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Abstract-This contribution presents a num-
ber of aspects relevani for iuterconnects and
packaging of monolithic integrated circuits,
possibly combined with hybrid or even wave-
guide cirenits in the millimeter-wave range.
Examples of different interconnects and two
realized front-ends are demonstrated.

[. introduction

In recent years, great efforts have been un-
dertaken o develop nnn-wave monolidhic
integrated circuits (MIMICs) which now
are being introduced into radar {1}, [8] and
cammunication equipment [2]. Especially
for low cost civil systems, however, there is
still a lack of suitable and atfordable tech-

niques for interconnects and packaging of

MIMICs, possibly together with hybrid in-
Pygrated circuits or even waveguide. Pack-

éing of micro- and mm-wave MICs,
~IMICs, components or subsystems has o
provide protection against mechanical
stress, environmental loads like moisture

and chemicals, and, in some cuses, against
electromagneiic interferences (EMD). In ad-
dition, the complete assembly must operate
ina wide lemperature range, and it must al-
low the removal of heat generated in its in-
wrior [3] - 7). Equally, packaging includes
interconnects hetween dilferent cireuits
{possibly between different types of truns-
misdinn iines, too), feed through clements
into and out of the package, choice of mate-
rials, or front-end architecture. With in-
creasing mass applicalions like phased
arrays [4], [8] or traflic upplications [1],
packuges have to be fabricated and assem-
bled casily and guickly based on reliable
processes at reasonable cost. Al tliese
probiems ure increasingly relevant for ap-
plications at inm-wave frequencies. Vhere-
lore, this contributivn will address topics
fike front-end architecture for mm-wave
cireuits based on different transmission line
media, package materials, circuit intercon-
nects, feed-through elements, and two ap-
proaches for [ront-cnd packaging.

li. Packaging and front-end
architecture

While al lower [requencies, single devices
or single MMICs are placed into a pack-
age, this mostly is nol effective at millime-
ter wave frequencies. Even a single
MIMIC is no longer small compared (o
wavelengths resulling in package reso-
nance problems, and the conmuolaing ef-
feets of the interconnects from the MIMIC
to the package leed-through, out of the
package and from one packaged compo-
nent Lo the other will add to high insertion
and return losses. Therefore, carefully de-
signed assentblics of MIMICs, pussive
coemponents, radiating structures and other
elements have 1o be combined 1o subsys-
tems or “supercomponents™ and will be
placed t1ogether on a metad or diciectric
carricr, shiclded by @ single package with
special precautions against package

resonances. Two examples for this will be
presented in scetion VI The combina-
tion of components will be deiermined by
good functionality, short interconnects for

low noise (igure or low loss in transmitier
power paths, low number of package
feed-through elements, limitation of inter-
ferences between single components, limi-
tation ol guin within onc package
(feedback prevention), sufficient removal
of heat generated by active devices, sepa-
ration of power and low noise clements
cte. Typicul opics W be considered are
package malerialy, carrier plate material,
or cholce of transmission ling types.

lll. Package materials

Meital as material for at least part of a pack-
age shows optimal properties concerning
thermad conductivity, electromagnetic
shiclding, mechanical and thermal stabil-
iy, For thermal expansion, best match to
semiconductor and cerumic maleriads can
be achieved with molybdenum, tungsten,
or special composites like kovar, These,
however, exhibit a medium thermal con-
ductivity only and arc difficult to machine
and therefore expencive. Copper tungsten
or copper molybdenum provide an im-
proved thermal conductivity and a thermal
expansion cocfficient matched to semi-
conductor materials combined with high
stability. Standurd metals with good clec-
trical and thermal conductivity like alu-
minium or brass (mostly plated with a less
corrosive layer), are cheaper lor these ap-
plications, bul special precautions have Lo
be tuken due to their higher thermal expan-
sion. Fabrication of metal package parts
miay be done using stundard machining
procedures or injection easting: new tech-
niques like metal powder sintering and
mctal injection moulding may pave the
way lor reduced production cosl.

Ceramic materials arc applied both as
parts of the package as well as for sub-
strates carrying, R transmission lines. To
this end, and to provide clectromagnetic
shiclding, these materials (partly) have
be metatlized. Beryllia (poisonous). alu-
minium nitride, or aluminium silicon car-
bide show hest theemad conductivily and
are therefore applied in high power apphi-
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however, a number of chal-

lenges concerning mechan-
ical and thermal stability

and thermal expansion,

T T
T T

Even as substrate material,

Fig. 1o Microstrip - microstrip bonding, equivalent circuir and

compensated bonding interconnect,

Fig. 2: Transition from a microstrip chip 1o a
coplanar line on a carrier substrate (couriesy
of Daimler-Benz Research Institute, Uln).

cations, while alumina is well known from
standard nmucrowave applications. ‘These
materials show a low thermal expansion
sufficiently matched to semiconductors,
Ceramic parts typically arc fubricated
tfrom fine powder, pressed o the required
form and sintered at high tewperatures,
The sintering leads to a considerable
shrinking of the dimcensions which has 1o
be taken into account during the design,

In somec applications, eveu guarg [12]
with its relatively low diclcctric constant
or silicon which can be formed with
micromachining techniques {13] are used.

Plustic materials are cheapest in material
and production cost; pure plastic provides,

Frequency / GHz

PTFE 1s enforced by fill-
mgs like glass fiber of ce-
ramic powder. At lower
frequencies, leadframes arce
used as stabilizing elemenis

[6].

Ay arelative stable material for packages,
polymers with special fillings of ceramic
powder, glass or carbon fibers or cven
metal powder have been investigated |5].
these compaosite materialy are engincered
for high stability and low thermal expan-
sion, they can withstand temperatures up
to 200° C, and they muy be casily fabri-
cated employing powder or metal injection
techniques. Metal inserts are used (o re-
move heat from active areas. Liquid crys-
tal polymers with their anisotropic
behaviour may be of interest for a low ther-
mal expansion in one plane [5]. Special
care has to be taken using plastic materials
with respect to hermeticity; in niost cases,
a metallisation will be used to keep pene-
tration of vapour low cnough; this im-
proves, at the same time, the
clectromagnetic shiclkling of the package,

IV. Circuit interconnects

Atmm-wave frequencies, nterconneclts be-
tween dilferent MIMIC chips or to an addi-
tional substrute with cither hybrid circuits
or interconuect lines behave more and more
i sbong disconti-
nities, Dye bond-
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Fig. 3: Return and rransmission loss of a double transition from @ microstrip
chip 1o a coplunar fine on a carrier substrate (courtesy of Daimier-Beng Re-

search Institite, Ulm).

interconnects themselves require tght tol-
crances, bul in spite of this, the respective
preduction processes should be easy and
low cost. Therefore, the choice of the best
interconnect technique, 4 good model for
the microwave (and possibly thermal) be-
haviour, and a tolerance oriented optimisa-
tion is necessary. Equivalent circuit models
as well as {ull wave calculations of differ-
ent types of interconnects therefore are in-
vestigated.,

A - Microstrip - Microstrip
interconnects

A great part ol the present MMICs are
based on microstrip. Therelore, an inter-
connect between two chips or belween one
chip and a hybrid circuit placed side by
side is of greal importance. Due to toler-
ances in chip size, nonregular edges of the
chips, and thermal expansion, some gap
must remain hetween the two substrates,
and the bonding structure  must include
some kind of leop. This, however, leads to
a proniounced low pass behaviour of the in-
tercennect (Fig. 1) resulting in increased
difficultics with increasing frequencict
As bonding clements, one or two wires (.

the edges of the lines), bond tapes, or spe-
cial tapes integrated on thin dielectric car-
riers (TAB: tape automated bonding, [7])
ure employed. AT mm-wave frequencies,
however, some compensation of the low
pass perforiiance of such transitions is
necessary. One proposal is based on a the-
orctical model of bond wire interconnects
[ 14] and a Mlexible compensation network.
Depending on the gap between (wo cir-
cuits, the distunce of two bonds is modi-
ficd such that a good transmission
performance is maintained |5}, Fig. 1. The

30 35 40 45
Frequency / GHz

Fig. 4 Back to back transition from coplanar fine 10 microstrip using
electromagnetic field conpling.
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Fig. 5: Block diagram of automotive radar froni-end {1].

distance between the chips is monitored by
a camera, and by a suitable algorithm,
bond wire positions and loop height are
adjusted and controlled automatically. Up
to 100 GHz, a return loss of better than 20
dB is predicted theoretically including rea-
sonable ranges of gap widths as well as
dye and loop bonding tolerances.

B - Coplanar - Coplanar
Waveguide Interconnects

3 coplanar circuits are gaining increas-
g, great efforts are done developing ef-
fective interconnect techniques for this
type of transmission line, too. Placing two
coplanar circuits side by side ends up in
even more severe problems compared to
microstrip, as the ground piane has to be
bonded together, too {15]. Therefore,
flip-chip techniques have been introduced
consisting of bumps fabricated (with gal-
vanic processes} on top of the circuit
mctallisation. The MMIC - or cven a sin-
gle device like a FET - then is placed top
down and bonded to an equivalent
coplanar {ransmission line structure on a
carrier substrate. The same technique can
be used to remove the heat of active cle-
ments via bumps placed directly at the
FET source region [8]. The height of the
bumps should be about three tmes the
coplanar slot width {or cqual to the
ground-to-ground distance) to prevent in-
teractions with the carrier substrate; typi-
cal values are  30...75 um. At mm-wave
[requenties, s conernt las o be made

r~bout the inductance of the bumps [16],

it in any case, flip-chip mounting pro-
-ides an effective and econoamical inter-
connect technigue in the mm-wave range
(2], i15]. (17].

C - Mixed interconnecis

For some applications, microstrip MMICs
may favourably be placed on top of a ¢ar-
ricr substrate using coplunar interconnect
lines. The ground plancs of both circutts
then are in the same plune, and as typically,
the microstrip substrate height is relatively
small, & galvanie interconnect {from the
microstrip line to the center coplanar line
is feasible. A photograph and experimen-
tal results are shown in Figs. 2 and 3.

A more clegant solution uses electromag-
netic field coupling [11], [18]. At
mm-wave {requencics, quarter wive struc-
ture on GaAs measure only a few tenths of
a mm being compatible with the size of
MMICs. The microstrip circuit must have
a gap in the ground mctallisation in the
coupling arew; this, however, should not be
any problem as some back side structuring
is done anyway 1o enable dye separation,
As an caumple of this welnigue, the e-
sults of a transition [rom a coplanar line on
i carrier substrate
to o macrostrip line
on a GaAs sub-
strate (and back)
with clectromag-
netic coupling (in-
cluding some small
matching structure
on the carrier sub-
strate) is presented
in Fig. 4.

V. Package
feed-through
elements

radar

of  automotive
Tront-end [1] {conrtexy of Daimler-Benz Acro-

Fig.6: Phatograpli

speice. Ul

A package fced-through structure has to
provide an electrical interconnect into or
our of the package mainlaining a good seal
and mechanical as well as thermal stabil-
ity. With inereasing frequencies, the width
ol u puckage wall, especially in conjunc-
tion with a material of high dieleetric con-
stunt like ceramics, is no longer small
compared to wavelengih. Regarding possi-
ble discontinuities of the interfaces at the
package wall edges, strong reflections
may occur, and soine compensalion has to
be included. For measurement purposcs,
coaxial cables and connector systems have
been pushed into the mm-wave frequency
region. Conscyucatly, efforts are made to
extend these sysicims (o packaging tech-
niques. The coaxial systems, however, re-
quire very stringent tolerances {(a few pum
only), and above 40 GHz, they pose severe
problems with the irmsition to planar cir-
cuits within the package.  Using planar

lines on o carrier substrate serving, at the

A\

ud

Fig. 7: Photagraphy of some detaits of e commanication front-end (f21, cour-
texy of Sl -Alcatel, Stiigart ).
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same time, as package carrier, the lines
could easily be extended out of the pack-
age. Suitable compensating and matching
structures have to be included to compen-
sate the involved discontinuities [97, [10].
Inn addition, attention has to be paid to pos-
sible resonances of the feed-through struc-
ture {9]. For a compact integration of
miicrowave and mm-wave front-ends,
multilayer structures are used as carrier
substrates which can support a complex
interconncet network [6], [197; a possible
material tor such substrates is low temper-
ature cofired ceramic (LTCC), [20].

VI. System examples

To demonstrate some packaging technolo-
gies, two front-cnds realized within re-
search projects in Germany will be
described in this secuon. The first one 1s the
mm-wave part of a 76.5 GlHz automotive
radar [1]. Its general block diagram is
shown in Fig. 5. In this pulse radar, the os-
cillator hased on a 38 GHz voltape con-
trolled oscillator (VCO) together with a
frequency doubler serve both as transmitter
and local oscillator (LO). To enable some
,.maging of the street in front of the car,
three waveguide feed horns for three differ-
ent antenna bewmn angles alternatively illu-
minatec a dictectric lens. All circuits are
realized as MIMICs, placed side by side on
a carrier plate made from a piastic com-
pound. The mm-wave inlerconnects are
dane by compensated bonds [3], the transi-
tions {rom microstrip to waveguide accord-
ing [11]. The heat generated by the active
elements is removed by a metal insert in the
carrier plate. A photogruph of this arrange-
ment is shown in Fig. 6.

The second example is a receiver for the 50
to 60 GHz frequency range. 1t includes a
number of MIMICs and a planar antenna
array on a substrate serving, at the same
time, as integral part of the package [2]. The
critical part of this frout-end is the transi-
tion from the planar antenna to the {irst low
noise amplificr (LNA). Therelore, the LNA
is pluced dircctly on the back side of the an-

tenna substrate close o the antenna feed
point and connected by {lip-chip bonding.
To this end, a galvanic intercunnedt
through the antenna substrate and some
sections of coplanar line on the back side of
the substrate are included. The intercon-
nects o and between the remuining
MIMICs are less critical and are done by
conventional wire bonding. A view on the
antenna substrate is given in g, 7.
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