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Disclosed is an ultra high frcqucncy rarlio communication
apparatus bavin: a rccc iver antenna; a transmitter antenna;
an IC chip being elcctucally conncctcrl to Ihc rcccivcr
antenna and the transmitter antenna, a substrate on which thc
rcccivcr antenna, thc transmitter antenna and thc I(i chip arc
mounted, an tnput terminal for inputting to the IC chip a

base hami tnput stgnal; an output termtnal for outpuutng a

base hand output stgnal Irom the IC chtp, and a control
stgnal termtnal lor mpulttng a control stgnal for controlling
the IC chip to the IC chtp. The IC chip ts placetl m a

ahielrii ng space such that the cut-off frequency of the shield-

ing space is higher than the frequency of a carrier signal for
rariio communication.
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ULTRA HIGH FREQUENCY RADIO
COMMUNICATION APPARATUS

BA( KGROUND OI'1IL'NVL'N'llON

1. Field of. Lhe Invenuon
The present invention relates to an ultra high frequency

hand radio communication apparatus employing a ban(1 of
ultra high frequencics.

2. Descnpuon of the Pnor Art lc

Ultra high frequency hand radio communication appara-
tuses arc known as using a milliwavc ban(1 or quasi-
milliwavc band of ultra high frcqucncics over IO GHz Any
conventional ultra high frcqucncy radio communication
apparatus composes a combinauon ol circuit blocl s made of is
component assemblies for both transmitter aml receiver
functions

FIG. I illustrates an ultra high frcqucncy dcvicc I of a
fundamental type for usc as a high-frcqucncy high-power
amphlier in such a conventional apparatus, in whrch one or
more semiconductor chips C which act as a high-frequency
high-pe&ver amplifier are installed in a package P. The
package P has two feed through members 'I'pmvided at both
longitudinal ends thereof for input anti output of signals of
ultra high frcqucncics as cxtcnding outwardly of thc package-'.

Thc fccd through T is often used as a coaxial connector for
connection of. LL& package P. The ultra high frequency device
I is couplerl by a coaxial cable with a relevant connector or
a high frequency printed circuit bnard to an antenna, an
oscillator circuit, a frequency converter circuit, and others, ic

thus constituting a transmitter anti receiver combination
FIG. Z shows a tran&miner module 2 which ixmtmns a

semiconductor chip having Iuncnons of a pluralrty of the
semiconductor chips C of the peel a e device I illustrates in
ILI(L I and has the functions for transmission in a package
P 'I'he transmitter module 2 includes, as shown in I IG 3,
a semiconductor chip Cl functioning as an oscillator circuit
fOSC), a semiconductor chip C2 functionin as a modulator
circuit, and a semiconductor chip C3 functioning as a power (0
amphlier circuit (PA) in the pacl age P( Each of the semi-
comluctor chips forms a circuit block bavin ~ a particular
function

The semiconrluctor chips ('I, ('2, and C3 are shaped of
substantially 2 mm square anti installed in the packageP'hichscrvcs as a shielding from Lhc outsirlc and has inner
compartments rlcfincd by partitions cxtcnding from thc side
wall thereof. As the semicomluctor chips CI, C2, and C3 are
located in their respecuve compartmenLs of. Lhe peel age P',
they are joined to one another by coaxial members or
microwave transmission lines hence creating the transmitter
module 2 The receiver module including a low noise high
frequency amplifie circuit fLNA) and a dcmorlulaior circuit
may also bc constructed by thc same manner.

Thc shielding of each of thc semiconductor chips (LI, C2, ss
and C3 from the other in Lhe transmitter module 2 is
designed for preventing interference between any two ad&s-

cent semicnnductor chips and also, generation of cavity
resonance nn the carrier frequency caused by extension of
the space. If thc package P'as non of thc partitions shown „c
in FIG. 2 with thc semiconductor chips all being located in
a large single space, thc gcncration of cavity rcsonancc will
possibly be increased.

FIG. 4 shows another type of Lhe conventional transmitter
module. The transmitter module 3 ol FIG. 4 includes a ss
semiconductor chip Cl of an oscillator circuit, a semicon-
ductor chip ( 2 of a modulator circuit, and a semiconductor

chip C3 of a power amplifier circuit Ioined in a cascade
connectinn in a package P" The size of the semiconductor
chips is L.S mm to Z mm square 'I'he semiconductor chip C3
is connected by a transmission line to the connectnr G of a
wave guide of which output is joincrl to an antenna. Since
loss in the ivavc guide is generally smaller than that in thc
transmission line, Lhe output of circuit blocks in Lhe trans-
mitter module 3 can be transmitted with mimmum loss from
the wave guide to the antenna The above construction is not
limited tn the transmitter but may be applied to the receiver
module with equal success. In the receiver module of the
same construction as of FIG 4, semiconductor chips arc
conncctcd from a voltage-controllcrl oscillator circuit
(VCO) Lo a bufi'er amphlier circuit (BUF), a Irequency
converter circuit (MIX), and a low noise amplilier circuit
(I.NA) as shown in I'l(L 5

Although the semiconductor chips ('I, ('2, anti C3 in the
transmitter module 3 nf I&IG 4 are not shielded separately,
they may be opcrablc as their overall dimensions arc small
enough.

Thc conventional dcviccs or modules of thc foregoing
types are however unfavorable to satisly senous require-
ments including downsizing anil cost saving of the ultra high
Irequency radio commun&canon apparatus, while every up to
date electronic or electric apparatus is required to reduce its
size to a minimum

Morc particularly, thc conventional rlcvicc I shown in
FIG. I carries only a part of thc cntirc arrangement of a
common radio communication apparatus and when it is
userl, the radio communication apparatus will be hull y m the
size aml costly Lo some extent.

The transmitter module 2 shown in FIG. 2 incluiles a
plurality of devices similar to the device of I IG I and
allnws the radio communication apparatus tn be smaller in
the size as compared with the usc of thc device of FIG. 1.
Thc transmitter module 2 has howcvcr thc semiconductor
chips of ddlerent sizes shielded separately in its pacl age
which is thus m;nntained in a considerable size, hardly
reducing the overall dimensions as well as Lhe production
cost Also, the transmitter module 2 has to be joined to other
modules including a receiver and an antenna with the use of
bulky wave guides, coaxial cabks, or high frcqucncy circuit
board, hence causing the radio communication apparatus to
stay heavy.

The transmiuer module 3 shown in FIG 4 may be reiluced
to a smaller size than the nansmitter moilule 2 of FIG. 2.
Ilowever, the transmitter morlule 3 alsn has tn be joined to
other modules including a receiver and an antenna ivith the
use of hulky wave guides, coaxial cables, or high frequency
circuit board, hcncc contnbuting to thc incomplctc down-
sizing of thc radio communication apparatus.

SUMMARY Ol'IIL'NVL'N'11ON

With these problems in mind, therelore, it w an object of
the present inventinn, for eliminating the above
disadvantages, to provide an ultra high frequency radio
communication apparatus which is smaller in the overall
size and lower in thc production cost.

In order to achive the above-mentinned object, an ultra
high frequency radio communication apparatus according to
the prcscnt invention comprises: a rcccivcr antenna; a trans-
mitter antenna, an IC chip being electncally connected to the
receiver antenna anil Lhe transmitter antenna, a substrate on
which the receiver antenna, the transmitter antenna anil the
I(.'hip are mounted; an input terminal for inputting to the
I(.'hip a hase hand input signal; an output terminal for
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oulpuning a base hami output signal from the IC chip, aml
a connol signal terminal lor inputung a control signal for
controlling thc IC chip to thc IC chip.

Another ultra high frequency radio communication appa-
ratus according lo Ihe presenl invennon compnses. a
receiver antenna; a transmitter antenna, an IC chrp bein ~

electrically conncctcd to thc rcccivcr antenna and the trans-
mitter antenna; a substrate on which thc rcccivcr antenna,
the transmitter antenna and the IC chip are mounted; an
input terminal for inputting a hase hand input signal to the ie
IC chip, an output terminal for ou tpu ning a base band ou tpu I

signal from the IC chip, a control signal terminal for
inputting to thcIC chip a control signal for controlling ihc IC
chip; aml a shielding dcvicc for producing a shielding space
such that the cut-ofl'requency of the shielding space is
higher than the frequency of a carrier signal for radio
communication in such a manner that the IC chrp is located
in the shielihng space.

Another ultra high frequency radio communication appa-
ratus accorihng to the present invenuon compnses. a pack-
age having a conslnction portion such Ihaf Ihe cul-olf Zn

frequency of thc constriction portion is higher than the
frequency of a carrier signal for radio communication, a
receiver antenna; a transmitter antenna; an IC chip being
electrically connected to the receiver antenna and the trans-
mitter antenna, an input terminal for inputnng a base hami
input si mal to lhe IC chip, an output terminal for outpulhn ~

a base band output signal from thc IC chip; a control signal
terminal for inputting to thc IC chip a control signal for
controlling the I('hip; and a substrate installed in the
package in ivhich the receiver antenna, the transmitter
antenna and lhe IC chip are mounted on lhe substrate in such
a manner that the I('hip is located in the constriction
Iiortioii.

In accordance with the above cnnstruction, the ultra high
frequency radio communication module of the present
invention is apphcable in the form of a transmitter-receiver
module for radio communications LAN with two, transmit-
ter and rccciver, antennas, which prcvcnts rclativc interfer-
ence of the Iwo antennas with each other, ensures a stable
action of ils RF circuit, aml connects the RF circuit directly
to the two antennas hence minimizing the overall sme and
offering a high performance More specifically, the ultra
high frequency radio communication morlule of the present
invention can thus bc rcduccd in the production cost as well
as the overall size and utilized in a small sized personal as
computer or personal data terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

Thc fcaturcs and advantages of thc ultra hich frequency
radio communication apparatus accorihng lo Ihe present

n
invention over the proposed will be more clearly understood
from the following description nf the preferred embodiments
of the present invention taken in conjunction with the
accompanying drawings in v hich like rcfcrcncc numerals
designate thc same or similar elements or sections through-
out the figures thcrcof and in which;

FIG. 1 is a schematic pcrspcclivc view of a conventional
hi h frcqucncy dcvicc;

I'IG 2 is a schematic perspective view of a conventional
transmitter morlukb

I'IG 3 is a block diagram of a circuit of the transmitter
module shown m I l(k 2;

I'IG 4 is a schematic perspective view of another con-
ventional transmitter module;

FIG. 5 is a block diagram of a circun of a receiver module as
for ivhich the transmitter module shoivn in I'IG. 4 is changed
to use;

FIG. 6 is a schematic perspecnve view of a rmlio com-
municanon module accordin lo Ihe present invention;

I IG 7 is a schematic perspective view of another radio
communication module according to the present invention;

FIG. 8 is an exploded pcrspcctivc view showin Ihc flrst
embodiment of the radio communication morlule accnrrling
to the present invention;

FIG. 9A is an upper vieiv of thc radio communication
morlulc shown in FIG. 8, and FIG. 9B is a cross sectional
view taken along the line IXB IXB of I'IG 9A;

FIG. 10 is an exploded perspecuve view showing the
second cmbodimcnt of the radio communication module
accordin to the present invention;

FIG. 11 ts a schematic perspective view showing the third
embodiment of thc radio communication module according
to the present invention;

FIG. 12 is a schematic perspecuve view showing the
Riurlh embodiment of the radio communication module
accordin to the present invention;

I IG 13 is a schematic perspective view showing the fifth
embodiment ol the radio communicauon module according
to the present invention;

FIG. 14A is an upper view showing lhe sixth embodiment
of the radio communicanon module according lo the present
invention, and lilG 140 is a cross sectional view taken
along the line XIVB XIVB of I'IG 14A;

FIG. 15 ts an upper view showing the seventh emboih-
ment of the radio communication module according to the
present invention;

I IG 16 is an exploded perspective view showing the
eighth embodiment of the radio communication module
according to the present invention,

I IG 17 is a cross sectional view taken along, the line
XVII XVH of the radio communication module of I'IG
16;

I IG 18 is a schematic perspective view showing the ninth
embodiment of the radio communication morlule accnrrling
to the present invention;

I IG 19A is a schematic perspective view showing the
tenth embodiment of the radio communication module
accordin to thc prcscnt invention, and FIG. 19B is a cross
sectional view taken along thc linc XIXB XIXB of FIG.
19A;

FIG. 20A is a schematic pcrspcctivc vicv showing thc
clcvcnth embodiment of the radio communication module
according lo the present invenhon, and FIG. 20B is a cross
secnonal view taken along the line XXB—XXB of FIG.
20A;

FIG. 21 is a schematic perspecuve view showing the
twelfth embodiment of lhe radio communicauon module
according to the present invention,

FIG. 22 is a schematic upper view showing Ihe thirteenth
embodiment ol the radio communicauon module according
to the present invention;

FIG. 23 is a schemanc cross secuonal view of a conslric-
uon portion of the radio communication module of. the
fourteenth embodiment of the present inventinn;

FIG. 24 is a schemanc cross secuonal view of a constric-
tion portion of the radio communication module of the
fifteenth embodiment of the present invention;

FIG. 25 is an exploded perspecuve view showing the
sixteenth embodiment of the radio communication module
according to the present invention,

FIG. 26 is a block diagram of a circuit of a semiconiluctor
chip in the radio communication module of the present
invention;

Exhibit 1013 
Kangxi Communication Technologies v. Skyworks Solutions, Inc. 

050



FIG. 27 is a dia ram of a direct modulation circuit in the
semiconductor chip shown in llG 26;

FIG. 28 is a diagram of a clircct demodulation circuit in
the semiconductor chip shown in FIG. 26;

FIG. Z9 is a block diagram of a circuit of. another example
of the semiconductor chip in the radio communication
module of the present invention;

FIG. 30 is a Mock diagram of a circuit of further example
of the semiconductor chips in the radio commumcahon
module of the present invention,

I'IG 31 is a block diagram of a circuit of still further
example of thc semiconductor chip in thc radio commum-
cation module of thc prcscnt invention;

FIG. 32 is a block diagram of a circuit of sull further is
example of the semiconductor chip in the radio commum-
cation module of the present invention;

FIG. 33 is a schematic vice showing an inmrior structure
of the semiconductor chip in the radio commumcahon
module of the present invention, ZO

I'IG 34 is a r:ross ser:tional view explaining a cavity
resonance device in the radio communication module of the
present invention;

FIG. 35A is a lower view explaining Ihe arrangement of .
an antenna in the rruho communication module of the
present invention, and I'l(i 358 is a cross sectional view of
the same;

FIG. 36A is a lower view explaining thc arrangcmcnt of
another antenna in the radio commumcauon moclule of the
present mvention, anil FIG. 36B is a cross sechonal view of
the same;

FIG. 37A is a pcrspcctivc view showing thc arrangcmcnt
of a resonator in thc raclio communication module of thc
present mvention, anil FIG. 37B is a cross sechonal view of ss
the same;

I'IG 38 is a diagram of an oscillator circuit in the radio
communication module of thc prcscnt invention;

FIG. 39 is a crom secuonal view showing a coupling form
between the resonator and the substrate in Ihe racho com- 00

munication module of the present invention;

FIG. 40 is a cross sectional view showing another cou-
pling form bctwccn thc resonator and thc substrate in the
radio commumcation module of Ihe present invention,

I'IG 41 is a cross sectional view explaining the arrange-
ment of a cavity resonator in the radio communication
module of the present invention;

FIG. 4Z is a crom secuonal view explaming the arrange-
meni of another cavity resonator in Ihe racho commumcalion 0

module of the present invention,
FIG. 43 is a pcrspcctivc view of thc arrangcmcnt of a

further cavity resonator in thc radio communication module
of thc prcscnt invention;

I'IG 44 is an enlarged view of the cavity resonator of I'IG ss

43;
I'IG 45 is a cross sectional view of the cavity resonator

of FIG. 43;
FIG. 46 is a pcrspcctivc viciv of thc arran cmcnt of a still „„

further cavity resonator in thc radio communication module
of the present invenuon,

FIG. 47 is a cross secuonal view of the cavity resonator
of FIG. 46;

FIG. 48 is a perspective view of the arrangement of a still ss
further cavity resonator in the radio communication module
of the present invention;

FIG. 49 is a cross sectional view of Ihe cavuy resonator
of IUG 48;

FIG. 50 is a pcrspcctivc view of thc arrangement of a still
further cavity resonator in thc radio communication module
of Ihe present invenuon;

I IG 51 is a cross sectional view of the cavity resonator
of IUG 50;

FIG. 52 is a pcrspcctivc view of thc arrangement of a still
further cavity resonator m the radio commumcauon module
of Ihe present invenuon;

I IG 53 is an upper view of the cavity resonator of I IG
52;

FIG. 54 is a perspective view of Ihe arrangement of a sull
further cavity resonator m the radio commumcauon module
of the present invention;

FIG. 55 is an upper view of thc cavity resonator of FIG.
54;

FIG. 56 is a perspective view of Ihe arrangement of a sull
further cavity resonator in the radio communication module
of the present invention;

FIG. 57 is a cross sectional view of thc cavity resonator
of FIG. 56;

I IG 58 is a cross sectional view for explaining, a step of
prnducing the cavity resonator of the radio communication
moclulc of the prcscnt invention;

FIG. 59 is a cross secuonal view of a slap succeedmg the
step ol FIG. 58,

FIG. 60 is a cross secuonal view of a slap succeedmg the
step nf I'IG 59;

I IG 61 is a cross sectional view of a step succeeding the
step nf I'IG 60;

FIG. 62 is a cross sectional view showing thc cavity
resonator produced by thc steps of FIGS. 58 to 61;

FIG. 63 is a schematic view of a means for controllin thc
resonance frequency of the cavity resonator in the radio
communication module of the present invention; and

FIG. 64 is an enlarged view of the means 1 or controlling
the resonance frequency of the cavity resonatnr shown in
I'IG 63

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An ultra high frcqucncy raclio communication apparatus
comprises semiconductor chips including essenual circuits
Rir processing transmiumg and received signals, a transmit-
ter antenna, and a receiver antenna. 'I'he quality of processed
signals in the circuits is affected by interactions between the
semiconductor chips and thc transmitter and or rcccivcr
antenna, intcrfcrcnce bctwccn thc transmitter antenna and
the receiver antenna, and resonance in thc spaces of instal-
lauon. It may also be declined by interaction between the
semiconductor chips which inclucle corresponding signal
prncessing circuits I'or example, an output signal from PA
is partially fed back to OS('ue to the interaction between
the tivo scm iconcluctor chips, and its subscqucnt output may
bc atfcctcd, dccrcasing thc quality. For prcvcnting thc above
clrawback, the transmitter and rcccivcr antennas arc physi-
cally separated lrom a package in which Ihe semiconcluctor
chips for signal processing are installed, and connected as
separate components.

There have been proposed a variety of approaches to
minimize the overall size of the ultra high frequency radio
communication apparatus of a type !in far, a possible
arrangement in which the transmitter and receiver antennas
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are mounted together with the semiconiluctor chips for
signal processing in one single package or a transmitter and
receiver module is not attempted because the prescribed
drawback is hardly overcome. 'I'he present invention is
dircctcd towards such a transmitmr-rcccivcr module havin
the transmitter and rcccivcr anknnas mounted to cthcr with
the semiconductor chips lor signal processing m one suigle
pacl i e which is one of lhe best means for mmimizrng the
size of the ultra high frequency radio communication appa-
ratus ln

The basic construction of the ultra high frequency radio
communication apparatus according to thc prcscnt invention
substantially comprises a transmitter-rcccivcr radio commu-
nication module as shown in FIG. 6 or 7. As shown,
semiconductor chips 11, lfn and lib connected by homing
wires 7 to a transmitter antenna 12 and a receiver antenna 13
are mounted on a single substrate 6 which is installed in a
package 5 provided with input and output terminals 8, hence
constituting thc transmitter-rcccivcr radio communication
module 4 or 9. Accorrlingly, thc transmitter-rcccivcr radio zo

communication apparatuses 4 and 9 will bc fabricated by a
small number of steps.

The arrangemenl in which lhe components in the package
are mechanically isolated Irom each other aml which may
atfect the downsizing is effectively realized by the present
invention as will be described belnw in the form of preferred
embodiments.

Thc cmbodimcnts of thc present invention permit semi-
conductor chips to bc mounted in a space of a ivave guide

in
mode of which cul-off frequency is greaier than the earner
frequency used for si mal transmission, thus minimizing the
interaction between the semicnnrluctor chips and the trans-
mitter and receiver antennas, as well as the generation of
cavity rcsonancc and thc intcrfcrcncc bctwccn the two

33antennas.
(First Embodiment)
I'IGS 8, 9A and 90 show a radio communication module

10 according to thc first cmbodimcnl of thc prcscnt inven-
tion which comprises an IC chip ll functionin as a trans- (p
milter and a receiver, a transmuter antenna 12, aml a receiver
antenna 13 all mounted on a single substrate 14 aml installed
in an electrically conductive pacl age 15 as shown in a
perspective view of I'IG 8

The package 15 may be formed of a cobal matenal plated
with gold. The IC chip 11 may include a circuit having
transistors such as IILMT on a GaAs base, and the trans-
mitter and receiver antennas 12, 13 may be patch antennas
made by having a pattern of gold on a Ti:flon substrate.

The package 15 has an inner space not divided but so
arran cd to a specific shape having a constriction portion 16
at a longitudinal ccntcr of thc package 15. It is thus assume(I
that thc inner space of thc package 15 consists of three
regions. Ihe conslricuon pod&on 16 al the center and two
regions at both sides. The IC chip 11 is installed rn the
constriction portion 16 while the transmitter antenna 12 and
the receiver antenna 13 are located in the two side regions
respcctivcly. The IC chip 11, transmitter antenna 12, anti
reccivcr antenna 13 arc covered for protection with a non-
conductive cap 17 closing thc package 15 from above. The ao

cap 17 has a conductive layer 18 provided on an inner
surface thereof facing the constricuon portion 16.

The package 15 also has input and output terminals 19 for
transmitting a base band signal lo and from the IC chip 11

and feeding a power source potential and control srgnaL&. ss
Vhe input and output terminals 19 handle fii&n of high
frequency communications signals. 'I'he I(l chip 11, trans-

mitler antenna 12, and receiver antenna 13 are electncally
connected to one another by transmissinn lines such as
microstrips other than ivave guides

I IG 9A is an upper view of the radio communication
morlulc 10 (with thc cap 17 removed) anti FIG. 9B is a cross
sectional view taken along thc linc IXB IXB of FIG. 9A
showing the conslricuon poruon 16.

As apparent lrom FIG. 9B, the conslricnon portion 16 of
the package 15 anil Ihe conducive layer 18 of the cap 17
form in a combination a ivave guide structure to which the
I(.'hip 11 is located 'I'he wave guide structure is rlesigned
so that its cut-ofl'requency is greater than (the highest of)
the frcqucncy of a communications signal, whereby clcc-
troma netic waves of thc communications signal arc prc-
venled from entering Ihe wave guide structure, i.e. the
constnction poruon 16. This avoids umlesired interaction
between the I('hip 11 in the constriction portinn 16 and the
transmitter and receiver antennas 12, 13. Mnre specifically,
the constriction portion 16 acts as not a wave guide but an
isolating means for thc IC chip 11, hcncc prcvcnting clcc-
troma netic ivaves across thc transmitter antenna 12 from
entering into lhe IC chip 11 as a feedback and aflecling the
IC chip 11. The constriction poruon 16 is interposed
between Ihe transmitter antenna 12 and Ihe receiver antenna
13 which are thus prevented from interfering with each
other.

As described above, thc transmitter-rcccivcr module of
the eml&odimcnt is designed so that thc IC chip, thc trans-
mitter antenna, and thc rcccivcr antenna arc isolated from
each other physically and clearly in the single package, and
when il ts used as the ultra high Irequency rtuho commum-
cation apparatus, its overall size can be minimized.

(Second L'mbodiment)
FIG. IU is an exploded perspective view of a radio

communication module 20 showing the second embodiment
of the present invention, in which the cap 17 provided with
the conductive layer 18 shown in I IG 9 is replaced by a
combination of a non-comluctivc outcr cap 21 and a con-
rluctivc inner cap 22. Similar to thc radio communication
moilule 10 of. FIG. 9, the inner cap 22 is used to cover the
conslnction portion 16 thus forming a wave guide slruclure.
More particularly, the outer cap 21 physically protects two
antennas 12 and 13 as &vali as an I('hip 11, and the inner
cap 22 prevents electromagnetic buffenng between the
antennas 12 and 13 and thc IC chip ll. This arrangcmcnt
provides thc same cfl'cct as of thc first embodiment without
applying any comlucuve layer on lhe inner surlace of. the
i:ap.

(Third Embodiment)
FIG. 11 is a pcrspectivc vieiv of a rarlio communication

apparatus 23 showing the third cmbodimcnt of the prcscnt
invention, in yvhich a cap member is not shown but provided
appropriately as a modilication of lhe cap illustrated in FIG.
9 or 1U. The module 23 includes a package 15A having a
(.'-shaped inner space and a substrate, on which an IC chip
11 and two antennas 12 and 13 are mounted, consisting of
thrcc sc ments; a substrate scgmcnt 14u cxtcnding across a
reduced region 16A of thc package 15A for carrying thc IC
chip 11 thcrcon, a substrate segment 14b for carryin thc
transmitter anienna 12 thereon, and a substrate segment 14c
fiir carrying the receiver antenna 13 thereon. The substrate
segments 14n, 14b, and 14c may be made by having patterns
of gold on an alumina base

For assembly, the substrate segments 14u, 14b and 14c on
which the IC chip 11 and the two antennas 12 and 13 are
mounted respectively are installed separately in the package
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15Abefore they are Ioined together lor electmcally connect-
ing the IC chip 11 and the two antennas 12 anil 13 to one
another This allows the IC chip 11 and two antennas 12 and
13 to be inspected or tested individually prior to the instal-
lation and thc connection. Thc installation of thc substrate
scgmcnts 14A, 14B, and 14C into thc package 15A will also
be cerned out with ease because they are separatetl.

Thc substrate assembly of this cmbodimcnt may bc of a
single plate similar to that of thc first or second cmbodimcnt.
It is also possible to shift the substrate of Ihe lirst or secoml ic

embodiment Io segments such as the substrate segmenus of
the third embodiment I'he substrate nf any form may be
applied to the radio communication module so long as it

provides a single mounting plane in Ihc package.
The third embodiment can minimize the interference

betiveen the tive antennas and between the IC chip and either
of thc antennas in addition to thc advanta c dcscribcd above.

The directivity of a left-tn-right symmetrically shaped
antenna is normal to the plane on which the antenna is
located. If thc two antennas arc oricntcd in thc same
direction, they may intcrfcrc with each other. While their
directivity rs changed by modilying their shape, the two
antennas are commonly arranged to have sli htly dilTerent
shapes from the same symmetmcal shape so that their
directivities are at a small angle to each other.

However, in the third embodiment, the two antennas 12
and 13 are located off the mput and output lines of theI('hip

11 and will thus be minimized in the interference with
each other and facilitated in the adjustment for directivity
Also, the wall of thc package intcrfcrcs bctwccn thc IC chip

ic

11 and thc two antennas 12 and 13 which hence are
prevented from alTecung each other.

(Fourth Embotlimcnt)
I'IG 12 shows a radio communication module 24 accord-

in to thc fourth cmbodimcnt of Ihc prcscnt invention, in
which thc arrangemcnt of thc two antennas in thc thirtl
embodiment is modiiied for auenuating further the interfer-
ence between the two antennas. Although a cap is not shown
in FIG. 12, the cap employed in the lirst or second emboth-
ment may be used with its shape mndified

In Ibis embodiment, a package 15B is arranged in a

centrosymmetrical shape, having three substrate segments
14d, 14e, and 14f at corresponding locations 'I'he two,
transmitter and receiver, antennas 12 and 13 are centrosym-
metrical with rcspcct to thc IC chip ll as loca(cd alon a
diagonal linc of thc IC chip 11.

As the two antennas 12 and 13 are disposed ofi'he
directions of thc input and output lines of thc IC chip ll,
their dircctivitics crcatc minimum intcrfcrcncc thcrcbetwccn so
as descnbed in the third emboihment. Also, the centrosym-
metry arrangement with respect Io the IC chip II extends the
distance between the two antennas 12 and 13 thus decreas-
ing the effect of side-lobe interference.

(FiTth Embodiment) ss
FIG. 13 is a perspective view of a radio commumcauon

module 25 showing the lilth embodiment of the present
invenhon, in which a constncuon portion 16C consists of a

Iirst constriction portion 16'nd a seconrl constriction por-
tion 16" to ivhich two, transmitter and receiver, IC chips 1 la,
lib arc allocated rcspcctivcly. A portion of a substrate 26
between thc two constriction portion 16'nd 16" is usctl for
connection Io the outside. Although a cap is not shown in
FIG. 13, it is provided with either a conductive layer on a

non-comluctive body thereof or a conductive mner cap ss
thereof to cover thoroughly the first and second constriction
portions 16', l6"

10
The lifth embodiment also minimizes the mterference

between the Iransmiuer and the receiver and olTers a higher
freedom for connection to the outside hence allowing a
variety of modifications to meet any application.

(Sixth Embodiment)
I IGS. 14A and 1413 show a radio communication module

27 according to the sixth embodiment of the present inven-
uon. More specdically, FIG. 14A is an upper view of the
same (with a cap not shown), and FIG. 14B ts a cross
sectional view taken along thc linc XIVB XIVB of FIG.
14A. As apparent, like components arc denoted by like
numerals as of the hrst embodiment and will be explained in
nn more details 'I'he radio communicatinn module 27 shown
in FIGS. 14A and 14B is differenuated from the radio
communication module Hl of Ihe lira( embodiment shown in
FIG. 8 l&y thc fact that a constriction portion 16D has
rcccsscs 28 provided in thc inner sitlc wall thcrcof. Thc
recesses 28 are designed to accommodate passive cnmpo-
nents including a chip capacitor 29 and a feed thrnugh 30
The constriction portion 1613 also has through holes 32
provided in thc bottom thcrcof for allowin thc feed through
30 to cxtcnd from thc inside to thc outside of thc package
15D. The recesses 28 permit the width of the constmction
portion 16D to increase from Wa Io Wb, whereby the cut-olT
lrequency is lower than that of the constricuon poruon 16 of
the hrst embodiment. With consideratinn of this
phennmenon, the dimensions of the recess 28 may be
tlctcrmincd to prevent thc clectromagnctic waves of thc
communications signal frcqucncy from assaulting thc IC
chip 11.

Thc radio communication module 27 of this cmbodimcnt
provides thc same advantage as of thc radio communication
moilule 10 ol Ihe first embodiment anil also, allows the chip
capacitor 29 Io be located adlacent Io the IC chip 11, thus
ensuring the stable circuitry operation nf the same
I'urthermnre, input and output electrodes are located close to
the semiconductor chip 11 so that relevant loss caused by the
fi:cd through 30 and thc through hole 32 can bc minimized.

(Seventh Emliodiment)
FIG. 15 ts an upper view of a rrulio communication

module 33 shoiving the seventh embodiment of the present
invention. The radio communication module 33 is differen-
tiated from thc radio communication motlulc 10 of Ihc flrst
embodiment by thc fact that projections 34 arc provided on
the inner side v,all of a packs e 15E so that the width of a
constnction poruon 16E having a maximum of Wa is as
small as Wc at both amis.

As descnbed with Ihe lirst embodiment, Ihe constnction
portion 16E prevents Ihe electromagnetic waves of the
communications si mal frequency from entering a semicon-
ductor chip 11. In common, the electromagnetic waves of
any frequency even smaller than the cut-off frequency may
slightly move in through thc both ends of the constriction
portion 16E. Thc radio commumcation module 33 of thc
seventh embothment has the width at both the ends of the
constnction poruon 16E reduced to as small as Wc, hence
controlling Ihe entrance of. unwanted electromagnetic waves
to a minimum level as compared with the constriction
pnrtion 16 of the hrst embodiment

(Eighth Embodiment)
Aradio communication module 35 according to the eighth

embodiment is illustrated in FIGS. 16 and 17. FIG. 16 is an
exploded perspective view of the radio communication
module 35 and I'IG 17 is a cross sectional view taken along
the linc XVII XVH of FIG 16

While the first to seventh embodiments employ the sub-
strate on which the antennas and semiconductor chips are
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mounted and which is inslalletl in the conductive pacl age,
this embodiment allows lhe substrate to serve as a bouom
plate of the package of which side wall is composed of a
conductive framework 15F mounted on thc substrate. More
specihcally, the substrate 14I'ontains a gmund layer 38
which corresponds to the bottom of the package having a
constrichon portion of Ihe above-descnbed embodiments, as
shown m FIG 17. An antenna pauern inclutlmg a transmitter
antenna 12 anti a rcccivcr antenna 13 and a wirin pattern for
connecting the semiconductor chips (both not shown) are

lu
mounted together with a peripheral ground pattern 36 on the
sulistrate 14I& The peripheral ground pattern 36 and the
ground sheet 38 are electncally connected to each other by
via« 37. The mounnng of the conducnve frameworl 15F
bavin thc constriction portion 16F on thc substrate 14F
produces an cquivalcnt of thc package, including thc frame- '-'ork

15 I', the ground pattern 36, the vias 37, and the ground
sheet 38 A cap 17I'as a conductive layer lgp provided m
the inner surface thereof facing the conslnction portion 16F,
similar to that of the lirst embodiment.

This embodiment allows the package to be constructed hy zo

no intricate components anti will contribute lo the lower
manufacturing cost of thc ra&lie communication module 35.

(Ninth Lmhodiment)
FIG. 18 shows a radio communication module 39 secor&l-

ing to the ninth embodiment (with a cap not shown) 'I'his

embodiment is differentiated from the first embodiment hy
the fact that three scmicontluctor chips lla, Jlb and llc of
diff'crcnt sizes arc allocatctl to their rcspcctivc ividths of a
constrichon poruon 16G. More parncularly, the semicon-
ductor chip llh al the center is smaller in width than the two
other chips llu and llc al both ends. A center of the
constriction portion 16(l is shaped narrower than the two
ends to match the size of the semicnnrluctor chip Hh

Preferably, the semiconductor chip lib in the center of the
constriction portion 16G of the emhnrliment is an oscillator 33

while the two other semiconductor chips lla and llc are a
transmitter and a rcccivcr rcspcctivcly conncctcd to their
respcctivc transmitter and rcccivcr antennas 12 and 13.

As dcscribcd ivith thc scvcnth embodiment, thc ctcctro-
30

nmgnetic waves of a frcqucncy lower than thc cut-oft'requency

may cntcr thc tv o openings (at both en(Is) of the
constrichon portion 16G in proportion lo the width (namely,
cross section) of the same. The ninth embodiment allows the
constriction portion 16G to be minimized at the center,
hence preventing the electrnmagnetic waves from the trans-
mitter llu and transmitter antenna 12 to thc rcccivcr chip
llc anti protecting thc isolation of each semiconductor chip.

(Tenth Embodiment)
FIGS. 19A aml 19B illustrate a radio commumcahon

module 40 according to the tenth embndiment I'IG 19A is
a perspective view of the module 40 (with a cap not shown)
and FIG. 19B is a cross sectional view taken along thc line
XIXB XIXB of FIG. 19A.

In this embodiment, a semiconrluctor chip II including a
transmitter circuit and a rcccivcr circuit in a combination is
mounted in a constriction portion 16H together with a
resonator 41 eleclromagneucally joined lo Ihe transmitter
circuit of the semicomluctor chip 11. The resonator 41 may
he of a strip or disk shape. eu

As shown in FIG. 19B, Ihe resonator 41 is verucally
mounted in an opening provided beneath Ihe semiconductor
chip II in a substrate 14H which is installed in a package
15II 'I'he ividth of a wave guide structure developed m the
constriction portion 16H is greater than thc height. es

Accordin ly, the resonator 41 allows its electric and
magnetic fields to he at right angles to the electric and

12
magnetic lields in Ihe conslricuon portion 16H in a mim-
mum propagation mode, preventing the electromagnetic
waves from a transmitter antenna 12 from heing transmitted
through the resonator 41 to a receiver stele, and protecting
the isolation of thc semiconductor chip 11.

This arrangemenl may be apphed to Ihe ninth emboth-
ment by having lhe resonator opening beneath the transmit-
ter chip lln.

(Eleventh Embodiment)
FIGS. 2UA aml 20B show a radio commun&canon module

40'ccorthng to the eleventh embodiment of the present
invention. FIG 20A is a perspective view of the module40'with

a cap not shown) and I'IG 200 is a cross sectional
view taken alon the linc XXB XXB'f FIG. 20A.

This embodiment is a mod&lice&ion of lhe tenth emboth-
ment in which a resonator 41'ml a substrate 141 are
mounted in a different manner ivhile a pacl age 15I aml its
constrictinn portion 16I are provided m the same manner as
of thc tenth embodiment.

More specifically, lhe resonator 41's located adtacent to
and in parallel with a semiconductor chip 11 as biasetl from
the center of the constriction portion 16I to a receiver
antenna 13 In this case, the electnc and magnetic helds of
the resonator 41'n its minimum propagatinn mode is
aligned to those of the constriction portion 161. However, thc
resonator 41's located in thc rcccivcr side whcrc input and
output of power are relatively small aml will be less affected
by Ihe electromagnetic waves from the lransmuler s«le.
Also, the power from the receiver antenna 13 is far smaller
than that from the transmitter antenna and will g,ive negli-
gible effects on the transmitter side. It is understood that this
embodiment like thc ninth cmbodimcnt may employ morc
than onc of thc scmicomluctor chips with equal success.

(TwelBh Embothment)
A radio communication module 42 according to the

twelfth cmbodimcnt of thc prcscnt invention (with a cap
rcmovcd) is illustrated in FIG. 21

This embodiment employs a transmitter antenna 12 and a
receiver antenna 13 of a TAB 43. The TAB 43 is assembled
to a substrate 14J inslalletl in a constricuon poruon 16J of a

package 15J. The antennas 12 anil 13 of the TAB 43 are
tlexihle and can he adlusted to shift their directivity
Although the TAB 43 is commonly as thin as tens of
microns, it may bc formed in multi-layer to sct a distance of
morc than 100 microns bctwcen thc antenna pattern and thc
gri&und pattern for increasing lhe radiant effjc&ency of the
antennas 12 aml 13.

(Thirteenth Embothmenl)
A radio communication module 44 according to the

thirteenth embndiment of the present invention (with a cap
rcmovcd) is illustrated in FIG. 22, in which thc length LA of
a constriction portion 16K of a package 15K is shorter than
the length LB of an IC chip 11 mountctl on a substrate 14K.

Il is common that the length LAof the constricnon portion
is generously extemled to thorou hly hold lhe IC chip within
the conslnction portion as it determines the electrical sepa-
ration between both ends. In other words, the length I.A is
settled larger than the length I.B of the IC chip. Ilowever,
this also increases the distance from thc chip to transmitter
and receiver antennas and thus transmission lines bctwccn
the same, whereby loss in the transmitting power or decli-
nation in Ihe level of a received signal occurs. Along the
transmission hnes, a high frequency of quasi-mill&wave
(over 10 Gllz) will has mnre loss than a lower frequency
Particularly, the noise level characteristic of the receiver is
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13
afiected largely and directly by loss made in series to the
receiver antenna. In other words, any redundancy of the
length of thc transmission lines will impair or tlccline the
performance (c.g. thc minimum rccciving sensitivity) of the
radio communication module I or avoiding such a
drawi&ack, the I('hip shnuld be located not far from the
antennas. This embodiment has the length LA of the con-
stricuon portion smaller than the length LB of the IC chip
(LA&LB) for minimizing thc loss alon thc transmission
lines, as shown in FIG. 22.

&0

Although the constnction portion 16K is short by a

difierence of the length between the IC chip ll aml the
constriction portion 16K anil thus declines thc clcctric
separation bctwcen thc transmitter side and thc rccciver side,
the difl'erence in the total effect is as small as negligible. The
electromagnetic waves from outside may enter through both
ends of the constnchon portion 16K but it can be oflaet by
the installation of common input aml output pads at both
cd cs of thc IC chip ll thus harrlly affecting its inner circuit.

(I'ourteenth Embodiment)
A radio communication module 52 according to the ZO

fourteenth embodiment of the present invention (with a cap
removed) is shown in I'IG 23, in which the radiation of heat
from a semiconductor chip is conccrncd. Thc substantial
arran cmcnt of this cmbodimvnt is similar to any of those
described with the first to thirteenth embodiments except
that shown in a vertical cross sectional view of a constriction
portion 16M of I IG 23.

('ommonly, for radiahon of heat from a bump-mounted
(or flip-chip bonding) semiconductor chip, the semirxmduc-

ic
tor chip is closely hacked up by a radiator metal, and the gap
bet&veen the chip and the metal is filled with a thermal
compound or thc like. This allows a highly diclcctric mate-
rial such as GaAs to occupy both upper and lower rc ions of
a space dcfincd in a metal casing, thus declining thc cut-oft'5
frequency in the wave guide structure. If. thrs common
manner is employed with the embodiment, the input aml
output terminals of the semiconductor chip can hardly be
isolated Also, the electric field is intensified about the center
of thc wave guide structure liy thc radiator metal thus

se
causing unwanted oscillation.

I'IG 23 shows an example in which the electric field is
prevcntcd from being intensified by thc radiator metal. A
metal cap 17M has a radiator portion 53 thcrcof cxtcnrlin
downwardly close to the back of an IC chip 11M. Moreover,
the radiator poruon 53 is provided with a recess 54 whmh
faces the chip 11M anil is tilled with a highly thermal
conductive matenal 55 (thermal compound) encapsulated m
a thin rubber pouch 56

Accordmgly, as the highly conductive rruluitor poruon 53
is spaced from the IC chip II M, it prevents the electric field
from heing intensihed.

The thermal compound 55 in the pouch 56 is flexible and
can be adjusted to eliminate any production error and
reclaim an optimum distance lietween the radiator portion 53
and thc I('. chip 11M with vase during thc assembly or
maintenance. ALso, thc thermal compound 55 in thc pouch
56, havmg a resiliency when urged under a proper pressure
by the cap 17M, increases the tightness to the rtnliator
portion 53 as well as the IC chip IIM When the thermal
compound 55 has a fluidity, the pressure of the cap 17M acts
uniformly over the I('hip I I M, eliminating a point of stress
and contributing to thc higher reliability of thc flip-chip
bonding which is knoivn to have a low structural strength.

(Fiftccnth Embodiment) 55

A radio communication module 45 according to the
lifteenth embodiment of the present invention is shown m
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FIG. 24, in which the radiation of heat from a semicontluctor
chip is concerned 'I'he substantial arrangement of this
embodiment is also similar to any of those rlescribed with
the hrst to thirteenth embodiments except that shown in a
vertical cross sectional view of a constriction portion 16L of
FIG. 24.

In this emboihment, a metal pillar 46 extending down-
warrl from a metal cap 17L is provided with an urging
member such as a spnng 47 so that n stays in contact with
the hack of a bump-mounted (flip-chip bonding) IC chip II I.
for radiation of heat.

llowever, such an ultra high frequency as causing cavity
rcsonancc in a metal casing alloivs an clcctric fiel to bc
intcnsificd about a diclcctric material (c.g. GaAs bavin a
thelectnc constant of about 13) of the IC chip 11L between
the metal pillar 46 and the bottom of the cons&net&on portion
16I., whereby the fundamental mode frequency in the wave
guide structure is declined, lowering the resonance fre-
quency. For solving the above drawback, a means is pn&-
vidcd for electrically connecting bctwccn thv metal pillar 46
of thc cap 17L aml thc bottom of thc constriction portion
16L. More parucularly, the electncally connecting means is
a path extending along a through hole 40 provided in ihe IC
chip 11L, a bump 49, and a throu h hole 50 provide&I m a
substrate 141. 'I he IC chip III. is mounted on the substrate
14I. in such a manner that the two through holes 40 and 50
are communicated to each other by thc bump 49 for clcc-
trically connecting thc metal pillar 46 to thc bottom or
ground plane of. &he constricuon portion 16L. A plurality of
the paths are el&gnarl at equal intervals lengthwiselv of the
constnction portion 16L and the IC chip 11L.

Accordingly, the inner space of the constriction portion
16I. is divided by the electrically connecting path into two
subspaccs ivhich arc surrounrlcd by thc conductive
materials, hence increasing thc rcsonancc frcqucncy for
cavity rcsonancc and then the cut-ofi frcqucncy in thc wave
gunle structure. Also, the IC chip 11L made of a highly
thelectnc material is located oil the center of each subspace
so that the resonance frequency is increaserl to as high as two
times.

I'he above advantages will further be enhanced by favor-
able alignment of thc paths with an optimum number and an
optimum distance. Although thc other innvr regions of thc
constnction portion 16L where the IC chip llL is absent
furnish no path across the IC chip, the metal pillar 46 may
be extended directly to the substrate or the bouom of the
package. The embodiment is not limited to the flip-chip
bnnding but can be applied with equal success tn any face-up
wire bonding installation for enhancing thc radiation of heat
and increasing thc cavity rcsonancc frcqucncy. If a conduc-
uve chip such as a silicon IC rs used for the semicontluctor
chip 11L, the throu h hole 40 may be omiued. The substrate
14L is not limited to a ceramic ma&anal but may be selected
frnm nther inorganic materials or organic materials includ-
ing epoxy resin, teflon resin, polyimide resin anil the like
Thc throu h hole 50 also serves as a thermal via for
attenuating thc rcsistancc to propagation of heat from thc
substrate to thc package.

(S&xteenth Embodiment)
A radio communicauon module 57 accordin ~ to the

sixteenth embodiment of the present invenuon m illustrated
in I'IG 25 in ivhich the isolation of a semiconductor chip by
a wave guide structure is realized using a simpler arrange-
ment.

I'he radio communication module 57 includes a transmit-
ter antenna 12, a receiver antenna 13, a substrate 14 N
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containing multilayer interconnection, a pattern of terminals
(pads on hump) for connection of the semiconrluctor chip 11,
and transmission lines for connection between the semicon-
ductor chip 11 and the two antennas 12 anil 13, which all are
mounted on thc substrate 14N. Thc semiconductor chip 11
which is conncctcd by fup-chip lionding to thc substrate 14N
ts surrountied by a seal ung 58 except the area for the
transmission lines to the antennas, and these transmission
lines are formed by patterning a thin metal layer at a
thickness of 5 pm or less as an uppermost wiring layer of the
sufistrate 'I'he seal nng 58 is connected to a conductive layer
embedded in thc substrate 14N.

When thc semiconrluctor chip 11 has bccn mounted on the
substrate 14N as followcrl liy installation of a box-shapcrl
metal cap 59, it is encompassed with the wave guide
structure formed by the seal ring 58, the metal cap 59 aiul the
conductive layer in the substrate 14N. The wave guide
structure has the same function as of the constriction portion
16 of thc previous cmborlimcnt as is desi ncd so that the
cut-ofi'requency is higher than the carrier frcqucncy. zo

Thc cap 59 has a notch for prcvcntin short-circuit
between the transmission lines and metal cap 59. The notch
may be substituted with a strip of insulaung mateual.
Alternauvely, the transmission uncs may partrally be
embedded in the substrate 14N After the cap 59 is installed,
the semiconductor chip 11 and the tive antennas 12 and 13
are protected with a cover cap 60 made of a low diclcctric,
non-conductive material placing over thc substrate 14N.

On thc opposite surface to the mountin surface of the
ic

substrate 14N formed are bumps through whrch input
signals, output signals anil control signals are transmrtted.

Although the radio communication module 57 includes
no side wall of a package as shown in the foregoing
embodiments, the cover cap 60 can provide the function of
the side wall with its corresponding material and shape for
electromagnetically scparatin thc two antennas from each
other aiul determining their direct ivity. Ametal member such
as a wave director may aLso be used for the cover cap 6U. The
cover cap 60 may have openings ior exposing only the
antennas to the outside of the cover cap 60

In the radio communication morlule 57, the pattern of
wiring on the substrate 14N is formed at once by a known
photographic process, whcrcby thc overall steps of prorluc-
tion requiring an accuracy will bc minimized. For the as
subsuate 14N, ceramic boards such as an alumina board arul
an aluminum nitude board, resin boartls (a print circuit
hoard), metal-cored boards and the like can be utilized

The forgoing embodiments allows the semiconductor
chip to be shielrled in the wave guirle structure of which so
cut-ofi'rcqucncy is higher than thc carrier frcqucncy. For
the purpose, thc wave guirlc structure should bc small in
cross section Thcrcforc, thc semiconductor chips for trans-
miller aiul receiver circuits are stnctly limited to a small
number. More specuically, one or two, or three at best, of the
semiconductor chips are preferably used as disclosed in the
prescribed embodiments When one or two of the semicon-
ductor chip arc shicldcd in only a package as shown in FIG.
6 or 7, thc inner space of thc package remains relatively
small and frcc from cavity resonance. As thc number of the ac
semiconductor chips is less, their installauon will contubute
to the mcrease of the shielding egect as well as the down-
sizing

The radio commumcauon module 4 shown in FIG 6

includes a single semiconductor chip of transmiuer arul as
receiver circmts shielded in a package In addition to the
semiconductor chip 7 ivhich is made of GaAs and sized to

16
a 2 mm square, provided for consututing the radio commu-
nication module 4 are the transmitter antenna 12 and the
receiver antenna 13 both sized to I to 2 5 mm square, the
high frequency circuit substrate 6 of alumina ceramics or the
like, and thc package 5 made of Kovar (Fc-Ni-Co alloy), 42
alloy, Cu, or Al and sized to 4 to 5 mm square. The radio
communication module 4 of FIG. 6 has the semicontluctor
chip 7 incluthng main circuit blocks for transmuung and
receiving signals and is thus favorable for the downsizing as
compared with any conventional module. Also, the antennas
12 and 13 are installed in the package 5 without extendlifig
to the outside, hcncc contributing to thc dov nsizing.

FIG. 26 shows a circuit arrangcmcnt of thc semiconductor
chip including both thc transmitter and rcccivcr circuits and
contnbuting to the downsizin ~ of the radio communication
apparatus. The, circuit arrangement El composes a receiver
means including a lmv noise high frequency amplifier circuit
(I.NA) and a direct demodulator circuit 71 connected to the
LNA, and a transmitter means inclurling a direct modulator
circuit 70, an oscillator circuit (OSC) for controlling thc
rhrcct modulator circuit 70, anil a power amplifie circuit
(PA) connected to the direct modulator circuit 7U. The LNA
is coupled to the receiver antenna 13, aiul the PA is coupled
to the transmitter antenna 12 The direct demodulator circuit
71 is provided for transmitting a base fiand signal, and the
rhrcct modulator circuit 70 for receiving a base band signal.
A control signal is loaded from thc outsirlc for controlling
the direct demodulator circuit 71, thc direct modulator
circuit 7U aiul OSC. The base band signals and the control
signals are received and transmiued through a input and
output port 8 as shown in I IG 26. It is to be noted that the
input and output port 8 here generally shows as either of
input, output or control terminal or all of them.

In this example, thc OSC inclurlcs a diclcctric resonator
which is installed in the semiconductor chip.

One of thc reasons why thc circuit blocks arc installed in
the iungle semiconductor chip is the use of the direct
iiemodulator circuit which simphfys the circuit arran ament.
In a traditional circuit arrangement for ultra high frequency
signals, the direct demodulator circuit is not employed,
allowing the circuit to remain not simplifierl Also, the use of
multi-layer wirin contributes to thc installation of thc
circuit blocks in thc single chip as will bc dcscribcd later in
more details.

FIG. 27 shows an example of the direct modulator circuit
7U of FIG. 26 in which AM modulauon is involved using an
I'Lrl'witching method A hase hand signal of interest is
modulated by an I'L'T modulator anil passed through a
matching circuit to thc PA Also, a modulating signal from
the OSC is loaded to a resistor.

FIG. 28 shovvs an cxamplc of thc rlircct demodulator
circuit 71 in v,hich an input signal irom the LNA is pro-
cessed by a demodulator and tuner circuit 72 aiul then by a
diode detector to form a base hand signal which is further
delivered.

I'he demodulator and tuner circuit 72 is provided for
cnhancin the si nal sclcction and may bc rcplaccd with a
common tuner circuit. Thc diode dctcctor may bc substituted
by a non-linear amplifier

Of thc radio communication modules of thc prescribed
embodiments, a few radio communication modules employs
two semiconductor chips. An example of the circuit arrange-
ment of the radio communication module using the two
semiconductor chips is shown in FIG. 29, where the circuit
arrangement L'3 of one of the two semiconrluctor chips
includes an I.NA and that L'2 of the other inclurles a rlirect
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demodulator circuit, an OSC, a direct modulator circuit arul
a VA 'Ibis arrangement with the two semiconductor chips of
the circuit arrangements L'2 and L3 is capable of preventing
the generation of cavity resonance with the shielding etfect
of its package.

Thc LNA comprises a single semiconductor chip because
it receives a signal directly Irom the receiver antenna 13 arul
wdl produce more possible interlerence with the other
components in the circuit arrangement.

I'IG 30 illustrates another circuit arrangement of the radio
communication module Ilere, the control signal terminals
are not shoivn from I I(L 30 tn I IG 32 This circuit
arran cmcnt of thc radio communication module has one
arran cmcnt ES of thc two semiconductor chips used for
signal receiving aiul the other arrangement E4 for signal
transmitting. The circuit arrangement E4 of the transmitter
chip is identical in the constructinn to the transmitter section
of the circuit shown in I'IG 26 'I'he receiver chip of the
arrangement L'S includes an I.NA, an OS(: and a frequency
convcrtcr circuit which is connccmd to a medium frequency
amplifying filte disposed in thc outside of thc scmiconrluc-
tor chip. The medium frequency amplifymg tilter is con-
nected to a demodulator circuit from which a base barul
signal is put out This circuit arrangement of the raiho
communication module employs non of the direct demodu-
lator circuit.

L'xamples of the transmitter module and the receiver
module will now he explained.

FIG. 31 shows an example of the transmiuer module ic
which employs non of the direct modulator circuit for the
transmitting means A hase iiand signal is modulated hy a
modulator circuit, frcqucncy convcrtcd by a frcqucncy con-
verter circuit, and transmittcrl through a PA to thc transmitter
antenna 12. Thcrc arc also provided a first OSC (OSC,) for

35
controlling the modulator circuit and a second OSC (OSCa)
for controlling the frequency converter circuit. The fre-
quency converter circuit, the VA and the OSGa are installed
in a semiconductor chip of the circuit arrangement L'6

FIG. 32 shows an example of the receiver module whwh
employs non of the direct demodulator circuit 1he output of
this module is not a hase hand signal Iiut a medium fre-
quency signal of which frequency is below Mio thc fi:ccivcrl
frequency. This module is cquivalcnt to thc rcccivcr section
of the radio communicauon module shown in FIG 3U

without the demodulator circuit.
FIG. 33 illustrates a multi-layer wirin of thc scnucon-

ductor chip. Although the mulu-layer wiring is parhcularly
efiective if non of the direct demodulator anil modulator
circuics is used, it is of course usable in a case of employin ~

the direct demodulator circuit nr mnrlulator circuit
As shown in FIG. 33, a substrate 81 made of a semi-

insulatin material such as GaAs carries on its surface a
variety of elements 82 inclurling active elements and resistor
elements such as transistors and diodes, and passive ele-
ments such as capacitors and inductors. Thc substrate 81
may be made of Si substrate. The substram 81 is formcrl at
surface with an insulating layer 83 which is macle of orgamc
resin such as polyimirle or benzocyclobuiene (BCB, Cs Ha)
or SiO. material If the organic resin is used, the insulating
layer ivill he increased in thickness but low in the dielectric
constant and the loss

The elements 82 are connecterl with signal lines 84 made
of Al, Au, or (:u which extenrl in two or more layers m the
insulating layer 83. ss

The insulating layer 83 is coated at surface with a ground-
ing conductive layer 85 on which a spiral inrluctor 86, a

microwave transmission line 87, and a transmitter or
receiver antenna 88

The mull&-layer wrong in the semicoiuluctor chip
enhances the integration of the circuit arrangement hence
contributing to the dmvnsixing of the semiconrluctor chip as
weil as reducing the number of chips to be installed in a
packs c.

I IG 34 shoivs an example of the radio communication
module 90 including a cavity resonator which acts as the
OSC, in which a part of the OSC cxtcnrls outwardly of a
semiconductor chip 11 in a package 91

More specifically, the semiconductor chip II is mounted
with bumps 93 on a high frcqucncy circuit board 6 by
flip-chip manner.

Thc package 91 has a non-conrluctivc cap 92 of a low
rhelcctric resin material provided thcrcon for allowing
antennas (not shown) mountcrl on thc top of thc scmicon-
iluctor chip 11 to receive and transmit relevant signals. The
low dietectnc resin material of the cap 92 may be selected,
for example, from epoxy, polyimide, tefinn, polycarhonate
anil the like The material of the cap 92 is not limited to the
resin hut any other non-conductive materials may he used
with equal success.

I'he cavity resonator 95 is coupled to a micrnwave
transmission linc 94 mounted on thc bottom of thc scmi-
conrluctor chip 11 and forms thc OSC together with active
clc ments and resistors in thc semiconrluctor chip 11. A screw
96 is provided extemhng from the outside of the package 91
to the cavity resonator 95 so that the resonance frequency is
controlled hy turning and moving the screw 96 to anil from
the cavity of the resonator 95 to regulate the rlimension of
the cavity.

Although the unshoivn antennas are activaterl with aid of
the non-conductive region of the cap 92 or the package 91

in FIG. 34, they may be coopcratcrl with an opening pro-
vided in thc package 91. Thc latter is shown in FIG. 35A and
35B FIG. 35A is a lower view of a rrulio communication
moilule 97 and FIG. 35B xs a cross secnonal view of the
same.

As shown, a transmitter aml,'or receiver antenna 1U3 is
mounted not on the upper surlace of a semiconductor chip
11 hut on the leaver surface of a high frequency circuit board
6 thus to confront the opening of a package 98

Between the semiconductor chip 11 and the high fre-
quency circuit hoard 6 provirled is a buffe layer 99 made of
a lnw dielectric material and surrounrling a void 102
Another hutfer layer 100 is disposed iietween the high
frcqucncy circuit board 6 and thc package 98.

I IGS. 36A and 3613 illustrate a radio communication
morlulc 104 in ivhich a semiconductor chip 11 is mounmd on
onc surface of a substrate 105 anil a transmitter antenna 12
and a rcccivcr antenna 13 arc mountcrl on thc other surface.
FIG. 36A is a plan view aiul FIG. 36B is a cross sectional
view of the same. The substrate 1U5 has through holes or
vias provided therein through which the semicnnrluctor chip
11 are electrically connected to the transmitter antenna 12
and thc receiver antenna 13. A metal cap 107 is provided on
the surface of thc substrate 105 on which semiconductor
chip 11 is mounted, for shielding thc semiconductor chip 11,
and a grounding electrode 106 on the other side for encom-
pasiung and separahng the transmitter antenna 12 and the
receiver antenna 13 from each other 'I'he tivo antennas 12

anil 13 are disposed outside of a package 104 and will thus
bc free from dispersion and loss.

I'he antennas 12 and 13 may he accompanied with a
conductive pattern, electrodes, and a metal structure for
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increasmg the electncal separauon and the ihrecuvity. They
may also be protected with a film of a low dielectric
material.

Thc resonator used in thc OSC of thc rarlio communica-
tion module will be explained in more deiails. Although the
following examples of the resonator are of. illustrative aml
nol limited to the use in the prescnbed emboihments, they
contribute to the downswing, of the radio communication
modules

FIGS. 37A and 37B show a diclcctric resonator 112
mounted on lhe back surface of a substrate 81. FIG 37A is
a perspective view and FIG. 37B m a cross sectional view of
the same 'I'he substrate 81 in which the element 82 is formed
at the upper side is provided with transmission lines 84 on
the upper surface and is coated with a polyimidc layer 83 is

and a grounding conductive layer 85. Thc clcmcnls 82 are
conncctcd by their rcspcctivc transmission lines 84 to the
groundmg conductive layer 85. The dieleclnc resonator 112
ts provirieri on the lower surface of lhe substrate 81.

30
As compared with a conventional arrangement in which

both a diclcctric resonator and a microwave transmission
linc are mounted on thc active-clcmcnts-mounmd surface of
a substrate, the dielectric resonator 112 shown m FIG. 37 is
seated to overlap with a microwave iransmismon lme 111 on
the substrate 81 thus enhancing ils couplmg.

FIG. 38 is a diagram of thc circuit arrangcmcnt on thc
substrate 81 with a diclcctric dcvicc shown in FIG 37.

Thc arrangcmcnt of FIG. 37 may bc modifie as shown in
FIG. 39 where a throu h hole winng 113 extending from the
microwave uansmission line 111 is embeilileil in the sub-
strate 81. In thus conslrucuon, the distance and the couphn ~

betiveen the dielectric resonator 112 and the microwave
transmission line 111 can be controllerl by varying the length
of thc through hole wiring 113. 33

FIG. 40 shoivs a cavity resonator 114 substituting thc
dielectric resonator, in which a through hole wiun 115
exlemls into the cavity of the resonator 114 for rxiupling the
resonator 114 with a microwave transmission line 111.

FIG. 41 illustrates a radio communication module 116 in
which a cavity resonator 114A is provided to extend over
almost the entire loiver surface of a high frequency circuit
hoard 6.

A package 117 of thc module 116 includes two covers 118
and 119 provided at upper anil lower thcrcof rcspcctivcly.

As shown, thc bottom of thc cavity resonator 114A is
greater in area than the lower surface of ihe high frequency
circuit boarcl 6 aml the resonance frequency of the cavity
resonator 114A is smaller than that of a space above the high

n
frequency circuit board 6 Accordingly, the resonance action
in thc cavity resonator 114Av ill hardly lead to a resonance
in thc upper space, thus prcvcnting a semiconductor chip 11

from being affcctcd by undesired rcsonancc.
The lower surface of lhe high frequency circuit board 6 in

FIG. 41 is protected with a conductive coating except a

parucular region through which lhe upper snle of the high
frequency circuit hoard 6 is coupled with the resonator
114A. 'I his may be substituted by a through hole win ng 122
as shou n in FIG. 42.

FIG. 43 illustrates an assembly 123 having a cavity
resonator 124 formed with a Si substrate and mounted on a
semiconductor chip 11.

More specilically, the cavity resonator 124 deiined in the
Si substrate 125 is mounted by soldering 127 on the semi- es
conductor chip 11. 'I'he Si substrate 125 has a notch such that
voids 126 are provided between the Si substrate 125 and the

semiconductor chip 11. The voids 126 are arranged for
rerlucing the contact area betiveen the Si substrate 125 and
the semiconductor chip 11 thus contributing to the down-
sizing nf the semiconductor chip 11 The semiconductor chip
ll has pads 128 aml is mounted on a high frcqucncy circuit
board with thc pads 128 joined by corresponding bonding
wires 7 to terminals of. a wiung pattern 129 of lhe circuit
boaril.

I IG 44 is an enlarged vieiv shoivmg a part of the cavity
resonator 124. A conductive layer 130 is provided on thc
inner wali of thc cavity of thc Si substrate 125 for producing
the cavity resonance. FIG. 45 is a cross secuona1 view of the
cavity resonator 124 mounted on lhe semiconductor chip 11

of FIG. 43. The Si subsuate 125 may be replaced with a
crystal body for forming the cavity resonator 124.

Thc cavity resonator 124 dcscribcd above has some
advantages. Firstly, thc cavity in thc Si substrate 125 is made
by a known anisouopic etching technique and thus has
highly accurate dimensions. Secondly, the surfaces al the
cavity of the resonator 124 can be finished with high
smoothness. Accordin ly, the Q value indicating the quality
of resonance ivill be improved.

For having a higher level of the Q value, lhe comlucuve
lever 130 ts prelerably made of a highly conductive maternil
such as Cu, Ag anti the like.

For producing a rcsonancc of 60 GHz, thc cavity resona-
tor 124 shown in FIG. 43 is tailored to have a height h

smaller than 2.5 mm.
The height h may further be reduced if a cavity resonator

124A is firmed m the almost entire Si substrate 125 as
shown in FIGS. 46 and 47 The cavny resonator 124A of
I'IGS. 46 and 47 is greater in the area of its conductive layer
than the resonator shown in I IGS 43 to 45 hence increasing
the Q value.

Also, another arrangcmcnt 132 may bc cmploycd as
shown in FIGS. 48 and 49, in which a cavity resonator 124B
extends honzontally in a honzontally mounted Si substrate
125B thus to further reduce i(s hei ht h while an Si substrate
1258 is mounted by bumps 133 to a semiconrluctor chip 11

A further arrangement 134 mav be used as shown in
I'IGS. 50 and 51 ivhere a cavity resonator 124C extends
almost throughout a horizontally-mounted Si substrate
125C.

A still further arrangcmcnt 135 may bc possible as shown
in FIGS. 52 anil 53 where a cavity resonator 124D is formed
of a C shape in an Si substrate 125D.

A sull further arrangemenl 136 may be employeil as
shown in l1GS 54 and 55 where a cavity resnnator 124L of
a ('hape has reduced regions thereof in an Si substrate
125E which serve as a bandpass filter for passive clcmcnts.
While bandpass filters are commonly provided in a semi-
conductor chip, thc resonator 124E shou n in FIGS. 54 and
55 conlnbutes lo the downsizing of the corresponding
semiconductor chip 11.

The cavity resonator may be formed belween a pair of. Sr
substrates 125l'laced one over the other Such an arrange-
ment 137 is shown in lrl(iS. 56 (the resonator nnt shown)
and 57. The two substrates 125'nd 125" allow a cavity
resonator 124F to have an claboratc shape and a higher
function.

A procedure of producing lhe cavity resonator in the Sr
substrate will be explained refernng to the cross sectional
views of liIGS 58 to 62

As shown in I l(i 58, the procedure starts with preparing
an unprocessed form of the Si substrate 125'I'his is
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followed by making an aperture 138 of an appropriate shape
in the Si substrate 125'y amsolropic etching technique as
shown in FIG 59.

Then, a conductive layer 139 is deposited on the surface
of the aperture 138, as shown in FIG. 60. An unprocessed
form of the other Si substrate 125" is subjected to the same
steps for making a conductive layer 141 dcpositcd on the
aperture surface. Thc two Si substratcs 125'nd 125" are
joined to each other by direct bonding as shown in FIG. 61.

This is followed by mounting thc Si substratcs 125'nil in
125" by the bumps 133 on the semiconiiuctor chip 11 as
shown in FIG. 62.

Thc ri,sonance frcqucncy of the cavity resonator as
described above can be controlled Irom the outsrde by, for
example, the conlrolhng means 142 which is shown in is
Irl(IS. 63 and 64 I'IG 64 is a partially enlarged schematic
vieiv nf the cavity resonator 124(l shown in I'IG 63

The conlrolhng means 142 is provided by the process
comprising; making a window 143 in a conductive layer
130G nf the cavity resonator, depositing near the window zn

143 an n layer 144 and a p layer 145 which arc pn joined to
each other; and attaching a pair of clectrodcs 146 and 147 to
the n layer 144 and thc p layer 145 rcspcctivcly. The
electrodes 146 and 147 are arranged to extend to the outside
of the Si substrate 125G.

A voltage is apphed lo lhe two eleclroiles 146 and 147.
The resonance frequency of the dnve resonator 124G can
thus be controlled by varying the applieil voltage.

As set lorlh above, lhe embodiments of the present
invention allow relevant antennas lor a band of ultra high
frequencies of quasi-milliwave or hi her of which wave
length is less than 30 mm to lie minimized in the nverall
dimensions thus to reduce the size of a package and also, to
be scparatcly located as a transmitter antenna and a rcccivcr
antenna. Thc transmitter antenna and thc rcccivcr antenna ss

have lo be physically separated from each other lor ensunn ~

clear lransmining anil receiving actions and mmimizing any
loss. In thus respect, the transmnter antenna and the receiver
antenna according to the present invention are installed
together ivith their relevant semiconductor chip(s) in one
single package which is also reduced in thc overall size. As
the antennas in thc package arc capable of transmitting anil
receiving signals through an aperture or a non-conducive
region of lhe package, they hardly allecl the function of the
other components in the pacl age with protection by the
package I or processing the transmitting and received
signals, the semiconductor chips in the embodiments may be
substituted with vacuum tubes of a miniature size or other
tv pin

It must be understood that the invention is in no way n

limited to thc above cmbodimcnts and that many changes
may bc brought about thcrcin without departing from the
scope of. the invennon as delined by lhe appended claims.

%(hat is claimed is.
I An ultra high frequency radio communication appara- ss

tus cnmprising:
a receiver antenna,
a transmitter antenna;
an IC chip clcctrically conncctcd to thc rcccivcr antenna „„

and thc transmitter antenna;
a sulxstrate on ivhich the receiver antenna, the transmitter

antenna and thc IC chip arc mounmd;
an input terminal for inputting a base hand input signal to

thc IC: chip; ss
an output terminal for outputting a base hand output

signal from the I('hip,

a control signal terminal for inputnng to the IC chip a

control ingnal for controlhng the IC chip, and
a shielding device havmg a wave guide structure for

producing a shielding space such that the cut-otf fre-
quency of. the shielding space is higher than the fre-
quency of a earner signal for radio communicanon in
such a manner that thc IC chip is locamd in thc
shielding space.

2 I'he ultra high frequency radio communicatinn appa-
ratus according to claim I, ivherein the wave guirle structure
encompasses lhe IC chip with an electncally comlucnve
matenal.

3 An ultra high frcqucncy radio communication appara-
tus comprising:

a peel «ge having a constricnon pornon such that the
cut-oif frcqucncy of thc constriction portion is higher
than the frcqucncy of a carrier signal for radio com-
munication;

a receiver atlletltla;
a transmitter antenna;
an IC chip electrically connected to the receiver antenna

and thc transmitter antenna;
an input terminal for inputtmg a hase iiand input signal to

the IC chip;
an output terminal for outputting a base hand output

signal from the I('hip;
a control signal terminal for inputnng to the IC chip a

cnntroi signal for controlling the IC chip; and
a substrate installed in the package in which the receiver

antenna, the transmitter antenna and the l(i chip are
mounted on the substrate in such a manner that the IC
chip is located in the constriction portion.

4 Thc ultra high frequency radio communication appa-
ratus according to claim 3, whcrcin thc package has an inner
space including a lirst chamber for receiving the receiving
antenna, and a seconii chamber lor receiving lhe transminer
antenna, and the constriction portion has a bore wnh a lirst
enri and a second end in which the first chamber is com-
municcated to the bore at the first end and the second
chamber is communicated to thc bore at thc second cnd.

5 Thc ultra high frequency radio communication appa-
ratus accorihng to claim 4, wherein the bore has a wave
gunle structure encompassing the IC chip with an electn-
cally comluctive matenal.

6 I'he ultra high frequency radio communicatinn appa-
ratus according to claim 5, ivherein the wave guirle structure
includes an electrically conductive layer formed in thc
substrate anil a box-shaped metal cap which is conncctcd to
the electrically conductive layer to encompass lhe IC chip.

7 The ultra high frequency radio communicanon appa-
ratus according lo claim 4, wherein the conslricnon portion
has a projection member at the first anil seconrl enrls nf the
bnre for reducing the cross section of the bnre at the first and
second cnrLs.

8 Thc ultra high frequency radio communication appa-
ratus according to claim 4, further comprising a heal radia-
non device for transmitting heat Irom the IC chip lo the
peel «ge, anil lhe heat radiation device passes through the IC
chip to divide the bore of the constriction portinn into two
parts.

9 Thc ultra high frequency radio communication appa-
ratus accnrding to claim 3, ivhcrcin thc IC chip includes an
oscillator chip, a transmiuer chip and a receiver chip, and the
oscillator chip is located al lhe substannal center of the
conslnction portion.

10. I'he ultra high frequency radio communication appa-
ratus according to claim 3, wherein the constriction portion
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has a heat radiauon device lor transmitting heat I rom the IC
chip to the package, and the heat radiatinn device includes
a thermal cnmpouund which contact ivith the IC chip and the
package.

11. Thc ultra high frcqucncy radio communication appa-
ratus according to claim 3, whcrcin thc IC chip composes a
semiconductor chip which includes a low noise high fre-
quency amplilier circuit, a direct demodulator circuit con-
nected tn the low noise high frequency ampiiher circuit, a
direct modulator circuit, an oscillator circuit fnr controlling
the direct modulator circuit, and a power amplifier circuit
conncctcd to thc rlircct morlulator circuit.

12. Thc ultra high frcqucncy radio communication appa-
ratus according to claim 3, wherein the IC chip composes a

Iirst semicomluctor chip incluihng a low noise high fre- is
quency amplifier circuit, and a seconrl semiconductor chip
inciudin a direct demodulator circuit connected to the low
noise high frequency amplifier circuit, a direct modulator
circuit, an oscillator circuit for controlling thc direct modu-
lator circuit, and a power amplifier circuit conncctcd to the zo

direct modulator circuit.
13. The ultra high frequency radio communication appa-

ratus accnrding to claim 3, wherein the IC chip composes a
tirst semiconductorchip anil a seconrl semiconrluctor chip,
the first semicnnductor chip inclurling a low noise high
frequency amplifie circuit, a frcqucncy convcrtcr circuit
and an oscillator circuit for controlling thc frcqucncy con-
verter circuit, and a secoml semiconductor chip including a

direct modulator circuit, an oscillator circuit for controlhn ~

the direct modulator circuit, and a power amplifier circuit
connected tn the direct mndulatnr circuit

14. The ultra high frequency radio communication appa-
ratus according to claim 3, whcrcin thc oscilLator circuit
includes a cavity resonator.

15. The ultra high frequency radio communication appa- zs
ra&us according to claim 14, wherein the cavity resonator has

a cavitv being formed in a silicon matenal body and having
an inner wall covered with a conductor layer

16. I'he ultra high frequency radio communication appa-
ratus according to claim 3, ivherein the package includes an
clcctrically non-conrluctivc cover cap v hich covers thc
rcccivcr antenna, thc transmitter antenna and thc I(i chip
which are mounted on the substrate.

Iy. The ultra high frequency radio communicauon appa-
ratus according to claim 3, wherein the pacl age has an
openuig for exposin the receiver antenna and the transmit-
ter antenna to outside of the package

18. Thc ultra hi h frcqucncy radio communication appa-
ratus according to claim 3, wherein thc IC chip is conncctcd
to the substrate by fiip-chip bonding.

19. The ultra high frequency radio communicauon appa-
ratus according to claim 3, wherein the substrate contains
multilayer interconnectinn, and each of the receiver antenna
anti the transmitter antenna is connected to the IC chip by a
linc which is an uppermost wiring layer of thc substrate.

20. Thc ultra hi h frcqucncy radio communication appa-
ratus secor&ling to claim 3, wherein the substrate is selected
Iri&m the group consisting of an alumina board, an aluminum
nitride hoard, a resin hoard, a print circuit boarcl anil a
metal-cored hoard

21. I'he ultra high frequency radio communication appa-
ratus accordin to claim 3, whcrcin thc substrate has an
uppermost pattcrncd metal layer with a thickness equal to or
less than 5,nm.

22. The ultra high frequency radio communicauon appa-
ratus according to claim 3, wherem the substrate has a pair
of opposite surfaces nn one nf which the I('hip is mounted,
anti the input terminal, the output terminal and the control
signal terminal inclurlc humps which arc formed on the other
surface of thc substrate.
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