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HYBRID MICROCIRCUITS
FABRICATION AND ASSEMBLY - STATUS, 1930

INTRODUCTION:

Hybrid technology provides the means for assembling all major cate-
gories of electronics in relatively small enclosures to fulfill system size.
requirements which cannot be met by wore conventional packaging techniques.
Analog and digital circuits as well as microwave modules are made in hybrid
form. The enclosure contains an insulating substrate with deposited net-
works, generally conductors and resistors, to which semiconductor devices,
integrated circuits, and passive elements are attached in chip form,

The development of the transistor and associated minicomponents accel-
erated miniaturization and the growth of electironic applications. New
complex products requiring large numbers of components resulted in inter-
connection problems which were resolved mainly by the development of mono-
lithic integrated circuit technology and of the thick and thin film tech-
nologies defined below.

Interconnections formed as part of the silicon in monolithic inte-
grated circuits are supplemented by thin and thick film patterns on the
insulating substrate. Since all systen electrical requirements cannot be
met solely by only one or the other of these technologies, integration of
the several technologies into one package has been achieved by the hybrid
microcircuit technoiogy.

DEFINITIONS:

a. Monolithic Technology:

Circuit elements formed (by diffusion, jon implantation, evaporation)
in situ or within a single semiconductor chip (siiicon) to perform an elec-
tronic circuit function. 91ps are n rma]]y of 9 to 14 mils (225-350um) in
thickness and up to 0,40 cm® (0.06 in ) in size.

b. Thin Film Technoiogy:

Electronic elements or networks formed (by vacuum evaporation,
sputtering, anodization) on a supportipg material (substrate). Film
thicknesses are less than 5 um (50000 A) and usually in the order of 0.03 to
1.0 uMm.

c. Thick Film Technology:

Electronic elements or networks screened (1iquid or paste printed
through a screen or mask) onto a supporting material and fired. Film
thicknesses are usually 10.m or greater.
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DESIGN, FABRICATION AND TESTING:

The design begins with the analysis of the schematic diagram of the circuit
designer. From the analysis, thick and/or thin film materials are chosen along
with the chip components which include uncased active and passive component parts,
The basic geometry which defines the dominant parameter of each film type circuit
element and the position of each component is designed next. After establishment
of the deposition sequence for the individual layers of film materials, master
patterns for each layer are prepared, From these, photoreduced transparencies are
made for photo-lithographic fabrication of the masks used to deposit or define the
film geometry on the substrate after which the chip parts are mounted, attached and
interconnected to the film circuit,

Maximum circuit yield with related cost effectiveness necessitates design with:
(1)  An optimum number of add-on components per substrate,

(2) A limitation on the range of resistance and capacitance values and toler-
ances,

(3) Minimum usage of inductors and transformers, and
(4) Division of the circuit into testahle subfunctions.

Film depositions and assembly procedures with process and quality controls;
ensure adequate performance and reliability. A flow dicyram (Figure () 1ndicates
a typical sequence of manufacturing operations from the circuit schematic through
delivery.

Hybrid microcircuits, normally packaged in hermetically sealed enclosures to
satisfy environmental and Tife requirements, can be subjected to a variety of
screening procedures as defined under the International Society of Hybrid Micro-

electronics (ISHM) Hybrid Microelectronics Standard Specification Guidelines.

These screening procedures, extracted from military specifications (MIL-M-38510) and
(MIL-STD-883) for microelectronics, may be carried out to insure that the circuits

achieve levels of quality and reliability commensurate with the intended applica-

tion. Specification and quality control at the material and process level and J
final product assurance are defined in control documents by each manufacturer.

HYBRID MICROCIRCUIT APPLICATIONS:

One typical hybrid application is a pulse restorer circuit used as an unattended
repeater in a two-way puise code modulation system. The circuit schematic is
shown in Figure 2. The physical layout of this linear type circuit (Figure 3)
includes an alumina substrate with two-layer thick film gold conductors, integral
thick film resistors, and chip transistors, diodes, capacitors and inductors. The
fabricated circuit is shown in Figure 4 before and after packaging in a 32 pin
2.3" X 1.4" (5.8 cm X 3.6 ww) platform style package .

Another example 15 o dicital processor circuit used in electronic counter-
measures radar jamming sytems (Figure 5). The 2,0" X 3.0" (5.7 cm X 7.6 cm) sub-
strate includes six thick film conductive interconnection multilayers with over
100 chips, inluding large scale integrated (LSI) microprocessors, RAMS, ROMS and
other small scale (SSI) and medium scale (MSI) integrated circuit types. Most of
the layers include over 1000 vias, and all metal layers are densely populated with
interconnections consisting of 10 mil Jines (0.25 mm) and 20 mil (0.51 nm) centers.
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A Microwave Phase Shifoer Circuit

Fioure 6.




A third example 15 a microwave phase shifter civeuit, utilized repetitively on
a phased array radar antenna (Fiqure 6). The 2" c¢iameter (6,4 cm) substrate con-
sists of a gold,thick film microstrip distributed network and includes 30 thick
film capacitors and 15 PIN diodes connected through substrate vias to the thick
film ground plane on the backside of the substrate.

FILM COMPONENTS:

Thick and thin film networks inciude the deposition of passive circuit ele-
ments in a predetermined geometric pattern on tne surface of the insulating sub-
strate {(Figure 7). Deposited thin filws can be made with precision and stability
for the diverse recuirements of lTinear circuits and can be fabricated with finer
lines than those achievable witn thick fiims. On the other hand, the popularity
and extensive growth of the thick film technoloyy nas led to the development of
improved pastes and Yetter printing equipment resuiting in hich quality films with
improved screening properties for ease of fabrication.

Resistive Elements: Resistors are described in terms of sheet resistance (ohms
per square), which is actually the resistance of a square of the film material.
The resistance varies inversely with the film thickness. The final value of the
resistor is determined Ly its length to width ratio (Figure 8).

Capacitive Elements: Capacitors are fabricated from two layers of conductive
material (electrodes) separated by a dielectric layer, the capacitance (C) being
a function of area, dielectric constant and dielectric thickness:

- tc = Permittivity of Free Space A = Area of Electrode
EoKA
t K = Dielectric Constant t

Dielectric Thickness

Anodic tantalum oxige capacitors, an integral part of the well established

tantalum thin film hybrid microcipcyit technology, are the most thoroughly studied
and developed. The use of thick f1Im capacitors is relatively limited when com-
pared to the extensive use of thick film resistors and conductors. These capaci-
tors are difficult to fabricate to close tolerances, require large substrate areas
to achieve high capacitence values, and are piacgued with certain dielectric Timita-
tions.

Inductive Elenents: rlat spiral inductors are made by printing or defining con-
ductor patterns of an appropriate spiral design directly onto the substrate. Such
configurations exhibit relatively Tow Q factors and also require premium substrate
area to achieve higher vaiues since the inductance is directly proportional to the
overall size and the number of turns.

Microstrip: Microstrip is the transmission line and basic building block
for hybrid microwave microcircuits. Microstrip is a planar structure consisting
of the dielectric substrate, a conducting strip for the conductor pattern on one
side of the substrate and a conducting ground piane on the other, The transmission
Tine is required to provide matched interconnections, various passive components
including resonators and filters, and integral parts of phase shifters, isolators
and circulators. The geometry is nonsymmetrical and a portion of the electro-
magnetic energy is contained in the medium above the conductor. The mode of propaga-
tion is a pseudo TEM mode which results from the unsymmetrical nature of the trans-
mission line; however, conformal mapping techniques and design curves have been
developed for the design of microstrip lines with reasonable accuracy.
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SUBSTRATES !

Tne substrate o0 tre b s teroeiecgi it apportys tre deposited film and
the mounted ¢(hip corponent . “abatrate cneace 1y anportant since fiim prop-
erties cdan bhe dependent ujpen troe Shardoter tstion ot o the substrate surfice,
particularly tor thain trlic conponents.  Thermal conductivity, surface finish,
dielectric constant, thernal coetfrcient of expansion, and ability to with-
stand processing temperatare are <1on” icant for gdifferent circuit types and
applications. The most popular cub<trate 14 giuiina alurinam oxide - A1203),
a ceramic substrate, w' vt car withytand the mign terperature required for
thick film processing . ot i avarlatdie vath surface yueality for thin £11m pro-
cessing, and can be otta nec noa wide range of ize. amd forms {Table 1.

The ceramic substraten are oo Liloe e W S0 Yotk fii gpplications,
aq .5 ﬁ13H3 Far tThin T a0 vatrons, and as Siraie et 51?03 (saophire)
tor special appitcation troes substrates anciude berylita ‘Belr) which is
used tor high power app . icalons tased on ots conlinaton of high thermal
conductivity and high vlectrrcal resistivity properties . and glasses for use

where maximum surface cooatn e corequIrets s e lative T, e dbwtrate type
TS a cerarte tilled ter o corponnd Tt lar - 1wt cart apes the physical
properties or ola- b owitr e ST TER S IETURNTE P RN AN st O ad wIte coprer,
the subsStrate - carbtiloaiar o, witaloe tor YO Ot et ey aspiications.,

Another new substrate oo vy Cros et it bt e oororceidin
ename’ ey stee s and s 0 ot L o ST Terest whaere g el ore ragued
BACKAQING dreds sre et

. r -
Speca. o e vty ArE A tlen o aar o Cratrates ty
SCreer L nt e Y n Tl “~pLlotor and cant ot Ne YRS Cons st
0f o fape g, U ided it 0 vy o tane gy dryyided ot g, resins,
stilvents and ool et oo tactan and wettone acerts o Melectric
COMIPOS T e e e Tre e dy v e teing oo dlelectric
materia, of ow o P dpretrs oty “he tilms are dried atter printing and
tnen “ared 1o teoapr et e terperature profile viathan the vange of 15
minutes to ar tour at 08 e 0000 The main class_ o of <tandard conductor
COLPOL T LI0NS dre NG 16 ete: vocuding Au, PtAg, PdAy, Ac, ana Pddg. VMore
recently., some (L and "o by el Lastes are heinag used whichk require firin, in
nert Gr reducing alrar ) e “he resicrive corponents of resistor pastes
Mdy Ccomprise any one of re collowinG rptheniur corde oot popular),
palladiun. - paliadiaun ¢t tiver compositions , mixtures of nrecious metals,
thalliun oxide, 1ndiar csioe . tunasten - tuynoosten cart 'de and tanta.umr - tan-
talum oxtde. Trelector s corstatyte matertale witrh ey 6 [aRRela Per‘T‘Wf[iVitV,

the .atter large v ba el v tervaeiectric ceramic Paviun trtanate with various
additye o oang tre o e oo ed on olasses and alacc Tcerartc mictures,

Thero o - SR ted oy vacant i electrop-hean evaporation
Or Sputler 0o ot e Celec tor g ot oand elnctrice s lar to
the thacy © o Lteo oo teast to etk il which are applied as
bulk matera, -, v ¢ * odT e e v e forpation of in-
dependent], rocoater ot 0 0 Lt b by fonetrer to form a con-
tinous Yol e e e Coo b, ol ant elrectrical properties
Of gerosited trl o e et sy e b o0 toe e Tading nature of the
qubstrete . vate of 0 e v o the v rracdknee s ctrpcture aad compo-
sttior. S Fa N cortictare o narma b, aold tine oresotore are either

nickel - - rrar e L bt oty Porcor b e gnd dielectrics
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TABLE 2.

RESISTORS
Sheet Resistance (ohms/sq)
Resistance Range (ohms)
Initial-Resistance (Tolerance
With Trimming (Tolerance 7)
TCR (ppm/©C)
Matching TCR (ppm/°C)
Power Dissipation (#/in2)
("/cm)
Stability (% / yr)
CONDUCTORS
Sheet Resistance (ohms/sq)
Line Resolution (in)
CAPACITORS
DieTectric Constant
Capacitance per area (uF/cmZ)
Range of Values
TCC (ppm/°C)
Allowable Stress (V/cm)

Operating Voltage (V)

THIN FILM
10-250
5-300k
+ 10
.005-1.0
5-50

25-100

3.9-15.5
0.1

0.015-0.30
0.001-0.010

6 and 25
0.008-0.05
1pF-0.02,F
+100

2x10°

20

14

FILM ELECTRICAL PROPERTIES

THICK FILM
10-1000M
10-100CM

t 15

0.1 to 2.0
50-200

t 10
50-200

7.8-31.0
0.5

0.0017-0.060
0.007-0.010

10-2000
0.003-0.037
2pF-0.2uF

+50 to -18%

2x10° (500 V/mil)

100
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relatively high density packaging. The military is now supporting efforts to
make integrated circuits in hermetic chip carriers available for hybrid and
other circuit assemblies.

Resistors:

Thick and thin film resistor network chips are well developed tech-
nologies with a wide range of values, excellent characteristics and stabilities.
Discrete chip resistor use is limited to special conditions where very low or
high values may be needed, to eliminate an extra printing sequence, or to
conserve circuit space. The number of circuits to be produced will affect
whether or not to use the chips. A wide variety of ceramic and silicon chips
of the thick and thin types and of the diffused type are available. The
Jatter type, which uses the bulk resistivity of silicon, is available in
extra small sizes but finds 1imited application because of the relatively poor
resistor characteristics.

Capacitors:

The limited availability of capacitance per unit area by the thick and
thin film techniques and the difficulty in printing thick film capacitors to
close tolerances make chip capacitors attractive for hybrid microcircuit
application. The variety of capacitor chip types include silicon MOS, porce-
lain, ceramic, tantalum and glass.

The most commonly used is the ceramic type (class I-11), which has a
wide capacitance range, a variety of performance characteristics and hiah
volumetric efficiency. C(lass I has lower K dielectrics (70-500) and Tinear
temperature coefficients and is used in circuits which recuire stability and
Tow loss (high 0) of dielectric characteristics over the operating temper-
ature range. Class II dielectrics (K > 500) exhibit non-Tinear character-
istics, with the capacitance and dissipation being voltage, freauency, temp-
erature and time dependent. Silicon MOS chips offer small size but are
limited in value. Porcelain, tantalum and glass capacitors are used for
special applications.

Inductors:

Where possible film inductors have been designed out of hybrid micro-
circuits because of their relatively limited characteristics and inefficient
space utilization. Likewise discrete inductors have been considered too
large for microelectronic application; however, improvements in core materials
and wire-winding have resulted in inductive components which are more size
compatible for hybrid microcircuit application. Miniature fixed inductors are
formed by winding fine wire on a small cylindrical magnetic ferrite of powder-
ed iron core and are available over a relatively wide range of values. These
fixed inductors are availahble also in a tunable form with comparable induc-
tance values over the range 0.023 to 580C uH with a tuning ranae of 2:1. 5:1
or 10:1 dependent upon size.

ASSEMBLY TECHNIQUES (DEVICE AND WIRE BONDING):

The bonding of dice or chips and other discrete devices is another basic
proce.s in the assembly of the hybrid microcircuit following fabrication of
the thick and thin film components. Bondina can include eutectic alloy,
solder, epoxy, wire, tape, flip-chip and bheam-lead technologies. In principle,
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an optimum die bondine metnod is one that recaiiy 1 Lhe device's mechanical
attachnient to the subs.crate and “ts ejectrical contact e the circuit by a
single bonding process. Flip-cric and neam-ieec cepresent such single bonding
processes. Neither one however, hasi heen aisie o become the prime techn1que
in the nybrid wmicrociccuit field. &poxy bencing is the most common, and .
evtectic bonding 1. a widely used. mechanical attachment process. Wire bonding 4
is the most extensiveiy used intercannect process. )

Lutectic Bonding:

Essentiaily wnv Lype oF semiconductor ciaip nay be back~honded to the
thick or thin film substrate by eutectic bonding. The technique uses the
silicon from the chip and tve qolo on the substrate to form a silicon- go]d
eutectic alioy at about 370°C. The substrate :s kept at approximately 400°C
while the chip is "scrubbed" or vibrated over the 50ld land area resulring in
the alloy wrnicnh solidities on cocline to form an ohmic contact. The ohmic
contact is jmportant for connecting the colloctor on the back of a transistor
die to the substrate. Bonding is also dore with preforns of gold-silicon.
‘Gold-tin eutectic preforms are used when a lower (2809C) bonding temperature
is desired for heat sensitive devices.

P e

Solder Boiding:

Solder bonding is similar to eutectic bonding and is used for mounting
active and passive devices to the hybrid substrate. Various soft solder pre-
forms, consisting of tin anc lead based systems, are used with melting temp-
eratures in the order of 1809C to 300°C. Solders are also available as pastes,
are specifically designea for thick and thin film circuits and can be app11ed
by screen printing, brushing, dipping or with a svringe to provide bondina
alloys for device attachment.

Eroxy Dondina:

Hybrid desians can require increasine numbers of integrated circuits on

the substrate. As the complexity of the hybrid microcircuit increases,
there is a aesire o reen tne substirate at a Jower .ewperature during device

mounting to avoid ony degradacion of the active devices' character1st1cs
during proinnce. as~erbiy,  The use of polwvner adhesives (epoxy comdounds)
for chip bonding 19 desicabic from such a manufacturina standpoint because of
the relativeiy low teiperature (~150°C) recuired for curing the epexy, the
relative ease ot apniication ana the strencth and reiiability of the bonds.
Epoxies exist ir conduct ve and nonconductive forms, with 20ld or silver fill-
ers for the conguctive *yie.  Jhe use of oraanic or polvneric material inside
a nybrid nicrocircuit sackase has heen of cencern from a reliability point of
view, hut the developient of improved materials specitically for electronic
applications has led to tne ~eneral consensus that, if properly selected,
controlled and apntied, microelectronic fnoxy adresives are satisfactory for
most hybrid microc ireuit bondina application: .

ire Bonding:

After bonding the ¢cnin to the <ubstrate, “ine aluminum or gold wires are
used to nmake electrical contact between the wetallized chip pads and the con-
ductive network on tne substrate {(Figure “a). The most commonly used wire
diameter i< 1.0 mil with avaiiabie diameters rangina frem 0.7 to 20 mils,
Wires are bonded one at a tine, ecach wire rn”u‘"inq the making of two bhonds.
Wire bonding techniques include thermocompression bonding (pressure and heat),
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ultrasonic bonding (fr.ction cf wire-pad interface and cola welding of wire)
and thermosonic boncing {a combination of the foror twe processes). Poor
physical connections and chemical reactions hetween the wire and the thir film
pads on the die, and between tte wire and the thin or thick t1im land areas

on the substrate, can cccur with improper bending controls, thereby making
wire bonding one of the weakest parts of rthe nybrid microcircuit assempiy

process.
Flip Chip Technology:

Fiip cnip (Figure 9d), perfores both  electrica, and mechanical connection
after the chip 1< inverted and borded face down to the substrate interconnec -
tion pattern. A raised metallic bump of <older is made on each of the chip
bonding pads with the bump corresponding to tre conductive land areas on the
substrate. Bonding is normally carried out by reflow solder technigues with
the bonds being made simuitaneousiy, eliminating cne wire and its two bonds
per connection. Disadvantages include inability to make visual inspection of
the bonds and limitations in removing heat since the chip is not in intimate
contact with the substrate surface. More importantly, flip chips have 1imited
avaiiability to most hybrid manufacturers because of reluctance of semiconductor
manufacturers to convert to this technology, the bump processing steps adding
to the total processing cost of a wafer. The technoloqy has found application
almost exclusively by IBM and several other large hybrid microcircuit manu-

facturers.
Beam Lead Technology:

(Figure 9c): Gold teams (3 mils wide, 5 mils long, spaced on 10 mj)
centers) are formed as an inherent part of the inteqrated circuit chip during
the processing of the silicon wafer. The metaliuray arnd sealed junction used
for the wafer processina, 1:nke the beam leaded device one of the most reliable
type chip configurations. The beams are exposed and extend over the edge of
the chip after the chip's separation from the wafer. The chip is inverted
(face down) and the beam leads are attached simultaneously to the substrate.
The chin remains sliohtlv elevated ahove the substrate and therefore, Tike the
flip chip, is Vimited in power dissipation capability.

The technoliocy developed bv 3eli Laboratories is limited to usage almost
exclusively by the Western bElectric Syster. [Like the tviip ¢cnip technology,
it has not found a wide pase in the hybrid microcircuit field because of the
general reluctance of semiconductor manufacturers to replace conventional
mainstream aluminum chip metallization technology. Future anplication may be
further Timited since the beam leads were developed for bipolar silicon SSI
and MSI devices and are not available for MOS and bipoiar LSI type devices.

Tape Bording:

(Figure 9b): A tape with cepper foil laminated to it acts as a carrier
vehicle for semiconductor chips. The foil, etched in the form of gold plated
copper leads, is bonded to metalluragical bumps on the chip pads, after which
the chip and the attached leads are excised from the tape and bonded to the
substrate. The technology lends itself to mass production, is an established
method for individually packaaing integrated circuits, and has been under
active development for hybrid microcircuit application durinn the past five
years. In addition to elimination of the wire bondina, the technology permits
pretesting and burn-in of chips on the tape prior to the substrate mounting,
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a capability which is relatively ditficult and normaliy avoided with any of
the previously defined electricai bondinag technolocica. Pretesting of chips
is extremely important to nybrid microcircuits reducing rework during circuit
fabrication and increasing circuit yields. For hybrid microcircuit appli-
cations, tape 1s uneconomical if the number of chip types is large and 1if the
number to be produced 1s smali. These disadvantaaes must be overcome if the
tape technoloay 15 to tind wide usaae in hybrid microcircuits.

PACKATINC

Packages provide mechanical and environmental protecticon and include
bonding areas for electrical connection between the microcircuit and package
leads. ‘Farnkage configurations include a variety of types includina round
header with pin outs for small size circuits, flatpack (or butterfly), plat-
form (or plug in). and other special types. Hybrid packages have tended to
grow in size and packaqges as large as 2.0 X 4.35 inches with 180 leads and
packages with 240 leads have been suppiied for special applications. Packages
are normally defined under 3 classifications: metal, ceramic.,and plastic.

The majority of hybrid packages used today are “oae of a Kovar type alloy
{Iron-Nickel-Cobalt) of thermal expansion to mcich the expansion of borosilicate
glass for the terminal (lead) seals. Ceramic nackaaes (alumina) include brazed
or fysed leads. Metal covers are normally coid plated to ersure a positive
weld or seal. Ceramic lids are available with metal seal rings or glass pre-
forms where alumina covers are preferred. Nost hybrid microcircuits, partic-
ularly for the military, are hermetically sealed to prevent moisture from
penetrating the package and adding uncertainty to the electrica: behavior and
life of the enclosed circuit. Hermetic 1id sealing can be achieved with both
metal and ceramic packages using either the glass or metal seals. Metal seals
are most popular. The resistance seam weld tecnnique is nmiost popular for all
metal packages and solder sealing is preferred for ceramic packages using

metal lids. Organic polymer materials (epoxies) can be used for sealing, but
such materials are not trulv hermetic as polyrers permit moisture to penetrate
the seal at a rate which iz a function of the temperature. relative humidity,
and type of material. Such erganic seals, and polymers used as encapsulants
over an entire hybrid microcircuit (plastic package), are not commonly used

in military systems but are successfully employed in many commercial appli-
cations, particularly where cost factors are significant.

CONCLUSTIONS:

The hybrid technology provides the means for assembling analog, digital
and microwave circuits in relatively small enclosures. Electronic needs that
are beyond the range of monolithic inteqrated circuit technoloay have been
satisTied by combining semiconductors with thin or thick film interconnections
on ceramic substrates. The hybrid technoloay continues to fill the gap that
exists between an all discrete part system and a complete monolithic technology.

The technology nas plaved a significant part in the desian of many types
of military (DOU) and aerospace (NASA) electronic eauipments and for commercial
radios, computers, telecommunication an¢ automotive applications. A general
qrowth of the technoloay is predicted ducing the 1980's, particularly for
comrercial applications. For the military. circuit complexity and related
assembly and testine can make hyhrid applicac o castly. This relatively
high cost mav hocome a Vimiting factor in future military applications other
tnan where weiaht and volune are overridina factors.
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The maturity of the techndology i< noted by tre variety of circuit tynes 1
for new military and commercial anplications and the resolution of basic fab- l
rication problems as hybrid circuit complexity has kept pace with the evolu-
tion of monoiithic circuits from SSI to VLS:. Tfor the military, problems
which still need resolution inciude lack of efficiency in microwave hybrid
module manufacturing, particuiarly for repetitive wodules in antennas, and the
continuing need for overall new (automated) cost efficient processinag, manu-
facturing, packaging and testing technigues.

Future interests tend toward hich speed, hiah throughput signal and data
processing, particularly in support of recuirements for military svstems in
the mid-eighties and beyond. MNew circuit packaging apnroaches will be required
to keep pace with the new higher density, very hich speed intecrated circuit
(VHSIC) technoloay.
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