meter Switch 200W Position)
= 10% at 100W (Meter Switch 20W Position)
15W AC

13.8V DC 600 mA -

120V, 220V, or 24CV AC selectable

13.8V (12-16) DC

W174 (174) x H96 (107) x D257 (289) mm

( ) shows projections included. . ‘

4.2kg (9.241b.)

w385 x H167 x D264 mm
Capacitance: 0.017 m®
ICs 13

FETs 2

Transistors 31

Diodes 77

Specifications may be subject to change without notice for technical improvement,
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SPECIFICATIONS

. [General] =
S@MICONTBUCTIONS. ... MPU o !
ICs 19
Transistors 43
FETs 5
Diodes 81 A
Frequency range...............ccccccovueinrienennniennerensnnnens 144010 148.0MHz :::-":'_
Frequency synthesizer.................. e toe e Digital control, phase locked VCO ..'.i.
MOGB. ..o e FM (F3)
Anntenna impedance................c.c.ocoereereenennnne 50 ohms ;'_'.'-:
Power requirement ........ et 13.8vVDC =15% ‘ IR
Grounding ........... et e s Negative , ek
Operating temperature . ~-20°C to +50°C ,:j-:._\
Current dram ................ 0.5V in reverive mode with no input singal '.__-:
Max. 9.5A in HI transmit mode (TR-7950)
. 3.0A in LOW transmit mode {TR-7950)
' Max. 6.5A in HI tramsmit mode (TR-7930)
' 2.5A in LOW transmit mode (TR-7930)
Dimension .. ... ..ot v 175 mm (6 - 7/8) wide
64 mm (2 - 1/2) high
220 mm {8 - 11/36") deep (TR-7950) »
206 mm (8 - 1/16") Geep (TR-7930) RN
. {projections excluded) e
WEIGNT ..o, R 1.9 kg (4.18 Ib) (TR-7950) R
. ' ‘ 1.8 kg {3.96 Ib) (TR-7930) N
] [Transmitter] ' ‘ o —
RF output power (at 13.8V DC, 502 load)............. HI 45 Watts min. (TR-7950) EAAN
Note o
TX duty cycle: One minite TX }::\:
Three minutes RX :‘::‘
HI 25 Watts min. (TR-7930) e
LOW 5 Watts approx. {not adjustable) t:
Modulation...................cooiiiii e Phase sift Y
Frequency tolerance {~-20°C ~ +50°C) Less than = 15 x 10~ 3
SPUrioUS radIatioN .........c....ooveeeeieeieeeeeeeeeeersen s "HI Less than ~70 dB el
LOW  Lessthan-60d8 e
Maximum frequency deviation (FM).................... + 5 kHz ' .-T_j'_-i
Audioresponse..........................co.oeiveiniinne ST Within +1/-3 _B of 6 dB/oct pre-emphais ?M
' ‘ characteristic from 300 to 3C00 Hz. .‘*’;{‘
Audio distortion ... ..o, R 3% max. ‘ ‘ e
Microphona Dynamic microphone with PTT switch, 5000 ;:‘_..::
[Receiver] ‘ ' {ij}
CirCUItIY . ... e a e Double superheterodyne ata
Intermediate frequency ................cccceevereienn ST 1st  10.695 MH2z o
v 2nd 455 kHz' s
Receiver sensitivity ....................cccooviiiiiieninn, Better than 12 dB for 0.25 4V SINAD ::;::
Better than 50 dB tor 1 mV S+N/N .',:
Receiver selactivity ................................ v More than 12 kHz (-6 dB) r:'&
- ' Less than 24 wHz -60 dB) "
:'}. Spuriour respoNsSe ... Better than 70 d8 53
- Sauelch sensitivity ... T Less than 0.16 uV {threshold) ::-‘.‘:
Auto scanstoplevel ... ... ... ... Less than 0.2 uV (threshold) i*-.:}v
Audiooutput . . More than 2.C watts across & chms load (5% dist ) :::;:,
‘ WS
Note: Circuit and ratings are subject to change without natice due to developments in technology. E
by A e ot S et e s aee R o g o -
. . e — A e R M AN AN avcract aoa o e M e e




144 MH.

[GEMERAL] :
144 - 148 MH2
.10 CH
. FM (F3), (F2 in DCS mode!)
Opersting voltage ................ 8.4V DC £25%
Power Requirement .............. 84V, 450 mAH .(Ni-Cd battery
pack)

9 V manganese or alkaline (not Ni-Cd)
, 6 pcs. battery case {option)
Back-up Power Requirement ...CR-2032 Lithium battery
CurentDrain ...................... Approx. 35mA in receive mode with
no input signal
Less than -800mA in HI transmit
mode (at 8.4 V)
Less than 400 mA in Low transmit
mode (a3t 8.4 V)
Less than 1,A for memory back-up
Negative
-20°C to0 +50°C
B-To R '
With Ni-Cd battery: 66(2.6)W
x 188(6.7)H x 40(*.61D mmlinch}
With manganese battery: 66(2.6IW
x 176(7.0)§4 x 40(1.6)D mmiinch!

Weght ........ .. . s Wrth Ni-Cd battery 520 g (1.2 Ibs))
With manganese bartery: 510 g
(1.2 tbs.)

M SYNTHEIZED} AND-HELDiTRANSCEIV

SPECIFICATIONS

7-38

TR-26COA

INSTRUCTION MANUAL

[{TRANSMITTER)

LOW = 0.3 W approx.
Variable reactance direct shift
...Less than £20 x 10
{(-10°C ~ +50°C)

+5 kHz
Less than — 60 dB

...Double conversion superheterodyne

1stIF = 10.7 MHz

2And IF = 455 kHz

Better than 14V for S/N 30 ¢B

Less than 0.2,V for 12 dB SINAD

More than 12 kHz { -6 dB)

...Less than 24 kHz { - 40 dB)

Better than S0 dB

Squelch Sensitivity............... Less than O0.2uV (thresholdi |, .

Audio OQutput Power ............. More than 400 mW {(at 10%
distortion and 8 (1 load)

NOTE: Circuit and ratings may change without notice due to ad-
vances in technology.
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Frequency Coverage:

Crystals Supplied:

Accessory Crystals:

Fixed Freq. Crystal:

.~=_ Dial Calibration:

Calibration Accuracy:

Figure 1—1. T—4XC Transmitter

" SPECIFICATIONS

3.5t04.0 MHz
7.0to0 7.5 MHz
14.0 to 14.5 MHz
21.0t0 21.5 MHz
28.5 10 29.0 MHz

4 additional 500 kHz ranges (see table 2—1).
Between 1.8 and 30 MHz '
Excluding: 2.3 to-3.0 MHz

5.0to0 6.0 MHz

10.5t0 12.0 MHz

Between 1.8 and 30 MHz
Excluding: 2.3to 3.0 MHz
5.010 6.0 MH:z
10.5 to 12.0 MHz

Zero to 500 kHz in 1 kHz increments.

Better than 1 kHz when calibrated to the nearest

10C kHz point.




LRI
Yoret

a

[
LI

kg

»
L S

a

..\ll
»

(N}
v

G

Frequency Stability:

Modes of Qperation:
SSB:
Cw:

AM:

RTTY:

Sideband Suppression:

'Carrier Suppression:

Average Distortion
Products:

Frequency Response: "

Input Power:

Output Impedance:

Microphone lni)ut:
AGC:

Power Requirements:

Dimensions:

‘Weight:

Drift is less than 100 Hz after warmup and less than 100 Hz with
109 change in line voltage.

Upper or lower sideband on all bands. VOX or push-to-tilk.

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.

Controlled .carrier AM modulation is built-in. This system is com-
patible with SSB linear amplifiers. VOX or push-to-talk.

Two methods of RTTY are available.
1. 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 undistcrted
audlo tones at the mike input in the SSB niode. A jack is provided at
the rear panel to shift the carrier oscillator such that the frequency
respense of the transmitter on LSB is altered so as to pass the tone
frequencies without generating unwanted harmonics or sidebands.

60 dB or better.

60 dB or better.

In excess of 30 dB down.
SSB, 325 to 2725 Hz at 6 dB down.
SSB and AM—200 Watts PEP, CW—200 Watts.

Nominal 52 Ohms adjustable with pi-network. (SWR should be 2:1
or less.)

High impedance.

Operates on SSB to prevent flat-topping due to overdrive.

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.
This includes the effect of the 650 Volt supply change if both
voltages are obtained from the same transformer Maximum ripple
mist be less than 1/4%.

-45 to —65 Volts DC adjustable filtered bias into 33 K Ohm load.
12.6 Voits AC or DC at 3 amps.

5-1/2" high. 10-3/4" wide, cabinet depth 11-5/8", overall length
12-1/4",

14 ibs. 10 oz.

7-41
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. Frequency Coverage:

—

Accessory Coverage:

Modes of Operation:

Sensitivity:

Selectivity:

LW, -

SPECIFICATIONS

Covers 3.5 to 4.0 MHz, 7.0 to 7.5 MHz. 14.0 to 14.5 MHz. 21.0to
21.5 MHz, and 28.5 to 29.0 MHz. |

15 accessory crystal sockets are provided. Coverage of uny 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.

'SSB. CW, AM, RTTY.

SSB Mode: 10 dB signal-plus-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.

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 dR.

CW 1.5, CW .5, CW .25 Modes, 3 filters available:

.-, Stability:
\e

Calibration:
Spurious Responses:
Image Rejeciion:

Input Impedance:

Audio Output Impedance:
Audio Outbut: '

AGC:

Power Consumption:
Size:

Weight:

A S S e m . aism um e

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.

After warm up, frequency will not drift more than * 100 Hz. includ-
ing voltage variation of * 10%.

Better than * 1 kHz when calibrated at nearest 100 kHz calibration
point.

Internal spurious response less than the equivalent of a 1 microvolt
antenna signal on all amateur bands. :

(11.29 MHz above desired): Over 70 dB below 23 MHz, 60 dB above
23 MHz. '

$2 Ohms nominal.
3.2 Ohms to speaker, or headphones, 3000 Ohms anti vox.
0.7 Watt at AVC threshold, 2 Watts maximum at less than 5% T.H.D.

Audio Output increases 3 dB maximum for a RF input increase of
100 dB above AGC threshold. AGC threshold typically 1 microvolt.

Attack time: 1 millisecond

Release times:  Slow: 1 second
Medium: 350 mSec
Fast: 50 mSec

60 Watts, 120/240 Volts AC. 50/60 Hz.
5.5 inches high, 10.75 inches wide. 12.25 inches deep overall.

17 pounds.

" %% e ¥ s aw.m.eem
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~ OPERATION and MAINTENANCE
o | MODEL 250 SERIES
Single Sideband Transceliver
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INTRODUCTION

The Swan Model 250 Single Sideband Transceiver
together with its accessories and optional equipment
is designed to be used for SSB AM or CW com-
munications in the 50-54 mc. amateur radio bands.
MARS frequencies may also be covered by using the
Model 405X oscillator accessory.

‘The Model 250 generates a single sideband signal
by means of a crystal lattice filter, and the transceive
operation gutomatically tunes the transmitter to the
received frequency. When operating in single side-
band mode, the normally used upper sideband ( USB)
is employed. - : '

Basic circuitry of the siagle conversion design has
been proven in several thousand of the popular
Swan transceivers. Mechanical, electrical, and

thermal stability is exceptionally high. Alloscillators
are temperature compensated and voltage regulated.
Push-to-talk operation is standard, with provision
for plugging in the Model VX-1 accessory Vox unit
for automatic voice control.

With a suitable power supply, operation may be
fixed, portable, or mobile. Power input is rated at
240 watts, PEP, on single sideband. 180 watts on
CW, and 75 watts on AM. The basic transceiver
includes automatic gain control (AGC), and grid
block CW keying.

Recommended power su"ppliu are the model 117-XC
for ac operation and model 14-117 for 12-volt dc
operation.

ELECTRONICS

Oteansige Cantornia

6
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. FREQUENCY RANGE

50-34 mc. (except for a narrow segment at 53.5
mc)

POWER INPUT

Single Sideban-, Suppressed Carrier:
240 watts, PEP. minimum.

CW:
180 watts, dc input.

AM (Single Sideband with Carrier):
75 watts dc input.

DISTORTION
Distortion products down approx. 30 db.
UNWANTED SIDEBAND SUPPRESSION
Unwanted sideband down more than 40 db.
CARRIER SUPPRESSION

Carrier suppression greater than 50 db.

 © A3ECEIVER SENSITIVITY

e

Less than 0.5 microvolt at 50 ohms impedance
for signal-plus-noise to noise ratio of 10 db.
Noise figure better than 3 db.

AUDIO OUTPUT AND RESPONSE

Audio output. 4 watts to 3.2 ohm load. Re '

sponse essentially flat from 300 to 3000 cps in
both receive and transmit.

TRANSMITTER OUTPUT

Wide-range Pi-network output matches antennas
ewsentially rosistive from 15 to 500 ohms
impedance.

METERING

Power amplifier cathode current 0-400 ma. and
0-10 relative output indicator.

FRONT PANEL CONTROLS

Rec- Tune-CW. AF Gain, R.F. Gain, Mic. Gain,
Carrier Balance, PA Plate Tune, PA Grid Tune,
PA Load. KC Tuning Dial, MC Tuning Dial,
Meter Switch.

SPECIFICATIONS:

REAR PANEL CONTROLS AND CONNECTORS

Bias potentiometer, CW key jack, Jones plug
power connector, Vox connector, Antenna jack,
Auxiliary relay switching.

VACUUM TUBE COMPLEMENT

V1 6EW6 VFO Amplifier

V2 12BE6 Transmitter Mixer

V3 6GK6 Driver

V4 6146B Power Amplifier

V5 6146B Power Amplifier

Vé 6HAS5 Receiver RF Amplifier

V7 6HAS5 Receiver Mixer

'V8 6EWS First IF Amplifier

V9 12BA6 Second IF Amplifier

V10 12AX7 Product Detector/ Receive Audio
V11 6BN8 AGC Amplifier/ Rectifier

V12 6GK6 Audio Amplifier

V13 7360 Balanced Modulator

V14 12BAS Carrier Oscillator

V15 12AX7 Mic. Amplifier/ Transmit Audio
V16 OA2 Voltage Regulator

DIODE AND TRANSISTOR CGMPLEMENT'

Q1 2N706 Oscillator

Q2 2N706 Emitter Follower

Q3 2N706 Buffer Amp.

Noise Limiter Diode

Noise Limiter Dinde

1N2974A Zener voltage regulator
TS-2 Relay Silencing Diode

POWER KkEQUIREMENTS

Filaments 12.6 volts, 4.5 amps, ac or dc
Relay 12 voits dc, 250 ma.
Bias -110 volts dc, 100 ma. |

Medium voltage 275 volts dc, 150 ma.
High voltage 800 volts dc, 300 ma. Peak
Trans.

DIMENSIONS AND WEIGHT

Height 5-1/2 in. Depth
Width 13 in. Weight

11 in.
17-1/4 Ib.
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ASSEMBLY INSTRUCTIONS :

" FOR
MOSLEY THREE ELEMENT i

TRAP MASTER ANTENNA ‘

- MopEeL TA-33 Jr.

| ;,

i

& §

- e e am—— - e

FREQUENCY CHART

ELEMENT COLOR BAND CODE 1* Nee
RADIATOR RED 10 Meters 28.5 __29.00
REFLECTOR | YELLOW | 15 Meters 21.150 213% -

DIRECTOR GREEN 20 Meters 14.150 14.2
i 3Best for C¥ ' **Best for Phone l

NOTE: To order replacement parts from instruction sheet, refer 1o Form No. end Pert No.

M 'E ® I_..___._.__MOSLEY ELECTRONICS, INCORPORATED

o 4610 21~ Lindbergh Boulevord i
’ . Bridgeton, Missouri 63042

o>
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S0 , : SPECIFICATIONS o o
Av-3 Av-3 . AV-5 -
Overall Height - CW 13 ft. 1% (3.98m) 18 ft. (5.58m) 27 h % (B.37m) -
- Phone 12 ft. 8%2" (3.94m) 17 ft. 1% (5.33m) 24 f1. 1% (7.44m) ."‘.
Wind Surface Area - CW 1.02 sq. ft. (.10 sqm) .46 sq. ft. (.14 sqm) | 1.89 sq. f1.(.1859 sqm) ,
Assembled Weight 5.21 Ibs (2.33kg) 7.15 ibs (3.22kg) 8.41 Ibs (3.78kg) _c_
Maximum Mast Diameter - 13" (4.5cm}) 1%" (4.5cm) 1% (4.5cm) -.
v . .
Frequency Coverage (MHz) 28.0-29.2 28.0-29.2 28.0- 29.2
: 21.0-215 21.0-215 : 210-215 o
14.0.- 144 © 14.0-144 140-144 e
' 70- 73 - 7.0- 73
. , . 35- 40 ) sz
Nominal Input impedence 50 ohms ({Takes PL:259 Connector) g
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 ' e
Trap Material ' 1 W (3.1cm) Wall Fiberglass Tubing. with Copper or Aluminum Wire b:
e B
.- ) oot |
1@ ‘
LIMITED WARRANTY L
LUSHCRAFT CORPORATION P O BOX 4680 MANCHESTER. NEW HAMPSHIRE 03108. WARRANTS TO THE ORIGINAL CONSUMER PURCHASER FOR
ONE YEAR FROM DATE OF PURCHASE THAT EACH CUSHCRAFT ANTENNA IS FREE OF DEFECTS IN MATERIAL OR WORKMANSHIP IF, IN THE
JUDGEMENT OF CUSHCRAFT, ANY SUCH ANTENNA IS DEFECTIVE, THEN CUSHCRAFT CORFORATION WILL, AT ITS OPTION, REPAIR OR REPLACE THE .
ANTENNA AT ITS EXPENSE WITHIN THIRTY DAYS OF THE DATE THEANTENNA IS RETURNED (AT PURCHASER'S EXPENSE) TO CUSHCRAFT OR ONE OF
1ITS A _THORIZED REPRESENTATIVES THIS WAREANTY 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 (iiCIDENTAL OR CONSEQUENTIAL DAMAGES WHICH MAY 3
RESULT FROM A DEFECT SOME STATES DO NOT ALLOW LIMITATIONS ON HOW LONG AN IMPLIED WARRANTY LASTS OR EXCLUSIONS OR
UMITATIONS OF INCIDENTAL OR CONSEQUENTIAL DAMAGES. SO THE ABOVE LIMITATION AND EXCLUSION MAY NOT APPLY TO YOU. TH'S ™~
WARRANTY 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 REPARS -0
OR ALTERATIONS OUTSIDE OF THE CUSHCRAFT FACTORY WILL NULIFY THIS WARRANTY. . .
x
=
=
y
v
i
: 5,
3
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]
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'\'\
» »
@”“"‘ aft
i CORPORATION -
PO BOX 4680 MANCHESTER. N H 03108 SPECIFICATIONS SUBJECT 10 CHANGE WITHOUT NOTICE
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COMPONENT IDENTIFICATION
FUEL TANK CAP
"&
- CARRYING HANDLE
ENGINE SWITCH
=,
AC CIRCUIT A
PROTECTOR - Ch
f - /
=B
_ < > = AC RECEPTACLES
DC CIRCUIT 2,8 - A '
PROTECTOR = - 7
J e
\A_ ;*\f :
1 =
=
7/
[ Y
OC TERMINALS SNy
- GROUND TERMINAL OIL FILLER CAP
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<
SPEClFiCATIONS
Dimensions
' . o ' 350 x 300 x 360 mm
Length x Width x Heughti I (13.8x 11.8 x 14.2 in)
' Dry Weight ; 19.0 kg (41.9 Ib)
Engine
Model i HONDA G100K 1
Engine Type 4 stroke, sic_{e valve 1 cylinder
Displacement 83 cm? (5.1cu.if)
[Bore x Strckel 48 x 46 mm (1.9 x 1.8 in)
Compression Ratio . 6.5:1
- Engine Speed 3600 rpm
2 Cooling System | Forced air cooled
ignition System L Transistcr Magneto Ignition
Oil Capacity j 0.45( (0.48 USqt)
Fuel Tank Capacity ; 1.3( {0.34 USgal)
Spark Plug BMR-4A (NGK), W14 MR-U (ND)
Generato-
' FRated voltage 120V
Rated frequency 60H2z
AC output | Rated ampere 4.6A
Rated output 550 VA
Maximum output 650 VA
Only for charging 12 V
DC output automotive batteries
Maximum charging output=8.3A
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Section 8

Equipment Test Photographs
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' TEST PHOTOGRAPHS
EQUIPMENT TESTS

MARX GENERATOR

HIGH VOLTAGE DC POWER SUPPLY, OSCILLOSCOPE AND
SCREEN ENCLOSURE, AND MARX GENERATOR




TEST PHOTOGRAPHS
' EQUIPMENT TESTS

H FIELD SENSORS WITH METAL COAXIAL PROBE ON ROUND
SENSOR AND FIBER OPTIC TRANSMITTER AND CABLE ON
RECTANGULAR SENSOR. '
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TEST PHOTOGRAFHS
EQUIPMENT TESTS
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TEST PHOTOGRAPHS
EQUIPMENT TESTS

2 S R R el SR R T o
® TESTS C3 AND C4 EQUIPMENT CONFIGURATION. POWER

GENERATOR (IN BACKGROUND) AND ISOLATION TRANSFORMER
(NOT SHOWN) WERE CONNECTED
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TEST PHOTOGRAPHS
EQUIPMENT TESTS

TYPICAL DC POWER CONFIGURATION. A 12 VOLT
AUTOMOBILE BATTERY IN THE METAL BOX.
RF PROTECTION DEVICE IS INSTALLED IN COAXIAL LINE.




