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(54) WAVEGUIDE TRANSITION STRUCTURE FOR RECEIVING SATELLITE SIGNALS

(57) The present disclosure provides a waveguide
transition structure for receiving satellite signals, which
can be implemented in a low noise block down-converter.
In some embodiments of the present disclosure, the low
noise block down-converter includes a feed horn struc-
ture having at least a first waveguide extending along a
first direction, a housing having at least a second
waveguide extending along a second direction and com-
municating with the first waveguide, and a circuit board
positioned within the housing. The second direction is
substantially not in parallel to the first direction. The circuit
board has a receiving pin configure to receive microwave
signals propagating in the second waveguide.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a waveguide
transition structure for receiving satellite signals, and
more particularly to a low noise block down-converter
with a waveguide transition structure for receiving satel-
lite signals, wherein the low noise block down-converter
includes a housing with a waveguide from propagating
microwave signals along a direction different from a feed
horn on the housing.

DISCUSSION OF THE BACKGROUND

[0002] Satellite communications require equipment
such as ground stations, low noise block down convert-
ers, transmission cables, and modulators/demodulators.
The ground station receives microwave signals from sat-
ellites; the low noise block down converter amplifies the
received microwave signals and converts the amplified
microwave signals into intermediate frequency signals;
and the transmission cables transmit the intermediate
signals to the modulator/demodulator.
[0003] Generally, the low noise block down converter
may include a microwave circuit and an intermediate cir-
cuit electrically connecting to the microwave circuit. The
microwave circuit receives microwave signals, converts
the microwave signals to intermediate signals, and trans-
mits the intermediate signals to the intermediate circuit.
[0004] This "Discussion of the Background" section is
provided for background information only. The state-
ments in this "Discussion of the Background" are not an
admission that the subject matter disclosed in this "Dis-
cussion of the Background" section constitutes prior art
to the present disclosure, and no part of this "Discussion
of the Background" section may be used as an admission
that any part of this application, including this "Discussion
of the Background" section, constitutes prior art to the
present disclosure.

SUMMARY

[0005] One aspect of the present disclosure provides
a low noise block down-converter with a waveguide tran-
sition structure for receiving satellite signals, wherein the
low noise block down-converter includes a housing with
a waveguide from propagating microwave signals along
a direction different from a feed horn on the housing.
[0006] Some embodiments of the present disclosure
provides a low noise block down-converter with a
waveguide transition structure for receiving satellite sig-
nals, and the low noise block down-converter comprises
a feed horn structure having at least a first waveguide
extending along a first direction, a housing having at least
a second waveguide extending along a second direction
and communicating with the first waveguide, wherein the
second direction is substantially not in parallel to the first

direction; and a circuit board positioned within the hous-
ing, wherein the circuit board has a receiving pin config-
ure to receive microwave signals propagating in the sec-
ond waveguide.
[0007] Some embodiments of the present disclosure
provides an outdoor unit comprises a dish antenna and
a low noise block converter with a waveguide transition
structure for receiving satellite signals, wherein the low
noise block converter is positioned at a focus point of the
dish antenna. The low noise block converter comprises
a feed horn structure having at least a first waveguide
extending along a first direction, a housing having at least
a second waveguide extending along a second direction
and communicating with the first waveguide, wherein the
second direction is substantially not in parallel to the first
direction; and a circuit board positioned within the hous-
ing, wherein the circuit board has a receiving pin config-
ure to receive microwave signals propagating in the sec-
ond waveguide.
[0008] In some embodiments of the present disclo-
sure, the housing comprises: a base having an upper
surface, a bottom surface, and a depression dented from
the bottom surface towards the upper surface, and a met-
al sheet substantially covering the depression to imple-
ment the second waveguide.
[0009] In some embodiments of the present disclo-
sure, the metal sheet has an aperture exposing at least
a portion of the second waveguide, the circuit board has
a slot corresponding to the aperture, and the receiving
pin extends into the slot.
[0010] In some embodiments of the present disclo-
sure, the housing comprises a first transforming structure
configured to guide the microwave signals from the first
waveguide to the second waveguide.
[0011] In some embodiments of the present disclo-
sure, the first transforming structure has a multi-step
member.
[0012] In some embodiments of the present disclo-
sure, the first transforming structure has a first portion in
the feed horn structure and a second portion in the de-
pression.
[0013] In some embodiments of the present disclo-
sure, the housing comprises a second transforming
structure configured to guide the microwave signals from
the second waveguide to the circuit board.
[0014] In some embodiments of the present disclo-
sure, the second transforming structure has a multi-step
member.
[0015] In some embodiments of the present disclo-
sure, the housing comprises a base having an upper sur-
face, a bottom surface, and a depression dented from
the bottom surface towards the upper surface; wherein
the circuit board comprises a metal layer at least covering
a portion the depression to implement at least a portion
of the second waveguide.
[0016] In some embodiments of the present disclo-
sure, the housing comprises a metal sheet covering at
least covers a portion the depression to implement at
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least a portion of the second waveguide, wherein the
metal sheet and the metal layer substantially cover the
depression.
[0017] In some embodiments of the present disclo-
sure, the housing comprises: a base having an upper
surface, a bottom surface, and a first depression dented
from the bottom surface towards the upper surface; and
a metal part substantially covering the first depression to
implement the second waveguide, wherein the metal part
has a second depression communicating with the first
depression.
[0018] In some embodiments of the present disclo-
sure, the circuit board is positioned between the base
and the metal part.
[0019] In some embodiments of the present disclo-
sure, the metal part has a first slanted plane configured
to guide the microwave signals from the first waveguide
to the second waveguide.
[0020] In some embodiments of the present disclo-
sure, the metal part has a second slanted plane config-
ured to guide the microwave signals from the second
waveguide to the circuit board.
[0021] In some embodiments of the present disclo-
sure, the receiving pin extends into the second
waveguide.
[0022] In some embodiments of the present disclo-
sure, the second waveguide has a first end communicat-
ing with the first waveguide, and the circuit board is po-
sitioned substantially without overlapping the first end.
[0023] In some embodiments of the present disclo-
sure, the second waveguide has a second end commu-
nicating with the circuit board, and the circuit board sub-
stantially overlaps the second end.
[0024] In some embodiments of the present disclo-
sure, the first waveguide has a bottom communicating
with the second waveguide, and the housing includes a
first depression extending from a first side of the bottom
and a second depression extending from a second side
of the bottom.
[0025] In some embodiments of the present disclo-
sure, the feed horn structure comprises a first feed horn
and a second feed horn disposed in parallel to the first
feed horn.
[0026] In a comparative low noise block down-convert-
er, the feed horns need to be separated by a certain dis-
tance and discrete electronic devices are used to imple-
ment the microwave receiving system. The comparative
low noise block down-converter uses a circuit board with
a large layout size (space) to comply with the positions
of the separated feed horns and to position the discrete
electronic devices. It is well known in the art that the circuit
board for implementing the microwave receiving system
is very expensive, and thus the overall cost of the com-
parative low noise block down-converter is very expen-
sive as well.
[0027] As the industrial tends to implement the func-
tions of several discrete electronic devices into a single
integrated circuit device, the low noise block converter

with a waveguide transition structure for receiving satel-
lite signals of the present disclosure uses the waveguide
in the housing in order to guide the microwave signals
from the feed horn to the input port of the circuit board
such as the input port of the low noise amplifier. As a
result, an integrated circuit device implementing the func-
tion of several discrete electronic devices can be used
on the circuit board, thus allowing the low noise block
converter with a waveguide transition structure for re-
ceiving satellite signals of the present disclosure to re-
duce the layout size of the circuit board and, in turn, dra-
matically reducing the cost of the low noise block down-
converter.
[0028] The foregoing has outlined rather broadly the
features and technical advantages of the present disclo-
sure in order that the detailed description of the disclosure
that follows may be better understood. Additional fea-
tures and advantages of the disclosure will be described
hereinafter, which form the subject of the claims of the
disclosure. It should be appreciated by those skilled in
the art that the conception and specific embodiment dis-
closed may be readily utilized as a basis for modifying or
designing other structures or processes for carrying out
the same purposes of the present disclosure. It should
also be realized by those skilled in the art that such equiv-
alent constructions do not depart from the spirit and
scope of the disclosure as set forth in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A more complete understanding of the present
disclosure may be derived by referring to the detailed
description and claims when considered in connection
with the Figures, where like reference numbers refer to
similar elements throughout the Figures, and:

FIG. 1 shows a three-dimensional view of an outdoor
unit according to some embodiments of the present
disclosure.

FIG. 2 and FIG. 3 illustrate disassembled views of
the low noise block down-converter from the top side
and the bottom side, respectively, according to some
embodiments of the present disclosure.

FIG. 4 illustrates a cross-sectional full view of the
housing in FIG. 2 along one direction according to
some embodiments of the present disclosure.

FIG. 5 illustrates a cross-sectional full view of the
housing in FIG. 2 along another direction according
to some embodiments of the present disclosure.

FIG. 6 and FIG. 7 illustrate a full view of the
waveguides corresponding to the first feed horn at
different view angles according to some embodi-
ments of the present disclosure.
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FIG. 8 and FIG. 9 illustrate a full view of the
waveguides corresponding to the second feed horn
at different view angles according to some embodi-
ments of the present disclosure.

FIG. 10 illustrates a frequency response diagram of
the waveguide between the first feed horn and the
circuit board according to some embodiments of the
present disclosure.

FIG. 11 illustrates a schematic view of a comparative
circuit board.

FIG. 12 illustrates a schematic view of the housing
and the circuit board according to some embodi-
ments of the present disclosure.

FIG. 13 and FIG. 14 illustrate disassembled views
of the low noise block down-converter from the top
side and the bottom side, respectively, according to
some embodiments of the present disclosure.

FIG. 15 and FIG. 16 illustrate disassembled views
of the low noise block down-converter from the top
side and the bottom side, respectively, according to
some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0030] The following description of the disclosure ac-
companies drawings, which are incorporated in and con-
stitute a part of this specification, and illustrate embodi-
ments of the disclosure, but the disclosure is not limited
to the embodiments. In addition, the following embodi-
ments can be properly integrated to complete another
embodiment.
[0031] References to "some embodiments," "an em-
bodiment," "exemplary embodiment," "other embodi-
ments," "another embodiment," etc. indicate that the em-
bodiment(s) of the disclosure so described may include
a particular feature, structure, or characteristic, but not
every embodiment necessarily includes the particular
feature, structure, or characteristic. Further, repeated
use of the phrase "in the embodiment" does not neces-
sarily refer to the same embodiment, although it may.
[0032] The present disclosure is directed to a low noise
block converter with a waveguide transition structure for
receiving satellite signals, wherein the low noise block
down-converter includes a housing with a waveguide
from propagating microwave signals along a direction
different from a feed horn on the housing. In order to
make the present disclosure completely comprehensi-
ble, detailed steps and structures are provided in the fol-
lowing description. Obviously, implementation of the
present disclosure does not limit special details known
by persons skilled in the art. In addition, known structures
and steps are not described in detail, so as not to limit
the present disclosure unnecessarily. Preferred embod-

iments of the present disclosure will be described below
in detail. However, in addition to the detailed description,
the present disclosure may also be widely implemented
in other embodiments. The scope of the present disclo-
sure is not limited to the detailed description, and is de-
fined by the claims.
[0033] FIG. 1 illustrates a three-dimensional view of an
outdoor unit 100 according to some embodiments of the
present disclosure. In some embodiments of the present
disclosure, the outdoor unit 100 comprises a dish anten-
na 101 for receiving microwave signals from a satellite
102 and a low noise block (LNB) down-converter 10 with
a waveguide transition structure for receiving satellite sig-
nals, wherein the LNB down-converter 10 is positioned
at a focus point of the dish antenna 101. In some em-
bodiments of the present disclosure, the LNB down-con-
verter 10 receives the microwave signals from the satel-
lite antenna 102, converts the received microwave sig-
nals into an intermediate frequency (IF), and amplifies
the IF signals to acceptable output levels. Furthermore,
the LNB down-converter 10 removes unnecessary com-
ponents and noise from a received satellite signals.
[0034] FIG. 2 and FIG. 3 illustrate disassembled views
of the LNB down-converter 10 from the top side and the
bottom side, respectively, according to some embodi-
ments of the present disclosure; FIG. 4 illustrates a cross-
sectional full view of the housing 11 along one direction
according to some embodiments of the present disclo-
sure; and FIG. 5 illustrates a cross-sectional full view of
the housing 11 along another direction according to some
embodiments of the present disclosure.
[0035] In some embodiments of the present disclo-
sure, the LNB down-converter 10 comprises a housing
11, a metal sheet 15, and a circuit board 17. In some
embodiments of the present disclosure, the housing 11
includes a base 111 having an upper surface 111A, a
bottom surface 111B, and a depression 113A dented
along a direction from the bottom surface 111B to the
upper surface 111A; a feed horn structure 120 protruding
from the upper surface 111A; a wall 130 protruding from
the bottom surface 111B and forming a housing cavity
131 under the bottom surface 111B; a first transforming
structure 141 positioned at a first end of the depression
113A; and a second transforming structure 142 posi-
tioned at a second end of the depression 113A.
[0036] Referring to FIG. 2, in some embodiments of
the present disclosure, the feed horn structure 120 can
be implemented in multiple feed horns for receiving mi-
crowave signals from multiple satellites; for example, by
two first feed horns 121 and a second feed horn 123
disposed in parallel to and between the two first feed
horns 121. In some embodiments of the present disclo-
sure, the feed horn structure 120 can be implemented in
a single feed horn, such as the first feed horn 121 or the
second feed horn 123, for receiving microwave signals
from a single satellite. In some embodiments of the
present disclosure, the feed horn structure 120 can be
implemented in two feed horns for receiving microwave

5 6 



EP 3 282 516 A1

5

5

10

15

20

25

30

35

40

45

50

55

signals from different satellites; for example, by a first
feed horn 121 and a second feed horn 123 disposed in
parallel to the first feed horn.
[0037] Referring to FIG. 3, in some embodiments of
the present disclosure, corresponding to the first feed
horn 121, the base 111 includes a depression 113A and
a depression 113B, where the depression 113A extends
from a first side of the first transforming structure 141 and
the depression 113B extends from a second side of the
first transforming structure 141. In some embodiments
of the present disclosure, the bottom of the first trans-
forming structure 141 is substantially at the same level
as the bottom surface 111B. In some embodiments of
the present disclosure, the depression 113A extends
from one side of the first transforming structure 141 to
one of the second transforming structures 142, and the
depression 113B extends from another side of the first
transforming structure 141 to another second transform-
ing structure 142. In some embodiments of the present
disclosure, the second transforming structure 142 has a
multi-step member extending from the bottom of the de-
pression 117A (or the depression 117B) to the bottom
surface 111B.
[0038] Referring to FIG. 3, in some embodiments of
the present disclosure, corresponding to the second feed
horn 123, the base 111 includes a depression 117A and
a depression 117B, where the depression 117A extends
from a first side of the first transforming structure 143 and
the depression 117B extends from a second side of the
first transforming structure 143. In some embodiments
of the present disclosure, the bottom of the first trans-
forming structure 143 is substantially at the same level
as the bottom surface 111B. In some embodiments of
the present disclosure, the depression 117A extends
from one side of the first transforming structure 143 to
one of the second transforming structures 144, and the
depression 117B extends from another side of the first
transforming structure 143 to another second transform-
ing structure 144. In some embodiments of the present
disclosure, the second transforming structure 144 has a
multi-step member extending from the bottom of the de-
pression 117A (or the depression 117B) to the bottom
surface 111B.
[0039] In some embodiments of the present disclo-
sure, corresponding to the first feed horn 121, the metal
sheet 15 substantially covers the depressions 113A,
113B to implement waveguides 115A, 115B for propa-
gating microwave signals, respectively. In some embod-
iments of the present disclosure, the metal sheet 15 has
an aperture 151 at least exposing a portion of the second
transforming structure 142, and the aperture 151 serves
as a transmission port for propagating microwave signals
between the waveguides 115A, 115B and the circuit
board 17. In some embodiments of the present disclo-
sure, the metal sheet 15 covers the depression 113A to
implement an E-plane waveguide for propagating micro-
wave signals.
[0040] In some embodiments of the present disclo-

sure, corresponding to the second feed horn 123, the
metal sheet 15 substantially covers the depressions
117A, 117B to implement waveguides 119A, 119B for
propagating microwave signals. In some embodiments
of the present disclosure, the metal sheet 15 has an ap-
erture 153 exposing at least a portion of the second trans-
forming structure 144, and the aperture 153 serves as a
transmission port for propagating microwave signals be-
tween the waveguides 119A, 119B and the circuit board
17.
[0041] In some embodiments of the present disclo-
sure, the circuit board 17 is positioned within the housing
cavity 131, wherein the circuit board 17 has a slot 171
corresponding to the aperture 151, a slot 173 corre-
sponding to the aperture 153, and receiving pins 172
extending into the slot 171 and the slot 173, wherein the
receiving pins 172 are configure to receive the microwave
signals propagating in the waveguides 115A, 115B,
119A, 119B and transmit the received signals to an input
of an amplifier on the circuit board 17. In some embodi-
ments of the present disclosure, the housing 11 further
comprises a spacer 19 covering the circuit board 17 on
the metal sheet 15. In some embodiments of the present
disclosure, the circuit board 17 is smaller than the metal
sheet 15. In some embodiments of the present disclo-
sure, the receiving pin 172 can be implemented in a trans-
mission line, and an I-shaped pin for an E-plan
waveguide.
[0042] In some embodiments of the present disclo-
sure, the feed horn structure 120 can be implemented in
a single feed horn, such as the first feed horn 121 (or the
second feed horn 123), and correspondingly there is one
first transforming structure (in the housing 11), one pair
of depressions (in the housing 11), one pair of second
transforming structures (in the housing 11), and one pair
of apertures (in the circuit board 17). In some embodi-
ments of the present disclosure, the feed horn structure
120 is implemented in three feed horns (two first feed
horns 121 and one second feed horn 123), and there are
three pairs of depressions (in the housing 11), three pairs
of second transforming structures (in the housing 11),
and three pairs of apertures in the circuit board 17
[0043] In some embodiments of the present disclo-
sure, the aperture 151 of the metal sheet 15 is rectangu-
lar, and the other shape, such as a half circle, can be
used to implement the aperture 151. Similarly, in some
embodiments of the present disclosure, the slot 171 of
the circuit board 17 is rectangular, and the other shape,
such as a half circle, can be used to implement the slot
171.
[0044] Referring to FIG. 4, in some embodiments of
the present disclosure, the first feed horn 121 includes a
horn cavity 1211 implementing a waveguide 1213 com-
municating with the waveguide 115A implemented in the
depression 113A through the first transforming structure
141. In some embodiments of the present disclosure,
corresponding to the first feed horn 121, the first trans-
forming structure 141 has a first portion extending into
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the horn cavity 1211 of the first feed horn 121 and a sec-
ond portion extending into the depressions 113A, 113B.
In some embodiments of the present disclosure, the first
transforming structure 141 has a plate 1411 extending
into the horn cavity 1211 of the first feed horn 121 and a
multi-step member 1413 extending into the depressions
113A, 113B. Referring back to FIG. 3, the second trans-
forming structure 142 corresponding to the first feed horn
121 has a multi-step member at the end of the depression
113A. In some embodiments of the present disclosure,
from the top of the plate 1411, the horn cavity 1211 of
the first feed horn 121 is separated into two partitions,
and the multi-step member 1413 has two multi-step por-
tions corresponding to the two partitions.
[0045] Referring to FIG. 5, in some embodiments of
the present disclosure, the second feed horn 123 in-
cludes a horn cavity 1231 implementing a waveguide
1233 communicating with the waveguide 119A imple-
mented in the depression 117A through the first trans-
forming structure 143. In some embodiments of the
present disclosure, corresponding to the second feed
horn 123, the first transforming structure 143 has a first
portion extending into the horn cavity 1231 of the second
feed horn 123 and a second portion extending into the
depressions 117A, 117B. In some embodiments of the
present disclosure, the first transforming structure 143
has a plate 1431 extending into the horn cavity 1231 of
the second feed horn 123 and a multi-step member 1433
extending into the depressions 117A, 117B. Referring
back to FIG. 3, the second transforming structure 144
corresponding to the second feed horn 123 has a multi-
step member at the end of the depression 117A. In some
embodiments of the present disclosure, from the top of
the plate 1431, the horn cavity 1231 of the second feed
horn 123 is separated into two partitions, and the multi-
step member 1433 has two multi-step portions corre-
sponding to the two partitions.
[0046] FIG. 6 and FIG. 7 illustrate a full view of the
waveguides 115A, 115B corresponding to the first feed
horn 121 at different view angles according to some em-
bodiments of the present disclosure. As shown in FIG. 6
and FIG. 7, in some embodiments of the present disclo-
sure, the waveguide 1213 implemented in the horn cavity
1211 has a bottom 1215 communicating with the
waveguide 115A implemented in the depression 113A;
the first transforming structure 141 is at the bottom 1215
of the horn cavity 1211 of the first feed horn 121; the
depression 113A and the waveguide 115A extends from
a first side of the bottom 1235 and are disposed between
one side of the first transforming structure 141 and one
of the second transforming structures 142; and the de-
pression 113B and the waveguide 115B extends from a
second side of the bottom 1235 and are disposed be-
tween another side of the first transforming structure 141
and another second transforming structure 142.
[0047] In some embodiments of the present disclo-
sure, the first transforming structure 141 has a first multi-
step portion facing the depression 113A and a second

multi-step portion facing the depression 113B. In some
embodiments of the present disclosure, the waveguide
1213 implemented in the horn cavity 1211 is substantially
not in parallel, e.g. perpendicular, to the waveguides
115A, 115B implemented in the depressions 113A, 113B.
In some embodiments of the present disclosure, the
waveguide 1213 implemented in the horn cavity 1211 is
substantially tilted to the waveguides 115A, 115B imple-
mented in the depressions 113A, 113B, and the tilted
angle depends on the position of the satellite sending the
microwave signals.
[0048] FIG. 8 and FIG. 9 illustrate a full view of the
waveguides 119A, 119B corresponding to the second
feed horn 123 at different view angles according to some
embodiments of the present disclosure. As shown in FIG.
8 and FIG. 9, in some embodiments of the present dis-
closure, the waveguide 1233 implemented in the horn
cavity 1231 has a bottom 1235 communicating with the
waveguide 119A implemented in the depression 113A;
the first transforming structure 143 is at the bottom 1235
of the horn cavity 1231 of the first second feed horn 123;
the depression 117A and the waveguide 119A extend
from a first side of the bottom 1235 and are disposed
between one side of the first transforming structure 143
and one of the second transforming structures 144; and
the depression 117B and the waveguide 119B extend
from a second side of the bottom 1235 and are disposed
between another side of the first transforming structure
143 and another second transforming structure 144.
[0049] In some embodiments of the present disclo-
sure, the first transforming structure 143 has a first multi-
step portion facing the depression 117A and a second
multi-step portion facing the depression 117B. In some
embodiments of the present disclosure, the waveguide
1233 implemented in the horn cavity 1231 is substantially
not in parallel, e.g. perpendicular, to the waveguides
119A, 119B implemented in the depressions 117A, 117B.
In some embodiments of the present disclosure, the
waveguide 1233 implemented in the horn cavity 1231 is
substantially tilted to the waveguides 119A, 119B imple-
mented in the depressions 117A, 117B, and the tilted
angle depends on the position of the satellite sending the
microwave signals.
[0050] FIG. 10 illustrates a frequency response dia-
gram of the waveguide 115A between the first feed horn
121 and the circuit board 17 according to some embod-
iments of the present disclosure. In some embodiments
of the present disclosure, the waveguides (115A, 115B,
119A, 119B) between the feed horns (121, 123) and the
input of the circuit board 17 serves as filters such as a
band pass filter, a high pass filter, a low pass filter, or a
band stop filter. As shown in FIG. 10, in some embodi-
ments of the present disclosure, the insertion loss (S21)
is between -0.0037 and -0.0011dB in a range from
12.2GHz to 12.7GHz and the return loss (S11) is between
-30.4435 and -36.3456dB in a range from 12.2GHz to
12.7GHz (Ku band); in other words, the waveguide 115A
between the first feed horn 121 and the circuit board 17
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has a pass-band in a range from 12.2GHz to 12.7GHz
(Ku band).
[0051] FIG. 11 illustrates a schematic view of a com-
parative circuit board 17’. As shown in FIG. 11, the com-
parative circuit board 17’ uses many discrete electronic
devices such as low noise amplifier (LNA), filters, inter-
mediate frequency amplifiers (IFA), mixers, and local-
oscillators (Lo). In addition, the feed horns 121 and
123(shown in dash lines) for receiving microwave signals
from the satellites need to be separated by a certain dis-
tance. As a result, the comparative circuit board needs
a large layout size (space) to comply with the positions
of the separated feed horns and to position the discrete
electronic devices.
[0052] FIG. 12 illustrates a schematic view of the hous-
ing 11 and the circuit board 17 according to some em-
bodiments of the present disclosure. In some embodi-
ments of the present disclosure, the circuit board 17 com-
prises integrated circuit devices, such as the low noise
amplifier (LNA) and down conversion circuit, between
the waveguides (115A, 115B, 119A, 119B) of the housing
11 and the output of the circuit board 17. In some em-
bodiments of the present disclosure, the waveguides
(115A, 115B, 119A, 119B) between the feed horns (121,
123) and the input of the circuit board 17 (the input of the
low noise amplifier) implement some functions of the dis-
crete electronic devices, such as the filters on the com-
parative circuit board 17’, and the layout size of the circuit
board 17 can be correspondingly reduced to be smaller
than the housing cavity 131 as compared with the com-
parative circuit board 17’.
[0053] In some embodiments of the present disclo-
sure, the waveguide 115A has a first end communicating
with the waveguide 1213 implemented in the horn cavity
1211 of the feed horn 121, and the circuit board 17 is
positioned in the housing 11 substantially without over-
lapping the first end; and the waveguide has a second
end communicating with the circuit board 17, and the
circuit board 17 substantially overlaps the second end.
[0054] FIG. 13 and FIG. 14 illustrate disassembled
views of the LNB down-converter 10A from the top side
and the bottom side, respectively, according to some em-
bodiments of the present disclosure. In some embodi-
ments of the present disclosure, the LNB down-converter
10A with a waveguide transition structure for receiving
satellite signals comprises a housing 11A, a metal sheet
15A, and a circuit board 17A. In some embodiments of
the present disclosure, the circuit board 17A includes a
plurality of I-shaped receiving pins 172A each extending
into the second waveguide.
[0055] In some embodiments of the present disclo-
sure, the housing 11A includes a base 111 having an
upper surface 111A, a bottom surface 111B, and a de-
pression 113A dented along a direction from the bottom
surface 111B to the upper surface 111A; a feed horn
structure 120 protruding from the upper surface 111A; a
wall 130 protruding from the bottom surface 111B and
forming a housing cavity 131 under the bottom surface

111B; and a first transforming structure 141 positioned
at a first end of the depression 113A. The housing 11A
in FIG. 14 is substantially the same as the housing 11 in
FIG. 3, except that the housing 11A in FIG. 14 does not
have a second transforming structure at the second end
of the depression 113A. In some embodiments of the
present disclosure, the metal sheet 15A covers a portion
of the depression 113A, and a metal layer 175 such as
a ground layer of the circuit board 17A covers a portion
of the depression 113A, so as to implement a waveguide
115A in the housing 11A.
[0056] In some embodiments of the present disclo-
sure, the metal sheet 15A has a concave 155, and the
size of the circuit board 17A is substantially the same as
that of the concave 155, such that the metal sheet 15A
and the metal layer 175 of the circuit board 17A substan-
tially covers the entire depression 113A to implement the
waveguide 115A. In some embodiments of the present
disclosure, the size of the circuit board 17A can be op-
tionally increased such that the metal layer 175 is corre-
spondingly increased to substantially cover the entire de-
pression 113A, and the metal sheet 15A can be omitted.
[0057] FIG. 15 and FIG. 16 illustrate disassembled
views of the LNB down-converter 10B from the top side
and the bottom side, respectively, according to some em-
bodiments of the present disclosure. In some embodi-
ments of the present disclosure, the LNB down-converter
10B with a waveguide transition structure for receiving
satellite signals comprises a housing 11B, a circuit board
17B, and a metal part 19B, wherein the housing 11B and
the metal part 19B form an H-plane waveguide for prop-
agating microwave signals.
[0058] In some embodiments of the present disclo-
sure, the housing 11B includes a base 111 having an
upper surface 111A, a bottom surface 111B, and a first
depression 210 dented along a direction from the bottom
surface 111B to the upper surface 111A; a feed horn
structure 120 protruding from the upper surface 111A;
and a wall 130 protruding from the bottom surface 111B
and forming a housing cavity 131 under the bottom sur-
face 111B
[0059] In some embodiments of the present disclo-
sure, the metal part 19B substantially covering the first
depression 210 and has a second depression 190 com-
municating with the first depression 210. In some em-
bodiments of the present disclosure, the feed horn 121
has a first waveguide implemented in the horn cavity
1211, and the housing 11B has a second waveguide im-
plemented in the first depression 210 and the second
depression 190, and the microwave signals are transmit-
ted from the satellite to the circuit board via the first
waveguide, and the second waveguide. In some embod-
iments of the present disclosure, the second waveguide
is substantially not in parallel to the first waveguide. In
some embodiments of the present disclosure, the second
waveguide is substantially tilted to the first waveguide,
and the tilted angle depends on the position of the satellite
sending the microwave signals.
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[0060] In some embodiments of the present disclo-
sure, the circuit board 17B is positioned between the base
111 and the metal part 19B. In some embodiments of the
present disclosure, the circuit board 17B includes a plu-
rality of L-shaped receiving pins 172B each having a lat-
eral segment disposed on the circuit board 17B and a
vertical segment extending into the second waveguide.
[0061] In some embodiments of the present disclo-
sure, the metal part 19B has a first slanted plane 193
configured to guide microwave signals from the first
waveguide to the second waveguide. In some embodi-
ments of the present disclosure, the metal part 19B fur-
ther has a second slanted plane 195 configured to guide
microwave signals from the second waveguide to the cir-
cuit board 17B. In some embodiments of the present dis-
closure, the H-plane waveguide is implemented in the
first depression 210 and the second depression 190 for
propagating microwave signals.
[0062] In some embodiments of the present disclo-
sure, a low noise block down-converter with a waveguide
transition structure for receiving satellite signals includes
a feed horn structure having at least a first waveguide
extending along a first direction, a housing having at least
a second waveguide extending along a second direction
and communicating with the first waveguide, wherein the
second direction is substantially not in parallel to the first
direction; and a circuit board positioned within the hous-
ing, wherein the circuit board has a receiving pin config-
ure to receive the microwave signals propagating in the
second waveguide.
[0063] In some embodiments of the present disclo-
sure, an outdoor unit includes a dish antenna and a low
noise block down-converter positioned at a focus point
of the dish antenna. In some embodiments of the present
disclosure, the low noise block down-converter with a
waveguide transition structure for receiving satellite sig-
nals includes a feed horn structure having at least a first
waveguide extending along a first direction, a housing
having at least a second waveguide extending along a
second direction and communicating with the first
waveguide, wherein the second direction is substantially
not in parallel to the first direction; and a circuit board
positioned within the housing, wherein the circuit board
has a receiving pin configure to receive the microwave
signals propagating in the second waveguide.
[0064] In a comparative low noise block down-convert-
er, the feed horns need to be separated by a certain dis-
tance and discrete electronic devices are used to imple-
ment the microwave receiving system. The comparative
low noise block down-converter uses a circuit board with
a large layout size (space) to comply with the positions
of the separated feed horns and to position the discrete
electronic devices. It is well known in the art that the circuit
board for implementing the microwave receiving system
is very expensive, and thus the overall cost of the com-
parative low noise block down-converter is very expen-
sive as well.
[0065] As the industrial tends to implement the func-

tions of several discrete electronic devices into a single
integrated circuit device, the low noise block down-con-
verter with a waveguide transition structure for receiving
satellite signals of the present disclosure uses the
waveguide in the housing in order to guide the microwave
signals from the feed horn to the input port of the circuit
board such as the input port of the low noise amplifier.
As a result, an integrated circuit device implementing the
function of several discrete electronic devices can be
used on the circuit board, thus allowing the low noise
block down-converter with a waveguide transition struc-
ture for receiving satellite signals of the present disclo-
sure to reduce the layout size of the circuit board and, in
turn, dramatically reducing the cost of the low noise block
down-converter.
[0066] Although the present disclosure and its advan-
tages have been described in detail, it should be under-
stood that various changes, substitutions and alterations
can be made herein without departing from the spirit and
scope of the disclosure as defined by the appended
claims. For example, many of the processes discussed
above can be implemented in different methodologies
and replaced by other processes, or a combination there-
of.
[0067] In summary, the present invention provides a
waveguide transition structure for receiving satellite sig-
nals, which can be implemented in a low noise block
down-converter. In some embodiments of the present
disclosure, the low noise block down-converter includes
a feed horn structure having at least a first waveguide
extending along a first direction, a housing having at least
a second waveguide extending along a second direction
and communicating with the first waveguide, and a circuit
board positioned within the housing. The second direc-
tion is substantially not in parallel to the first direction.
The circuit board has a receiving pin configure to receive
microwave signals propagating in the second
waveguide.
[0068] Moreover, the scope of the present application
is not intended to be limited to the particular embodiments
of the process, machine, manufacture, composition of
matter, means, methods and steps described in the spec-
ification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present disclosure,
processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or
later to be developed, that perform substantially the same
function or achieve substantially the same result as the
corresponding embodiments described herein may be
utilized according to the present disclosure. Accordingly,
the appended claims are intended to include within their
scope such processes, machines, manufacture, compo-
sitions of matter, means, methods, or steps.

Claims

1. A low noise block down-converter (10) with a
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waveguide transition structure for receiving satellite
signals, comprising:

a feed horn structure (120) having at least a first
waveguide extending along a first direction;
a housing (11) having at least a second
waveguide extending along a second direction
and communicating with the first waveguide,
wherein the second direction is substantially not
in parallel to the first direction; and
a circuit board (17) positioned within the hous-
ing, wherein the circuit board has a receiving pin
configure to receive microwave signals propa-
gating in the second waveguide.

2. The low noise block down-converter of claim 1,
wherein the housing (11) comprises:

a base (111) having an upper surface, a bottom
surface, and a depression (113A) dented from
the bottom surface towards the upper surface;
and
a metal sheet (15) substantially covering the de-
pression to implement the second waveguide.

3. The low noise block down-converter of claim 2,
wherein the metal sheet (15) has an aperture expos-
ing at least a portion of the second waveguide, the
circuit board (17) has a slot corresponding to the
aperture, and the receiving pin extends into the slot.

4. The low noise block down-converter of claim 2,
wherein the housing (11) comprises a first transform-
ing structure (141) configured to guide the micro-
wave signals from the first waveguide to the second
waveguide, the first transforming structure has a
multi-step member, and the first transforming struc-
ture has a first portion in the feed horn structure and
a second portion in the depression.

5. The low noise block down-converter of claim 4,
wherein the housing (11) comprises a second trans-
forming structure (142) configured to guide the mi-
crowave signals from the second waveguide to the
circuit board, and the second transforming structure
has a multi-step member.

6. The low noise block down-converter of one of the
preceding claims, wherein the housing (11) compris-
es:

a base (111) having an upper surface, a bottom
surface, and a depression (113A) dented from
the bottom surface towards the upper surface;
and
a metal layer (175) disposed on the circuit board,
wherein the metal layer at least covers a portion
the depression to implement at least a portion

of the second waveguide.

7. The low noise block down-converter of claim 6,
wherein the housing (11A) comprises:

a metal sheet (15A) covering at least covers a
portion the depression to implement at least a
portion of the second waveguide, and the metal
sheet and the metal layer substantially cover the
depression.

8. The low noise block down-converter of one of the
claim 1-5, wherein the housing (11B) comprises:

a base (111) having an upper surface, a bottom
surface, and a first depression dented from the
bottom surface towards the upper surface; and
a metal part (19B) substantially covering the first
depression to implement the second
waveguide, wherein the metal part has a second
depression communicating with the first depres-
sion;

wherein the circuit board is positioned between the
base and the metal part.

9. The low noise block down-converter of claim 8,
wherein the metal part (19B) has a first slanted plane
and a second slanted plane, the first slanted plane
is configured to guide the microwave signals from
the first waveguide to the second waveguide, and
the second slanted plane configured to guide the mi-
crowave signals from the second waveguide to the
circuit board.

10. The low noise block down-converter of claim 1,
wherein the receiving pin (172) extends into the sec-
ond waveguide.

11. The low noise block down-converter of one of the
preceding claims, wherein the second waveguide
has a first end communicating with the first
waveguide, and the circuit board (17) is positioned
substantially without overlapping the first end.

12. The low noise block down-converter of claim 11,
wherein the second waveguide has a second end
communicating with the circuit board (17), and the
circuit board substantially overlaps the second end.

13. The low noise block down-converter of claim 1,
wherein the first waveguide has a bottom communi-
cating with the second waveguide, and the housing
(11B) includes a first depression (210) extending
from a first side of the bottom and a second depres-
sion (190) extending from a second side of the bot-
tom.
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14. The low noise block down-converter of claim 1,
wherein the feed horn structure (120) comprises a
first feed horn (121) and a second feed horn (122)
disposed in parallel to the first feed horn.

15. An outdoor unit (100), comprising:

a dish antenna (101); and
a low noise block down-converter (10) with a
waveguide transition structure for receiving sat-
ellite signals positioned at a focus point of the
dish antenna, the low noise block down-convert-
er comprising:

a feed horn structure (120) having at least
a first waveguide extending along a first di-
rection;
a housing (11) having at least a second
waveguide extending along a second direc-
tion and communicating with the first
waveguide, wherein the second direction is
substantially not in parallel to the first direc-
tion; and
a circuit board (11) positioned within the
housing, wherein the circuit board has a re-
ceiving pin configure to receive microwave
signals propagating in the second
waveguide.
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