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(57) Abstract: A multiplexer with an improved isolation between TX and RX is provided. To that end, at least one of the TX and RX
filters has two ground connections separate from each other.
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MOLTIPLEXER WITH IMPROVED ISOLATION, MODULE COMPRISING A
MULTIPLEXER AND A METHOD FOR DESIGNING A MULTIPLEXER TOPOLOGY

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to German Patent Application No.
102016122000.0, filed November 16, 2016, which 1is expressly

incorporated herein by reference in its entirety.

The present invention refers to multiplexers with improved

isolaticn characteristics. Further, refers to

modules in which corresponding

lized and to methods for designing a multiplexer

Multiplexer topologies and mocdules realizing such
should provide more and more frequency Dbands while theix
physical dimensions have to be decreased dus to the ocurrent
trend towards miniaturization. Further, the data transfer rate
should be increaszsed, e.¢. by CA (carrier aggregation). Carrier

1

aggregation should not only be possible in a receive mode but

jo)]
-
n

o in & transmit mode {(TX-CA}. Further, carrier aggregation

should be possible with TDD (Time Division Duplexing) and FDD

Fre Division Duplexing) modes. What 1is problematic in

[
o
[
3
Q
<

Lon signal

3

such mualtig

path and too bad,
then telephone calls in mobile handsets may be dropped duse to

2

sduced, too.

poor sign: Further, the data rates are

[
o

Thus, what 1s needed is a multiplexer that 138 compatible with

2

the increasing demands towards data rates and freguency bands,

1 : 1

carrier aggregation, TDE  and FDD modes and that Thas a

193]

sufficiently high isolation betwesen transmission signal paths

and reception signal paths. Further, the physical realization of

such multiplexers shoulid be possible with conventicnal
materials, e.g. the use of conventional PCB boards. Further, as

multiplexers handle <two or more freguency Dbands, non—-linear

mixing gproducts should be avoided.

P&S Ref. No. 172235PC
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To that end, a multiplexer according to independent c¢laim 1 is

provided. Dependent claims provide preferred embodiments.

A multiple

with improved isclation comprises a transmission

&

ilte

e

and a reception filter. The transmission filter has an

!

.

input porit, an output port, a signal path between the input port
and the output port, two seriesg resonators in the signal path

and three shunt rescnators 1n corres aths. The
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(e
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3
ot
T

reception port, an port, a signal

path between the input port and the output port, two series
resonators 1in  the =zignal path and three shunt resonatcrs in
shunt paths. Furthe the multiplexer has a common port betwsen
the <transmission filter and the reception filter. One of the

filters has two ground connections separate from each other.

Such a multiplexer may be a duplexer, a triplexer, a guadplexerx

or a multiple

sr. A nmultiplexer the

fourth order may have two transmission filters and two reception
ilters. A multiplexer of the order N may have m transmission
filters and n reception filters for the FDD case, and k

transmission and reception filters for the TDD case, with N =

!_..I
ot

s provided to

(R

The input port of each transmission filter

receive input signals in the form of RF signals. The output port
of a transmission filter is provided to conduct RF signals to

=

the common port. The port of a reception filter 1is

M
=
T

o

t

provided to receive RF signals from the common port. The output

tion filter is provided for conducting RF signals

fein

port of a rece

ie

cernal clrcecuit environment

from the common port to an

It was recognized that the

[Ue}

rounding strategy in designing
multiplexers 1s crucial for obtaining a high isclation between

transmission filters and reception filters. The transmission

]

P&S Ref. No. 172235PC
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filters and the reception filters may comprise ladder-type

filter structures or ladder-type-~like filter structures where a
series rescnator and a paralliel resocnator in a shunt path

establish a Dbasic circuit elemsnt. Shunt paths may comprise
shunt resonators and electrically connect the signal path to

ground or couple the signal path to ground. The resonators may

c
I}
)
t
0]
(B3
(%3]

be established as slectroacoustic res

piezocelectric material. Accordingly, it 1g possi

module comprises a chip having a pilezoelectric mat

or on which the rescnators are c¢reated. The c¢hip with the

piezocelectr: material may be part r package th can

be arranged on a carrier. It was recognized that the grounding

strategy 1s crucial because in physical realizations of

multiplexers, the ground potential of a component may be

different from a perfect ground assumnmed when designing
miltiplexer topolegies. A ground may be imperfect due
to so-called “ground-loop” effects, 1.e. due to finite values of
the resigtivity of metallization structures in grounding
conductors different sections of the grounding conductors may
have a potential that slightly differs from the perfect ground
potential. As a conseguence connacticons

being connected to such grounding conducteors are electrically

coupled. This problem becomes prominent when the complexity of a

multiplexer is increased due to increased demands concerning the
number of frequency Dbands and carrier aggregation and the
Correspon complexity of a mobile handset.

Thus, it was recognized that ground loo voltages and ground

3

loop currents between two points that to be at

same potential but are actually at dif potentials should

be reduced as much asz poessible and possibly eliminated.
However, the complexity of modern multiplexer topologies,

especially when their electrical components should be combined

in a small volume makes ground loop nearly unavoidable.

}._.(

In contrast to known multip er topologies where due to the

trend towards miniaturization the number of ground conne 18

P&S Ref. No. 172235PC
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is reduced to a minimum, a separation of ground connections for
a single filter is suggested. In conventional multiplesxer
topologies, all shunt paths of lter share the same

gIOUUd connection

cf external

number

~
ek

snduct

VAOSQJUGSn

SO

small, *to

avoid the

el

a.

It is possible that the transmission fi and/ocr the recepition
filter comprises a combination of a lad typs structure with
twoe series rescnators and three parallel resonators together with
a DMS (DMS = Dual Mcde SAW) filter.

However, by providing a multiplexer where at least one filter

d =i

coul

multiplexer improvec

that

chip
chip

sl

Thus, possible

ground connections
ground connections

that the tran

reception filter has

with the number of s
transmissicon filterx

the reception filter
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smission

oM each /TWGY, groun

and the isol
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two a g connections

the separated round

n
£
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a package ground or to a carrier

rry the filters” structures and

a substrate.

both filters have separate

that each of both fililters has two

separate from each other. The number
of a multiplexer with two filters,
cception filter, cann  be three:

wo separate ground connections and
ground connection. It is also gpossi

gre

separada

are

ground.

be

sund

te

ble

filter ha one ground connection and the
two separate ground connections. However,

ground connections

b g e,
can have separate ground connections wh
has separate connections, too.
has one ocund connection.

separate ground connection. The remain

“he
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shunt paths of the transmi d the remaining shunt paths o

@

the reception filter share the same ground connection separat

from the respective other two ground connections.

It is possible that one separate ground connection connects an

input port side cor an output port side shunt path to ground.

An  input  port side shunt path 1s a shunt path that 1=
clectrically closest to the input port of the corresponding
filter. An output port side shunt path iz the electrically

nsarest shunt path *to the output port of the correspondine

ed shunt ths have a

was recognized that these

special impact on the isclaticon of the multiplexer.

In the context of the present multiplexers, 1t is possible that

eparate ground connection electrically connects only a single

0
s
U
[0}

o

-
@]
8

shunt pat ground potential that is not provided on the
piezoelectric chip but on a carrier on which the pilezoelectric
chip 18 arranged. This is in contrast tTo common ground
connections where one ground potential is provided on  the

piezoelectric chip for different shunt paths of the multiplexe:

ropology.

3 . .

Correspondingly, it  was surprisingly found that strongly
improved isclation characteristics can be obtained although the
number of separate ground connections does not exceed the number

of ground connections of conventicnal duplexers. Even mozre

isolatlion can be

rprigingl it was found that an impr

Y
obtained 1f shunt patl of the transmission filter and shunt
paths of the recepti filter share a common separate ground

connection while known duplexers avoid a common use of a

n

eparate ground connection for shunt paths of the transmisszion

filter and

reception filter. Howsver, such & counter-

intuitive common use « L & ground connection of TX and

RX shunt a port-side shunt path

of the transmission filter and a port-side shunt path of the

P&S Ref. No. 172235PC
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o

reception filter have their own separate ground connectionsg. An
explanation for this surprising result can be found when
inspecting wvoltages and currents in each leg of the individual

GND ypaths.

round connection can a o0 be used as

et
w

The commonly used separate

Ro]

a ground connection for a phase shifter between the transmission

ilter and the reception filter. Such a phase =shifter can

(
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=
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It is posaible that a first separate ground connection connects

an input port side sghunt path of the transmission filter to
ground. A second separate ground connection snnects the output

port side shunt path of the reception filter to ground. A first

commen  ground connection connects the remaining shunt
the transmission filter and the remaining shunt paths of the

o

reception filter to ground.

ransmission

o

Then, as described above, shunt paths o¢f the

h

ilter and shunt paths of the reception filter are coupled due
to ground loop effects. However, the separation of the port

of

6]
!__.I
o®
o))
Q.
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ot
O
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]
O
<
@
=
o
I
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D
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side ground connections

an input port side shunt the transmissi

ground. A second separate ground connection connects the output

port side shunt path of the reception filter to ground. A first

commen ground connection connects the remaining shunt paths ¢

O,

the transmission filter to ground. A secon common  ground
connection c<onnects the remaining shunt paths of the reception

filter to ground.

Ailthcugh the number of sep

jol}

rate ground connecticns 1s increased
tos  four, such a topology may be Dbeneficial bec

possibility of unwanted ground loop effects due to coup

paths of the transmission fil and the reception

further decreased as the transmission filter and the reception

P&S Ref. No. 172235PC
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filter have only shunt paths without a galvanic connection on

the piezcelectric chip.

Compared to conventional duplexers, the separation of ground

connections within the transmission filter and within the

It iz possible that the above-mentionsd sgecond common ground

connection also couples the common port to ground.

that

It i1s alternatively possibl

connection also couples the common port to ground.

f
P
.
o)
©
.

ramon port may be coupled to ground either via a
separate ground connection of the shunt paths of the

filter or of the shunt paths of the recepticn

It is possible that the "irst separate ground

connection that connects

shunt path o¢f the

. 3

transmission filter to ground. A second separat ground

ot

ronnection  connscts  the inpu port aide sghunt path of the
reception filter to ground. A third separate ground connection
couples the common port to ground. A first common ground

connaection connects the remaining shunt paths of the transmission

y

v second common ground connectlion connects the

filter to ground.

[

remaining shunt paths of the reception filter to ground.

ot

Thus, five separate ground connections are needed o connect

the elements of mult alectric chip to

iplexer of the

such a configuration is very

ground. However, the isclation of

-y

-~
X

[ N

good and such a configuration provides a tradecff emphasiz

&

izclation aspects.

It is possible that the multiplexer has three separate ground
connections. A first separate ground connection connects  an
output port side shunt path of the transmission filter to
ground. A first common Jround connection connects the remaining

shunt paths of the transmission filter to ground. The first

P&S Ref. No. 172235PC
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geparate ground connection also connects an
shunt path of the reception filte to ground

the

filter, the
transmission

The
the further

filters.

A multiplexer

integra

are

ground

above-menticne

trans

conn the remaining

2C L3

ground.

Hh
[

bt

urther ocssib

.

connection also couplss the

nentioned tTransmission and the

miltiplexer can comprise one

filters and one or more further
d grounding strategies can

he

—
o

module can

a

carrier,

the above-men

in the package. package

alsc be

multiple:

PCT/US2017/056891

A second common
paths of the

that the first

C<

mmon port  to

recaption

or  more further
reception filters.

applied to

further reception

arranged

carrier. The separate ground connections are established on the
carrier

The package may include the piezeoelectric material, i.e. a
piezocelectric chip that 1s needed when the rescnatcors i1in the
series paths and in the shunt paths work with acoustic waves.
Resonators could be SAW resonators {SAW = Sur ‘e Acoustic
Wave), BAW resocnators (BAW = Bulk Acoustic Wave) {e.g. FBA

{(tl Film B

in

Guided Bulk

micro-acoustic

The package
with

oy

uc as a

signal

P&S Ref. No.

ulk

and the

dielectric

conductors

possible

Acoustic Resonatoers), GBAW

Wave )

Acoustic or re

wave propagation.

172235PC

ezonators {GBAW

2sonator based on

mualti-

carrier ay comprise a ver stac
lavers, e.g. made from a dielectric material
ceramic material, and metallization layers in which
and circuit elements such as capacitive or
ments are structured.
that such a module 1is a PAID module




WO 2018/093508 PCT/US2017/056891

Arplifier with integrated Duplexers), a FEMiD module

Module with integrated Duplexer), or a FEM (Front-F
using duplexers or multiplexers. The carvrier may be PCB ({Printed

Circult

A method for designing a multiplexer topology compri

(D
o
6]
t
=3
)
0]
t
0]
o]

of monitoring and minimizing the voltages across a

inductor.

is an electy s1ly  conduct structure

ifoop ind

that electrically connects two or more shunt paths to an ideal

ground poctential.

It was found that the strength of an electrical signal, i.e. a

voltage or a current, across such a ground loop inductor is a

~waen Lthe TX branch

for the guality of the iso!

and the RX branch of a duplexer or a multiplexer. Thus, in order

the isclation based on compl

elaborate multiplexer demonstrators monitoring this
calculated/simulated gquantity allows to simplify the designineg

process considerably,

Further, 1t was found that some mnultiplexer topologies are very
sensitive to the valus >E the inductivity of a ground

connection. Especially when such a multiplexer is embedded in a

&

complex external circuilt environment az has a complex intrinsic

structure, toco, such values are difficult to determine. However,

as was found

)
-
)

the context of the present invention, the
increased effort in determining these wvalues are beneficial

because preci

O]

ely adapted values have a strong positive

the multiplexer’s isclation.

The basic concept of the present multiplexer, specific details

of valent cilrcuit

equi

gram and preferred embodiments are

(‘)

shown in the schematic accompanying figures:

In the figures:

FIG. 1 shows possible basic circuit elements of an

P&S Ref. No. 172235PC
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hievab

0]
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10

circul

+
[

diagram of a duplexer.

shows the tically preferred but practically

solution.

shows a practically easy obtainable multiplexer
solation properties.
shows basic lements of an eguilvalent circuit

a general concept of the present multiplexer.
shows basic circult elements of a preferred

5 shows a duplexer with an enplary phase shifter.
FIiG. 7 shows basic elements of an eguivalent circuit
diagram of a possible topology.
shows basic elements of an eguivalent circuit
a possible topology.
FIG. 9 shows basic circult elements of a a
large number of separate ground connections.
10 shows basic circult elements of an alternative
cubodiment.
FIG. 11 shows basic circuit elements of a guadplexer.
PIG. 12 shows the izclation characteristics of the

(thin

a simple d
FIG. 14

o~
b

e
£

and

duplexer

duplexer

P&S Ref. No.

curve)

weaentional

{thin,

duplexer (thick curve) and of a simple duplexer
with the ground loop shown in fig. 3.

shows the voltage acress a ground loop inductor of

uplexer topology.

shows the isolation of a reference duplexer (thick)

dupiexer (thin).

shows 1soclaticn characteristics refere

{(thick), @& conventional duplexer and simplie

with Isclat 50dB)

172235PC
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FIG. 16 SFNOWS voltages across different gro ioop

inductors of a conventional duplexer.

FIG. 17 shows the inmproved izolati

of a duplexer
according to one embodiment (thin) of the provided duplsesxers

and of a reference duplexe ‘thick) .

=

FIG. 18 shows voltages across ground loop inductors of the

duplexer according to FIG. 17.

FIG. 19 shows the isclation of

o]

duplexer according to an

alternative embodiment (thin) and a reference dJduplexer

{thick) .

9]
-4
b)
-

ductor

. 20 shows voltages across groul

.
6]

according to an embodiment of a duplexer.

21 shows isolation characteristics according to one

embodiment of a duplexer (thin) and of a reference duplexer

FIG. 22 shows voltages acrosgs ground loop inductors of the

.

embodiment corresponding to FIG. 21.

FIG. 23 shows 1lszclati characteristics of a dup] er
according to one embodiment.

. 24 shows cozrresponding wvoltages across ground 1oop
inductozrs.
FIG. 25 shows isolation characteristics of a duplezer

according to one embodiment depending on

2 by

ground loop inductor.

& shows 1sclation characteristics of &

2
according to one embodiment.

[y
I
]
[

shows corresponding voltages across ground loop

inductors.

P&S Ref. No. 172235PC
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FIG. 28 shows 1isolation characteristics of a quadplexer
having conventional grounding connections.
29 shows isolation characteristics of a quadplexer
with dimproved grounding connections.
FIG. 1 shows details of an t diagram of one
possible ealization of a mnultiplexer MUL with an improved
isclation. The multiplexer MUL here being a duplexer - has a
X and a recep Lter R¥. The
tranamission filter TX has an input port IN and an output port
OUT. The reception filter RX has an input port IN and output
port OUT. Further, the multiplexer MUL has a common port CP
being connected to or coupled to the ocoutput port OUT of the
transmi filter TX and the input port IN of the reception
filter RX. The common port CP may be provided for an electrical
connection to an antenna port. The transmisszion filter TX and
the reception filter RX both have a ladder-type-like construction
with series resonators SR in a signal path SP and with parallel
resonators PR in parallel =shunt paths PP. Laddezx tike
filter structures are characterized in that the shunt paths PP
are connected to ground GND.
The ground potential GND should be as good as possible.
However, due to finite conductivity of signal lines and dus to
electrical interaction betwsen adjacent signal lines and due to
interconnects from the filter «c¢hip to package or module
carriers, ground potentials in physical devices are non-perfect
and ground loop effects take place.
The RX ntain one or more DMS alike structure:
either idition to the ladder-type structure.

el

In fact, the DMS is a more complex resonator but showing similar
effects to wrong groundings as the simple two-port resonators,

Resonators of the <tTransmission filter TX and the 7reception
filter RX may be stablished on a c¢hip. If electroacoustic
resonatocrs are used, the chip may comprise a pilezocelectric

P&S Ref. No. 172235PC
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material. Such a piezoelectric c¢chip P may be arranged on a
carrier C. The carrier C may provide a better ground potential.
However, a small number of electrical connections between the

piezcelectric

shunt

W

corresponding ground

ground

a3
paths

and as many

at the

the pilezoelectric a

5
[

o]
av]
a

Thus,

connector GL is created. Inductors I

+

within parallel paths PP and ground connections refer to the
nite nductivity of signal conductors, such as bump

between

As an exawmple, the

filter RX with two

ground connectio

the pi

noconn

ezo chip P and

shown in FIG. 1 reception

a—

ground connect . One separate

ects the output side parallel shunt paths

PP of the reception filter RX to a ground potential provided by
the carrier b e.g9. at a boarc site and cutside the

tric

The remalnin

electrical nnect

separate from the
Thus, the receptio

from each

o}

i1ilustrates

reception filtexr RX
perfect ground. How

minia

ctical

T
[
a
o

nore pra

ottom curve

Nt ' -
SNOWs T

isclation)

duplexer grounding

refer to this

will

P&S Ref. No. 172235PC

shunt

paths of

aver,

production

modell

he
confi

particu

oy o v e
rackage .

of reception filter are

.

paths

ground via an additional connection

of output side shunt path.

n  filter RX has twoe ground connections
ther.
an ideal grounding conditicn where each of

the transmission and of

and of an antenna is c¢oennected to

such a iing =y incompatible

groun

and especially with the

Co3TE

turization. But the configuration shown in
ed and acts as a reference configuration to

approaches can be compared.

in FIG. iz {thicl line with  Thigher
TX to such a reference

4
1
La

ar configuration.



WO 2018/093508

14

FIG. 3 shows a grounding configuraticn where all
all filters are combined on the piezo chip for

greunding efforts. The upper curve of FIG. 12
corresponding isciation of this configuration bein
magnitude away from ideal grounding
possibilities.

4 shows basic c¢ircult elements

diagram of an embodiment of a duplexer. The
shunt path the transmisgssion filter TX is sape

of

grounding connections the other shunt

transmission

The rema transmission

on and connecte T

conne

commonly used carriexr C.

shunt paths

el

filter

PCT/US2017/056891

of
minimizing

shows the

orders

configuration

-

X

o)
st
ad

C a

single

FIG. 5 shows a preferred ewbodiment of a duplexer with iwmproved
igclation because the nunber of separate ground connections is
three and does nof number of ground connections of
conventional duple improved 1solation. The input

side shunt path of the transmission filter TX and
side shunt path of the reception filter have their

rern

the

C. Coun intuitively,

the

the

output

oOwWn separate

remaining

grounds > on carr -

shunt paths of the transmission filter TX and the remaining
shunt paths the reception filter RX are combined on the piezo
chip P and connected to a common ground connection CG on the
carrier C. Further, an antenna coil connected to the common port
ig also combined to the common ground CG.

Despite the direct on-chip connection of shunt paths of the

S F

transmission filter and of the recep filter and without an
increase of the number of separate ground connections on the
carrier C, the showrt in FIG. 5 provides an

additi

the provided. The

P&S Ref. No. 172235PC
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o
<

capacitiv
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elements, the shunt c¢oil of the antenna and the output side

Q
of
-
)
[

sonator of the transmission filter an

[
w

input port side

resonator of the reception filter establish a phase shifter PS

75

o improve the frequer dependent impedance of transmit signals

]

v 13

P

and receive signals at the common port. Thus, the isclatio:
improved and no energy of a receive signal obtained from the
common port is dissipated in the transmission filter. The number
of series resconators in the transmissicon filter 1is three. The

resonators in the

number of shunt paths carallel

The reception filter has four

series resonators ar ree parallel

paths in this example.

FIG. 7 shows a configuration where the input side shunt path has
its own first separate ground connsction. The output side shunt
path of the reception filter has a second separate ground

connaection. The remaining shunt paths of the transmission filter
have a first common ground connection separate from the other
grounc connections and the remalning parailel paths of the
reception filter and the antenns coil have a second common

ground connection separate from the other ground connections.

1is grounding conf ion providss a good isolat 1. Howex

an additional grounding connection is needed,

of

FIG. 8 shows a configuration similar to the configuratic

@)
-

.|

the duplexer shown in FIG. 7. However, the antenna coill shares
the ground connection together with tThe remaining shunt paths

of the transmission filter.

sutput side shunt path of

the transmisgsion filter has & ground connection. The

input side of the reception filter has a separate ground
connection. The antenna c¢oil at the common port has its separate
ground connection. The remaining shunt paths of the transmission

filter have their common ground connection and the remaining two

shunt paths of the recep rave their common Jround

P&S Ref. No. 172235PC
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has three series resonators and four

shunt patha. The reception filter has four series resonators

and three shunt paths.

5. 10 shows a configuration where the output side shunt path

of the transmission filter iz separate from the remaining shunt

paths of the <transmission f£il ~.  Further, the in- put side

shunt path of the reception filter 1s separate from the

remaining shunt paths of the 2r. The separate

output port side of the transmission filter and the separate

input port side shunt path of the recepti filter are combined

'-e

with the antenna c¢oil and connected to ground with a ground

tion separate from the ground connection of the remainin

conne

Q

shunt paths of the transmission filter and the zremaining shunt

paths of the reception filter,

FIG. 11 shows a quadplexer comprising a Ffirst duplexer with a
first transmission filter TX and a first reception filter RX and

a sgecond duplexer with a second transmission filter TXZ and a

second reception filter RX2. The two duplexers are combined at
the common port via two usually different phase shifters PS. The
two individual duplilexers of the quadplexer comprise the grounding

configuration of the duplexer of FIG. 10.

1

arison between the i1solation of the

FIG. 12 shows the comng

raference design of FIG. 2 (bottom isolation curve} and of the

simple approach according to 3 (upper curve, thick line).

As can be seen, the isolation of the simple apprcach is almost

1 s 1 Bl

ruined as ther 3 a huge gap of approximately 25 db. Thus, the

[
!_.I

grounding strategy fails. If the voltage acrosgss the ground 100D

-
b

inductor having a 0 dBRm source at 50 Q, applied at the input
port of the transmission T
substantial voltage in botlh ransmissgion and reception

frequencies visible This

massi with

degradation in iscla

more sophisticated greunding

P&S Ref. No. 172235PC
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-

IG 13 shows the voltage across a ground loop inductor of the

[ea]

simple approach according to FIG. 3.

el -

14 shows the isclation of a conventional configuration

where there is only one ground connection per filter compared to

ot

the ideal isclation of he reference design of FIG. 2.
mapecially the iscolation 1in  transmission and in reception

3 Fagi=s

frequency bands suffer.

G. 15 shows the comparison between the

=5}
-l

conventional topologies and the simple approach

9]

IG. 3. The conventional isol on is improved bu

for further improvement.

16  shows the wvoltages across the three ground loop
inductors (TX for the transmission filter, RX for the reception
filter, ANT for the phase shifter at an antenna port). As can be

the ground loop wvoltage of the tTransmission ground loop

inductor is almost identical to the voltage ({(a) of the duplexer

FIG. 17 shows the isolation ing to an

embodiment as shown in reference

the 1sol:

isolation. Compared dupliaexers,

a significant improvement is visible.

FIG. 18 shows the wvoltages across the three ground loop
inductors for the configuration according to FIG. 5. Especially
the reception ground loop wvoltage is extremely small. It was

recognized that this situation 1s eguivalent to a TX power

received at the RX output

ground loop voltages 1is a

information concerning the isolation.

FIG. 19 shows the frequency dependent isolation of an embodiment

according to FIG. 7. Four individual ound loop inductors for

geparate ground connections are regulred. However

S
~
-
0
O
i
)
ct
e}
O
]

valuss are so good that they may justify the additional effort.

P&S Ref. No. 172235PC
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FIG. 20 shows the fourx the four ground loop

inductors of the configuration of FIG. 7.

FIG. 21 shows the on hetween a freque dependin:
olation of a configuration according to FIG. 8 and the

reference configuration. Four ground lcops need To be

considered. However, there 1is almost no coupling from the TX

signals towards the RX output.

FIG. 22 shows the voltages acrcesz the ground loop inductors of

the configuration of FIG., 8.

FIG. 23 shows the freguency dependent isolation of a duplexer

configuration of a topology as shown in FIG. 9. Five separate

ground connections are needed. between

transmission fillter and receptioc

five voltages across the

The grounding configuration of FIG. 9 is very sensitive to the

valuse of the ground loop inductor. Correspondingly, PFIG. 25

shows obtained fregquency dependent isclations for

according to FIG. 9 the value of the ground loop

changed from 0.05 nHE to 0.1 nH. AXl of the ground inductances

are assumed toc have the same value, i.e. they all changed from

¢.05 to C.1nH

S0 it 18  important that r suitable and proper grounding
strategy, the sensitivity against changes 1in the ground loop
value need to be monitered. The topelogy of FIG. 9 can obtain a
strongly improved i1sclati in  optimum casss, Howsver, not
carefully chosen wvalues may result in a strongly reduced
isclation. As a consequence, care must be taken when considering
effects of integrating the multiplexer in a cmple circult
envirconment and the voltage across the ground loop inductors
should be monit

P&S Ref. No. 172235PC
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FIG. 26 shows the freguenc

according to FIG. 10.

FIG. 23 shows isolation
conventional tTopologies.
In <ontrazst, FIG. 29 szhows

to the

27 shows the correspon
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vy dependent isclatiocn of a topology
wding three voltages across the

gquadpl

with

multipl can comprise further filters and
further series and parallel paths and further ground
connections. The module can comprise furthe components such as
chips with integrated amplifiers and the method for designing
topologies can comprise further steps cf determining

characteristic values.
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o carriex

CG: common ground connection
Ch: common port

GL: ioop connection
GND: ground

IN:

L:

MUL: raul.

3
=
=
¢t
=

9]
e
[0)
X
0]
=

CUT:

o
g
o]
2
o]
Q
=
C

P3: phase shifter

RX: recept

,)J
g

SG: separate ground connection

o N a3 ey oo o
DE L signail p

SE: series resonator
TH s transmission filter
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Claims

PCT/US2017/056891

1. A multiplexer (MUL) with improved isclation, comprising

a transmission filter (TX) with an input port (IN), an
oustput port (OUT), a signal path (SP) between the input port
(IN} and the output port (OUT), two or more serles resonators
(SR} 1in the signal path {(SP} and three oy more shunt resonators
(SR} in shunt paths (PP},

a reception filter (RX) with an input port (IN) an output
port (OUT), a signal path (3P) between the input ort IN) and
the output port (QUT)}, two or more ssaries resonators (SR) in the
signal path (SP) and three o¢or more shunt resocnators (PR} in

paths {(PP),

a common port {(CP) between the transmission filter (TX) and
the reception filter (RX},
wherein

one of R¥) has two ground (GND}
connections separated from each other.
z2. The multiplexer of the previcus <¢laim, wherein the two
separated ground connections are from a chip (P) to a
package ground {(GKND) or to a carrier ground {GKD).

3. The multiplexer of previous claim, wherein each of
both filters {(TX, RX) has two separate ground {GKD}
connections separated

4. 1@ multiplexer of one of the previous claims, wherein one
separate ground (GND} connecticn connects an input port (IN)
side or an output port (OUT) side shunt path (PP) to ground
(GND) .

5. The multiplexer of one of claims 1 toc 4, wherein

a first separat ground GND) conne connects an
port {(IN) side shunt path (PP) of the transmission filter (TX)
to ground (GND;,

a second separate ground (GND) connection connects the
P&S Ref. No. 172235PC
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output port (OUT) side shunt path
filter (RX) to ground {GND},

a first common ground {GN

remaining shunt paths of

(PP}

and the remaining shunt paths (PP}

(R¥X} to ground.

o, The multiplexer of one of claims
a first separate ground (GND)
port {IN) =side shunt path (PP) of

to ground

a second separat

output poxrt (OUT)

filter (RX) to ground {(GND

a first common ground

remaining
ground,

a second common ground

remaining shunt paths (PP) of the

/

©
joR

multi wer laim 6,

.
$=]]

e second common ground {GND)

ground

(GND) .

.
L

g. The multiplexer of claim 6,
the first common ground (GND)
common port {CP) to ground (GND).

-

9. The multiplexer

RSINERE

separate ground (GND)
port (OUT) side shunt path (PP} of

{(GND} ,

a second separate ground

input port side shunt path

(RX)

O,

to ground (GND),

P&S Ref. No. 172235PC

connection
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connection

claims 1 to 4,

connectiocn

(GND)

(BP)

rﬁ
@]
=

~

cennection

transmission

4+

of the

] a—
1 t

CO

s
0]

of the

) connection

transmlission

connection

recept ion

wherein

whereln

al

the transmlss

connection

the

reception

connects

SO

wher
connects an

ion

reception
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o separ ground (GND) connection couples the common
port (CP} to ground (GND),

a first common round {GND) connectic connects the
remaining shunt paths (PP) o¢f the transmission filter (TX)} to
ground (GND) ,

a sgecond common ground (GND) connection connects  the
remaining shunt paths (PP) of the reception filter (RX) to
ground {GND) .
1GC. The multiplexer of one of claims 1 to 4, wherein

a first separate ground (GND) connection connects an output
port (OUT) side shunt path (PP} of the transmission filter (TX)
to ground (GND},

a first common ground {GND) connection connects the
remaining shunt paths (PFP) of the <transmission filter (TX) to
ground {GND},

the first separate ground (GND) connection alsc connects an
input port (IN) side shunt path (PP} of the reception filtez
(R¥X} to ground (GND),

a second common ground (GND) connection connects the
remaining shunt paths (PP} of the rece; (R¥)
ground {GND} .

11. The multiplexer of claim 10, wherein the first separate

ground {(GND} connection alsoc couples the commoen por (CP) to

ground {GND) .

12. The multiplexer of one of the previous claims, comprising

a further transmission filter ({TX) and a further reception
lter (RX).

13. A module, comprising a arrier, a package and a

multipliexer (MUL) of one of the previous clailwms, wh

the filters (T¥, RX} are arranged in the package,

the package 1s arranged on the carrier,

the separate ground {(GND) connections are established on

P&S Ref. No.

23
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14, A method for designing a multiplexer (MUL) topology
comprising the step of monitoring and wminimizing the voltage
ACroO8s a ground loop {GL) inducto:z (L) .

P&S Ref. No. 172235PC
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claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-13

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-13

Multiplexer comprising a transmission filter and a reception
filter with one of the filters having two ground connections
separated from each other.

2. claim: 14

A method for designing a multiplexer topology comprising the
step of monitoring and minimizing the voltage across a
ground Toop inductor
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