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1. ABSTRACT

The abstract presents a synopsis of this report, covering the significant achievements,
problems, and highlights of progress on the Inductor Task of the Initial Phase of the
Micro-Module Production Program. The microelement inductor work described here
comprises Task 3 of the Micro-Module Program.

1.1 PURPOSE OF TASK

The inductor task under the Initial Program had three broad objectives; to demonstrate
manufacturing feasibility, to demonstrate microelement-inductor reliability, and to
establish sources of supply for cores and inductors. All three of these broad objec-
tives were achieved.’T

In addition to broad program objectives, specific technical objectives were established
for inductors as a component group and for individual types of inductors. Core ma-
terials and inductors of various types had to be produced for use in micro-module

-circuits; and both cores and irtductors had to be compatible with over-all micro-

module objectives. All three of these basic technical objectives were achieved.

Preliminary-, prototype, and final-grade inductors were to be fabricated and delivered

in various quantities. Preliminary units were required to meet room ambient per-
formance objcctives only and to demonstrate feasibility. Suitable materials and proc-
€ss requirements were then to be established to meet overall performance require-
ments. Effort was required on corc materials, wire, coatings, mounting and termin-
ation, windings, and assembly and treatment. Requirements were to be determined

in all of these detailed areas, and optimum materials and processes established for
use in prototype and final-grade microelement inductors. The prototype units were to
be made to demonstrate performance capability of the sclected materials and processes.
Nine different types were required in the basic frequency areas of 192 ke, 4.3 mc, and
50 me. Final-grade inductors were to meet all performance requirements and meet
the needs of final-grade micro-modules.

1.2 PROBLEMS AND SOLUTIONS

Technical requirements were espccially stringent for microelement inductors because
of the form factor and very small sizes required and because of the close tolerances
required by circuit paramcters. The inductors used in final-grade micro-modules
required control of core parameters beyond normal practice.

The temperature coefficient characteristics of the cores prescnted a primary chal-
lenge. Ferrites, produced in the RCA Materials Laboratory at Needham, Massachu-
setts, provided a material for 1500-uH inductors, but the NPO temperature character-
istic necessary for i-f and r-f applications was not completely met. The lowest
temperature cocfficient that could be reproduced in a low-permeability ferrite was

-90 +70 parts per million per °C. Extension I of the contract provides powdered-iron
cores which approach the NPO temperature coefficient required.

1-1




Most ferritcs, when operated at the specified low flux level, show an excessive drive
sensitivity. This problem has been solved in Program Extension I, by the use of
powdered-iron cores. The permeability of powdered-iron cores is also considerably
less sensitive to magnetic fields than that of ferrite eores.

vDuring the micro-module assembly process all microelements were coated with sili-
cone elastomer, DC-271, as an impregnant and cement to prevent direct adhesion of
the encapsulant to the confponents to reduce effécts of the encapsulant on temperature
cocfficients. A Teflon coating on the unwound ferrite core further reduced this effect.

“Considerable work was devoted to inductor winding methods .« Early experiments re-
sulted in insulation damagc when the wire was unwound from the winder bobbin and
wound onto the core. Damage was minimized by refinements in winding technique and
through the use “f nylon coated magnet wire.

Special impregnants were needed to permanently locate coil turns without constricting
the core or windings.

Coil uniformity was difficult to achieve in early stages because of winding tensjon con-
trol problems. Best rcsults were obtained when maximum winding tcnsion was used
and when coils were wound on Pliolite-coated cores.

Early attempts to wind r-f transformers gave unsatisfactory results due to faulty
placement of secondary windings. Use of a special core holder in conjunction with a
segment winder improvcd both the uniformity of angle occupied by the primary, and
improved the uniformity of Jocating the secondary start. All types of cores were

wound with 2 total error no' exceeding £ dcgrees.(

ot -
Testing required special attention to temperature cocfficient, drive sensitivity, and
permeability measurements. The spccified tempoerature—-cocfficicnt tolerance was
beyond the accuracy of co . cntional equipment, and it was necessarv to desigr -pocial

cquipment. Temperature coefficients were measured by applying Lust windings to the
cores, and using a dynamic test which provided continuous monitoring of inductance as
temperature was varied. shorted-turn permcameter was used to provide fast
measureme f basic core parameters.

1.3 HISTORY

1.3.1 ORDER OF EVENTS

Investigations began with corc configurations, and included toroids, pot cores, cup
cores, and E-core constructions. A toroidal core was selected because it best met
the requircments of self-shielding, low stray field, mechanical stability, and adapt-
ability to production.

No available ferrite had an acceptable temperature coefficient, but it appeared that it
could be controlled to tight limits and offer a highcr permeability than that available in
powdered-iron cores. Core production effort was divided in applications for 100 ke to

1-2
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1 me, 1 me to 10 me, and 50 me to 70 mc. Inductancc values ranged from 2.4 uH
to 1500 uH. A winder for subminiature toroidal coils was adapted to production needs.

Preliminary inductors were wound on available ferrite cores. Prototype modules
were made on improved ferrite cores and exhibited stabilities of approximately £20 kc
in 4.3-mc I-F circuits. Tuned-circuit stability of final-grade modules with further
improved ferrite cores was +12 ke. However, powdered-iron cores, developed under
Program Extension I and used in most final-grade module i-f applications reduced the
variation to 7.5 ke.

1.4 SPECIAL EQUIPMENT DESIGN

RCA developed a new type of winding shuttle which could be opened to deliver a fin-
ished coil without disturbing the remaining load. This machine was used to wind R-F
coils on 0. 200-inch diameter cores. The machine was later improved by incorporation

.of a "bird-beak'" segment winder, which was a joint effort of RCA and Boesch Manufac-
turing Company.

- Because mcasurement of temperaturc-coefficient tolerance was beyond the accuracy of
conventional equipment, spccial equipment was designed for making dynamic tests.
Other cquipment was also developed for measuring drive sensitivity.

1.5 DESCRIPTION OF TESTS AND PERFORMANCE DATA

Inductor testing was divided as follows: core testing, prototype-inductor evaluation,
acceptance testing of final-grade inductors, and final-grade inductor micro-elements
both for delivery to the Signal Corps and for use in final-grade micro-modules.

The test program for prototype inductors was conducted to assess the performance of
clements using the materials and techniques selected for final-grade designs. All
final-grade inductors werc tested for all specified paramcters and for life and cnviron— -
mental pcrformance in accordance with final-grade inductor specifications.

1.6 PRODUCT COMPARISON

The toroidal design used for microelement inductors can be compared to conventional
coils of the pot-core, cup-core, and slug types. Because of close spacing within thc
module, self-shielding and stray-field effects are important considerations for micro-
element inductors. The toroidal construction offers the highest degree of shielding of
any configuration. It also makes possible a great range of inductance values because
of its exccllent pPermeability characteristics.

The toroidal construction was selected as a compromise in which the advantages of
self-shielding, flat structure, mechanical stability, and low distributed capacitance
were obtained at the expense of higher cost, less convenient adjustment procedures,
and somewhat less flexibility.




‘

The cost of toroidal construction is inherently higher than that of pot-core, cup-core,
or slug construction primarily because of winding technique. Toroids must be wound
one at a time; conventional coils can be wound in multiple.

1.7 CONCLUSIONS

The three broad objectives of the Inductor Task--viz. » to demonstrate manufacturing
feasibility, to demonstrate inductor capability, and to establish supply sources--have
been achieved.

Feasibility was demonstrated by production of various cores and inductors over the
range from 100 kc to 50 me. Tests proved that their reliability was of a very high
order. The RCA Needham Laboratories produced ferrite cores of the required char-
acteristics for preliminary, prototype, and final-grade modules (powdered-iron cores
have since been produced under Extension I by Radio Cores, Inc., for use in critical
temperature-stability application of final-grade modules).

All of the basic technical objectives for all types of inductors were either achieved,
or an ultimate capability was demonstrated. Inductors suitable for all of the specified
module applications were produced and successfully demonstrated.

1.8 RECOMMENDATIONS

Effort should be directed toward improved and thinner packages. Designs suitable for
adaptation to mechanized module assembly techniques are required. Improvements in
winding techniques are needed to reduce cost and to improve reproducibility, Tes.
costs should be reduced through the adaptation of conventional production test tech-
niques. Other devices, such as piezoelectric ceramics and semiconductors having
inductor-like functions, should be investigated. Square-loop devices should be in-

vestigated and adapted to the micro-module form factor.

The PEM program under Program Extension II to expand the scope of available in-
ductor types and ranges should be continued.
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2. TASK OBJECTIVES AND REQUIREMENTS

The inductor task under the Initial Program had three broad objectives:

1. To demonstrate the feasibility of manufacturing various miniaturized fixed
l inductors in the micro-module form factor,

2. To demonstrate inductor microelement reliability.

3. To establish supply sources for both cores and inductors, and to make
these elementsavailable for use in the Micro-Module Program.

All three of these broad objectives were essential to the achievement of over-all
micro-module Program goals, and all three were realized.

These Program objectives could be achieved only through the satisfactory attainment
of specific technical objectives. At the beginning of the program, general technical
objectives were established for inductors as a group of components. In addition, each
type of inductor had to satisfy detailed electrical, mechanical, and environmental re-
quirements to permit its use in specific applications.

General technical objectives required that suitable core materials and inductors of

I various types be produced for use in micro-modules. The core materials were to
meet all the requirements for use in lumped-constant tuned circuits in micro-module
form. The cores and inductors had to be compatible with over-all micro-module oh-

' jectives in terms of reliability, miniaturization, form factor, and suitability for
mechanized processing. All of these basic technical objectives were achieved. It was
agreed that toroidal coils wound on ferro-magnetic cores were the most logical ap-
proach, and these were to be considered as the first choice in design. But, other

l form factors were to be considered if subsequent investigation indicated that they had
additional advantages. ’

Particular emphasis.was to be placed on core materials. Various materials and
processes were to be investigated, and cores were to be evaluated in terms of perme-
ability, losses, and the effects of operation at temperature extremes of -550C and
+850C. Improvements were to be directed toward controlled reproducibility, which
was to be demonstrated in final-grade sample inductors.

The requirements for 10 types of microelement inductors needed under the Initial Pro-
gram are described in the following sections.

2.1 GENERAL TASK REQUIREMENTS

2.1.1 PRELIMINARY-GRADE INDUCTORS

Preliminary-grade inductors for the three basic frequencies of 192ke, 4.3 me, and
50 mc were required to demonstrate basic feasibility of the concept only, and




performance objectives were correspondingly limited. Consequently, preliminary-
grade inductors were required to meet initial performance objectives only, and were
not subjected to life tests or environmental tests.

During this phase, such practical factors as wire size, insulation, impregnation, and
encapsulation were to be evaluated. In addition, the effects of incorporation of micro-
element inductors into micro-modules were to be investigated. The preliminary-
grade inductors were to be iested to determine their compliance with specifications,
and the test data were to be delivered to the Signal Corps.

2.1.2 PROTOTYPE-GRADE INDUCTORS

In the prototype ‘phase, particular attention was to be given to inductor temperature
coefficients, and effort was to be made to attain control and reproducibility. Inductor
designs were to be refined, and environmental behavior was to be evaluated. Charac-
teristics of encapsulated inductors were to be investigated further, and particular
attention was to be given to the effects of the encapsulant and the encapsulating pro-

cess upon temperature coefficients .,

Prototype-grade inductors were to be fabricated for each of the contract module
applications. Included were the following ‘inductor types:

a. 950-mc input and mixer transformers
b. 45.1-mc crystal oscillator output transformer
c. 4.3-mc interstage i-f transformer
d. 4.3-mc limiter and discriminator transformers
e. 192-kc oscillator inductor
f. 50-mc M-derived L-C decouplix"lg inductor
g. 4.3-mc M-derived L-C decoupling inductor
h. 1.5-msec 750-pps blocking-oscillator transformer
i. 192-kc pulse-shaper inductor
j. 96-kc gate inductor
Experimental winding equipment was to be developed, and the effects of machine
winding on inductor parameters were to be evaluated. Tentative selections of adhe-

sives, impregnants, and wire insulation were to be made in the prototype phase.

Tests were also to be made to determine the extent of compliance with RCA specifi-
cations. The test data were to be delivered to the Signal Corps.
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2.1.3 FINAL GRADE INDUCTORS

Final-grade inductors were to incorporate changes and refinements necessary to
qualify them for use in final-grade micro-modules. Refinements were to be made,
where necessary, in cores and inductors of each type. Final design parameters and
electrical values were to be established for microelement inductors in basic applica-
tion. Inductor samples were to be constructed and tested in micro-modules. The
final-grade inductors were to be tested for compliance with the applicable RCA speci-
fications and applicable requirements of other specifications. Complete test data on
these inductors were to be delivered to the Signal Corps.

o
&

2.2 MATERIALS AND PROCESS REQUIREMENTS

Successful design of miniaturized microelement inductors required that extensive in-
vestigation be conducted into materials and processes. These factors were considered
essential to the satisfaction of Initial Program inductor requirements.

Core Materials -- Core materials suitable for the required range of induetance values
had to be selected or modified. The materials had to be adaptable to the micro-module

form factor, and had to meet the performance and stability requirements for micro-
module inductors.

ARG @ T N WS s e

Wire -- Wire of suitable sizes and insulating materials had to be selected .

Coatings -- Suitable coil-treatment methods and impregnants had to be evaluated and

selected so that reliable inductor performance would continue after the encapsulation
in the module.

Mounting and Termination -- Substrates on which inductors could be mounted and
terminated had to be selected.

Windings -- Winding techniques were to be selected or designed for the ultimate core
geometry to provide for volume production, high uniformity, high reliability, and
reasonable production costs. Methods for the precise placements of turns on the
cores had to be determined to insure predictable performance.

Testing -- Testing of core materials for magnetic properties and loss characteristics
prior to winding was a task requirement. Testing of wound inductors for performance

characteristics and uniformity of specified inductor parameters, both electrical and
l mechanical, was also necessary.




Assembly and Trcatment -- Production asse

be established.

mbly and treatment techniques were to

2.3 PERFORMANCE REQUIREMENTS

Both general-purpose and precision inductors were to be made under the Initial
Program. The precision types had relatively critical stability requirements; the
general-purpose types did not. Performance specifications for inductors in general

were as follows:

Parameter
Inductance Range (uh)
Frequency (mc)
Quality Factor (Q)
Operating Temperature (°C)
Max. Operating Voltage (dc volts)
Max. Operating Current (dc ma)
Temperature Stability of Inductance
Temperature Stability of Q

Drive Sensitivity

*compensated

Environmental-Test Requirements:
Shock and vibration

Moisture resistance

Immersion

Overload

High-temperature storage
Load life =

Insulation resistance and
dielectric strength

2-4

Precision General-Purpose
Type Type

0.3to50 2.4 to 1500

4 to 50 0.1to 50

up to 100 up to 75

-55 to +85 -55 to +85

100 100

100 100

10.5%* 5%

115% 150%

10.05% ' 120%

No mechanical or electrical degra-
dation in excess of above limiting

values for related parameters; 15, 000

hours mean time to failure.

1000 megohms min., 100 dc volts max.

——
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2.4 SCHEDULE FOR DELIVERY

The general plan for delivery of microelement inductors was established as follows:

Delivery
Item Description Quantity Date

1 Preliminary microelements 72 Aug. 1, 1958
for use in preliminary modules
and for evaluation
Prototype microelements for Feb. 1, 1959
use in prototype modules and
for evaluation
Final-grade microelements for Sept. 1, 1959
final-grade modules for sub- ]
assemblies

Final-grade microelements for Jan. 1, 1960
acceptance testing

Final-grade microelements for Jan. 1, 1960
final-grade modules for acceptance
testing
Final-grade microelements for March 15, 1960
delivery to the Signal Corps;
A-test data required
The following final-grade microelement inductors were required under Item 6, above:
a. 30 1500-uH chokes
b. 15 4.3-mc i-f transformers
20 38-uH r-f chokes
15 limiter transformers
15 4.3-mc discriminator transformers
15 50-mc r-f transformers
15 50-mc oscillator transformers

15 2.4-uh r-f chokes

15 600-uh chokes




o
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)
j. 15 350-uh chokes
k. 15 mixer transformers
: 1. 15 pulse transformers

Because of subsequent revisions in subassembly requirements and changes in the
Design Plan, quantities were modified as follows:

I Item guantity.

1 72
2 69
3 293
4 158
5 484
6 200
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3. NARRATIVE AND DATA

The Micro-module Program was undertaken as an In

Consequently, a prime objective was to establish a
shortest possible time.
terials; and processes

dustry Preparedness measure.
micro-module capability in the

The time factor dictated that state-of-the-art devices, ma-
be used in all Program phases.

Technical requirements for individual mi
ever, and

3

were well established. The precision requ
coupled with their small form factor, howe
material forrnulations, processing,

irements for microelement inductors,
ver, presented new problems in core-
testing, and repeatability of manufacture.

At the start of the Program, no com
programs could be drawn upon as so
ence, however
plications.

Cores Co. and the RCA Needham, Mass.
Semiconductor and Materials Division.

pany had this complete technology,

and no related
urces of information.

» Laboratory, which is a part of the RCA

ville, N.J. The resulting cores and ind
an advance in the state of the inductor a
Program modules.

The inductors were produced by RCA, Somer-
uctors used in final-grade micro-modules were
rt, and met the basic requirements for Initjal

3.1 PROBLEMS AND SOLUTIONS

3.1.1 CORE MATERIAL PROBLEMS

The performance requirements described in
tol i

3.1.1.1 TEMPERATURE COE FFICIENT

The specifications for the 4.3

-mc sections of the AN/PRC-34
tuned circuits have a tempera

ture stability of £10 parts per m
ature—compensating capacitors having NPO characteristics w
these circuits to reduce over-all tcmperature
cores were also required to have NPO charac

Radio Set required that
illion per °C. Temper-
ere chosen for use in

-coefficient problems. The magnetic
teristics.




terial, XF-3988, was produced by the RCA Materials Laboratory at Needham, Mass.,
for the 1500-4H application. The NPO characteristics, which were especially demand-
ing, were closely approached in ferrite. Batches of cores having temperature coeffi-
cients of 50 parts per million per °C were made. Although this characteristic was a
marked advance in capability for ferrite units, the uniformity of temperature coefficient
was not sufficient, and reproducibility was poor. The lowest temperature coefficient
that could be consistently reproduced in a low—permeability ferrite core was -90 *7¢
parts per million per °C. Note: Extension I of the Micro-module Program provided
for powdered-iron cores having temperature coefficients of 25 +10 ppm/°C, a charac-
teristic which approached the required temperature stability.

3.1.1.2 DRIVE SENSITIVITY

The discriminator circuit of the AN/PRC-34 was required to operate beyond the
voltage-level range over which the limiter stage could supply constant input voltage.
Consequently, the magnetic material used in the discriminator circuit had to have a
constant permeability over a 1-to-5 voltage range. When operated at low flux levels,
most ferrites have excessive drive sensitivity. In this application, cores from indi-
vidual firing batches had uniform drive sensitivity, but the sensitivity varied between
batches. The scheduled effort under the Initial Program did not allow further investi-
gation into the firing process to determine the causes of variations. Note: Under
Program Extension I, the permeabilities of powdered-iron cores varied less than 0.1
ber cent over an excitation range of 1 to 30 oersteds. These latter cores satisfied
discriminator-circuit requirements.

3.1.1.3 MAGNETIC STABILITY

negative changes in permeability can be effected by spurious fields; the nature of the
change depends upon the orientation of the core in respect to the spurious field, and
upon the core's magnetic history. For example, type XF-4226 cores underwent *8
per cent changes in permeability after being subjected to magnetic fields of different
orientations.

Powdered-iron cores are considerably less sensitive to the effects produced by such
spurious fields. Cores of SF carbonyl iron powder have magnetic stabilities which
exceed 0.2 per cent in the presense of magnetic ficlds of 100 oersteds.

Optimum processing conditions and design factors were evolved to stabilize the per-
meability of the microelement inductors produced under the Initial Program. Because
over-all inductor performance must often involve compromises in permeability,
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quality factor, and inductance value, however, the resultant magnetic-stability char-
acteristics of the ferrite cores were not as good as desired. Note: The powdered-
iron cores produced under Extension I displayed much better stability performance in
the presence of spurious magnetic fields.

3.1.1.4 COATING

During the micro-module assembly process, all microelements are coated with DC-
271, a silicon elastimer, to prevent direct adhesion of the encapsulant to the compon-
ents. Early experiments showed that the encapsulant had an adverse effect upon
inductor temperature coefficient -~ despite the use of DC-271. A number of remedies
were tried, including heavier coatings of DC-271 and coatings of DC-271 having in-
creased solid content, silicon resin, rubber, and flexible polyurethane. Although
some of these coatings had desirable properties, none proved to be' a universal rem-
edy. The coatings which had the best characteristics were DC-271-M1 and -M-9, a

DuPont Company, solved the problem when the Teflon was applied as a coating to the
unwound ferrite cores. The Teflon coating also improved the winding condition, and
prevents cutting of the wire insulation by core edges during winding.

3.1.2 PROBLEMS WITH WIRE

3.1.2.1 INSULATION DAMAGE

The preloaded-shuttle method for winding toroids was used for all microelement in-
ductors, although this method damaged the magnet wire. Prior to being loaded into
the shuttle, the wire is spiraled on & 0.01- to 0. 20-inch diameter mandrel. The insu-

the relatively rough inner surfaces of the stainless-steel nozzle. The wire may also
be scuffed against the hard, rough surface of the ferrite core.

Throughout the coil-production operation, it was necessary to monitor the winding
process to detect exposed copper on the wire. When wire having a heavy coating of
Formvar was used, most damage resulted during the unspiraling operation, when cop-

aged was minimized when wire tension was relaxed. Improvements in the spiraling
mandrel and reduction in tension essentially eliminated shorted turns on later coils.

An insulation resistance of 1000 megohms was required between windings, and efforts
were made to meet this requirement through further process improvements. The noz-
zle material was changed to nylon, which did not damage the wire. Nylon, however,
had a low friction coefficient, resulting in insufficient tension on the wire. With the
introduction of the nozzle -attached shuttle, stainless steel was again tried. This
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arrangement permanently positioned the nozzle. With proper stoning of the nozzle,
well-wound coils could be produced. Usage further improved the inside surface of the
nozzle. When this system was used to wind coated, ferrite cores, the 1000-megohm
specification was met after the coils had been treated. Eventually, nylon-coated poly
urethene-insulated wires were introduced, reducing the exposed copper before treat-
ment.

3.1.2.2 STRIPPING

Termination of a 6-lead 0.200-inch-diameter transformer on a microelement wafer
requires that all six leads be connected to their correct notches without introducing
shorts between any of the wires or notches. When Formvar-insulated magnet wire
was used, accurate stripping was accomplished by the tedious process of dressing
leads on a dummy element under a 10-power microscope. The precise points for
stripping were marked on the leads. The coil was then removed, the lcads were
straightened, and stripper was applied with a brush or toothpick to the marked portion
of the lead. This latter step was performed under a microscope. The stripper and
Formvar insulation were then removed by rubbing the wire with an absorben. paper.
The lead was then tinned and dipped into the stripper solvent. Finally, the coil was
mounted on its wafer, the leads were dressed, and the ends were soldered.

In addition to being tedious, this method of stripping did not produce a clean break be-
tween the insulation and the tinning. When the use of nylon—coated poly urethane-insu-
lated wire was introduced, dip tinning was successfully adopted. In small quantities,
coil leads are individually marked and dipped. In large quantities, a splatter shield
is used over the soldering pot. This shield includes measuring means which keep the
proper lengths of insulated wire above the solder; all leads are tinned simultaneously.

3.1.2.3 MOUNTING AND CEMENTING

Because final-grade ferrite cores were pressure sensitive, special impregnants were
needed to permanently locate the turns without constricting the core or windings, even
under extremes of temperature, shock, or vibration.

Dow Corning DC-271, an elastomeric, pressure-sensitive adhesive, was selected.
This material served as both an impregnant and a cement. Because DC-271 never
hardens, it allows the inductor assembly to equalize stresses or strain imparted from
the environment. The material is compatible with other module materials, and pro-
vides superior moisture protection.

DC-271 is tacky, however, and special Teflon holding fixturcs were developed to per-
mit the treated inductors to be handled.

3.1.2.4 LEAD DRESS

The small diameters of microelement inductor leads (0. 002 to 0.008 inch) presented
handling and processing problems. On inductors having only a few turns, the lead
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dress was critical because nonuniform lead dress can cause variations in coupling and
leakage inductance.

To insure uniform lead dress, assembly drawings detailed the lead paths, and allow-

ance was made for movement of coil windings during enca sulation and environmental
testing. :

3.1.3 WINDING PROBLEMS

3.1.3.1 TENSION CONTROL AND WIRE-SIZE LIMITATIONS

The problem of wire-insulation damage during winding was described under Section
3.1.2.1 above. Early attempts to wind AWG 44 wire spiraled from a 0.010-inch-
diameter mandrel and wound through an 0. 013-inch-diameter nozzle hole resulted in
very loose turns that moved about on the core.

Use of a 0.015-inch diametcr spiraling mandrel and a 0. 006-inch nozzle-hole diameter
increased the winding tension into the usable range. The 0.015-inch mandrel and a
0.008-inch-diameter hole brought AWG 38 wire tension to a desirable value. All of
the machine-wound inductors in the Program are within the AWG 44 to AWG 38 wire-
size range. Note: Boesch Manufacturing Company, thc manufacturer of toroidal-coil
winding machines, has more recently extended the range from AWG 46 to 36, and can
supply coded combinations of mandrels and shuttles (nozzles) that produce usable
tensions.

3.1.3.2 COIL UNIFORMITY

The problems of producing a uniform bank-wound toroid multiply as the wire diamcter
is increased. With the inherent intermittent tension, the wire cannot be looped into
specific between-turn slots, and a more or less random build-up results. This ran-
domness increases with lack of tension and with any changes in the core-specd-to-
winding-speed ratio.

Friction core drives are undesirable for coils more than one wire diameter decp be-
cause, as the coil enters under the drive pulley, the core speed decreases, changing
the winding pitch and bulging the winding.

Uniformity problems caused by intcrmittent tension were minimized by holding the
winding loop in the shuttle plane as long as possible and releasing the loop just as it
pulled tight on the core. This procedure prevents the turn from being badly displaced
by the camber remaining in the wire after spiralling.

In the casc of powdered-iron cores and other cores not teflon coated, best results
were obtained when maximum winding tension was used and when coils were wound on
Pliolite~coated cores. As the turns were pulled tight, indentations were made in the
Pliolite. On the next turn, the wire re-enters this indentation rather than falling into
a random location.




3.1.3.3 SECONDARY WINDING PLACEMENT

Early efforts to wind R-F transformers utilized friction core drive of the modified
Boesch Model SM toroid winder. The technique was to spread a primary winding over
the entire core, reverse the core rotation at the finish, and then to wind the secondary.
Transformers produced by this method showed poor coupling and poor unit-to-unit
coupling uniformity.

Moving the secondary winding into the middle of the primary produced tighter coupling,
but repeatability remained poor. Attempts were then made to accurately fix the loca-
tion of the secondary with respect to the primary finish by counting the turns of the
shuttle as the core was idled into the secondary start position. This method was un-
successful because of variations in the drive friction with coil build-up.

Use of a core holder (segment winder) improved both the uniformity of angle occupied
by the primary and improved the uniformity of locating the secondary start. Although
winders have two friction drives for relating core rotation and shuttle rotation, the
total error introduced is less than +5 degrees, and all types of coils can be wound
satisfactorily with this error.

3.1.3.4 LEAD IDENTIFICATION

Lead identification even on prototype quantities’ of five- or six~lead R-F transformers
posed problems from the start. When the coil was affixed to the microelement sub-
strate, the length of magnet wire between the coil and the terminal notch could be as
little as 1/16 inch. In a well-designed high-frequency element, all leads are as short
as possible. Coding should logically be done while winding, but a permanent color
code between coil and terminal is not practical since it is not practical to locate the
colors with precision while the coil is on the machine. Coding is therefore accomp-
lished on a portion of the lead which is later removed. If stripping or tinning is done
by dip methods (Formvar in Super-X or Nyleze in hot solder) it often becomes neces-
sary to reapply the coding after the dip. Recent work indicates that colors can be
found that will withstand the hot solder and can be used on Nyleze insulated wire. In
any case, the removal of the code with the excess wire at assembly prevents inspec-~
tion of assembly wiring from being a relatively simple operation, as it is in larger
assemblies.

An alternate system of coding involves identifying leads by their lengths. Start leads
and even numbered taps were made approximately two inches long and finish leads and
odd numbered taps, approximately one inch long. This system preserves the lead
identification up to the assembly point. After assembly suitable tests may be per-
formed to determine proper hookup as well as phasing of secondary windings.

3.1.3.5 LOOSE TURNS

Loose turns may somctimes be caused by an improper winding. The following are the
causes of loose turns:

rem  ewe wead g e
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a.  When fine wire (AWG 44) was wound, the turn-counter and guide-brush
friction became appreciable with respect to the shuttle (winding) tension and
sometimes a turn hung up temporarily on the brush was not pulled tight by
turns that followed. This was caused by faulty setup and, once noticed,
could be corrected.

b. Because of the random nature of toroidal bank winding, deep coils have a
few loose turns. This undesirable feature was aggravated in core vise
winding when the center of rotation of the core moved outside the shuttle
plane and turns were applied in other than a radial manner. Thus applied,
a turn is larger than it should be and, frequently, when the coil was handled
the turn fell into a radial position and became loose. This effect will be
reduced by planned future refinements of the core vise turret by Boesch
Manufacturing Company.

c. Transformers designed with a tap in the first winding are a potential source
of loose turns in the second winding, near the tap. To avoid this effect, the
machine was stopped with the tap precisely in the shuttle plane and the tap
lead was moved across the plane. A few turns were wound over the tap lead
and when the lead was again dressed radially, these turns appeared loose.
However, these turns did not readily move about and caused no difficulty.

d. During the early part of the program, loosely wound turns were quite preva-
lent, especially when winding with insufficient tension on sharp-cornered
ferrite cores. Tumbling the cores to round off the corners and reducing the
friction by coating the cores with Teflon did much to improve the anchoring
of the winding. Further improvement has been achieved by coating the core
with Pliolite S-7 and later dipping it in toluene. The solvent fillets the
Pliolite around each turn that is near the core, binding it securely.

3.1.4 PROBLEMS IN TESTING

Inductor test methods had to be worked out to make the measurement accuracy com-
patible with module circuit requirements. Problems arose in measuring temperature

- coefficient, drive sensitivity and permeability.

3.1.4.1 TEMPERATURE-COEFFICIENT MEASUREMENT

The specified temperature-coefficient tolerance was beyond the accuracy of conven-
tional equipment, such as Q meters or inductance bridges. Special temperature-coef-
ficient equipment, described in Paragraph 3.1. 2.3, was designed. The temperature
coefficients of the magnetic cores were measured by applying test windings of approxi-
mately 10 uH to the cores. Point-by-point measurement techniques did not provide

rites have very nonlinear temperature coefficients and the influence of restrictive
coatings led to erratic readings. A dynamic temperature-coefficient test provided the
most informative results. The equipment recorded a graph showing inductance as a
function of temperature. Corrections were made for variations of the quality factor
during the temperature cycling.

|
t
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3.1.4.2 DRIVE SENSITIVITY MEASUREMENT

A drive-sensitivity-test method was designed to accommodate the measurement of
drive stability to an accuracy of +0.1 per cent over a 1-to-5 drive change. The re-
quired accuracy eliminated regular Q-meter measurement and the required change in
drive made a normal inductance-bridge measurement difficult. Two methods seemed
best suited, an impedance comparator and a phase-indicator method. A phase indi-
cator was chosen since it was usable over a wide range of operating frequencies. The
test setup is shown in block-diagram form in Figure 3. 1.4-1. Calibration curves
were prepared to determine the influence of other parts of the associated circuitry on
the indicated phase shift.

A direct phase measurement on the Q meter simplificd the test operation (Figure
3.1.4-2) and gavc accurate results. An oscilloscope was incorporated as a resonance
indicator. The frequency was controlled by a frequency meter, and the incremental-
capacitor dial of the Q meter had sufficient resolution to achieve an accuracy of +0.1
per cent.

3.1.4.3 MAGNETIC PROPERTIES OF CORES
Testing of the magnetic properties of miniature toroidal cores is usually accomplished

by applying suitable standard windings and making electrical measurements of char-
acteristics of the windings on the cores.

TEKTRONIX SCOPE

BALLANTINE TYPE 536
FREQUENCY
I — VOLTMETER
COUNTER
TYPE 314
VERT. HORIZ.

TEST
COIL
B.R.C. Q-METER PHASE SHIFT
-
TYPE 260A CIRCUIT

FIGURE 3.1.4-1. Test Setup for Measuring Drive Sensitivity.
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FIGURE 3.1.4-2 Original Split-Pin Permeability-Test Fixture

When a considerable number of cores are involved, and accurate measurements are
required, this method becomes cumbersome. An alternate system involves the use of

a text fixture which is essentially a quick acting multiturn winding which links the
core.

The first approach to this testing problem was to design a split-pin type of test fixture
that would effectively link the toroidal core with several turns. These turns would

then be connected to a suitable test instrument. Some mechanical limitations of such

a device are: poor contact resistance, high leakage inductance and inaccuracy of reset.

Such a device was constructed, however, and some success was achieved. Limitation
of the range of core permeabilities, test frequencies, and reset accuracy were very
apparent. A sketch of the working parts is shown in Figure 3.1.4-2, With the diver-
F sification of core types and test frequencies and the need to grade cores for losses as
well as effective permeability, the need for a more flexible and reliable type of test
jig was apparent. ‘

Based on principles described in National Bureau of Standards publications, a shorted-
turn permeameter was designed for use on Micro-Module miniature toroidal cores.
This device consists essentially of a transformer with a quick-acting shorted-turn
secondary. The shorted turn links a primary winding wound on a suitable toroidal
core which is built into the fixture. A coaxial center pin links this primary coil with




a cover that may be conveniently opened for the insertion of a test core.

This type of fixture has considerable flexibility in that suitable primary windings may
be prepared for any range of test frequencies and any range of core permeabilities.
Further, the mechanical features of a single-turn secondary permit a workable jig to
be fabricated with reasonable dimensions considering the microelement core size.

The accuracy of this device permits permeability to be compared to that of a standard
reference core within approximately 0. 1 per cent and losses to be compound within
approximately +1 per cent when the jig is used in conjunction with a standard labora-
tory-type Q meter. Figure 3.1.4-3. Greater accuracy for permeability measure-
mcnts may be obtained by using this permeameter in a variable~frequency oscillator
in conjunction with a frequency counter. Manual testing rates for permeability and Q
of 100 cores per hour have been attained.

A close-up of the open bermeameter with core in position on permeameter pin is
shown in Figure 3.1.4-4. Figure 3.1.4-5 is an asscmbly drawing of this permea-
meter,.

3.1.4.4 WINDING TESTS

Testing of toroidal windings before mounting on suitable substrates presented prob-
lems dealing with reproducibility of results and adaptability to available test instru-
ments. .

Fine-wire leads presented unpredictable leakage inductance particularly in high-
frequency low-inductance windings. Handling of these small elements also introduced
variations in their inductive and coupling values. It was necessary to develop suitable
standard test fixturcs and test techniques in order to properly control the electrical
values through winding, testing, assembly into microelements and, finally, assembly
into Micro-Modules.

Initially the windings were quite loose on their codes and any handling introduced con-
siderable change in thcir predicted electrical values. As winding techniques improved,
more accurate testing techniques were required.

Special jigs were designed to provide uniform placement of unmounted inductors on
thc various test instruments. These jigs further standardized the external lead
lengths and placemcnt during test. They were prepared in such a way that stray
capacitance and inductance of the test jigs were minimized and stabilized. Windings
requiring successive connections for the various tests were first mounted on test
boards provided with banana plugs so that the coil leads and windings were handled
only twice, regardless of the number of connections required between instruments.
Test proccdures and calibration techniques are described in following sections of this
report.
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FIGURE 3.1.4-3 Permeameter Core-Test Equipment

FIGURE 3.1.4-4 Close-up of Open Permeameter with Core in Position on
Permeameter Pin




Figure 3.1.4-5

/GROUND STRAP

PIN

COVER CUP COVER

BANANA PLUG
(H.H. SMITH
CATALOG #)

#6-32 HEX. NUT
SECTION A-A

Permeameter Fixture, Assembly Drawing




MICRO-MODULE PRODUCTION PROGRAM

3.2 HISTORY
3.2.1 ESTABLISHMENT OF SPECIFICATIONS

3.2.1.1 GENERAL INDUCTOR SPECIFICATION

The general specification (RCA A-8972089) covered the design and construction of
microelement magnetic cores and inductors, grade 3, class 0 of Specification MIL-
C-15305A and was governed by the over-all requirements of the Micro-Module pro-
gram.

3.2.1.2 REQUIREMENTS FOR MAGNETIC CORES
This specification (RCA A-8948851) covered the detail requircments for magnetic
cores to be used for inductor microelements having the following mechanical and

electrical characteristics.

Dimensions: Outside diamecter: 0.200 +0.010 inch
-0

Inside diameter: 0. 100 +0.005 inch
-0

Height: 0.050 +0.002 inch, edges to be rounded
Permeability tolerance: +8 pcr cent of nominal
Q tolerance: +20 per cent of nominal
Temperature -coefficicnt tolcrance: +10 ppm/°C

Retentivity:  Pcrmeability shall not change morce than 0. 2 per cent after
exposure to a 100 Oersted magnetic field

Drive Sensitivity: Permecability shall not change more than 0.1 per cent
when corc is excited over a range from 0 to 30 Oersteds.

The following tests were specified: o
Group "A" Tests

Visual and mechanical characteristics
Permeability

Quality factor

Tempcrature coefficient

Retentivity

Drive sensitivity
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Group "B" Tests

Vibration, shock
Immersion
Moisture resistance

Group "C" Test

Load Life

3.2.1.3 REQUIREMENTS FOR R-F AND I-F INDUCTORS

Specification RCA A- 8972090 covered the detailed requirements for microelement
R-F and I-F inductors of the following electrical ratings:

Inductance 0.1 to 1500
Operating frequency 0.455, 4.3, 11.0 and 60 mc
Max. rated d-c current 100 ma

The following tests were specified:
Group "A" Tests

Visual and mechanical inspection
D-C resistance

Inductance

Quality factor

Self-resonant frequency

Drive sensitivity

Temperature coefficient
Dielectric strength

Insulation resistance

Overload

High-temperature exposure
Group "B" Tests

Vibration, shock

Immersion

Moisture resistance

Group "C'" Test

Load life
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3.2.1.4 REQUIREMENTS FOR PULSE TRANSFORMERS

RCA specification A-8972067 covered the detailed requirements for microelements
pulse transformers having the following static and dynamic electrical ratings:

Performance at 25°C
The following performance was required at 25°C both prior to 85°C operation and
subsequent to -55°C operation. Applicable test circuit and operating potentials are
described in Figure 3.2. 1-1 and the output waveform is shown in Figure 3.2.1-2,

Amplitude (no load) 8.5 +0.5V

Amplitude (loaded) should not differ from no-load valve by more than 0.5V.

A duration =1. 5 usec

B duration = 0.5 usec

tr < 0.3 sec

C <1.0V

Trigger level < 4.5 V peak to peak

Amplitude 8.5V +0.5 V

Amplitude at full load shall not differ by more than 0.5 V from no-load val.ue

A duration = 1.0 usec

B duration 0.5 sec

tr < 0.3 usec

C=10V
IhSeI;;e shall bc no module output pulsc when the input pulse amplitude is reduced to
3.2.1.5 WAIVERS

Waivers in the following areas of the inductor specifications were approved by the
Signal Corps:

a. The I-F center frequency stability requirement was revised from +4 ke
to +20 ke for all prototype and final-grade Micro-Modules in which fer-
rite cores were used in the transformers. (This was not applicable to
powdered iron cores.)

!
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b.

E

FIGURE 3.2.1-2 Output Waveform of Pulse Transformer

The pulse-transformer overshoot requirement, discussed above, was
changed to less than or equal to 1. 3 volts at the temperature extremes,
1.4 volts or less after "B" testing, and 1.5 volts or less after "C" test-

ing.

The requirement for drive sensitivity measurements was eliminated for
final-grade transformers for delivery to the Signal Corps.

l 3.2.1.6 COMPARISON OF INDUCTOR AND MICRO-MODULE SPECIFICATIONS

Table 3. 2.1~1 compares the specifications of various inductor elements to the speci-
' fications of the modules in which they are used.
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3.2.2 DESCRIPTION OF PROGRESS

The first effort on the Initial Program for inductors included an investigation of the
properties of magnetic materials and core configurations suitable for use in the Micro-
Module. Commercially available ferrite and powdered-iron core materials were ob-
tained and evaluated. Due to the small volume available in the Micro-Module for the
coil, core materials having high permeability were generally desired. In addition,
however, the stability requirements imposed by the module circuitry necessitated low,
controlled temperature coefficients and Q's in the neighborhoad of 100. Most of the
materials investigated at this stage were deficient in at least one of these parameters.
None of the available ferrite materials had usable temperature coefficients.

Among the configurations investigated were toroids, pot cores, cup cores, and E-core
constructions. The requirements of the coil configuration included a need for self-
shielding, low stray field, mechanical temperature stability, and adaptability to pro-
duction assembly.

The toroidal configuration was selected since it is inherently self-shielding and con-
tains no gaps to contribute stray field, or mechanical instability. The toroidal con-
struction was also considered to be easily adaptable to the microelement wafer.

Since a coil suitable for Inounting on a microelement wafer has a relatively small
volume, it was felt that higher permeability matcrials than those available in powdered-
iron cores would have to be produced in order to attain module performance require-
ments.

Initial experimentation conducted by the RCA Needham Plant indicated the possibility
of controlling the temperature coefficients of ferrite cores to precise limits while
maintaining higher permeability than that available in powdered-iron cores. The
Needham Plant was thus funded to pursue this goal.

The initial work at Needham involved the doping of nickel-zinc ferrites with barium
and cobalt additives to increase the frequency range. Cores made with these materials
demonstrated Q's in excess of 100 for frequencies up to 100 me and with permeability
of approximately 10 for barium ferrite and approximately 50 for cobalt ferrite. The
temperature coefficients were in the range of 0 100 parts per million per °C for the
barium ferrite and 3000 parts per million per °C for cobalt ferrite. To further im-
prove the control of temperature coefficients a carbon-black additive was introduced.
Barium was used to reduce the temperature coefficients of low-permeability cores
while carbon-black was used for temperature coefficient improvements in high-perme-
ability cores. Substantially lower coefficients for higher permeability material in the
range of 0 +100 parts per million per °C were obtained on sample units having perme-
abilities of—approximately 80. The effect of firing temperature and atmosphere on the
temperature-coefficient performance of these cores was also determined. The particle
sizc of the carbon-black was one of the controlling factors. Large particle size had
the effect of lowering temperature coefficient but also reduced mechanical strength of
the ferrite cores.

Effort at Needham was then channeled into three basic areas: Low frequency cores
for frequency applications between 100 kc and 1 mc, medium-frequency cores for 1 to
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10 me, and high-frequency cores for 50 to 70 mc applications. The low-frequency
cores were to have permeabilities in excess of 100 and temperature coefficients in the
range of 300 parts per million per °C over the temperature range of -55°C to +85°C.
The permeabilities of the medium-frequency ferrite cores were to be between 40 and
80 and the temperature coefficients, 0 +100 parts per million per 0C. High-frequency
cores were to have permeabilities in excess of 10 and temperature coefficients of

0 +100 parts per million per OC over the same temperature range.

Inductors for preliminary modules were designed to be wound on the early Needham
ferrite cores. These designs included chokes ranging in inductance from 2.4 uH to
1500 uh as well as 4.3-mc I-F transformers and 50-mc R-F transformers. In addition a
blocking-oscillator transformer was de signed, permitting the incorporation of this
previously separate component into the module. The ferrite cores used in these de-
signs provided adequate performance for the room-temperature feasibility tests re-
quired of the preliminary modules.

The characteristics of ferrite cores developed for the prototype inductors were as
follows:

a. XF-3909-H 50 mc

Q o i 100

B e e e 10 +10%
Temperature Coefficient . . ... ......... -20 +50 ppm/°C
Max. —ALI;_ between -550C and +85°C ... .5%

Drive Sensitivity ... ... ............. 0.09%

b. XF-3893-5-130-131 4.3 mc

Q e e 100

Moo e e 56 +10%
Temperature Coefficient . . ... ......... 0+150 ppm/°C
Max. ALL between -55°C and +85°C .. .. 5%

Drive Sensitivity* .. ... .......... .. 0.8%

* Drive sensitivity was measured at 4.3 mc using a discriminator indicator. The
input voltage was varied from 0.1 volt to 1 volt rms. The test coil inductance was
14 mH.
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c. XF-3988A-242 2 me¢

Qo 55
B T 125 +10%
Temperature Coefficient . . . ., . . . .. 500 +300 ppm/°C
Max, ALL between -559C and +85°C | . | . 3.6%

Drive Sensitivity* ... ... 0. 8%

d. XF-3732 3.5 me

Q - 73
T 210 +10%
Max ALL ...................... 90%
Drive Sensitivity* .. ... . . . . 2%

* Drive sensitivity was measured at 4. 3 mc using a discriminator indicator. The
input voltage was varied from 0.1 volt to 1 volt rms. The test coil inductance was
14 mH.

This machine was capable of winding up to 300 turns of AWG 44 wire on the cores. Its
wire size range covercd AWG 38 to AWG 44.

At this stage the accurate measurement of paramcters became of prime importance.
The measurement of temperature-coefficient values with a high degree of accuracy
required the development of special equipment. A description of this equipment is
given in paragraph 3. 2. 3. The dynamic medsurement of temperature characteristics
made possible faster determination of temperature coefficients in thc form of a con-~
tinuous chart. Refinement of this measurement equipment took place over the period
of approximately one year and itg ultimate accuracy was established at +5 parts per
million per °C ag confirmed by the National Bureau of Standards.

A similar technique was used to determine drive sensitivity of ferrite cores. In this




] Frequency (mc) or
Micro~Module Type Inductor Type Inductance (uH)
XM-14A Choke 1500 uxH
XM-15B I-F Transformer 4.3 mc
R~F Choke 38 uH
XM-16B I-F Transformer 4.3 mc
R-F Choke 38 uH
XM-17B I-F Transformer 4.3 mc
I-F Transformer 4.3 mc
XM-20B R-F Transformer 50 mc
R-F Choke 2.4 uH
XM-21B R-F Transformer 50 mc
R~F Choke 2.4 yH
XM-24A Choke 600 uH
XM-28B Pulse Transformer
XM-29B R-F Transformer 50 mc¢
R-F Choke 2.4 uH

TABLE 3.2.2-2 Prototype Inductor Types

measured to indicate shift in induetance. Special permeameters were developed for
these small-size cores to permit determination of permeability for seleetion purposes
without the need for winding a eoil on the eore. @ measurements were made on a
Boonton Q Meter after winding a test coil on the core. The measurement of prototype
cores revealed the following basic problems:

a. Permeability shifts due to the stress caused by the encapsulant.
b. Permeability shifts due to induced polarized magnetic fields.

e. Temperature-eoefficient shifts from both stresses caused by the encapsu-
lant and magnetie fields.

The effeet of encapsulation stress was reduced by coating the coils with a eushioning
material such as silicon rubber or silicon resin prior to encapsulation, as described
in Section 3.1.1.4

No solution other than magnetic shielding was found to prevent ferrite-core inductance
changes due to polarized magnetic fields. Such fields could be introduced in the core

either by an external magnetic force or by passing a direct currcnt through one of the

windings. Since the module was not expected to have unbalanced direct currents high

enough to cause a polarized field problem, it was only necessary to insure that the
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coils in modules were demagnctized after processing. This involved a cycle of demag-
netization in a solenoid in conjunction with thermal cycling.

Measurements on prototype modules using the above cores indicated tuned circuit
stabilities of approximately +20 ke in 4. 3-mc I-F circuits. This stability was not
considered adcquate for final-grade modules and led to a reopening of temperature-
coefficient studies by Needham. Substantial reductions in temperature cocfficients
and its tolerance were attempted by more precise control of the percentage of addi-
tives, firing temperature and atmosphere, and time.

Tuned circuit stability attained in the final-grade modules with ferrite cores was +12ke
in the 4. 3-mc I-F circuits. At this time, however, the subassembly requirements for
modules had been morec closely determined indicating a need for a stability of + 4 ke in
the 4. 3-mc I-F circuits. In reassessing the capabilities of ferritc cores it was de -
tcrmined that little further improvement in temperature coefficienis could be expected.
In addition the improvement in tempcrature coefficients had been realized through a
gradual reduction of permeability to approximately 8 to 10. It was then apparent that
this represented little advantage over available powdered-iron cores having similar
permeability at 4.3 mec. A parallel program was started under Program Extcnsion I
to establish sources and evaluate suitable powdercd-iron cores meeting the program
size and stability objectives. After approximately onc third of thc final-grade modules
were built, these cores became available and it was decided that the balance of the
inductors for i-f modules would be built with powdered-iron cores. Stability ob-
tained with these cores is as follows:

Temperature coefficient 25 +10 ppm/°C
Drive sensitivity 0.1% (when subjected to 0 to 30 Oersteds)

Module stability attained with these cores was in the neighborhood of +7. 5 ke deviation
from 4.3-mec.

Acceptance tests were performed on final-grade corcs and coils, including environ-
mental and life tests in encapsulated modules. The results of these tests, described
in Section 3. 3.5 of this report, were accepted on the Initial Program. All test sam-
ples and required deliveries werc completed, satisfying the requirements of the design
plan.

3.2.3 DESIGN AND CONSTRUCTION OF SPECIAL EQUIPMENT

3.2.3.1 WINDING MACHINE

The Micro-Module requirement of selecting an existing form of flat, radially termin-
ated, sclf shielding, lumped inductance led to the selection of the toroid. Existing
toroid-winding techniques were investigated and available commercial winding-machine
designs were reviewed before RCA purchascd a Boesch Model SM miniature toroidal
coil winder.




In order to wind toroids of few turns (for R-F coils) RCA developed a new type of
shuttle which could be opened to deliver a finished coil without disturbing the remain-
ing load. Conscquently, reloading for each unit was unnccessary. Moreover, this
shuttle was round in cross-section - the same shapc as the hole in the toroid. This
method appeared desirable for winding R-F coils on 0. 200-inch cores, which fit on
the microelement substrate, and the Boesch Model SM was modified to drive the hypo-
dermic stock stuffed shuttle used in this winding system.

position on the other side of the block. When the spiral was all the way through the
shuttle, it was cut by a guillotinec at the funneling block. The nozzle was then hand
threaded onto the straightened end of the wire and guided into the end of the shuttle.
The opposite end of the shuttle was slotted toward the shuttle center to permit dis-
pensing the wire when the ends were coupled by the nozzle. The original shuttles
were formed from 0.035-inch diameter stock and used very tiny stainless-stecl noz-
zles that were easily lost in the threading operation.

The first coils wound with the above setup were wound with AWG 40 H. F. wire through
an 0. 007-inch jewelers-drill nozzle hole. This combination provided adequate tension
but visably scraped thc wire and produccd shorted turns.

A switch to a Nylon nozzle improved the scraping to a point where shorted turns dis-
appearcd and the first I-F transformers and chokes could be produced. Magnet-wire
abuse, as monitored by exposed copper in an electrolytic bath, continued to be a major
problem. Having produced predictable but unsatisfactory coil parameters, the pro-
gram now required the use of both larger and smaller wire sizes. AWG 38 wire could
be wound, but the shuttle buckled badly and spiraling mandrel breakage occurred. On
the smaller side, AWG 42 wound satisfactorily but tension of AWG 44 were so low that
a coil-spring type of winding resulted which would slide loosely about the core. The
demand for larger wire (AWG 38) rcsulted in increasing the shuttle size to 0.049-inch
diameter. This shuttle with a Nylon nozzle loadcd from an 0. 015-inch-diameter
mandrel produced a small percentage of coils without any exposed copper. Incrcased
tension for winding AWG 44 wire was provided by the larger spiral and a smaller noz-
zle hole. This combination of mandrel, shuttle and nozzle produced somc usable coils
for all program requirements. Coils were wound by this system whiic other winding
developments took form.

Although both a continuous (friction) core drive and a segment-winder core drive were
purchased with the original Boesch Model SM, the latter was never used since it
gripped the toroid over a considerable area leaving only about 215° on which to wind.,
The friction drive offered full toroid winding length and the original design intent was
to start secondaries from one end of the primary. This failed to produce the desired
coupling and the coils were redcsigned to move the secondary into the center of
primary. The new design produced close coupling but poor uniformity as the coupling
varied with the sceondary location relative to the primary. Two inovations were
made to accurately locate the start of the secondary from the end of the primary. The
first involved counting the shuttle turns as the coil was idled into the start position.
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The sceond used an indicator geared dircetly to the core-drive pulley. Both failed
because of variable friction in the eore drive. The use of Teflon coated cores aggra-
vated this condition ag the low-frietion Teflon caused excessive slip, and when the

core to ride up on the drive, This difficulty further stimulated interest in scgment
winders and a design was started to provide a core vise whieh would permit windings
on up to 330° of the toroid.

While the early eoil design was taking place, work on machine refinement was being
done by Boeseh Manufacturing Company. Bocseh designed a loader attachment to
start the load spiral so that it scarehed its own way through a nozzle bPermanently at-
tached to the end of the shuttle. This rcfinement proved to be important production
break-through since it climinated the tedious nozzle-threading operation and the lost
nozzle and permitted effective honing of the meta] nozzle which remained in place
relative to the winding planc. Previously, a new meta] nozzle could not be adequately
honed before it was lost. The return to the meta] nozzle provided mueh needed ten-
sion for winding AWG 44 wire and a stronger rigid shuttlc. The Bocseh loader design
also provided a color-coded selection of loader attachments providing optimum setups
for each of four shuttle diameters, 0. 028, 0.035, 0.050 and 0.062 inch, all of which
eould be driven by their revamped winding machine, commercially titled the Monitor.
RCA purchased the first Monitor with Micro~Modu]e induetor refinements and continued
to suggest further machine refinements. During this stage, an improved spiraling
mandrel, with less tendency to damage magnet wire and with an improved life span,
was designed.

The latest improvement to be madec in the winding machine was the birdbecak segment
winder, a joint effort of RCA and Boesch. The core vise in this assembly grips the
eorc adequately but sti]l provides 325° for the winding. The turret permits easy in-
dexing and reloeating to +5°  Back windings made with this core holder arc less ran-
dom and more reproducible than those made with the friction core drive, Moreover,
the eoil is more easily aeeessible for twisting taps and lead preparation.

The present RCA winder (Figure 3.2, 3-1), using only one loading mandrel, with one
diameter of shuttle and only two nozzle-~hole sizes, has proven adequate for winding
thc present five R-F choke designs, the present six R-F transformer designs and a
blocking-oscillator transformer design included in the initial program. Complete
Boesch accessories should make the winder more versatile., Time study has indicated
that .the present winder is equal or superior to machines winding larger toroids. An
automatic stop on the loader permits the operator to wind during loading time, thus
reducing the production time. This 1s impossible on the slider-type shuttle, where
the wire must be loaded on the winding machine,

3.2.3.2 TEST JIGS

Figures 3.2.3-2 and 3. 2. 3-3 illustrate the special test fixtures used to simplify the
test and handling procedures for unmounted and mounted coils, respectively.

In the design of these special test fixtures, an effort has been made to adopt microele-
ment test techniques to standard commercial test equipment. Figure 3.2.3-4 shows a




FIGURE 3.2.3-1 Toroidal-Coil Winder and Shuttle Loader

dynamic test sctup for measuring of unmounted transformers. A Boonton Radio Com-
pany Model 250A RX Meter and two Ballantine R-F voltmeters perform the test
functions and an adaptor fixture is used to eonnect the mieroelement to the test equip-
ment.,

3.2.3.3 TEMPERATURE-COE FFICIENT-MEASURING EQUIPMENT

Test equipment for measuring temperature cocffieient of induetanee was designed and
built. The basie operation of the equipment is shown in the block diagram Figure
3.2.3-5. The toroidal inductor to be tested is eonneeted in an oseill2or tank circuit.
The test oscillator receives 1ts feedback over several buffer shapes. The use of auto-
matic gain control avoids frequency shifts eaused by the Miller effeet in the oseillator
tube.  The oscillator signal is mixed with a signal derived from a erystal-eontrolled
standard generator, and the beat frequeney is then fed to a frequeney meter, whieh
provides the voltage for the Y-defleetion of an X-Y recorder. The X-axis of the re-
corder is operated directly from a temperature-sensitive element placed in the tem-
perature box.  The recorder registers frequency deviation as a funetion of tempera-
ture. For small deviations, the induetance change is approximately linear with
frequency change as shown by the following expression:

AL . 2AF
L F




FIGURE 3.2.3-3

Test Jig for Mounted Coils
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FIGURE 3.2.3-4 Dynamie Test Setup for Unmounted Transformers

FREQUENCY

COUNTER

BALLANTINE
VOLTMETER

TYPE 3i4

TEKTRONIX SCOPE
TYPE 536

VERT. HORIZ.

Tt

TEST
colL

B R C Q-METER

TYPE 260A

PHASE SHIFT

CIRCUIT

FIGURE 3.2.3-5 Drive Sensitivity Measuring Equipment, Block Diagram
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For convenience, an operating frequency of 2 mc was chosen to allow a direct conver-
sion from frequency deviation in cycles per second to inductance deviation in parts per
million. Measurement can also be made at other frequencies.

The temperature box contains a heater element and a nozzle for injecting liquid carbon
dioxide and permits temperaturce variation over a range from -55 to +95°C.

1
i
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3.3 DESCRIPTION OF TESTS, AND PERFORMANCE DATA

Inductor testing was divided into four main areas as {ollows:

a. Core testing

b. Prototype induetor evaluation testing

c¢. Final-grade inductor acceptance test
d. Testing of {inal inductor elements for delivery and for modules

The core-test program was conducted in conjunction with the ferrite-core improve-
ment effort by RCA, Needham, Mass. The types of tests performed and final results
are indicated. A large number of the final R-F transformers were built with pow-
dered-iron cores because {inal eircuit stability needs could not be met with the
state-of-the-art ferrite. Powdered-iron-core performanee is not covered in this
report; it will be ineluded in later reports under Program Extension I.

The prototype-test program was conducted to assess the performance of induetor
elements which used the materials and techniques selected for final designs. While
the prototype microelements were not required to meet environmental and life-test
requirements, they were tested under these conditions to determine their potential .
These latter tests were made with the inductor encapsulated in the module structure.
The prototype inductor data given in this seetion summarize results of the various
tests.

Final-aceeptance-test results are given in summary covering performance of the
various chokes and transformers against all Micro-Module specifieation objectives .
The inductors tested were constructed with materials and techniques used for the

coils built into the final Micro-Modules. Environmental and life tests were performed
on inductors which were assembled and encapsulated in the module structure.

Also included in this section are charts indicating typical data for each of the choke
and transformer types used in {inal Micro-Modules or shipped as microelements to
the Signal Corps.

Microelement inductors are manufactured in two basic stages: wound inductors and
mounted inductors. Various tests are performed in order to insure conformity to
specifications and required quality levels at each manufacturing level.

Certain electrical tests are performed on unmounted transformers because of their
complex nature and because transformers are usually mounted on capacitor substrates,
which are difficult to salvage. Tests performed include measurement of static param-
eters and dynamic performance, whichever is applicable. Performance Test equipment
is shown in Figure 3.3.1-1.
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FIGURE 3.3.1-1 Test Equipment used for Performance Tests
on Microelement Inductors

3.3.1 GENERAL DESCRIPTION AND PURPOSE OF TESTS

3.3.1.1 CORES
Measurements on ferritc cores included the following:
Permeability
Losscs or Q
Tcmperaturc coefficient
Curie tempcrature
Drive sensitivity
Remanence

Mechanical uniformity




3.3.1.2 CHOKES

3.3.1.3 R-F AND I-F TRANSFORMERS

3-32

Performance Test

1.

Inductance

Q

Self-resonant freq.

Performance Test

1.

Inductance

Qe, Qu, Ql

Input Impedance
Bandwidth

Insertion Loss

Resonance

Voltage Ratio

Insulation Resistance
and Dielcctric
Strength

Purpose of Tcst

Check for correct number of turns and
winding pitch.

Check on initial coil Q, winding config-
uration, effects of impregnant, mounting
& soldering.

To establish compatibility of inductance
and substrate assembly to meet module
circuit requirements,

Check for correct number of turns and
winding pitch.

Check on initial coil Q, winding config-
uration, effects of impregnant, soldering
and effect of proximity of transformer
windings to capacitor substrate,

To insure circuit requirements are met
under simulated loaded-module conditions.
Proof of correct number of turns and co-
efficient of coupling,

To indicate general transformer efficiency
under loaded-circuit conditions.

To insure compatibility of transformer in-
ductance with substrate wafer capacitance
to provide required frequency tuning
adjustment range,

To establish whether spccified number of
turns have been applied to transformer,

To verify resistive isolation between
primary and secondary windings and all
electrically insulated substrate wafer
terminations.
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3.3.1.4 PULSE TRANSFORMERS

Inductance & Q

Coupling
Coupling ratio

Insulation resistance
and dielectric strength
notches,

Dynamic pulse test

Test results are described in the following sections.

3.3.2 FERRITE CORE TESTS

Some of the basic chara

in Table 3.3.2-1. Plots of the output voltage vs. tem

ams of Figure 3.3,2-1,

is considered to be the temperature at which the outpu

Demonstrate required module
relating pulse width,
and output.

MICRO-MODULE PRODUCTION PROGRAM

Correct turns and shorted turns.

Placement and uniformity of windings

To prove resistive isolation between
windings and insulated termination

perature for the ferrite cores
In these plots, the Curie point

t voltage is reduced to 10 per

cent of the peak voltage. None of the Curie points fall below 240°C,
r MINIMUM | NOMINAL TEMPERATURE CURIE
CORE No. FREQUENCY Q 7 COEFFICIENT POINT
XF-3732 4.3 70 200 3000 ppm /°C 240°C
XF-3846 4.3 100 50 220 1220 ppm/°C 310°C
XF-3909 50 100 10 0 £50 ppm/°C 380°C
XF-3988 4.3 40 125 470 t470 ppm°C 240°C
XF-4226 25 100 10 =100 £70 ppm/°C -
XF-3843 4.5 ‘J 90 24 300 500 ppm/°C 23 _J

TABLE 3.3.2-1 Basic Characteristics of Ferrite Cores

performance
rise time, overshoot
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oefficient plot for three coated and encapsulated ferrite cores

s is shown in Figure 3.3.2-2. These tests were made on the

described earlier in the report.

wound with test winding
dynamic-curve tracer

gram and the powdered iro
indicated in Table 3.3 .2-2

Mechanical Uniformity Data

[FERRITE | _D____f___l_ HEIG
CORES 0.D. D, IGHT
Minimum Maximum Minimum Maximum Minimum Mﬂ:cimu:_:;_
XF-4228 220 .226 109 .113 .0512 . 0535
Spec Values . 219 - ,229 . 108 = 118 -048 - .058
XF-3843 224 . 227 .111 .113 . 0484 .0518
Spec Values . 217 - .25 .107 - 117 L043 - .058
XF-39838 . 209 . 316 107 .112 0470 . 0493
. 208 - 218 106 = ,118 044 - .064
POWDERED
IRON
57-3788-12 197 .202 100 104 . 0469 . 0525
Spec Values L1480 - .210 .100 = 105 048 - 52

TABLE 3.3,2-2 Mechanical Data for Ferrite and Powdered-Iron Cores

The variances noted between ferrite-
Same molds were y
for the variance.,

core d
sed for each formulation.

imensions result from the fact that the
Varying shrinkage rates thus account

rking conditions of the
The afc voltage was kept at zero
oltage settings. The variation
an indication of the change of inductance due to drive changes, as
demonstrated in Figure 3.3.2-88B, DBrive sensitivity was measured at 4.3 mc¢ with a
discriminator indicator. The input voltage was varied from 0.1 volt to 1.0 volt rms.
Test-coil inductance was 14 uh,
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X 3,983-5-130-131 (2STACKED CORES)

& 3988A-29A

® 3983 (EARLY CORE )

© 3983-5-128-129 (LOW)

® 57-2336 POWERED IRON

B 3983-5-130- 3| AL PPM

L POSITIVE

28KC —
24KC 12,000
20KC ﬁ%= — L 10,000
LI6KE L= = 8000
=
=]
B2Ke 6000
x
L
<]
BKC | 4000
4KC 2000
o l/‘

A .2 .3 4 .5 .6 7 .8 .9 1.0
DRIVE VOLTAGE (RMS)

FIGURE 3.3.2-3B Drive-Sensitivity Characteristics of Toroids

The effects of ferrite remanence have been studied; the results are summarized in
Table 3.3.2-3. The test was made after winding 300 turns on each ferrite core and
pulsing the inductors with 100-volt pulses for a short time to assure saturation by the
peak drive current. All cores showed considerable changes in inductance when
measured with a Q meter both before and after pulse application. After pulsing, the
cores exhibited very little change during a following three-hour period. Demagnetiza~-
tion returned the inductors to the original values. The pulsing used was more severe
than normally is expected in the circuitry,

PULSE SENSITIVITY (uH)
Three Hours
Core Demagnetized Pulsed After Pulsing Demagnetized

3988A-487 1700 1530 1530 1700
3988A-505 1650 1559 1550 1650
3983-5-130/131 845 780 780 849
3909 Box A 103.4 97 9elH 104
3732-2 2170 2090 2110 2170

TABLE 3.3.2-3 Magnetic Stability of Ferrite Cores
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3.3.3 TEST PROCEDURES (Final-Grade Elements for Modules)

3.3.3.1 FIRST TEST ("A" TEST) UNMOUNTED INDUCTOR ELEMENTS
Chokes and Transformers
a. Mechanical inspection

General visual and mechanical conformance with drawings
Wire size

Pitch uniformity

Loose turns

Lead length, stripping and tinning

Loose turns

Over-all thickness and diameter

b. Electrical Tests
Inductance and Q, primary and secondary
Open circuit voltage (turns and coupling check)
3.3.3.2 SECOND TEST "A" TEST MOUNTED MICROELEMENTS
Chokes
a. Visual and mechanical inspection
General visual and mechanical and conformance to )
drawings and specifications
Centering of inductor elements on substrate
Impregnation and adherence of inductor element
to substrate wafer
Dressing of leads and solder connections

Over-all thickness

b. Electrical Tests

Inductance at 1 or attenuation at
specified frequency

Self-resonant frequency for decoupling
assemblies

Sampling

100%

1%
100%
100%
100%
100%
100%

100%
100%

100%
100%

100%

100%
100%

100%

100%

——




MICRO-MODULE PRODUCTION PROGRAM

3.3.3.3 TRANSFORMERS
a. Mechanical Inspection

In general, the same mechanical inspection as that for chokes except
that attention is focused on proper lead dress and conformance with

assembly drawings. This is particularly applicable to high frequency
transformers.

Resonant frequency 100%
Input impedance 5%
Bandwidth 5%
Insertion Loss 5%
Insulation resistance and dielectric strength 100%

l b. Electrical Tests

c. Performance Values

Refer to B499277 Sheet 1 - Inductor performance Outline
’ Specification and Dynamic Test Circuits: Microelement Inductors

d. Nominal Values and Limits, Electrical and Mechanical

Mechanical

Specifications for over-all thickness of unmounted inductors and
mounted inductors. Inductor specifications describe mechanical
requirements. Assembly drawings show the inductor position and
orientation on the substrate and the points of lead breakout and
their connections to wafer notches. These drawings provide a
picture of the inductor assembly on a 10-to-1 scale.

Electrical
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