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schematically illustrates a thin layer of aluminium, intimately bonded
specific method, utilizing an electron beam, thereto in accordance with the
present in-    for " scribing" circuits on a substrate to  vention;    form
them by localized reduction.            FIGURE 32 is an elevational
sectional  5   FIGURE 17 is a pictorial view of a frag-  view, illustrating
the bonding of a semi- 70    ment of a circuit board carrying a pair of
conductor body onto the aluminium  layer    semiconductor network packages,
and illu-  of the embodiment illustrated in FIGURE    strating an
embodiment of the multilevel  31;    circuit path aspect of the present
invention;    FIGURE 33 is a top, fragmentary view, 10   FIGURE 18 is a
bottom  view of a di-  illustrating an embodiment of an inductor 75
electric body having circuit paths formed  in accordance with the present
invention;    thereon, including components, in accord-    FIGURE 34 is a
schematic perspective    ance with the present invention;           view,
illustrating the generally three-dimen-      FIGURE 19 is an elevational
view, par-  sional configuration of the inductor coil of 15 tially in
section, of a composite body, in-  FIGURE 33;
80    cluding the body illustrated in FIGURE    FIGURE 35 is a schematic
fragmentary    18 joined to a chip, in accordance with an  sectional view
of a solid-state transformer in    aspect of the present invention;
accordance with an embodiment of the      FIGURE 20 is a circuit diagram
illustrat-  present invention; and 20 ing pertinent circuitry carried by
the com-  FIGURE 36 is a schematic fragmentary 85    posite body of FIGURE
19:                  sectional view of a solid-state transformer
FIGURE 21 is a bottom  view of a re-  of a different configuration from
that of    ducible dielectric  body  having circuitry  FIGURE 35.    formed
thereon in  accordance with  the    An essential and characteristic feature
of 25 present invention, the circuitry including a  the present invention
is the selective reduc- 90    transformer and various other components;
tion of a portion or portions of a reducible      FIGURE 22 is an
elevational view, par-  crystalline dielectric body to form a zone
tially in section, of a composite body made  or zones of reduction in said
body.  In    up of the body of FIGURE 21 and a silicon  general, the zones
will be surface zones, 30 body  carrying  certain  conventional cir-  i.e.
they will extend from a surface of the 95    r    cuitry;
dielectric body inwardly.  These surfaces      FIGURE 23 is a circuit
diagram illustrat-  include those which define apertures in said    ing
pertinent circuitry carried by the com-  body. The depths and particular
charac-    posite body of FIGURE 22;                  teristics of a zone
of reduction will vary 35   FIGURES 24-27 are sequential views, in  widely,
depending on the degree of severity 100    elevational section,
illustrating a method of  of reducing conditions under which it is
joining a reducible dielectric material to a  formed.  In some instances, a
given zone    semiconductor body, including  provision  will be found to be
made up of several    for conductive connection between the semi-
sub-zones which vary quite substantially in 40 conductor body and
conductive paths formed  chemical composition as well as in resulting 105
in the dielectric material:                electrical characteristics such
as resistivity      FIGURE  28 is a sectional, elevational  (or its
reciprocal conductivity) and in co-    view through a composite body of a
re-  efficients of thermal expansion.  For con-    ducible dielectric
material and a semicon-  sistency of terminology, the words " zone" 45
ductor, illustrating how vapor phase deposi-  and " zones " will be used in
conjunction  110    tion of the dielectric material may be used  with the
word " reduction " or a variation    to form certain structures in
accordance with  of that latter word, to indicate the total re-    the
present invention;                     duced portion or depth. The words
"sub-       FIGURE 29 is a sectional, elevational  zone " and " sub-zones "
will be used to 50 view through a composite body of reducible  refer to the
distinct portions of a " zone " 115    dielectric   material  and
semiconductor  or "zones", at varying  depths therein,    material,
illustrating how sequential deposi-  having distinctive characteristics.
tions of material may be accomplished to    This invention applies
generally to re-    make a composite body in accordance with  ducible
dielectric oxide materials. A par- 55 the present invention having various
layers  ticularly useful example of suitable dielec- 120     and regions of
reducible dielectric material  tric materials are those which are
dielectric     and semiconductor material;                oxide compounds
of at least two different       FIGURE 30 is an elevational sectional
metals wherein at least one of the metals is     view, illustrating a
method of joining a di.  subject to a change in valence state by re- 



60 electric body and a semiconductor body in  moval of oxygen  from  the
compound. 125     accordance with the present invention, by  Specific
examples of this particular group of     pressing them together through
application  dielectric materials is expressed below  in     of force;
formulas 1-4 with reference to yttrium iron       FIGURE 31 is a sectional,
elevational  garnet. 65 view illustrating a dielectric body carrying a
(1) Y[err]Fe[err]O[err] (YIG) .               130
1,107,305                                        5                  (2)
M[err]Y[err]Fe[err]O[err] where M is selected from  Layer B contains a
major proportion of                    the group consisting of aluminium,
unreduced YIG, but in addition contains a                    gallium,
indium, thallium, lanthanum,  large proportion of YFeO[err].
scandium and the rare earth elements    Layer C has a major proportion of
Y[err]O[err],                    and x can vary from 0 to 3.            a
substantial proportion of YFeO[err], some 70                 (3)
Y[err]A[err]Fe[err]O[err]  where A is selected from   elemental iron, and a
relatively small pro-                    the group consisting of aluminium,
portion of unreduced YIG.                    gallium, indium, thallium,
lanthanum,    Layer D contains elemental iron in great-
scandium and the rare earth elements;  est proportion, a significant
proportion of 10              and wherein q can vary from 0 to 5.
Y[err]O[err], and a lesser quantity of YreO[err]. It 75                 (4)
M[err]Y[err]A[err]Fe[er]O[err] where x is always  contains substantially no
YIG.                    less than 3 when q equals 5 and q is    Finally,
layer E consists primarily of iron,                    always less than 5
when x equals 3.    but may include trace quantities of yttrium
The  invention  will be described with  and, also, minute quantities of
Y[err]O[err].            15 reference to yttrium  iron garnet (YIG) as
Considering the significance of the fore- 80              an example.
going, by reducing a YIG body, a metallic                 As an initial
example, in accordance with  cr conductive  portion, i.e. zone, can be
this invention, a reducible crystalline YIG  formed on the outer portion of
the body ad-              body, such as that indicated generally by  jacent
the exposed surface area of the body.           20 numeral 31 in FIGURE 2,
is subjected to  The conductive, metallic zone is distinctly 85
exposure in a hydrogen atmosphere at a  integral with, and  in fact
autogenously              temperature of about 1000[err]C. for a period
formed from, the dielectric YIG body. This              of about 30 minutes
in an enclosure 32. metallic portion is a conductor, and more-
This treatment generates a thin zone of  over advantageously provides a
means for           25 reduction which extends from the upper end  welding
or otherwise joining metals to the 90              of body 31, as seen in
FIGURE 2, down-  YIG  body. The various transition layers
wardly to a boundary of termination indi-  referred to between the main
body and the              cated along the dotted line 33 of FIGURE
outermost layer, i.e. layer E of FIGURE              2. The nature of the
zone of reduction is  1, insure that mechanical stresses resulting
30 schematically illustrated in FIGURE  1, a  frcm temperature changes will
not become 95              partially internal section of the upper end
substantial since the several adjacent tran-              portion of the
body 31 (as oriented in the  sition layers have compositions providing
position shown in FIGURE 2). Referring  successively  lower coefficien s of
thermal              now to FIGURE 1, the main body portion,  expansion. An
integral and highly efficient           35 indicated at A, consists of the
compound  expansion joint is thus effectively provided 100
yttrium  iron garnet, Y[err]Fe[err]O[err], hereinafter  to permit
connecting the YIG body to separ-              referred to as "YIG". YIG is
highly di-  ate conductors.              electric, having a resistivity of
the order   If desired, a metallic member (e.g., part              of
10[err] ohm-cms.                         of a hermetically sealed structure
or an           40  The portion of the body section 31 shown  electrically
conductive member, etc.) may 105              in FIGURE 1 above the dotted
line 33, re-  be firmly adhered to the outer metallic
presenting a transition boundary, is reduced  boundary (layer E, FIGURE 1)
by various              YIG, This portion constitutes a zone of  welding or
other metal juncture techniques.              reduction on the YIG body 31
and such  For example, referring to FIGURES 2 and           45 zone
consists of the sub-zones or layers B, 3, the fusion of a metal to a
dielectric body 110              C, D and E, divided by the transition
bound-  is illustrated.  An elongated body 31, for              ary lines
35, 37 and 39, respectively. These  example rod-shaped, is maintained by
suit-              layers are identifiable by a metallographic  able
supports, not illustrated, within  a              means and their
composition approximately  quartz cylindrical enclosure tube 32.   A 



50 determinable by X-ray diffraction means, radio frequency heating coil 38
is disposed 115              The resistivity of the successively adjacent
about the quartz tube 32 and lies with its              layers decreases
rapidly from the resistivity  lower part generally adjacent to the upper
of the main YIG body, layer D having a  end portion of the cylindrical body
31. An              resistivity, for example, of the order of 10[err]
elongated iron body 40, for example cylin-           55 ohm-cms. The thin
outer layer E is found  drical, is coaxially aligned with the body 120
to have a yet lower resistivity approaching  31 and disposed a short
distance above it              or comparable to that of iron per se.
as seen in FIGURE 2. It is held in place                The various layers
between the highly  by suitable supports, not illustrated, within
dielectric inner unreduced YIG body por-  which it may be axially moved,
when de-           60 tion A  and the outer conductive layer E  sired, by
pushing an upper extending end 125              are found to vary in
composition, with a  portion of it downwardly. The u per per-
greater degree of reduction being present  tions of the radio frequency
coil 38 are              in  the  successively  encountered  layers,
disposed adjacent the lower end portion of              moving from the
inner body A to the outer-  iron body 40. The quartz tube 32 is en-
65  most essentially metallic layer E.       closed in a conventional
manner at either 130        6
1,107,305     end (the upper closure providing slidable  bodies together
with an extremely  good    passage of an upper end cf body 40) and is
bond. The bond between the body 40 and    provided with a hydrogen inlet in
an upper  outer surface of the body 31 is metal to    portion and a
hydrogen outlet in a lower  metal, e.g. iron to iron, the only transitions
5 portion. Hydrogen gas is passed slowly  involved between the iron of the
body 40 70    through quartz tube 32 until all air is purged  and YIG
ceramic of the body 31 being    therefrom. Thereafter a hydrogen atmos-
provided by the transition layers E, D, C,    phere can be maintained by
very slow  and B (FIGURE  1) which, in fact, are    hydrogen flow. While
tight seals are not integral with and autogeneously formed 10 necessary, a
static hydrogen atmosphere  from the YIG body 31. The line of junc- 75
may be maintained in the quartz tube if it ture between the YIG body 31 and
iron    is elected to provide such seals. The intro-  body 40, an imaginary
line indeed in view    duction of hydrogen is illustrated schematic-  of
the foregoing, is indicated at 45 in    ally in FIGURE 2 at arrowhead 41,
and pro-  FIGURE 3. The resulting product includes 15 vision for its
withdrawal is illustrated sche-  a very superior metal to ceramic bond or
80    matically at arrowhead 43 in FIGURE 2.  seal which is hermetic. Such
a bond has      The processing of the YIG body, as well important
application, for example, as a    as preparation of the metallic body 40 to
hermetic seal for sealed electrical com-    be joined thereto, is
accomplished by main-  ponents such as, for exampe, high power 20 taining
the hydrogen atmosphere within  rectifiers, miniaturized transisters,
diodes, re- 85    cylindrical tube 32 while heating the lower  lays,
switches, capacitors, etc.    portion of body 40 and the upper portion  It
is empthasized that the bonding of    of body 31 by means of radio
frequency  me als to the metallic outer surface zone    coil 38. Radio
frequency coil 38 is pro-  obtained by reduction of YIG is not limited 25
vided with conventional temperature con-  to joining iron to YIG. For
example, 90     trol means, which in turn is actuated by a  aluminium,
copper, steel, gold, Inconel     conventional  temperature-sensing  device,
(trademark for an alloy containing approxi-     such as a thermocouple or
an optical pyro-  mately 79%  nickel, 13%  chromium, 6%     meter, to
maintain the temperature at a  iron, [err] to 2% silicon, and sometimes
small 30 desired level. The temperature is so main-  quantities of
manganese, copper and car- 95     tained at approximately 1000[err] C. on
the  bon), Kovar (Registered Trade Mark) (a     extreme upper surface of
the upper YIG  compound consisting of 20%  Nickel, 17%     body 31 for a
period of about thirty minutes. cobalt, 0.2% manganese, and the balance
At this YIG  body temperature, the tem-  iron), brass and other metals
generally may  35 perature cf the bottom portion of the iron  be bonded to
YIG  or to appropriate re- 100     body 40 is also at least about 1000[err]
C. At  ducible dialectric materials such as pre-     the end of this
period, the structure of the  viously described according to this inven-
extremity of the extending end portions of  tion. While it is not intended
to be bound 



YIG body 31 is reduced somewhat in sur-  to any theory, it appears that
when such 40 face zones during its exposure to heat under  metals are
bonded or sealed onto the re- 105     the hydrogen atmosphere reducing
condi-  duced outer zone of the YIG  body, an     tions. These reduced
zones on the sides  alloying takes place in an intermediate layer     may
be removed by sand blasting, by hard  between the metal being joined to the
body     cutting tools, or by etching with hydro-  and the reduced outer
portion of the body. 45 chloric acid. Alternatively, a thick sodium   The
exact nature of this alloying is not 110     silicate solution may be
coated about the  known but its depth may penetrate into the     sides of
body 31 before processing.  This  decreasingly reduced layers E, D, C, and
forms a protective envelope of water glass  B in varying degrees.  In any
event, it is     which prevents reduction in the covered  found that a good
bond, including a good  50 areas.
thermal expansion joint, is provided be- 115       After the processing
period of thirty  tween the adhered metal and the YIG body     minutes has
passed at 1000[err] C., power for  to which it is hermetically sealed.
the RF heat coil 38 is turned off and the    Nor is the method and
structure described     metallic body 40 is moved downwardly into  above
limited to joining a dielectric body,  55 contact with the outer end
surface of the  such as YIG, to metals only. It is also 120     YIG body
31. This position is indicated  applicable to sealing or bonding a
dielectric     in FIGURE 3.  It will be apparent that  body to metals or
other solid conductors in     contact of the body 31 and the body 40  a
broader sense. For example, graphite     occurs between the outer layer E,
itself  may be joined to the dielectric body (e.g.  60 substantially
metallic, e.g. iron, and the sur-  YIG) by reducing the dielectric body in
a 125     face of metal (e.g., iron) body 40. The  hydrogen atmosphere for
a short period of     bodies 40 and 31 are allowed to remain in  time, ten
minutes at 1400[err] C. being an ex-     contact in the hydrogen atmosphere
until  ample, and thereafter placing the graphite     cooling within the
hydrogen atmosphere has  in contact with the reduced dielectric sur-  65
completed.  Fusion occurs that joins the  face. The graphite is preferably
heated 130                                                   1,107,305
7     simultaneously  along  with  the dielectric  A  YIG  body exposed in
a furnace at    body.   The same technique as that pre-  600[err] C. for
thirty minutes showed a pene-    viously illustrated in and discussed in
con-  tration or total zone thickness (e.g., the    nection with FIGURES 2
and 3 may be  cumulative thickness of sub-zones B-E in  5 employed for
effecting a graphite  to di-  FIGURE 1) of about 2 mhs. Exposure for 70
electric bond to securely join the bodies to-  this same period of time at
700[err] C. re-    gether.                                     suited in a
total zone thickness of about      Examples of applications of graphite to
23 mils. At 800[err] C., total zone thickness    YIG bonds include the
support of graphite  was about 25-26 mils, after thirty minutes. 10 rods by
YIG joined thereto and the insula-  After 1000[err] C. for thirty minutes,
total zone 75    tion of ends of graphite rods by YIG.       thickness was
observed to be about 35 mils.      Satisfactory graphite to YIG bonding is
Not only is there variation in total zone    also found to occur when the
graphite has  thickness, but there is a change in the nature    been
previously silicon carbide coated or  of the zone with varying conditions.
For 15 boron nitride coated.                       example, at up to about
700[err] C., it appears 80      In those instances where the conductor to
that usually only cne distinct layer is pre-    be adhered to the reduced
YIG outer zone  sent in a YIG reduction zone. This layer    surface melts
at temperatures substantially  is one of partial reduction and generally
below the preferred reduction temperature  corresponds to layer B of FIGURE
1. As 20 for the YIG body, the reduction of the YIG  temperature is raised
above 700[err] C. in pro- 85    body may be accomplished in a prior step,
cessing, then  a  second  reduction  layer    and thereafter the conductor
may be ad-  appears, comparable generally to layer C of    hered to the
outer zone of the YIG body  FIGURE  1. At somewhat more elevated    by
raising the conductor to a temperature  temperatures, and as times are
lengthened, 25 somewhat below  its melting point, along  the additional
zones appear until the multi- 90    with the YIG, and then placing it into
con-  plicity of layers illustrated and observed in    tact with the YIG
surface to obtain a bond.  connection with FIGURE 1 are all present. 



Alternatively, suitable reduction  zones    There are instances when it is
desired that    may be formed on the YIG by processing at  the degree of
metalizing through the reduc- 30 lower temperatures but for relatively
longer  tion technique be partial instead of com- 95    periods. By this
procedure, lower melting  plete. Thus, in some instances, it may be
conductors to be joined to the YIG  may  desired that a single and quite
thin zone    be simultaneously heated with the YIG body  be present
adjacent the surfaces of a re-    in many cases.
ducible ceramic body. In such a case, the 35   The foregoing techniques may
be modi-  reduction is carried on under the compara- 100    fied in many
instances by heating the YIG  tively mild conditions indicated above, i.e.,
body and the conductor to which it is to  lower temperatures and at shorter
times,    be j ined while they are in contact.  For  with particular
emphasis on the lower tem-    example, the iron body 40 of FIGURES 2
peratures. 40 and 3 may be placed in instant contact with   Under extremely
mild reducing  condi- 105    the YIG body 31 and thereafter the heating
tions, such as exposure at 400[err]-500[err] C. in    in a hydrogen
atmosphere may be accom-  a hydrogen atmosphere for a period of from
plished. The resulting bond is satisfactory  about ten to thirty minutes, a
comparatively    although the technique of moving the bodies;  mild partial
reduction can result in a very 45 into contact after the reduction of the
YIG  thin surface zone, for example, on the order 110    has occured is
preferred in most instances.   of about I to 2 microns in thickness. Con-
The thickness of the zone of reduction  sidering a YIG body, the mild
partial re-    on a reducible ceramic body may be varied  duction appears
to take the form of a quite    with temperature and time.  For example,
limited amount of reduction at only  the 50 a YIG body reduced in a
hydrogen atmos-  tetrahedral iron position (as contrasted to 115    phere
in a furnace maintained at a tem-  the octohedral position) in the
crystalline    perature of 800[err] C. was observed to vary  YIG structure.
This mild partial reduction    from a total thickness of from about 1-10
introduces what may be referred  to as    mils, when maintained at such
temperature  "oxygen defects" and a defect structure 55 a relatively short
period of time (ranging  results which is relatively metallic and con- 120
up to about fifteen minutes) to as much  ductive, compared to the YIG body
gener-    as about 250-300 mils in relatively extended  ally.  For example,
resistivity of the un-    periods. For example, penetration is found
reduced YIG body generally is of the order    to be on the order of 250
mils in 1000-1100  of about 10[err] ohms-cm while the resistivity 60
minutes at 800[err] C.  As another specific  of the partially reduced,
"oxygen defect" 125    example, penetration is found to be about  surface
zone is of the order of about 10[err]    20 mils in thirty minutes at
800[err] C.       ohms-cm. This may be contrasted to the      Moreover,
time may be maintained con-  situation where a complete reduction of the
stant and varying thickness of the reduction  surface regions of the YIG
body occurs as 65 zone is observed for different temperatures.  a result of
the more drastic reducing con- 130        8
1,107,305      ditions described previously herein. Thus,  which is kept
under vacuum. The YIG is     an extremely mila reduction will result in
heated at a temperature of about 450 C.     a change of resistivity of as
little as two  for about twenty minutes. When removed     orders of
magnitude in the case of the quite  from the oven and allowed to cool, it
is  5 mild reduction while a more drastic or com-  found to have been
partially reduced, as 70     plete reduction will result in a resistivity
described previously herein, in thin surface     change of 10 to 15 degrees
of magnitude  zones. The resistivity of the thin zones 53     from the
outermost zone to the inner, un-  and 55 is found to be on the order of
about     reduced dielectric, e.g., YIG, body.     10[err] ohm-cm  as
compared to about 1012  10  In any event, no matter what extent of  ohm-cm
for the principal portion of the 75     reduction is employed, it will be
appreciated  body, i e., the unreduced YIG interior. The     that a surface
zone or zones of the YIG  outer side portions of the block or wafer of
body can be made comparatively metallic  YIG are removed by cutting tools
or by     and conducive, while the internal zones of  sand blasting.
Thereafter, the partially re-  15 the YIG body, or other zones shielded
from   duced YIG body, with its spaced upper and 80     reducing
conditions, remain  substantially  lower partially reduced zones, is
immersed 



unimpaired. Thus, a dielectric body is pro-  in a standard electroless
nickel-plating solu-     vided  that has comparatively  conductive  tion
and maintained therein at a tempera-     zones. Moreover, it is seen that
the degree  ture of about 95[err] C. for about thirty  20 of conductivity
may be varied in a predeter-  minutes. On removing the body from the 85
mined manner by selecting reducing con-  solution, it is found that nickel
has been     ditions of the appropriate degree of severity.  preferentially
plated on the partially re-       The making of comparatively conductive
duced areas, i.e., on the defect structures     zones on a dielectric body
has a wider  in the spaced upper and lower zones 53  25 range of
application and a much broader  and 55 of the body.   Thus, electroless 90
significance than indicated by the dielectric  nickel plating is simply,
preferentially and     to  conductor bonding-sealing  techniques
effectively accomplished on a YIG substrate.     previously described. For
example, a capa-  The resulting product is a dielectric body     citor or
condenser may be made by the  having spaced thin layers of metal adhered
30 instant invention.  Referring to FIGURE   to its outer comparatively
metallic zones. It 95     4, the body indicated generally at 51 may  should
be noted that conductors, such as     be utilized as a capacitor. It has a
rela-  metallic wires, may be simply joined to the     tively conductive
upper zone 53 and a  nickel plate by soldering or by various     spaced
apart relatively conducive lower  welding techniques.  35 zone 55 supported
by (indeed integral with)   The capacitance of a given capacitor is 100
the dielectric interior portion 57.  This  a function of the distance
between the con-     body may be formed by reducing a wafer  ductive
portions or the thickness of the di-     or block of reducible ceramic
material in  electric material separating the plates. The     accordance
with the techniques previously  capacitance increases proportionately as
the  40 described herein.  For example, a wafer  distance  decreases.
Advantageously  this 105     of YIG may be exposed to a reducing en-
invention provides for simple and economic     vironment, as exposure in a
hydrogen atmos-  production of capacitors having widely dif-     phere or
exposure under vacuum conditions  fering capacitances. To vary the capaci-
at a temperature of 1000[err] C. for thirty  tance value, it is merely
necessary to vary  45 minutes. If the side regions of the wafer  the
thickness or depth of reduction of the 110     are shaved off to remove the
reduction  dielectric body which can be easily done by     zones resulting
therein, then it is readily seen  controlling the described reducing condi-
that a condenser having the appearance of  tions.     FIGURE 4 is obtained.
The dimensions,    FIGURE 4a illustrates an example of  50 particularly the
thicknesses attributed to re-  a multiple capacitor made in accordance 115
duction zone penetration, are exaggerated in  with  this  invention.
Therein, multiple      FIGURE 4 for purposes of illustration.   capacitor
61 comprises a dielectric body        The characteristics of a capacitor
made  63 with autogeneously formed, spaced apart      in accordance with
the technique just de-  comparatively conductive zones 65 and 67.   55
scribed and having the general appearance  which effectively provide plates
for the capa- 120      of FIGURE 4 may be varied widely by  citor.  Zones
65  and  67  are  located      varying the reduction conditions, for ex-
spaced  from  outer comparatively  con-      ample temperature and time.
ductive  zones  69  and  71, respectively,        The preferred technique
for making a  zones 73 and 75, respectively. The outer-   60 capacitor of
the general tyype illustrated in  most conductive zones 69 and  71 effec-
125      FIGURE 4 involves a mild reduction of the  tively provide an
additional pair of plates      outer YIG body zones. In accordance with
for the multiple capacitor 61. If desired,      this technique, a YIG block
or wafer of  the upper and lower surfaces 77 and 79 (as      suitable shape
is placed in an oven in which  seen in FIGURE 4a) may contain metal  65 a
hydrogen atmosphere is maintained or  plating, for example, nickel.
130                                                      1,107,305
9           The multiple capacitor 61 may be formed,  again exposed to
reducing conditions, for        for example, from  a block of YIG.  The
example, mild ones, to form  thin reduced        block of YIG is reduced
(as in a furnace  outermost zones running a short distance in- at 1000[err]
C. in a hydrogen atmosphere) un-  wardly from  the outermost surfaces of
the      5 til the depth of the reduction zones formed  sheet into the
oxidized zones.  The sheet 70 



penetrates to coincide with the innermost  is plated with metal, for
example  with        bounds of the conductive zcnes 65 and 67,  nickel by
electroless plating, and the sides        respectively (FIGURE 4a).
Thereafter, the  of the sheet are cut off to remove the various
sides of the block of processed YIG are cut  zones extending inwardly
therefrom.  The     10 off so as to remove reduction zones running
resulting product is a multiple capacitor 75        inwardly from  the
original surfaces of the  having, in effect, two capacitors in series.
sides.  Next the resulting block is exposed  The outermost nickel plating
on one sur-        to oxidation conditions, as in an oxygen  face of the
sheet provides one plate and the        atmosphere at 900[err] C., so that
the outer  central conductive portion a second, to de-     15 portions of
the reduction zones become oxi-  fine one capacitor;  the outermost nickel
80        dized to a dielectric material to a depth  plating on the
opposite surface of the sheet        co-incident with the outermost
boundaries  provides one plate and the central conduc-        of conducive
zones 65 and 67, respectively,  tive portion, a second, to define the
second        as viewed in FIGURE 4a.  The sides of  capacitor. It will be
observed that the cen-     20 the block are cut off to remove oxidation
tral conductive portion serves to place the 85        layers extending
inwardly  therefrom, and  capacitors in series.        thereafter, the
resulting block is processed    A  relay header is indicated generally at
by again reducing it, as at a temperature  101 in FIGURE 5. From  it extend
four        of 500[err] C. in a hydrogen atmosphere . Re-  feed through
conductors 103.  These con-     25 duction is stopped after the reduction
zones  ductors pass through  the dieectric disk 90        formed reach a
depth coincident with the  body 105 of the header by means of aper-
outermost boundary of dielectric zones 73  tures 107.   The conductors 103
may be        and 75 (Figure 4a).  The resulting block  joined to the sides
of the apertures 107 by        may then be plated with metal, for example,
solder, using conventional soldering tech-     30 with nickel by
electroless plating. The sides  nique. The apertures 107 are bounded by 95
are cut from the resulting block to remove  a thin outer annular jacket of
nickel plat-        the  reduction  zones extending  inwardly  ing,
indicated at 109 in FIGURES 5, 8 and        therefrom. The resulting
product is a capa-  9. The nickel plating 109 also extends out-
citor like that illustrated in FIGURE 4a and  wardly a short distance on
the upper sur-     35 described in the preceding paragraph.       face and
lower surface of the disk 105 con- 100          In some instances, it may
be desired to  centric about the apertures 107. Nickel        remove (by
cutting, sandblasting, ultrasonic  plating 111 surrounds, and is firmly
adhered        machining, for example) certain portions of  to, the disk
105 to provide a conductive        a multiple capacitor, such as that illu-
outer rim. The structure just described will     40 strated in FIGURE 4a,
so that electrical  be better appreciated when a method of its 105
connections can be made to one, or more,  manufacture, in accordance with
the present        of the internal conductive layers, e.g., layers
invention, is described.        65 and/or 67 in FIGURE 4[err].
Referring to FIGURE 6, a dielectric disk          A multiple capacitor
providing, in effect,  105, e.g., YIG, is drilled with four aper-     45
two capacitors in series may be made by  tures 107 disposed generally to
receive the 110        reducing a thin sheet of reducible dielectric  wires
103 which ultimately  are to pass        material, for example, YIG,
entirely through  through the finished relay header (FIGURE        its body
to change it to a material of com-  5). Thereafter, the disk 105 is placed
in        paratively low resistivity, for example. 10[err]  an oven which
has a hydrogen atmosphere     50 ohm-cm. Thereafter, the thin sheet is ex-
and is maintained therein at a temperature 115        posed to oxidizing
conditions, for example,  of about 500[err] C. for approximately thirty
in an oxygen atmosphere at 900[err] C. Oxida-  minutes. The YIG disk is
permitted to cool        tion of the sheet in outer zones adjacent the  and
is removed from the oven. Body 105        opposite  surfaces  of the  sheet
is  thus  is found to be partially reduced in zones     55 affected, with
the central portion separating  108 immediately adjacent its exposed sur-
120        these two outer zones remaining substanti-  face, which includes
the exposed bounding        ally unaffected, i.e., with a resistivity of
surfaces of apertures 107 and the outer rim        about 10[err] omh-cm
for the inner zones.  of the disk.        The oxidized zones are thus
oxidized back    Thereafter, the disk 105 is processed to     60 into a
dielectric material, e.g., YIG  and  shear off and remove the partial
reduction 125        other yttrium  and iron oxides having re-  zones on
the upper and lower faces of the        sistivites of several orders of
magnitude (for  disk. The resulting body is then immersed        example,
about ten orders) higher than the  in an electroless nickel plating
solution at        resistivity of the reduced inner portion, by  about 95
C. for thirty minutes. On re-    65 such oxidation.   Thereafter, the sheet
is  moval of the body, nickel is found to have 130    



10                                        1,107,305      selectively plated
on the partially reduced  section through a multilevel board gene-
zones, which plating is indicated at 109 and  rally indicated at numeral
122. The illus-     111 in FIGURES 8 and 9. Thereafter, it trated portion
122 serves as a through-     only remains to insert the conductors 103
plated hole interconnector which connects   5 into the metalized apertures
107 and solder  spaced conductors or conductive layers 128 70     them as
at 113, (see FIGURES 5 and 9)  on different levels. The conductive layers
to secure and seal them tightly in their pas-  128 are separated by
dielectric sheets or     sage through the header disk 105. The re-  layers
123, e.g., formed on YIG. Layers     suiting article is the relay header
indicated  123 are firmly adhered to layers 128. The  10 generally at 101
in FIGURES 5 and 9, pre-  surfaces of the dielectric layers defining 75
viousy described. Such a header may be  hole 125 are reduced to provide the
rela-     greatly  miniaturized  in  comparison  to  tively reduced, and
hence, relatively metal-     headers of the prior art. Prior art headers
lic, YIG zone 127. A nickel plating 129 is     are conventionally  based
on  metal-glass  firmly adhered to zone 127 as well as to the 15 assemblies
and are necessarily unduly large  ends of the spaced conductive layers 128.
80     for many applications since the metal thick-  Spaced conductive
layers 128, it will be     ness must be substantial to provide strength
observed in FIGURE  10, are penetrated     and the glass comparativel thick
to pro-  by through-drilled hole 125.     vide insulation. Since ceramics
have greater    The  advantages  of the  structure  of  20 breakdown
resistance with regard to volt-  FIGURE 10 will be more readily under- 85
age and temperature than does glass, thinner  stood on considering its
method of manu-     sections or ceramic can advantageously be  facture. The
body portion 122, carrying the     utilized for this purpose. Ceramic
having  spaced conductive layers 128 at different     a greater strength
than glass advantageously  levels, are drilled through  perpendicular  25
does not require discrete metal structural to said conductive layers so
that the hole 90     supports as does glass. These factors also  125 passes
through the conductors.  The     contribute to miniaturization. The header
body 122 is then placed in a furnace in a     101, with its firmly adhered
nickel plated  hydrogen atmosphere and maintained there-     layers and
with its highly dielectric YIG  in at a temperature of approximately
500[err]C.  30 body, provides strength, high integrity seal-  for fifteen
minutes. The body 122 is allowed 95     ing, and insulation and yet permits
minia-  to cool and is removed from the oven. At     turization beyond that
permitted by present  this time, the relatively reduced zone 127
comparable glass to metal sealing structures. which extends annularly
inwardly from the       Further, the formation of integral metal-  surface
boundaries of the hole 125 will  35 lized surfaces on the ceramic disk 105
avoids  have formed. The body 122 is next dis- 100     the necessity of
applying bonding interlayers  posed so that the hole 125 is immersed
between the feed through conductors and a  in an electroless nickel plating
solution.     ceramic disk  which  might be used  in  Electroless plating
is then conducted to     accordance with prior art technique rather  apply
the nickel plate 129. The resulting  40 than in accordance with this
invention. To  nickel plate is adhered firmly to the re- 105     use a
ceramic disk for this purpose with-  duced areas and to the clearances
between     out the  benefit of the present invention  the YIG and
conductive layers 128 adjacent     would cause problems such as exposing
the  where their lateral portions intersect the     disk to high processing
temperatures re-  hole 125. Thus, a very fine connection is  45 quired for
causing intimate interaction be-  made with good plating support firmly ad-
110     tween the interlayer introduced between the  hering to the spaced
conductors (i.e., the     feed through  conductor and the ceramic
conductive layers) and making bonded con-     disk.  At such elevated
temperatures di-  tact with the plated hole. It will be noted     mensional
control of the interlayer which  that a three-planar support is effectively
50 is at least in the plastic state is difficult and  provided for the
conductors.       115     the ceramic is exposed to the dangers of
FIGURE 11 illustrates a circuit board, of     thermal shock. In contrast,
the present in-  the so-called " printed circuit " type, which     vention
permits using low temperatures for  is made in accordance with another
aspect     reduction (as above described) and also the  of the present
invention. The circuit board,  55 use of a low  melting point solder. The
indicated generally at the numeral 131, in- 120     metal plating, the
metallized portion of the  cludes the dielectric substrate 133 and the
ceramic and the solder surrounding the lead  conductive paths 135 on the
upper face of 



are believed to act as a buffer or a thermal  substrate 133. These paths
may take a     expansion joint which permits selection of  multiplicity of
patterns, that of FIGURE 11  60 a wide variety of materials for the leads
and  being merely illustrative. The paths 135 are 125     ceramic disk
without requiring close match-  preferably nickel plated on reduced surface
ing of coefficients of thermal expansion as  zones in accordance with the
present in-     heretofore  required  in  metal to  glass  vention, but
under some conditions the     arrangements.
plating 135 may be omitted and the com  65  FIGURE 10 is a partial view  in
cross  paratively conductive surface zones them- 130
1,107,305                                      11       selves used as the
conducting paths.       shown to have nickel plating 145 adhered
While many uses of circuit board of the  thereto. The foregoing technique
produces      general nature of 131 are believed evident, a board of the
nature of that illustrated the simplified drawing of FIGURE 12 illus-  at
131 in FIGURE  11, including plated    5 arates a specific use of the board
131. conductive paths thereon.                   70       Therein
semiconductor network packages    A  circuit, and indeed a multiplicity of
137 are shown affixed interconnected in de-  electrical circuit components,
may likewise       sired circuit position on the board, the  be made or
formed in a suitable dielectric       leads from the packages being welded
or  substrate, e.g., YIG, by selective, localized    10 soldered to  the
selectively formed con-  reduction.  Simultaneous  scribing   and 75
ductive paths.                             localized, selective reduction
of a reducible        The selective conductive paths 135 of  dielectric
body  in accordance with this      FIGURE 11 are made by reducing a suit-
phase of the invention to produce the de-      able dielectric body, e.g.,
YIG, in surface  sired pattern of circuit paths, components,    15 zones,
as previously described, and then  etc. may be carried out by employing a
80      cutting away or otherwise removing those  concentrated energy
source imposed against      conductive zones in regions where insula-
selective portions of the substrate. For ex-      tion is desired in order
to leave only the  ample, referring to FIGURE 16, YIG body      selective
paths of reduction in the desired  151 may have conductive circuit portions
20 circuit pattern. The conductive paths 135  formed thereon with an
electron beam, in- 85      may be also made by another approach, dicated
schematically at arrowhead 153, as      within the scope of the present
invention,  an  example  of a  concentrated  energy      which includes the
selective, localized re-  source. Beam  153 directs energy on the
duction of surface zones of a YIG body or  surface of the YIG  body through
narrow   25 a dielectric substrate. Manufacture of an  slots in a mask 155
to bombard the sub- 90       item of the general nature of FIGURE 11 in
strate therebelow  at predetermined places       accordance with both
concepts will be dis-  localized on the substrate to form the re-
cussed herebelow.                          duced zones 157 in accordance
with any         Referring to FIGURE 13, there is shown  desired circuit
pattern. The forming of the    30 a cross-sectional view of a sheet of a
re-  conductive zones with the beam  is con- 95       ducible dielectric,
for example, YIG, which  ducted in an environment which permits       is
scribed with a sharp tool or die to form  reduction, for example, in a
vacuum where       V-shaped depressions 141 on the upper  the pressure is,
for example, 10[err] mm  Hg.       surface thereof. The scribing is
conducted  absolute. By this approach, any desired    35 to  produce  the
desired  selected  circuit  pattern can be directly produced on the 100
pattern. After the scribing is complete, the  substrate. The substrate is
reduced only in       dielectric substrate is then placed in an  those
immediate areas where the beam con-       oven and heated in a hydrogen
atmosphere, tacts it, and thus paths of local reduction       or under
other reducing conditions as in a  in accordance with a desired circuit
pattern    40 vacuum  or in a moist helium  or argon  may be formed in a
one-step operation on 105       atmosphere, e.g., for a period of about
the substrate. Subsequent removal of un-       thirty minutes at a
temperature of about  wanted reduced areas is made unnecessary.
400[err]C.  Partial reduction of the surface    A  preferred  technique
omits a mask,       zones adjacent all exposed surface areas  utilizing an
electron beam spaced from the    45 occurs. The resulting YIG  substrate
with  substrate by a short distance such that 110       external  partially
reduced,  conductive  optimum   beam  resolution  is  obtained. 



metallic surface zones is cooled and re-  Highly localized reduction is
accomplished       moved from  the oven.  Its appearance is  where the beam
strikes the substrate and it       schematically  illustrated  in FIGURE
14  is merely necessary to move the beam about    50 wherein the YIG  body
139 is shown to  over the face of the substrate in any desired 115
have partially reduced zones 143 extending  pattern in order to accomplish
localized       inwardly a short distance from its exposed  reduction for a
complete circuit "draw-       surfaces. By a sharp cutting tool, sand
blast-  ing ".       ing or other suitable means, the sides,   In some
instances, it will not be desired    55 bottom and top are next removed
from body  to plate the electron beam bombarded re- 120       139  to leave
only  those zones in  the  duced circuit pattern, the comparatively
scribed depressions 143.  Thereafter, the  conductive surface pattern of
the localized       body is plated in electroless nickel plating  reduced
zones being sufficient to serve as       solution by electroless plating
technique, conductive paths for the application  in-   60 for example at
about thirty minutes, at a  volved. In many applications, however, it 125
temperature of approximately 95[err]C.  The  will be desired to plate the
localized, re-       resulting  plate  product is schematically  duced
paths or portions thereof, as with       illustrated in FIGURE 15, wherein
the ex-  nickel or other metal in order to produce a       ternal surfaces
of the reduced surface zones  highly efficient conductor path on the di-
65 bounding the scribed depressions 143 are  electric substrate.
130         12                                       1,07,305       Other
means of reduction, both general manner.    and localized, may be restored
to. Thus,   For a number of applications it is de-    reduction may be
accomplished (1) by the  sirable that conductive paths be located at
interaction between YIG and graphite in a  different levels in a circuit
board. This  5 reducing atmosphere at about 800[err]C.; (2) makes it
possible to increase the number 70    by the interaction in air of the
dielectric  of components and/or semiconductor net-    body with deposited
aluminium on the sur- works carried by the board.  On conven-    face
thereof at temperatures  of about tional circuit boards some care must be
600[err]C. (as low as about 100[err]C. for quite  taken in mounting
components and semi- 10 limited  reduction and for bonding alu- conductor
network packages to prevent con- 75    minium  to YIG through chemical
bonds); tacts or leads from  shorting against por-    (3) by concentrated
energy sources such as  tions of the conductive paths on the circuit
electron beam, arc, laser, spark; or by a  board which they are not
supposed to con-    variety of means that will reduce the re- tact. The
problem of the highly populated 15 ducible ceramic body to provide
conductive  surface is solved by the present invention 80    zones
thereon. Localized  reduction, in  by providing multilevel paths and/or by
accordance with a desired pattern, may  providing various components formed
within    also be accomplished by small nozzles that the dielectric
substrate itself. This applica-    impinge heated hydrogen in thin concen-
tion of the present invention may be appre- 20 trated streams on a
reducible substrate, as ciated by referring to FIGURE 17, which 85    well
as by vapor phase deposition of alu- illustrates, in section, a pictorial
view of a    minum, utilizing  masking procedure, fol- portion of a circuit
board 201. The circuit    lowed by reduction in air at temperatures  board
201 has a shallow conductive path    of about 500[err]C. to 600[err]C.
203 which extends inward a short distance 25  In the case of YIG, this will
take the  from  the upper face of the reducible di- 90    form of any means
of reducing at least a  electric substrate 205 which may be made,    part
of the iron therein from a valence state  for example, of YIG. In addition,
a com-    of 3 to the lower valence state of 2. For  paratively deep path
207 runs parallel to    many applications it is necessary or even  path 203
and is spaced but a short distance 30  desirable that only a minor amount
of such  from it. The conductive path 207 runs along 95     reduction
occur.                           the bottom of the elongated trench 209.
The       The plating of this invention is not semiconductor network
packages 211 and     limited to nickel, a wide variety of con- 213 are
supported by the upper surface of     ventional plating techniques being
avail- the substrate 205. Transversely extending 



35 able to deposit various desired metals on  portions 203[err] and
207[err] of conductive paths 100     the reduced YIG zones.
203 and 207, respectively, are conductively       It is pointed out that
the degree of re- joined to the leads from the respective semi-     duction
of a dielectric body, in accordance  conductor network packages 211 and
213,     with this invention, may be varied over wide  for example, by
welding or soldering.  40 limits. This is very advantageous in some    A
better appreciation of the structure of 105     instances. For example, a
pattern of com- FIGURE 17 will be had after considering     paratively
conductive  portions  may  be  the method of forming the paths 203 and
formed having varying and predetermined  207. The path 203 is formed by
localized     degrees of conductivity at different locations  reduction,
for example, by  an electron  45 on a dielectric material. A circuit may
thus  beam, in the same manner that the path 110     be formed on a
dielectric substrate that 135 was formed upon substrate 133 of     has
desired, varying characteristics. By way  FIGURE 11. A similar technique is
em-     of illustration, a conductive path may be  ployed for the formation
of the path 207;     formed that has a portion that is not nearly  however,
sufficient  localized  energy  is  50 so conductive as adjoining portions
of the  applied to vaporize the substrate material 115     path. The
portion of higher resistivity thus  down to a desired depth of trench 209
dur-     serves as a resistor. Also capacitors can be  ing the formation of
the path. Some reduc-     formed directly in the substrate using the  tion
of the YIG substrate occurs along the     dielectric portion of the
substrate for the  sides of the trench 209 during its formation;  55
capacitor dielectric. For example, a surface  however, the greatest extent
of reduction 120     may be bombarded by an electron beam at by far occurs
just below the beam. The     each of two spaced apart locations on a
result is that the bottom portion of trench     YIG  substrate. The YIG
separating the  209 is much more reduced and conductive     resulting,
spaced apart, comparatively con- than the side portions bounding the
trench.  60 ductive portions formed by the electron  In some instances, the
degree of reduction 125     beam  serves as the dielectric for a capa-
which occurs on the sides of the trench     citor for which the spaced
apart conductive  during formation is insufficient to render     portions
serve as plates. It is seen that a  that portion sufficiently conductive to
offer     circuit having a variety of predetermined  substantial danger for
shorting. In other  65 characteristics  may  be  made  in  such  instances,
it will be desired to abrade the sides 130
1,107,305                                      13               of the
trench 209 to remove some material to  techniques may be used for component
make the sides of the trench 209 of a greater  formation in the
comparatively deep con-              resistivity. In most cases it is
desirable to  ductor path 207.              preferentially electroless
plate the conduc-    The variation of degree of conductivity            5
tive path 207 with nickel, or other metal, for a circuit pattern at
predetermined loca- 70              to substantially increase its
conductivity.  tions may be accomplished by varying the              During
the plating operation, the compara-  degree of exposure of the substrate,
at              tive non-conductive side of the trench 209  such locations,
to the conditions of reduc-              may be masked (e.g. with epoxy) to
make  tion being imposed. For example, the in- 10 sure that no plating
occurs thereon.              tensity of an electron beam scribing the sub-
75                The portions 207a of path 207 may be  strate may be
increased at locations where              formed by moving the concentrated
source  a greater degree of reduction (and, hence,              of
localized energy perpendicularly out-  conductivity) is required, or
alternatively,              ward from  the trench until the desired  the
exposure time to the beam may be in-            15 length of each path
portion 207[err] is obtained. creased to give a greater degree of reduc- 80
It will be appreciated that toward the end  tion.              extremity of
each path portion 207a, the    In  those  instances  where  plating  is
exposure of the substrate to the concen-  utilized in the present
invention, the plate              trated energy source may be lessened in
is in intimate contact with the reduced zone           20 order to raise
the reduction zone formed  to which it adheres. For example, nickel 85
flush with the level of the main portion  plated by electroless plating
technique to a              of the upper face of substrate 205. Accord-
mildly reduced surface zone of YIG (the              ingly, an appropriate
lead from package 213  defect type structure zone) has a much
may be directly placed upon and soldered  stronger adherence or bond  than
when 



25 or welded to the surface reduced zone (or nickel is plated on a
conductor by the 90              to the plating on the surface reduced
zone, same electroless plating techinque.  It is              if plating
has been applied) on the end  thought that the intimate contact obtained
portion of a path 207a. The end contacts  in the former case may be the
result of a              for deep paths, for example, the end contact
structural positioning of the nickel in the           30 215 of path 207 in
FIGURE 17, may be  oxygen defects in the mildly reduced zone, 95
formed in similar fashion.                  but for whatever the reason,
the bond is                From  the foregoing, it will be seen that far
stronger than the usual bond obtained              the semiconductor
network package 211 can  from  electroless plating on conductors.
lie across the trench 209 without making    While electroless plating
solutions and            35 contact with the conductive path 207 in the
techinques are well-known, the following 100              bottom of trench
209. Insulation is effect-  solution and technique is given as an ex-
ively provided by the depth of trench 209. ample: The initial solution
contains 3 per              Accordingly, the  semiconductor network  cent
NiCl[err] . 6H[err]O, 1 per cent of NaH[err]PO[err].              211, and
its leads, are not in danger of  H[err]O 5 per cent ammonium chloride, 10
per           40 shorting with the conductive path 207.   cent sodium
citrate, and 81 per cent water 105                 FIGURE 17 also
illustrates passive com-  (all percentages being by weight). To 100
ponents carried in the dielectric substrate  volumes of the foregoing
solution, 5 volumes               205. For example, the capacitor 217 in
path  of ammonium hydroxide are added and the               203 and a
resistor 219 in path 207 are  solution is heated to 95[err]C., at which
time            45 formed in situ in substrate 205. Formation  5 more
volumes of ammonium  hydroxide 110               of the capacitor 217 is
accomplished merely  are added. The item  to be plated is im-
by moving the electron beam, or other con-  mersed in the solution, which
is maintained               centrated energy source, perpendicular to  at
95[err]C. for 1/2 hour. Every six minutes,               the main travel of
the path 203 to reduce  two volumes of ammonium  hydroxide are
50 zones for capacitor plates. A  small skip  added during this thirty
minutes to replace 115               in the " scribing" with the beam
leaves a  loss. At the end of this thirty minute period,
portion of unreduced substrates between the  the item is removed and washed
with water               plates to serve as a dielectric for the  and
alcohol and then air dried.               capacitor. The resistor 219
(schematically    The specific electron beam source utilized            55
represented in FIGURE 17 by the darkened  in the practice of an embodiment
of this 120               portion at 219) in path 203 may be formed
invention is not critical. As an example,               by decreasing the
degree of exposure of  the following assembly, operated at the
the substrate to the concentrated energy  settings indicated, operated
satisfactorily:               source in the area of the resistor, thereby
Machine---Carl Zeiss BFM100W, "Electron           60 decreasing the degree
of reduction of sub-            Milling Machine"                125
strate in this region of the conductive path  Vacuum-1.8 X 10[err]mm. Hg.
and/or by masking (e.g. with epoxy) this  Pulse Height-1
portion of the path during a metal plating  Pulse Frequency-2
operation, so that this portion of the con- Pulse Width-7            65
ductive path 203 remains unplated. Similar Voltage---100 KV
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Current-30 microamps                       239, 243 and 245, all formed in
lower sur-    Filament Current Setting-72.               face  regions of
the  reducible  dielectric    A reduction zone of about .075 millimeters
body 251; the conductive path 231[err] and    deep, of narrow width, was
obtained on a  253a, which pass through  the dielectric  5 YIG  substrate
with a focused beam  from  body 251; and the conductive path 255, 70    the
above apparatus.                       formed in upper surface regions of
re-      It is seen, in accordance with the fore- ducible dielectric body
251.    going, that dielectric  bodies with  con-   A  semiconductor body
or chip 259, for    ductive portions and a method of making  example, made
of monocrystalline silicon, 10 such bodies has been provided. A quite im-
gallium  arsenide, or germanium, underlies 75    portant aspect of the
invention relates to  the dielectric body 251 and is joined to it    the
reduction of a dielectric body to form  with the upper surface of the
semiconductor    comparatively  metallic, conductive  por- chip in contact
with the lower surface of 



tions from the body. Such portions are in- the dielectric body (see FIGURE
19). The 15 tegral with the body and may be adhered  semiconductor chip
carries various com-    to conductors in various ways, including  ponents
and circuitry in it, in accordance    fusion to a conductor and plating a
con-  with prior art technology, including the    ductor thereto. In some
instances the com- PNP transistor 235. Transistor 235 is of    paratively
conductive portions are formed  the planar diffused type, having a P-type
20 in patterns, as for circuit boards.        emitter region 261, an N-type
base region 85      Another aspect of the present invention  263, and a
P-type collector region 265. The    involves the integration of a reducible
di- contacts 237, 243, and 245 are respectively    electric body with a
semiconductor body  fused to emitter 261, base 263, and collector    (often
referred to as a "chip") to form a  265 of the transistor 235 to provide
good 25 composite  structure. Such  a  composite  ohmic contact with these
respective trans- 90    structure is hereinafter referred to as a  istor
regions. Note that a thin film of sili-    "composite body", and a circuit
built in  con dioxide (not illustrated) protects the    such composite body
is referred to as a  upper surface of the semiconductor chip
"solid-state composite integrated circuit."  259 in all regions except
where the con- 30  FIGURE 19 shows, in partial section, a  tacts engage in
exposed contact regions in 95    composite  body  229, which  embodies  the
semiconductor chip.    various features of the composite body and    In the
making of the composite body 229,    solid-state composite integrated
circuit of  including the formation of the solid-state    the present
invention. The composite body  composite integrated circuit it carries, the
35 229 includes a dielectric body, which is  various conductive paths and
contacts, the 100    illustrated in FIGURE 18, as viewed from   capacitor
233, and the resistor 241 are all    the bottom. FIGURE 20 is a circuit
dia- formed by localized reduction of the re-    gram of the circuit
provided within the com- ducible dielectric body 251 by a concen-    posite
body 229. Referring to FIGURE 20, trated energy source, for example, by an
40 it will be seen that a tuning or tank circuit electron  beam, as
previously  explained 105    of conventional design is illustrated there-
herein.    in. The circuit includes the inductor 231    Attention is
directed to the inductor 231.    in  parallel with  capacitor 233. These
This inductor is formed by "scribing" the    parallel components are
connected by a  bottom face of the reducible dielectric body 45 conductive
path with the emitter of the  251 with a localized, concentrated energy 110
transistor 235, the connection being through  source, such as an electron
beam to reduce    the contact 237. The other side of the cir-  regions of
the body in a pattern forming an    cuit from  the parallel inductor 231
and  inductor. The geometry of the pattern of    the capacitor 233 leads to
a contact 239. A   inductor 231 is such that a plurality of 50 resistor 241
is connected to the base of concentric windings are produced. The con- 115
transistor 235 through contact 243.  The  figuration of these windings is
of a generally    other side of the resistor 241 is electrically
rectangular nature, being defined by a path    connected to the contact
245.              that, never crossing  itself, proceeds in-      Referring
to FIGURES  18 and 19, it wardly through a series of rectangular turns, 55
will be observed that the inductor 231 lies  terminating in a connecting
conductive path 120    within the dielectric body 251.  The di-  231[err],
which extends from the center of the    electric body 251 is of a reducible
dielectric inductor 231 upwardly through the body 251    material, for
example, YIG. The capacitor  to its upper surface. The connecting con-
23 and the resistor 241 are disposed in the  ductive path 231 may be formed
by drilling 60 lower surface of the body 251. The circuitry  in body 251
with an electron beam  under 125    for  interconnection  between  the
com-  conditions at least partially reducing the    ponents, in accordance
with the circuit dia-  side areas adjacent the hole bored by the    gram
of FIGURE 20, is provided within  beam's path. The depth of the convolution
the body 251. This circuitry includes the  of inductor 231 formed in body
251 may 65 conductive path 253 and the contacts 237, be varied as desired.
In FIGURE 19, this 130
1,107,305                                       15     depth is shown to be
a substantial portion  cuitry and contacts as are required. Con-    of the
dimension through the thickness of  tacts may be formed, for example, by 



the body in order to facilitate illustration. evaporation of metal into or
onto suitable    It is advantageous that the coils of the  recesses or
regions on the semiconductor  5 inductor be cut at least somewhat into the
body.                                       70    body, i.e. that at least
a shallow trench be   The assembly of the reducible dielectric    formed by
the electron beam during forma-  body 251 and the semiconductor body 259
tion in order that the material of the  first involves registering the
contacts on the    body rather than air may serve as the core  reducible
dielectric body 251 and the regions 10 of the inductor. In the event that
it is de-  on semiconductor body 259 which the con- 75    sired to make a
transformer by forming  tacts are to engage. Thereafter, the contacts
coils  of  the  general  type  of  the  are fused to the underlying contact
regions    inductor 231 to extend opposite inwardly  of the semiconductor
body against which    from opposite sides of a reducible dielectric  they
are pressed. The fusion step can be 15 body, quite deeply cut coils are
sometimes  conducted, for example, by heating the di- 80    desired in
order that the oppositely disposed  electric and semiconductor bodies while
they    convolutions of the coils may be disposed  are pressed together in
proper registry. Note    partially wound one within the other to de-  that
the fusion is between the metallic (or    fine adjacent coil regions.
at least metallized) contacts on the reducible 20   The coils of inductors
formed in a re-  dielectric body and metallic contacts carried 85
ducible dielectric body need not be rect-  by semiconductor regions or (as
the case    angular, for example, they may be circular,  may be) the
semiconductor body. A good    or of a multitude of other desired configura-
bond may generally be formed between the    tions: they may be shallow
instead of deep  metallic or metallized contacts and semi- 25 as
illustrated, or they may be of variable  conductor regions since eutectics
are formed 90    depth.                                       between
various semiconductors and certain      A hole is drilled through the body
251 to  metals at relatively low temperatures. For    connect the portion
of the path 253 in the  example, if the contacts on the reducible di-
lower surface of the body 251 with a portion  electric body are of
aluminium heating to in 30 of the path 253 on the upper surface of the
excess of about 500 C., while an aluminium 95    body 251. This operation
is preferably con-  contact and a silicon region are pressed to-    ducted
by an electron beam; or similar con-  gether causes a eutectic to form
between the    centrated energy source, in an analogous  abutting regions
of the silicon and alu-    manner to the formation of the hole defining
minium, thus insuring a quite good bond of 35 conductive path 231[err],
sides bounding the  more than a mechanical nature. Aluminium 100    hole
being partially reduced by the drilling  contacts may be formed on the
dielectric    operation. The resulting connecting conduc-  body 251 in a
relatively simple manner, for    tive path 253[err] effectively
interconnects the  example, by first plating the reduced con-    conductive
paths in the opposite faces of  tact regions with nickel, followed by
deposi- 40 body 251.                                    tion of aluminium
over the nickel, e.g. by 105      Contacts 237, 243, 245, and 239 are
formed  evaporation technique.    in the lower face of the body 251 by
reduc-    The fusion step described above accom-    tion with a
concentrated energy source e.g.  plishes two important purposes: it tightly
an electron beam. These contacts are rela-  bonds the reducible dielectric
body and semi- 45 tively large, compared to the width of the  conductor
body together, and it makes essen- 110    conductive paths, to increase the
certainty  tially ohmic contact at the point where the    that they will
form a satisfactory electrical  contacts of the dielectric body meet the
con-    contact with the appropriate underlying re-  tact regions on the
semiconductor body.    gions of the semiconductor chip 259.        The
composite body 229 is equipped with 50   After the various circuit
components,  such external leads (not illustrated) as are 115    paths, and
contacts are formed in body 251  required. The external leads can either be
by localized reduction, the body is preferably  to contacts provided on the
YIG body 251    immersed in a plating solution and a metal  or to contacts
formed in the semiconductor    plating preferentially formed over all the
re-  body 259, depending on convenience and the 55 duced regions, with the
exception of resistor  exact detail of associated (cooperative with 120
regions, which may be protected by masking  the tuning circuit described)
contained in the    (e.g., with epoxy) during the plating opera-
semiconductor chip 259.    tion. Plating may be nickel, silver, etc., de-
In some instances, it may be desired to ad-    posited by electroless
plating technique. The  just circuit values after a composite body of 60
conductivity of the circuit members is sub-  the nature illustrated in
FIGURE  19 is 125    stantially increased by such plating.     assembled.
This can be accomplished by      The semiconductor body or chip 259 is
leaving broken portions in the conductive    processed in accordance with
techniques  paths which are formed in exposed surface    known in the art
to form the planar diffused  regions of the reducible dielectric body. For
65 type transistor 235 and such associated cir-  example, a skip may be
made in scribing the 130 



16                                        1,107,305     conductive path 253
along the top of the  ducible dielectric body 337 upwardly, well.
body251. Aftercheckingthecircuitcharac-  into its internal regions. The
central por-    teristics of the assembled body, a resistor or  tions of
each of windings 303 and 313 to!-    capacitor of desired value may be
formed  low a conductive path (paths 303[err] and 313[err]  5 to bridge the
break in the path and adjust  respectively) upwardly through the dielectric
70    the circuit as required. In this connection, body 337 to connect with
conductive paths    note that the resistor 241 in the body 251  339 and
341, respectively, formed in the up-    of FIGURES 18 and 19 could be
formed on  per face of the dielectric body 337. The    the upper surface of
body 251 after the  capacitors 311, 321, and 325 are all formed 10 assembly
of the composite body 229. This  in the lower surface regions of the
dielectric 75    would entail forming conductive paths from   body 337. The
inductor 323, of rectangular,    contacts 243 and 245 passing through body
convolutional configuration, is  likewise    251 to its upper surface.
Then, after assem-  formed in the lower surface regions of the    bly of
composite body 229, the resistor 241  dielectric body 337. Its centralmost
winding 15 could be formed in situ by localized reduc-  is conductively
connected by a conductive 80    tion accomplished to a desired degree to
path 323a, which passes through the thick-    give the resistor the
required value.     ness of the body 337, to a circuit path 343 in
FIGURE 22 illustrates, in partial section,  the upper surface regions of
the body 337.    a composite body of a reducible dielectric  The conductive
paths 339, 341, and 343 re- 20 body and a semiconductor body which car-
spectively connect to the conductive paths 85    ries a transformer coupled
tuning circuit.  345, 347, and 348 in the lower surface re-    FIGURE 21 is
a bottom view of the re-  gions of the body 337 by means of connect-
ducible dielectric body involved in such com-  ing paths 339a, 341a, and
343[err], respectively    posite. The circuit carried in the composite
which run through the thickness of the body 25 body is presented in the
circuit diagram of  337. It will be appreciated that the paths 90    FIGURE
23. Therein a transformer 301  303a, 313a, 323a, 339[err], 341[err], and
343[err] are    has its winding 303 connected with one side  provided along
the bounding surfaces of    through the contact 305, which provides  small
holes drilled through the reducible di-    ohmic contact with the collector
of transistor  electric body with a concentrated energy 30 307. The other
side of the winding 303 leads  source, for example, an electron beam. 95
to contact 309. The capacitor 311 is in  Accordingly, the bounding surfaces
are parti-    parallel with winding 303. Winding 313 of  ally reduced, to
become comparatively con-    transformer 301 has one side connected to
ductive.    the contact 315, which provides ohmic con-    Attention is
directed to the various con- 35 tact with the base of transistor 317. The
tacts in the lower surface regions of the re- 100    other side of winding
313 electrically con-  ducible dielectric body 337, i.e. 305, 309,    nects
with the contact 319. The capacitor  315, 319, 327, and 329. The contacts
are    321 is provided in electrical parallel with the  accurately located
with respect to the lower    winding 313. The tuning circuitry provided
surface regions of the body in order that they 40 by the parallel inductor
323 and capacitor  will register with appropriate matching con- 105    325
is electrically connected to the contact  tacts or regions in the upper
surface regions    327, which provides good ohmic contact with  of the
semiconductor body 349. The semi-    the emitter of transistor 317. The
other side  conductor body 349 is protected by a thin    of the tuning
circuit provided by parallel in-  film of silicon dioxide (not illustrated)
over 45 ductor 323 and capacitor 325 leads to a con-  all its surfaces
except for the contact regions 110    tact 329. The circuitry associated
with the  of the body.    base and emitter of transistor 317, with the   In
view of the description previously made    collector of transistor 317, and
to which the  herein concerning the circuitry and com-    contacts 309,
319, and 329 are connected, are  ponent structure of the composite body of
50 all provided within the semiconductor por- FIGURE 19, including the
method of forma- 115    tion of the composite body of FIGURES 21  tion of
such structure and the assembly of    and 22, and are of a somewhat
variable  the reducible dielectric body and semi-    nature, depending upon
the total function of  conductor body, no further comments are    the
circuitry within the body. Accordingly, believed necessary concerning the
composite 



55 such associated circuitry will not be illus-  body of FIGURE 22, since a
direct analogy 120    trated.                                     exists.
Referring now to FIGURES 21 and 22, it   In some instances, it is desirable
to form     will be observed that the transformer 301  a composite body of
dielectric material and     is provided within the reducible dielectric
semiconductor material prior to formation of 60 body 337. The windings 303
and 313 are of  some or all of the components and assciated 125     a
rectangular convolutional configuration, circuitry in the composite body.
One method     never crossing, and oppositely wound with  of accomplishing
this is to deposit material,     the coils of one lying within the coils of
the  as from the vapor phase, of one material up-     other. The coils of
both windings 303 and  on  a substrate consisting  of the other 65 313
extend from the lower face of the re-  material, for example, to deposit
YIG upon 130                                                   1,107,305
17     a substrate of a semiconductor material.    over, the structure
includes a good ohmic      As an illustration of the method and struc-
contact between the silicon and the conduc-    ture connected w.th vapor
phase deposition  tive (preferably plated) path along the bond-    of the
dielectric material upon a semi-  ing structures of the hole.  conductor,
consider the sequential operations    Using the plating  technique
described 70    represented schematically in FIGURES 24-  above and
analogous procedures, a wide    27. In FIGURE 24, a silicon substrate 401
range of operations may be performed to    is covered with a surface film
403 of silicon  make various composite structures of semi-    dioxide. Such
a silicon dioxide film may  conductor material and reducible dielectric 10
be formed by oxidation of the silicon surface  bodies. For example,
referring to FIGURE 75    or by vapor phase deposition of silicon di-  28,
a composite body 429 is illustrated which    oxide, both techniques being
well-known in  includes a silicon substrate 431 having an    the art. In
one region, the silicon dioxide  upstanding rectangular central region 435.
film has been etched to a greatly reduced  Spaced apart YIG shoulder
portions 437 and 15 thickness, thereby defining the trench 405. 439 are
disposed over a silicon dioxide layer 80    Note that only a small
thickness of film of  441 on the upper surfaces of substrate 435.
silicon dioxide separates the bottom of trench  Autogenously formed
electrical components    405 from  the underlying upper surface of  443 are
located in the YIG shoulders 437 and    silicon substrate 401. The
structure of FIG-  439.  These components may be, for ex- 20 URE 24 is
placed in a reactor and raised  ample, inductors.
85    to a temperature of about 1000 C.-1200[err]   The composite body 429
may be formed    C. A mixture of yttrium chloride vapor, fer-  by the vapor
phase deposition of YIG    ric chloride vapor and oxygen is passed
material upon the silicon dioxide covered    through the reactor. YIG is
deposited upon  substrate 431. Material depositing on the 25 the upper
surface of the silicon dioxide film  upper surface of the upstanding region
435 90    403, to form a layer of YIG 409. The result-  of substrate 431 is
removed, as by slicing    ing structure, after the YIG deposition, is  or
lapping.  Thereafter, localized energy is    schematically illustrated  in
FIGURE  25.  used to autogenously form the components    Additional aspects
of the vapor phase de-  443, together with such conductive paths as 30
position of YIG may be found in U.S. patent  are required on the surface.
Plating may 95    3,131,082.                                   be conducted
if desired.  While it is not      A small hole 411 is drilled with an elec-
illustrated in FIGURE 28, it will be ap-    tron beam to pass through the
thickness of  parent in light of prior explanations herein    the YIG layer
409 and the thickness of the  that a hole might be drilled with an electron
35 silicon dioxide film 403 underlying the trench  beam through the YIG
material to provide 100    405. The depth of the hole 411 is sufficient
both better bonding of the YIG to the sub-    to expose an upper surface
region of the sili-  strate and electrically conductive connection    con
substrate 401. Thereafter, the resulting  to desired underlying regions in
the substrate.    structure is immersed in a plating bath and    FIGURE 29
illustrates yet another struc- 40 electroless plating is conducted. The
rela-  ture made by vapor phase deposition tech-- 105    tively metallic
regions 413 of the YIG   nique. The silicon substrate 445 carries on
material, which extend inwardly a short dis-  it the vapor deposited YIG
layer 447. A    tance from the boundary of the hole drilled  portion of the
vapor deposited YIG layer 447 



by the electron beam, become plated with a  is etched out and an
epitaxially deposited 45 metal layer 415. The structure at this point
silicon layer 449 is disposed thereon over ex- 110    in the processing is
illustrated in FIGURE  posed surface of silicon substrate 445. The    26.
epitaxially deposited silicon layer 449 has      Aluminium or other metal
is deposited, as  etched slotlike portions along its upper sur-    by
evaporation technique, into the hole 411  face which carry the spaced
apart, vapor de- 50 to define metal filling 417 (FIGURE 27). posited YIG
regions 451. It will be noticed 115    Thereafter, the resulting structure
is heated  that the formation of this structure involves    to a
temperature of the order of about 500[err]  the epitaxial deposition of one
layer of sili-    C. This causes the aluminium metal filling  con after
some YIG material has already    417 to bond intimately with the reduced
sur-  been laid, and in addition, involves a subse- 55 face regions of the
YIG material bounding  quent deposition of YIG material from the 120    the
hole, or, if the hole has been plated, to  vapor phase after the silicon
layer has been    bord with the plate. In addition, the alu-  epitaxially
deposited. It will be appreciated    minium  metal filling 417 bonds with
the  that a plurality of enitaxial deositions of    silicon substrate.  The
bonds formed are  silicons and vapor phase depositions of YIG 60 more than
mechanical in nature-eutectics  can be conducted to make structures having
125    or other bonds of a chemical nature being  a variety of desired
configurations.    formed between the metal filling and the    Other
methods may be used to join the re-    other materials involved.
Accordingly, the  ducible dielectric body and a semiconductor    resulting
structure comprises a YIG  layer  material together to form a composite
struc- 65 firmly bonded to a silicon substrate; more-  ture. One such
method is isostatic pressing. 130
1,107,305     This method is illustrated in FIGURE 30  mined regions of
reducible dielectric bodies    which illustrates the YIG body 461 and the
such as YIG bodies. When selective metal    silicon body 463 in intimate
contact, pressed  deposition in accordance with a predeter-    together by
a substantial force, e.g. a force  mined pattern is desired, masking
technique  5 of suitable magnitude to  provide about  may be employed.  For
example, photo- 70    60,000 p.s.i. between the contacting surfaces
sensitive film may be applied to the surface    of the bodies. Such force
may be provided  of the dielectric body, followed by exposure    by
isostatic pressing techniques, known in the  in accordance with a desired
pattern and    art, and is schematically illustrated in FIG-  selective
removal to expose a desired pat- 10 URE 30 by the opposed force arrowheals
tern.  Such masking techniques are well- 75    "F" and "F'", applied to the
bodies 461  known in the art.    and 463, respectively. A joinder between
FIGURE 32 illustrates the YIG body 481    the bodies 461 and 463 results
from the iso-  joined to the silicon body 485 by means of    static
pressing operation.  If desired, a  and through the aluminium layer 483.
This 15 stronger,supplemental bond is made between  joinder may be
accomplished by simply 80     the bodies by drilling a hole through the
pressing the face of the aluminum layer 483     YIG body, as by an electron
beam, with a  of the structure of FIGURE 31 against a     concentrated
energy source to partially re-  body of silicon 485 and heating to a tem-
duce adjoining  areas defining the hole- perature of the order of about
500[err] C., for 20 Thereafter, aluminium may be deposited in  example,
550[err] C. A strong bond results be- 85    the hole, e.g. by evaporation
techniques. If  tween the aluminum  and the silicon, ap-    desired,
plating of the reduced YIG regions  parently because of a eutectic formed
in    bounding the hole may be conducted prior  boundary regions between
these materials.    to the deposit of aluminium. The composite    The
techniques discussed in connection 25 body is heated, for example, to about
600[err]  with FIGURES 31 and 32 may be applied in 90    C., to cause the
aluminium to intimately join  many situations and with other metals be-
with the silicon and the reduced YIG regions  sides aluminum.   In general,
metals which    (or plated reduced YIG regions, if plating is  have higher
free energy compared to oxygen    applied)  In this manner, a conductive
path  than does iron cap be utilized. 30 is provided which extends through
the YIG    Considering the inductor aspect of the pre- 95     body to make
good electrical contact with  sent invention, a specific example of an in-
the silicon body. The technique of drilling  ductor formed in a reducible
dielectric body 



the hole, plating, and depositing aluminium   will now be given for
purposes of illustration.     is analogous to the technique illustrated in
The inductor is formed in a sheet of YIG 35 FIGURES 26 and 27 and
previously de-  material (resistivity of about 1012 ohm-cm) 100     scribed
herein.                             about 25 mils in thickness. An electron
beam       Yet another method of bonding reducible  is moved over the
surface of the YIG     dielectric material to semiconductor material
material to form, by localized reduction, a     is illustrated in FIGURES
31 and 32. In  coil of generally rectangular "spiral" con- 40 FIGURE 31,
YIG body 481 carries a thin  figuration, i.e. one having convolutions of
the 105    film 483 of aluminium on its upper surface.  general pattern
illustrated for the inductors    Formation of the aluminium  film may be
231, 303, 313, and 323 of FIGURES 19 and    conducted, for example, by
evaporation tech-  22. The depth of the coil paths formed by    nique,
well-known in the art. Thereafter,  the electron beam is approximately 2
mils. 45  the body 481, bearing the film 483, is heated  The width of the
paths is about 1 mil. The 110     to a temperature no lower than of the
order  total path length is 85 inches. The inductor     of about 100[err]
C. At such temperature (150[err]  coil is formed with 103 turns. The
distance     C., for a specific example) the aluminium   between turns is
approximately I mil. The     material in intimate contact with the surface
inductor occupies a planar space of 0.41 50  of the YIG forms bonds with
some of the  inches X 0.41 inches. After "scribing" with 115     oxygen
atoms in the YIG structure. At least  the electron beam, the coil is plated
with     to a degree, oxygen defect structure results  nickel, by
electroless plating technique. It     in the YIG material in the boundary
region  is found that the resulting coil has a resist-     with the
aluminium, i.e. at least a small  ance of approximately 27 ohms. The
induct-  55 amount of reduction occurs in this region.  ance of the coil is
20 microhenrys.     120     In any event, a strong bond is formed be-    A
second coil is made in the same type     tween the aluminium and the YIG
body. It  material and by the same technique pre-     is pointed out that
the structure at this point,  viously described. The total path length is
as represented in FIGURE 31, has utility  2.05 inches, 13 turns being
provided. The 60  in many instances apart from  subsequent  path depth is 1
mil, the width 1 mil, and the 125     joinder with a silicon body or other
semi-  distance between turns is 1 mil. The planar     conductor material.
For example, by the  space occupied is defined by a rectangle 0.08
technique described in connection with FIG-  inch X 0.08 inch. This coil
(after plating)     URE 31, various strip patterns of metals. e.g.  has an
inductance of 0.2 microhenrys.  65 aluminium, may be deposited in predeter-
FIGURE 33 is a schematic top view of an 130
1,107,305                                         19    inductor 501 in
accordance with the present  517 has oppositely disposed, autogenously 35
invention, showing one of many of a wide  formed coils 519, oppositely
staggered, which   variety of spiral (the word "spiral" being  overlap in
their distance of extension into   used herein to include rectangular
convolu-  the YIG body 521. 5 tions as well as those employing other geo-
It should be noted that the various di-   metry) configurations that may be
employed  electric materials described in the introduc- 40   in inductors
in accordance with the present  tory portions hereof, and which may be
invention.  Therein, the inductor coil 503,  generalized by the formula
M[err]Y[err]A[err]Fe[err]O[err],   autogenously formed by an electron beam
may be used for making inductors in accord- 10 moved along YIG substrate
505, is of curved,  ance  with  the  present invention. Such
convolutional configuration, winding  in-  materials possess ferromagnetic
properties, 45    wardly and downwardly. The path 507 of  which make them
ideal for most inductor    the inductor coil 503 is schematically repre-
applications.    sented in FIGURE 34. It will be appreci-    An additional
example of useful materials 15 ated that the trench cut during formation of
generally applicable to most aspects of the    inductor coil 503 becomes
deeper as the path  present invention, and of marked signifi- 50    of the
coil winds inwardly. The degree of  cance for some aspects. include
ferrites    exposure to and/or intensity of the electron  other than the
YIG and related materials    beam is increased during formation of the
previously mentioned having yttrium  as a 20 coil in order to deepen the
trench in this  constituent.    manner. The path of the coil 503, which
The  additional materials  include  the 55 



lies along the bottom of the trench so formed,  spinels, the hexagonal iron
oxides, and the    is preferentially plated with a metal, the bot-
perovskite-type materials.    tom region of the trench being more conduc-
The  spinels   generally   have   the 25 tive than the sides of the trench,
which are  chemical  formula   M[err]Fe[err]O[err],  or    not so greatly
reduced as the bottom.      M[err]OFe[err]O[err] where M is a divalent 60
FIGURE 35 schematically represents, in  metal ion, and the crystal
structure is that    section, a fragmentary portion 511 typical  possessed
by the mineral spinel, MgAl[err]O[err]    of a solid-state transformer in
which the  The  oxygen  anions are  physically  the 30 windings 513 have
been autogenously formed  largest in the lattice; within the lattice two
in the YIG body 515.                          types of interstitial
positions occur and 65      FIGURE 36 schematically represents, in  these
are occupied by the metallic cations.    section, a different configuration
of a solid-  Examples of the important spinels are given    state
transformer, wherein the transformer  in the following table:
TABLE 70                      Tetrahedral Site
Octahedral Site                     Radius A[err]    Occupant
Radius A[err]       Occupant      NiFe[err]O       0.54
Fe[err]             0.69          Ni[err]   Fe[err]      ZnFe[err]O
0.62       Zn[err]                       0.67                    Fe[err]
MgFe[err]O[err]  0.54     Mg[err]   Fe[err]               0.69
Mg[err]  Fe[err] 75  CoFe[err]O[err]  0.54                   Fe[err]
0.69         Co[err]    Fe[err]      MnFe[err]O[err] 0.61    Mn[err]
Fe[err]               0.69         Mn[err]    Fe[err]      MgAl[err]O[err]
0.60     Mg[err]                      0.55                    Al[err]
Generally the ferrites of the spinel-type will  which may be Mn, Co, Zn.
Ni. Mg, or Fe.    crystallize together, and it is common to find    The
perovskite-type structure materials 80 solid solutions of two or more, e.g.
the struc-  include  the  series  La[err]Mn[err]O[err]  -  100    ture
Ni[err]Fe[err]Fe[err]O[err]. In this struc-  M[err]Mn[err]O[err], whereby M
is a large di-    ture the divalent ion may be replaced by  valent ion
(such as Ca[err]). In the unit cell    monovalent and trivalent ions, while
still re-  of the perovskite structure the large cations    taining  the
spinel  structure.   Thus  La[err]M[err] form simple cubic structures with
85 (Li[err]Fe[err]Fe[err]O[err] is a spinel. The  the oxygen anions in the
face-centre posi- 105    trivalent ferrite ion may also be replaced,  tions
and with the small cations, e.g., man-    for example, by Al[err]Cr[err] or
Ni[err]Ti[err]  ganese, in the body centre.  This form is    and  remain  a
spinel.  Accordingly, the  typical of the perovskite structure of com-
spinels may be represented by the formula:  pounds with the formula
ABO[err] where the 90 A[err]B[err]Fe[err]O[err]. where x ranges from 0 to
1.  A and B cations each form a simple cubic 110    Note that even
Fe[err]O[err] can exist in the spinel  sublattice.    structure:
Fe[err]Fe[err]O[err].                The foregoing ferrites mentioned that
do       Of the hexagonal iron oxides, the simplest  not contain yttrium
are applicable, with    material structurally is based on the mole-  varied
degrees of effectiveness, to all the 95 cule BaFe[err]O[err] or
BaO.6Fe[err]O[err]. Other struc-  various aspects of the present invention.
115    tures are M[err]BaFe[err]O[err]. M[err]Ba[err]Fe[err]O[err]. and
Circuit board applications of the materials    M[err]Ba[err]O[err], where M
is a divalent ion  are generally most durable and practical in        20
1,107,305      those instances where the resistivity of the   By successive
reduction, it will be ap-     material is high, for example, in excess of
parent that many useful structures may be     10[err] ohm-cm; nevertheless
materials of lower  formed. To illustrate, a YIG or spinel sub-
resistivity, e.g. 10[err] ohm-cm, may be utilized  strate may be mildly
selectively reduced in   5 for certain specific circuit board applica-  a
desired region to alter the magnetic pro- 70     tions.
perties of that region to a desired degree,       The non-yttrium
containing materials re-  e.g. by introduction of any oxygen defect
ferred to above are particularly useful for  structure.  Thereafter, an
inductor may be     making inductors in accordance with the  formed in the
body by scribing with an elec-  10 present invention. Moreover, they may be
tron beam as previously explained herein to 75 



joined to semi-conductor bodies, as well as  define an inductor coil, the
beam intensity     to metals in like manner to that described  and exposure
being such that a greater de-     heretofore in this application.
gree of reduction is accomplished than in        The selective reduction of
the materials  the first instance. On preferential plating of  15 disclosed
herein may be conducted to vary  the more highly reduced inductor coil pat-
80     the magnetic properties of material, as well  tern, an inductor is
formed.  The plating     as conductive properties. By varying degree  may
be preferentially accomplished electro-     of reduction to a predetermined
degree, the  lessly, for example, with nickel, silver, or     desired
magnetic properties may be obtained  gold. The end result is an inductor
having  20 in a preselected region.  Thus, a material  a core with magnetic
properties of the de- 85     may be reduced only to the extent that a
sired degree, as determined by the prelimi-     relatively minor amount of
change occurs,  nary selective reduction step. By such pro-     resulting
in a structure having only a minor  cedures, a pair of coils may be
disposed to     oxygen defect; it may be reduced to a radi-  define a
transformer with a core having de-  25 cally altered structure; or it may
be reduced  sired properties, for example, the desired 90     to various
intermediate structures between  permeability.     these extremes. If
desired, a body of a fer-   The change of magnetic properties re-     rite
material involved herein, including the  ferred to above may be applied to
making     yttrium  containing compounds, as well as  various structure,
e.g. magnetic amplifiers,  30 the spinal types, hexagonal iron oxide type,
pulse generators, multivibrators, storage ele- 95     and perovskite-type
may be selectively re-  ments in a computer system, semiconductor     duced
to varying degrees in accordance with  switching elements, and a variety of
struc-     a predetermined plan. For example, spinel  tures employing thin
magnetic films.     or YIG may be quite mildly selectively re-    Magnetic
properties  which  may  be  35 duced in preselected regions to change the
affected in various degrees and instances by 100     material's magnetic
properties to a desired  reduction include the following: ferrimag-
degree (as well as its conductivity) in the  netism, paramagnetic
susceptibilities, spon-     selected region. Thereafter, a subsequent  t a
n e o u s  magnetization,  magnetization     reduction may be accomplished
within pre-  curves,  saturation   moments,  magneto-  40 selected parts of
the mildly reduced region  crystalline anistropy and shape-anistropy.  105
to further vary the magnetic properties only  A simple tuning circuit and a
transformer     of the preselected parts. A multiplicity of  coupled tuning
circuit were illustrated pre-     said successive reductions may be accom-
viously herein to describe circuits which may     plished, if desired.
Such reductions make  be provided in composite bodies of reduc-  45 use of
the various techniques described here-  ible dielectric and semiconductor
material in 110     in, including the technique of localized re-
accordance with one aspect of the present     duction with an electron
beam.               invention. It should be appreciated that an       The
localized reduction can be carried to  extremely large number of composite
cir-     a high degree of resolution by concentrating  cuits and
applications of composite reduc-  50 the energy source, e.g. the electron
beam and  ible  dielectric-semiconductor  bodies  are 115     combining it
with an electrical-optical lens  made possible by the present invention and
system. Thus resolutions from  1 micron to  the  circuits  and
applications  illustrated     0.1 micron can be obtained. This is of great
should, accordingly, be considered merely     importance  because  changes
in  these  by way of example, and not as limiting.  55 materials can be
made with high resolution  Other important circuit application of the 120
at selected regions. For example, small area  composite body aspect of this
invention take     contacts can be made and patterns and geo-  advantage of
the ferromagnetic properties of     metry altered to a degree which is not
YIG, and the analogous materials referred     readily or easily
accomplished with present  to herein.  Isolators, circulators, strip-line
60 methods known in the state of the art. In  transmission devices,
limiters, and a variety 125     addition, interconnections can be made in
of devices having utility, for example, in     the same manner;
microminiature circuits  microwave applications, are made possible     can
be constructed in the materials hereof,  by the characteristics of certain
reducible di-     in combination with semiconductor chips as  electric
material (e.g. YIG and the other re- 65 described previously herein.
ducible dielectric materials referred to here- 130         



1,107,305                                       21                in).
Consider, for example, a composite  those skilled in the art and it is
intended to             body in accordance with the present inven-  cover
such modifications as fall within the 50       tion, provided by the
joinder of a YIG chip  scope of the appended claims.               and a
silicon chip. Such a body effectively    WHAT WE CLAIM  IS: 5 couples the
electronic functions of the sili-    1. A body of reducible dielectric
material               con chip to the desirable ferromagnetic pro-
consisting substantially entirely of an oxide               perties of the
YIG chip. Such a property,  compound including at least one element 55
for example, is spin resonance.             which has at least two possible
oxidation                 By way of an example of one of the multi-
states, said body having electrically conduc-            10 plicity of
modifications which may be made  tive circuit portions autogenously formed
within the framework and scope of this in-  thereon by selective reduction
of portions of               vention, the hole 125 of the embodiment of
said dielectric material.                   60               FIGURE 10
could be made to extend par-    2. A body as claimed in claim 1, wherein
tially into or entirely through the body 122  the oxide compound is
selected from  the            15 by the electron beam or concentrated
energy  group consisting of spinels, hexagonal iron               source
technique.                           oxides, perovskites, and
M[err]Y[err]A[err]Fe[err]O[err]                 The phase "reducing
environment," as  wherein M  is selected from the group con- 65
used herein, including the claims, is intended  sisting  of  aluminium.
gallium, indium,               to refer to an environment in which reduc-
thallium, lanthanum, scandium, and the rare            20 tion may be
effectively accomplished. Since  earth elements and x is any number between
vacuum conditions provide such an environ-  0 and 3; wherein A is selected
from the               ment. it is intended that vacuum conditions  group
consisting of aluminium, gallium, in- 70               be included within
the meaning of the phrase  dium, thallium, lanthanum, scandium, and
"reducing  environment"  along  with  the  the rare earth elements and q is
any number            25 many other conditions supporting reduction.
between 0 and 5; and wherein x is always                 The term "
autogenously," as used herein,  less than 3 when q equals 5 and q is always
including the claims, is intended to convey  less than 5 when x equals 3.
75               the concept that a zone, portion. etc. " origi-    3. A
body as claimed in claim  1 or 2,               nates within or is derived
from the same in-  wherein parts of said conductive circuit por-
30 dividual " (Webster's Seventh  New  Col-  tions are made less conductive
than other               legiate Dictionary), i.e., derived from  the
parts so as to serve as resistive components.               same item
referred to as having portions    4. A body as claimed in claims 1, 2, or
3, 80               "autogenously" formed therefrom.         and joined to
a semiconductor body, active                 By the use of the term
"crystalline " here-  elements of said semiconductor body being
35 in (which is sometimes used in conjunction  electrically connected  to
said  electrically               with the word " unitary," particularly in
the  conductive circuit portions of the first-               claims hereof)
it is not intended to imply  mentioned body to form a composite inte- 85
that the dielectric material referred to must  grated circuit.
have  monocrystalline  structure.  Accord-    5. A dielectric body
substantially as here-            40 ingly, the term  "crystalline " does
not ex-  inbefore described with reference to the               clude
polycrystalline  structure, which  is  accompanying drawings.
operative, e.g.. polycrystalline YIG  func-       H. D. FITZPATRICK & CO.,
tions quite well in the practice of this inven-     Chartered Patent
Agents,               tion.
27 Chancery Lane,           45   Having described the invention in connec-
London, W.C.2.               tion with certain specific embodiments there-
and               of, it is to be understood that further modi-
5 Park Gardens,               fications may now  suggest themselves to
Glasgow, C.3.            Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1968          Published at the
Patent Office, 25 Southampton Buildings, London, W.C.2. from which copies
may be                                                       obtained.



1,107,305                                        21      in).  Consider,
for example, a composite  those skilled in the art and it is intended to
body in accordance with the present inven-  cover such modifications as
fall within the 50     tion, provided by the joinder of a YIG chip  scope
of the appended claims.     and a silicon chip. Such a body effectively
WHAT WE CLAIM  IS:   5 couples the electronic functions of the sili-    1.
A body of reducible dielectric material     con chip to the desirable
ferromagnetic pro-  consisting substantially entirely of an oxide
perties of the YIG chip. Such a property,  compound including at least one
element 55     for example, is spin resonance.              which has at
least two possible oxidation       By way of an example of one of the
multi-  states, said body having electrically conduc-  10 plicity of
modifications which may be made  tive circuit portions autogenously formed
within the framework and scope of this in-  thereon by selective reduction
of portions of     vention. the hole 125 of the embodiment of  said
dielectric material.                   60     FIGURE 10 could be made to
extend par-    2. A body as claimed in claim 1, wherein     tially into or
entirely through the body 122  the oxide compound is selected from  the  15
by the electron beam or concentrated energy  group consisting of spinels,
hexagonal iron     source technique.                            oxides,
perovskites. and M[err]Y[err]A[err]Fe[err]O[err],       The phase "
reducing environment," as  wherein M  is selected from the group con- 65
used herein, including the claims, is intended  sisting  of  aluminium,
gallium, indium,     to refer to an environment in which reduc-  thallium,
lanthanum, scandium, and the rare  20 tion may be effectively accomplished.
Since  earth elements and x is any number between     vacuum conditions
provide such an environ-  0 and 3; wherein A is selected from  the
ment. it is intended that vacuum conditions  group consisting of aluminium,
gallium, in- 70     be included within the meaning of the phrase  dium,
thallium, lanthanum, scandium, and     "reducing  environment" along  with
the  the rare earth elements and q is any number  25 many other conditions
supporting reduction.  between 0 and 5; and wherein x is always       The
term " autogenously," as used herein,  less than 3 when q equals 5 and q is
always     including the claims, is intended to convey  less than 5 when x
equals 3.               75     the concept that a zone, portion. etc. "
origi-    3. A  body as claimed in claim  1 or 2,     nates within or is
derived from the same in-  wherein parts of said conductive circuit por-
30 dividual" (Webster's Seventh  New  Col-  tions are made less conductive
than other     legiate Dictionary), i.e., derived from  the  parts so as to
serve as resistive components.     same item  referred to as having
portions    4. A body as claimed in claims 1, 2, or 3, 80     "autogenously
" formed therefrom.            and joined to a semiconductor body, active
By the use of the term "crystalline " here-  elements of said semiconductor
body being  35 in (which is sometimes used in conjunction  electrically
connected  to said  electrically     with the word " unitary," particularly
in the  conductive  circuit portions of the first-     claims hereof) it is
not intended to imply  mentioned body to form a composite inte- 85     that
the dielectric material referred to must  grated circuit.     have
monocrystalline  structure.  Accord-    5. A dielectric body substantially
as here-  40 ingly, the term  " crystalline " does not ex-  inbefore
described  with  reference to the     clude  polycrystalline  structure,
which  is  accompanying drawings.     operative, e.g.. polycrystalline YIG
func-        H. D. FITZPATRICK & CO.,     tions quite well in the practice
of this inven-      Chartered Patent Agents.     tion.
27 Chancery Lane,  45   Having described the invention in connec-
London, W.C.2.     tion with certain specific embodiments there-
and     of, it is to be understood that further modi-             5 Park
Gardens.     fications may now  suggest themselves to
Glasgow, C.3.   Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1968 Published at the Patent
Office, 25 Southampton Buildings, London. W.C.2, from which copies may be
obtained.    


