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Systems and metlxids arc provided for a stacked ihe con-
Iiguriition ol a higll Isoldlion su in:h anil d rqjccfion fi11OI

v here transmit and receive signals are desired to have a high
out-of-band rejection and a loiv loss band-pass region In
some aspects of the invention the high isolation switch is a
double pole double throw switch modified to operate as a
hi h isolation single pole double tluov (SPDT) switch. In
sonic dspccls of thc nlvcnuon lhc high Isolation swnch Is a
convcntioiial lugh isolauon SPDT switch. Thc switch Is
nxiunted on a low prohle rejection filter having metaliiration
on a portion of an outer surface of the rejection filter. 1'he
metallixation on the outer surface of the rejection filter
provides an AC ground Layer in close pmximity to the switch
that provides a short coupling path beuveen the switch and
thc AC ground. The resulting switch-liltcr component also
rcsuhs in a smaller foolprml tlwn il thc lwo dcviccs acre
mounted individually ancgor adlacently. The switch-filter
component has applications in devices requiring high iso-
lation between transmit and receive paths. for example use
v ithin a front-end module (FEM) of a sin le antenna,
multi-radio device.

(Continued) 22 Claims, 6 Drawing Sheets
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1

DEVICE AND METHODS FOR HIGH
ISOI.ATION AstD INTI RFEREN(:E
SUPPRESSIO.'1 SWIT()H-FII.TI(R

FIELD OF THE INVENTION

lite utvention relates to devices used li!r lugh isolation
and inierfcrencc suppression ut poriablc wireless devices, in
particular switching components for such devices.

BACKGROUND OF THE INVENTION

With thc advancements of ehoironic and wireless lech-
nologies, portable wireless devices such as cellular phones
have become increasingly popular New generation cellular
phones integrate a great munber of functionalities. such as
ganting. personal data assistants (PDA). e-mail. digital cam-
eras, general packet radio scrviccs (GPRS), global position-
ing systems (GPS), and Blue Tooth (BT). Furfiter, incorpo-
ration of wireless local arcs network (WLAN) tcclmology
into smart phones appears inevitable When intearatiug a
VVI.AN radio mto a compact nndti-radio portable device. a
design challenge is the reduction of transmit and receive
interference between simultaneously operatin radios.

Typically in WLAN radios two or morc mttcmris are used
to transmit and rimctve signals, whereut a ddlbrcnt antmuta
is used for utcrcasutg ilm spaiml diversity or uiihzuig a
ditferent portion of the radio spectnim I'hereti!re, in most
Vil.AN radios douhle pole double throw (DPIyiq switching
is adopted for switching between the antennas. Spatial
diversity provided by using multiple antennas increases
probabihty of data rccovcry mtd avonls au)is caused by
Ilud(1-ptlih propagatlotl 111C dlstailCC bC(WCCIl Bit(CIlllaS !S

typically desirable to be less tlmn 20% of a wave)en ih to
ensure spatial diversity and reduce the etTects of antenna
coupling

FIG. I shows a conventional DPDT T/R (transmit/re-
ceive) switch 140 for usc ui aWLAN radio utilizm spaual
diversity. The DPDT switch composes two switches that arc
simultaneously switched between ditTerent circuit paths. A
firrt antenna 150 is connected to a first Ri! switch port 155.
A second antenna 160 is connected to a second RF switch
port 165. DPDT sv itch 140 is comprised of tivo single pole
double tluow (SPDT) switches, 170 and 180. The DPDT
switch 140 lrds a transmit switch port 172 fi!r supplying a
signal to thc switch 140 to be iransnuttcd bv thc antennas
150.160 and a receive switch port P82 for providing a signal
received from the antennas 150,(60 SPD'I'witch 170
allows the connection either from the transmit sw:itch port
172 to the first RF sv itch port 155 or the transmit switch port
172 to the second RF switch port 165. Smularly, SPDT
switch 180 supports the connccuon either from the rcmcivc
sw itch port 182 to tlm second RF sw itch port 165 or from thc
receive switch port 182 to the first Rl'v itch port 155.
Switching operations are enabled by 2 or 4 sivitch controls
(90. Single switch control is also possible by using a parallel
to series logic decoder.

FIG. 2 show s a circuit diagmm of ihe conventional DPDT
'IVR switch 140, in which I!E'I's (field etfect transistors) are
used to implement the switching functionality. A transntitter
input port (Tx In) is coupled throu h a capacitor CI to a
drain terminal of a first FET QI. A source terminal of Ql is
coupled tluough capacitor C2 io a Iirst mttcmta (Ant1). "Tx
In" is also coup)cd though capacitor CI to a drain tcmuiml
ol' second FET Q2. A source temunal 01'2 is coup)cd
through capacitor ( 3 to a second antenna (Ant2). A receiver
output port (Rx Out) is coupled thmugh capacitor G4 to a

draut icrnunal of a third FET Q3. A source tcnninal of Q3
is coupled to Anti "Rx Out" is also coupled through
capacitor ('4 to a drain terminal of a fi!urth I'EI'4 A
source terminal of Q4 is coupled to Ant2 A tnsnsmit enable
to Ant1 (Tx to Ant1 Enable) is coupled to a gate of QI
through resistor RI. A transmit enable to Ant2 (Tx to Ant2
Enable) is coupled to a gate of Q2 through resistor R2. A
reccivc cimblc io antcniui I (Rx to Anti Enable) is coup)cs)
to a gate of Q) through resistor R3. A receive enable to Ant2

to (Rx to Ant2 )inable) is coupled to a gate of Q4 through
resistor R4. By setting the transmit and receive enables
appropnateiy fiir the respective FETs, it is possible to send
a transmit si nal to one of the two antennas. obtain a receive
signal Irom onc of ihc two antennas or 1rausmii to onc ol ihc

1 tWO illlti lllldS Bllil li CC1Vt: Iloul ihc Othi 1 01 thc (WO Bu(CIltlas
sintultaneously

Due to current size demands placed on cellular handsets
there are a limited munber of effective locations that are
possible for locating more than one antenna if trying to

10 implement a DPDT switch in the WLAN architecture. In
ddd11nut, illsilffiClcllt spdClltg bC(WCCB Bll(Ctlllas uoi 0111V

em!sea a high anictum coupling. but also reduces the cfii:c-
tiveness of spatial diversity.

Portable v;ireless devices such as cellular msdios utilizing
time division nndtiple access ('I'DMA) and frequency divi-
sion duplexing (FDD) functionality. for example CiSM ((ilo-
bal System for Mobile Conununications) and TDIVL!t, can
muploy liming coordumtion between dilli:rmtt radio opcm-
tions, wluch avonls uttcrfcrcnce bctwccn radios and pro-

to vides pseudo simultaneous operation. I lowever, such tiine
coordination cannot be applied to GDMA and other code/
frequency division multiple access cellular radios A tote
simultaneous opemstion of nndtiple msdios can only be real-
ized with low interference between mdios,

is
SUMMARY Ol' I II. INVI:N'I ION

According to a Iirst aspect of the present invention. there
is provalcd a stacked dic conligurdtion combination of a

do sw11ch Bllil d lilier ilddpicsl lol Usc ul 11 wlrclcss Irollt-elld
module of a sutglc antctuia multi-radio tcnninal. Thc swiich-
filte includes a filter havina an outer surface of which a
portimi is metallized and a first input/output pon that is to be
electncally coupled to an antenna when in operation. The

d- sv itch-filter also includes a switch bavin a first input/
output port electrically coupled to a second input/output port
of the liltcr and a second utput/output port electrically
coilplcd 10 thc llleialhzixl olltcl SUriacc ol thc lilicr. Thc
switch is inounted to the metallized outer surface of the filter
and a corn!non node is fomied by the electncal coupling of
the second input/output port to the metallized outer surface
of the filter.

According to a second aspect of the present invention,
thclc Is provlilcd a flout-clul IuodUlc ddtiptixl fol Usc ill a
iICV1CC fol 11'tlllSllllulllg tllul rCCC1Vlllg ColulllUuiCdtiou SigllalS
which includes a switch-biter. circuitry for providing a
transmit signal to the switch-tilter and circuitry for accepting
a receiie signal from the switch-filter.

Accorduig to a third aspect of thc prcscnt invention, there
ii! is provided a method for consiructing thc switch-Iiltcr by

forming the stacked die confiauration of the switch mounted
on the filter.

Thc mctallizcd outcr surlace ol'hc (i)ter may bc a
wraparound metal)ization that covers cssenually all of the

ss Iilter, with the cxccpuon ol'being clcctncdlly isolates) from
input/output ports of the filter I'he metallized outer surface
of the filter may alternatively be nietallization on the top and
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bottom, thai is rcspcctivc opposite sides ol tlm Iilier, for
example the side the switch is mounted on and the side that
is adjacent to a substrate upon which the tilter is mounted.

lite stacked dic couiiguraiion allows thc sv,itch-iiltcr Io
have shorter electrical couplings which aids in improving
performance. 'I he stacked die configuration also provides a
smaller footprint for an associated module in which the
switch-tilter is used.

Other aspects and features of the present invention will
become apparent to those ordinarily skilled in the ari upon
revieiv of the followin description of specific embodiments
ol'hc immitiou in con)unction with Ihc accompanying
Iigurcs.

l3RII.I'ES('RIP)'ION Ol''I ill l)RAWIN(iS

Preferred embodinients of the invention will noiv be
described ivith reference to the attached drav ings in which

FIG. I is a schcmauc diagram of a double pole double
throw (l)PI)'I') switch in a conventional WI,AN radio uti-
lizing spatial diversity;

FIG. 2 is a circuit diagrmn ol' conventional double pole
double throiv switch;

FIG. 3 is a block diagrmn ol'an arcluicciure for a WLAN
front-end module (FEM) of a poriablc wireless device
accordiim to an embodiment of the present invention,

FIG 4 is a circuit diagram of a conventional high isolation
single pole douhle throw (I IISI, Spiyl') switch;

FIG, 5 is a circuit diagram of a modified DPDT switch
according to an embodiment of the present invention;

FIG, 6 is a blocl diagram of a sw)tch-fi)ter according to
an mnboilimcnt ol'hc present uivmition,

FIG. 7 is a side view schematic diagrmn ol'a switch-tilter
according io an cmboihmcnt of thc prcscnt im canon, and

l1(i 8 is a flow chan of a method for assembling a
switch-biter according to an embodiment of the present
1IIveiliioil.

DETAILED DESCRIPTION OF THE
PREIiIIRRIII) IiMI3ODIMEN'I'sl

Hsina a single pole double thmw (SPI)T) switch and a
single anteium is a more pmsctical approach for a WLAN
multi-radio architecture when it is desirable to have a small
handset resulting in insufficient spacing for nndtiple anten-
iias.

FIG. 3 depicts an arclutcciure fiir a WLAN front-cnd
module (FEM), gmicrally inihcaied at 10, ol' wireless
portable device The Iil:M 10 is shown coupled to an antenna
20 and a tmnsceiver 30

Within the FEM 10 are both a transmit path and receive
path. The transmit path includes a first matcifing filter 40, a
power amplifier (PA) 50 with an amplifier 55 integmted
together with a regulator 60 imd a power detector (noi
shown). a second matclung Iilicr 80, a switch 90, and a
rejection filter 100 I'he receive path includes the rejection
filter )00, the switch 90, a third matching filter 110 and a
balun 120. The transceiver 30 is coupled to the first matching
filter 40 in the transmission path by line FEM Tx In. The
balun 120 in the receive path is coupled to the transceiver 30
by lines FEM Rx Out. Thc iunplflicr 55 and Ihe regulator 60
arc powered by supplies Vcc2 and )Pccl, respectively.

In a prclbrred unplcmcniation of Ihe FEM 10, thc switch
90 is a SPI) I 1/8 switch as only a single antenna is coupled
to the lil:M 10 I'his SPI)'I'1/R switch may be a conven-

tional lugh isolation SPDT (HISL SPDT) or a DPDT switch
modified to operate as a I IISI. SPDT switch as described in
more detail beloiv.

The first, second and third ntatching filters 40,80,110 are
optunizcd matched Iiltcrs Ibr aidin in nuprovcd isolation
and dctcction of intown pulse sliapcs wiflun signals trans-
mit)cd and rcceivcd by thc FEM 10. Thc maichuig Iiliers
4U,80,110 may also pmvide additional undesirable signal
component rejection to aid in ehminating signal components

'" outside the frequency bands of interest, for example cellular
band noise. Preferably. the rejection filter 100 is a bandpass
Iilter. Drill:rent types ol'maiclung and bnndpass Iiltcrs are
known Io those skillcxl in Ihc art and i1 is understood that any
type of matching and/or bandpass Iiltcrs appropnatc Io Ihe
functioning of the lil!M 10 may be used to implement the
Iil:M module More generally, it is to be understood that any
type of filter or combination of multiple filters can be used
to achieve the desirable filtering characteristics for the
respective. receive alii! Irailsilili slglials.

I'he transceiver 30 pmvides a signal to the niatchuig filter
40 ui the tmsnsmission path on line lil:M 'I'x In, w:hich the
Iil:M 10 then provides to the antenna 20 for transmission
The balun 120 in the receive path provides a received s)ytai
from the antenna 20 to the transceiver 30 on lines FEM Rx
Out A balanced output of thc balue 120 aids in proviiluig
conunon mode rejection.

I'he balun 120 is shown in the example of lil(i. 3 to have
two FEM Rx Out paths.;% first path starting from an output

„of the matching filter 110 is coupled to a first capacitor C1.
A second capacitor C2 is coupled in scnes with C1. C2 is
coupled to transceiver 30. A Iirst uiductor LI is connected to
ground Irom a node bctsscen C1 aud C2 A second path
starting from the output of the matching filter 110 is coupled
to a second inductor I 2 1,2 is also coupled to the tmnsceiver
30. Within the balun 120, between the matching filter 110
and L2, a tlflrd capacitor C3 is coupled to the second path
and is con+co)ox) to grounil. Also within the balun 120,
bc)wive thc transceiver 30 and L2, a fourth capimitor C4 is
coupled Io Ihe six:ond path mid is connected Io ground. Inso
some embodiment~, the balue 120 can be realized discrete
SM1'surface mount technology) components and printed
traces, or a lump integrated passive device die with selective
wire-bond pads. The balun 120 can pmvide any impedance
transfomi ratio by choosuig proper L's aud C's. When
transceiver 30 has a single-endcxl rccmvc port, thc balun 120
can bc easily translbnued into a matchuig Iilter or a low pass
filter by disconnecting, ('I and choosing appmpriate ('3. I 2,
and C4 In addition, the discrete balue design can be also

.„converted into a high pass filter with a cut-off frequency in
the vicinity of 2.4 GHz by uninstalling Cl and replacing C3
and C4 with rcspccui e iniluciors and L2 with a capacitor Io
enhance thc noise rq)co)tons ai cellular frcx)ucncy benign

A PA Enable line 65 coupled benveen the transceiver 30
and the regulator 60 enables the regulator 6U to power the
amplifier 55 when appropriate. that is when there is a signal
to be transmitted. This functionality allows battery power to
bc conscrvixl by not pow cring tlu: amplilicr 55 unless ihere
is a signal to amplify the input to thc FEM 10 ou lute FEIvi
1'x In. A Power l)etector line 70 coupled between the
transceiver 30 and the amplifier 55 comniunicates ivhether
the regulator 60 is "on" or not and also aids in power
ctiitservatioii.

Ii is Io bc understood thai Ibis is oue example ol a
ss combination ol components used in Ihc Iransnut path lor

adequate power amplification of a signal to be transmitted
More generally, any suitable power amplifier could be used
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i

that provides adequate ampldicdtion and has dcsirablc
power utilization characteristics.

Accordin to an enibodiment of the present invention the
switch 91) and the rejection filter 100 are combined in a
stacked die configumtion to form a switch-filter component.
By stacking the switch on a rejection filter, which has a
particularly advantageous feature of a metallization on ils
outcr surface. thc advantages ol'lus feature to be descnbcd
in more detail beloiv. the switch-filter has the benefit of high
transmit to receive isolation under all load mismatch con-
ditions. Iiurtherntore. the stacked die configuration sivitch-
filter results in a component with high out-of-band rejection
and a low loss band-pass re ion in a smaller form factor than
il Ihc lvso components arc mounted mdividually and/or
dd)accnlly on a substrate. In a particular cmbodnnent of thc
invention, a low profile semiconductor DVD'I 'I'/R switch Is
modified to operate as a )Vlyl 'I'/R sv;itch. In another
embodiment. the switch 91) is a conventional I IISI SPI)1'n

order to better understand the benefits of the modified
DPDT switch, it is helpful to first understand a conventiorml
semiconductor HISL SPDT switch. A comenuoixil high
isolation SPDT T/R switch consists of two pairs ol'lnuit-
series I'I l'I's

FIG 4 shows a circuit diagram of a conventional I IL)I
SVI)'I'I /R switch, generally indicated at 21)0. A transntitter
input port (Tx In) Is coupled tluough a capacitor Cl to a
drain terminal of a hrst FET Q1. A source terminal of QI Is
coupled tluough capacitor C2 to an antenna (Anl). "Tx In"
is also coupled Ihough capacitor C1 lo a drmn Icmunal of a
second I(111 Q2 A source terminal ofQ2 is coupled to an AC
CiNI) connection point through capacitor C3 A receiver
output port (Rx Out) is coupled thmugh capacitor C4 to a
drain terminal of a third FET Q3. A source terminal of Q3
is coupled to ANT. "Rx Out*'s also coupled tluough
capacitor C4 to a drmn tcnninal of a fourlh FET Q4 A
source 1cnninal of Q4 is coupled lo thc AC GND coiuiec lion
pout( tluough capucitor C3. A transnul enable (Tx EN) Is
coupled to a gate of Ql and a gate of Q4 thmugh respective
resistors R I and R2 A receive enable (Rx ) IN) i ~ coupled to
a gate ofQ2 and a ate ofQ3 throne/I respective resistors R3
and R4. In some implementations, the AC CIND connection
pouil via C3 is often split uilo Iuo scparaleAC ground paths
with d series capacitor ol hall C3 capaciumce al each palh.

In operation. un active path has a lirst senes FET turncx)-
on and a first shunt I'E I'urned off. for example Ql on and
Q2 off An idle path has opposite operations and switch
lo ic, Q3 oif and Q4 on. Therefore. isolation between the
active and idle paths is a function of ground inductance and
an "on" rcsistancc (R-on) of Ihc Elle path shunt FET Q4. To
rex)ace inserlion loss, thc shunt FETs arc usually chosen as
having d smaller size comparixl with that of Ihe series FETs.
'I'his increases R-on, lowers the isolation and reduces the
linearity of the switch.

By way of comparison, the DPDT T/R switch used in the
switch-tilter is typically constructed using four series FETs
ofessentially thc same size. To uicrcasc power handlmg and
lovscr thc R-on and insertion loss, thc size of the FETs is
large. for example In thc rtmgc of 0.7 to I nun.

11Ci 5 shows a circuit diagram of the modified Dpiyl "I /R
switch. generally indicated at 220 'I'he opemtion of cont-
ponents (FETs. capacitors, resistors) of the modified DPDT
sivitch 220 are similar to that of the DPDT switch of FICi 2.
Thc umismitter input port (Tx In) is coupled Iluougt capaci-
tor C1 lo tlu: drain Icrnunal ol'hc lirst FET Q1. The source
tcnninal ol'Ql is couples) tlumigh capacitor C2 to a switch
port (Switch In/Out). When used in a WI,AN radio "Switch
hvOut" is preferably coupled to a rejection tilter and ulti-

1AI31,li I
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shunt t AC
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Isolation bclw ccn Ihc acuvc and idle paths nol only rcsu is
from thc tumid ofi'eries FET In the Idle path, but albo from

ds the AC grounded shunt FET in thc Idle path. In some
embodinients, isolation betiveen the active and idle paths is
measured greater than 2(n di3 from 2.4 to 2 5 ()iiz with a

mately an antenna. "Tx In*'s also coupled though capacitor
('I to the drain terminal of the second l(I:1 Q2 The source
terminal of Q2 previously coupled to the second antenna in
the l)VI)'I'f I'ICI. 2. is noiv coupled through capacitor ( 1

to an AC round node (AC ()ND) The receiver output port
(Rx Out) is coupled tluoungh capacitor C4 to the dmin
tcnmnal ol'thc Ilurd FET Q3. The source terminal of Q3 Is
coupled lo '*Switch In/Ouf) "Rx Out" m also couples)
through capacitor C4 to the drain terminal of the fourth I'ITI'n

Q4 A source terminal of Q4 is coupled to A('iND A
transmit enable to '*Switch In(Out" ('I'x to Switch ln/Out
Enable) is coupied to the gate of QI through resistor R1. The
"Tx to Ant2 Enable" previously identified in FICi. 2, is now
idcntiiicd as transnut to AC ground miablc (Tx lo AC GND
Enable), which is coupled to thc gate of Q2 duough resistor
R2 A receive enable to "Sv itch In/Out" (Rx to Switch
In/Out I inable) is coupled to the gate of Q3 through resistor
R3 I'he "Rx to Ant2 iinable" previously identified in I'l(i
2. is now identified as receive to AC gmund enable (Rx to

zo AC CiND Enable). which is coupled to the gate of Q4
tluuugh resistor R4.

The converted DPDT T/R switch 220 acts In a similar way
to the above-described conventional SPDT 200 A tmsnsmit
path fmm the "Tx In" port to Ihc **Switch In/Ouf'ort is
acuvc when "Tx Io Switch In/Out Enable" and '*Rx lo AC
(iNI ) I inable" are set to turn on Q I and Q4 respectively and
"Rx to Ssvitch In/Out I:nable" and "I'x to A('iND I inable"
are set to turn off Q2 and Q3 respectively. Conversely. a
receive path from the Rx Out port to the Switch IN/OUT port

so is active when "Rx to Switch In/Out Enable** and "Tx to AC
GND Enable" arc sct lo turn on Q2 und Q3 respcclivcly and
'*Tx lo Switch In/Oul Enable" and '*Rx to AC CiND Enable"
are set to turn off Ql and Q4 respectively.

I'able I provides a concise description of the operation of
the niodified DVD I'witch
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return loss better than 22 dB. When Ihe idle input or output
port, that is Tx In or the Rx Out is terminated wirh a VSWR
10.1 mismatch load, n rcsultuig insenion loss vanation of
the active path is typically less than 0 03 db under all phase
clranges. Thcrcl'orc. thc idle path can be completely turncs)-
olT without degrading thc pcrlbrmmicc oi'he acuvc paIh,
siglllllcilnll)'ixhli:lng thc power consuulptlon. Bl aiiilllloll,
active patlvidle path isolation also reinains greater than 24
dB ivhile the antenna port is severely mismatched ivith a
10: I VSWR. This provides protection for receiver hardware
while the antenna is severely mismatched.

llic stackcsl dic conliguration pmvidcs a local ground
((iNI)) plane to be in closer pmximity to the I IISI, SPD'I
switch and shortens the coupling length betv een the sivitch
T/R switch and ground Shorteniirg the coupling length,
typically implemented by bonding wires, provides the ben-
efit of reducing ground path inductance. By mounting the
sw itch on a surface of thc re)ection liltcr Ihat has v raparound
me/eliza/ion, or top and bottom mctallization (wiIh refer-
ence to a substrate upon which the filter is mounted. that is
bottom being a side of the filter adjacent to a substrate) the
stacked die conhguration eITectively shonens the coupling
length. The coupling length is shortened due to the close
proximity of the switch being mounted on the rejection biter
and Ihc fact Ihat thc surlacc mctalhzation lorms an AC
ground via connection Io thc AC ground on a substrate thc
rejection filter is mounted on.

In addition to providing the AC ground ivl»ch in some
entbodiments is used in modifyiirg the DPDT switch to

11)
cfibcusely operate as a HISL SPDT switch and in doing so
itxhlclng Ihc clicctlvc coilpllng length oi ciuulcctlous
bc(wows thc mod ilicd DPDT sw itch and thc re)ection lilter,
the nse of metallization on the outer surface of the rejection
filter enhances the operational clmracteri sties of the rejection
filter itself. For example. the grounding of the rejection tilter
improves repeatability of RF characteristics of rhe rejection
liltcr. Tlus metallization feature also provides Ihc lilter wiIh
thc mununity of any possible perl'ormance venation/degra-
dation causixl by encapsulation or beuig placcsl close Io

40
other metalhc structures Iiy facilitating, the utilization of the
stacked die configuration. the metallization on the outer
surface of the rejection filter also provides an additional
benefit of reducing the overall footprint of the FEM. Tlus
further eimblcs a device ui wluch Ihe FEM is utstallcs) to bc
of smaller size as well.

Mounting the switch on the rejection filter also improves
the insertion loss and matching condition characteristics of
the switch-filter.

FIG. 6 shows a schematic of Ihe stacked dic switch-ii11cr, 0

generally indicated at 300, for use in an FEM anni)sr to the
lil:M 10 of li)(i 3 'I he switch-filter 300 includes a rejection
filter 310 and a I IISI, )Ply) switch 320 'I he I IISI 320 can
be either a traditional semiconductor HISL switch design or
a modified DPDT switch A first input/output port of the s.

re)em/ton liltcr 310 is ndapted Io bc coup)cd Io mi antciuta
330. A scmond input/output port of thc refection filter 310 is
coupled Io a lirst input/output port (Switch In/Out) of thc
)Pl)'I'v itch 320. A signal input port ( fx ln) of the SPD'I
switch 32U is adapted to be coupled to hardkvare and/or 00

circuitry providing a si nal for tmsnsmission by the antenna
330. A signal output port (Rx Out) of the SPDT switch 320
is adapted Io be coupled to lmrdwarc and/or circuitry for
accepting a signal rccmvcd by thc aiuenna 330. 111c SPDT
switch 320 also has Iwo addiuoiml ports each adapted to ss
receive a signa) A first additional port ('I'x I IN) receives a
signal for enabling the switch 320 to openste in a transmit

state and a second additional port (Rx EN) receives a signal
for enabling the switch 32U to operate in a receive state

In an embodiment of the invention wherein the SPIT)'witch

320 is a l)PI)1'ivitch that is modified to operate as
a HISL SPDT sivitch in the manner descnbed herein, 0

second utput/output port of the DPDT switch (for example
of thc type identdicd as An(2 in FIG. 2) that would nornmlly
bc coup)cd to a simond;mteiura in a multi-antcium radio
would be coupled to A('round via the metallization on the
outer surface of the rejection filter

In an einbodiment ivhere a conventional IIISI, )Ply)'s
used as the sv,itch instead of a DPDT switch modified to
operate as a SPDT switch, the metallized outer surface of the
re)ection liltcr provnlcs a ground plane ui close proximity ol
thc HISL switch Ibr proper grounduig of the HISL switch
v hen the NISI, svvitch is stacked on the rejection filter

More generally, stackin the switch on the rejection filter
pmvides a basis for the metalhzed portion of the outer
surface of the filter forming an electrical connection for a
local AC ground in close proximity to the switch component,
fiir cxamplc to bc used as an clcctncal ground.

Thc liltcr may bc a solid state componmit or a scmicun-
ductor component. More genemlly, the filter can be of any
fabrication method tlmt provides the size and biter charac-
teristics for desired utility. An exaniple of a bandpass filter
that could be used in the switch-tilter is a planar bandpass
filter, Part Number EZFVQSOBpAIS. manufactured by
Paniisonlc.

Thc SPDT switch is typically of semiconductor manufac-
ture, but fabrication of the sv itch by other fabrication
techniques are to be considered within the scope of the
present application An example of the high isolationSPIT)'hat

could be used is Skysvorks Solutions AS225 or M/A
Com ioLXSW601OG. An exantple of a DPDT switch that
could bc modified Io operate as a HISL SPDT switch for use
in thc switch-lilter is 0 SiGc 077BOI or Skyworks Solutions
AS236

More generally, it is to be understood that other combi-
nations of switches and filters used to constmct a switch-
filter as described herein are to be considered within the
scope of the present application

FICi 7 is a sale view schematic of a stacked dw. contigu-
ration switch-)i)ter, generally utdmatcd at 400, unplementod
on n substrate 430. A relccuon liltcr 410 havuig an outcr
surface 48U of which a portion is metallized is niounted on
the substrate 430, via an epoxy attachnient 440 using a layer
ofconductive epoxy. The metallization 480 is preferred to be
v raparound. i.e. extending across the top and bottom filter
surfaces mid thc side surlhces winch connect the top and
bottom surfaces, but can be simplilicd to have only Ihe
meIalhzation on Ihe Iop and bottom lilter surlaccs. That is
the surface of the side of the hirer that the switch is mounted
on and the surface of the side adjacent the substrate 430,
respectively. Two filter input/output pins 490, 492 servin as
the filter input/output ports are also coupled to printed traces
of thc substrate via epoxy attachment (440). Thc mctalliza-
tion is clcctncally isolated from thc uiput/output pins 490.
492 Io avoid a short circuit across liltcr. A DPDT switch 420
is mnunted on the top surface of the rejection biter 410 and
is attached to the rejection filter 41U using a layer of epoxy
450 A wirebond 460 is used to couple an input/output port
of the sv,itch 420 that would normally be coupled to a
second antenna to thc metallized outcr surlacc 480 of Ihe
re)ection liltcr 410 Io prox idc the AC ground for modifyutg
the DPDT switch 420 Io operate as a HISL SPDT switch. A
wirebnnd 495 is used to couple a first input/output pin 492
of the rejection lilter 410 to an input/output port of the
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switch 420. Altcroat&vcly, thc wircbond 495 can bc landed
on the pad connecting to filter port 492 on the substrate.
Other &virebonds 470 as appmpriate are used to couple nther
signal input and output ports of the switch, such as "I x In"
and "Rx Out" to the circu&t board to provide connectivity to
transmitting and rece&ving signal paths of the FEM nnd the
appropn ale Iransm&1 and rcccivc c»able porl conncxl&ons for
thc n&odificxl DPDT sw&lch 420. While only one wircbond
470 is shown as an example to illustrate how the switch
controls are cnupled to the l&l !M. it is to be understnod that In

there are as many wirebonds as desired to prnvide appro-
priate connectivity for operat&on of the switch 420 nnd flier
410.

FIG. 7 could also rcprcscnt a convenuo&xd SPDT sw&tch
n&ounted nn a rejection niter A difigrence in this embodi-
n&ent includes that the metalhzation of the outer surface of
the rejection filter is electncally connected to a designated
AC grounchng point instead of a second input/output port as
with the DPDT sw&ich There are also law cr tmnsnut and
r&xc&vc enable ports to bc conncctc&L zn

More genemslly &t is to be understood that the rejection
filter 410 can be attached to the substrate mounting surface
by any conventional means. for example conventional sol-
dering teclmiques or conductive-gluing the rejection filter in
place wig& epoxy as dcscribcd above.

In some embod&n&eats the substrate 430 upon v hich the
switch-filter is mounted &s the same substmste that the other
coniponents of the FEM are mounted on, for example the
coniponents of the transmit and receive signal paths
dcscnb&xl above w&ih rcspccl lo FIG. 3. The substrate has
bund pads and prutled traces R&r fac&htaling electrical con-
n&xuon Io Ihc components of Ihe transm&l m&d race&vc paths.

A metlu&d for assembling the stacl ed die configuration
switch-tilter will now be described with reference to FICi 8.
A first step 600 is mounting the rejection filter on the
substrate. In th&s suym Ihc two inpul/oulpul pu&s of thc
rclcxuon lillcr arc coupled to Ihc pnnled c&rcuil substrate.
One of the input/output pins is coupled to the anteiula via
traces on the substmste In addit&on. the metallized surface of so
the rejection filter is also grounded. In step 610, the modified
DPDT switch or HISL SPDT switch is mounted to the
rejection filter. In the tlurd step 620. any port or node of the
sw itch thai is lo be couplcxf to an AC ground &s so co&u&cclcxf.

For example. in thc case of the DPDT sw&tch, an input/
output port normally coupled to a second antenna is coupled
to the metallized surface of the rejection filter enabling the
n&odihcation to allo&v the l)PI) I'witch to opemste as a I ILSI

SPDT s&vitch In the case nf usi&tg a conventional HISL
SPDT. a designated AC grnund node of the switch w&ll be so
wircbondcd to thc n&ctalfizcxf surface of lhc lillcr. In step
630. s second input/output port of Ihc rejcclion lillcr &s

electrically coupled to an input/output port of the switch for
pmviding a transmit signal to the filter after having passed
through the switch or receive a received signal from the biter
to be passed through the switch via the &vire-bond on the top
of the filter or on the pad the input/output port auacbed
thcrcio. In sup 640, a s&gnal u&put port lor provnlu& a s&g»el

to be input lo thc sw&lch tmd a s&g»al oulpul purl for
receiving a smnal output from the switch are electrically
coupled to the substrate This enables coil&lection from the
switch filter tn tile tmsns&nit and receive paths turn&ed nn the
substmste. In step 650. the transmit enable nnd receive enable
are electrically coupled fmm appropriate ports on the switch
io sppropnatc locat&ons on thc substrate. ss

It is to be understood that the order nf the steps as
described above used in assen&bling the switch-filter can be

carried out in a d&fii:rent order than presm&lcd and thc
intended scnpe of the invention is still n&aintamed.

As described above, in snme embodiments the various
electrical cnuplings are provided by w&rebondmg

In some embodiments, the &virebonding used in assem-
bl&n the sv,itch-filter is performed by reverse bonding,
w herc a ball &s placed on a bondpad of thc sw &tch po&t to be
coupled to thc rclcxlion lifter. and then a ~ l&tch bond &s

performed on top of the ball ti&r cnupling tn a bondpad of the
relect&on filter Reverse bonding helps to reduce the loop
he&ght and maintain a lo&v prnfile fnr the switch-filter when
mounted in an FEM.

In some embodiments of the invention. blocking capaci-
tors, such as capacitors C1, C2, C3. and C4 &n Flfi. 5 are also
integrated u&lo the switch. An example ol'uch an embodi-
ment is Si(ie ')22A19 switch lltis simplifies construction
and/nr assembly nf the switch-filter

In some embodiments, a high-Q integrated passive device
(IPD) fi&r pcrfonn&ng the liltcring funcuonal&iy is con-
structed w&th bondpsds locat&xl on an appropnate surlhcc of
the IPD. I'he I IISI, SPI)'I'(ormodified l)PI)'I') switch is then
attached to the IPD using conventional fl&p chip technok&g)
'I'he gmund connections of the I pl ) are connected to both the
switch ground and substrate vin &sire-bonds or backside vias
available in advanced IPD processes.

In some embodiments the sw&tch-filter is part of a module,
such as the I'IIM module wherein the entire module is
encapsulated in a non-conductive material. The encapsu-
Lated module has terminals by wluch the module is electri-
cally connected to a printed circuit board as part of a larger
radio c&rcuil. In some emboduncnls, llm cncapsuialcxf mod-
ule is equal lo or less Ihm& I nmt h&gh. Ilmrck&re Ihe
sv itch-filter, including &virebonds must be less than I min to
ensure that the switch-filter is properly encapsulated within
the niodule

Wlulc the sw &lch-lil ter is described hcrcin with respect io
usc in a WLAN FEM, il &s to bc understood that usc of Ihe
sv itch-filter in other applications that require high out-of-
band rejectinn and tmsnsmit,'receive isolation &s to be con-
sidered within the scope of the invention.

Numerous moddicauons and vairst&ons of ihc present
invent&on arc poss&ble u& light ol'hc above tcachu&gs. It &s

therefore to be understood that within the scope of the
appended claims, the invention may be pract&sed othe&wise
than as specifically described herein.

I'he invention clain&ed is:

I A device for use in a wireless front-end module for
transmitting m&d reccivu&g commun&canon s&gnals compr&s-
u&g.

n filter component comprising an outer surface a portion
of &vlfich is metallized, a first input/output port for
electrical connection to an antenna, and a second input/
vlitplit po&l,

a switch component compnsing an input/output port
electrically connected to the second input/output port of
the filter component, a signal input port for a tmsnsmit
s&goal. a s&goal output porl for a reccivc s&goal, and
sw&lch circuitry cnerg&zable selccuvcly to sw&lch Ihe
u&put, output port of Ihc sw&tch componm&l u&lo electri-
cal connectinn with the sinnal input pnn or the signal
output port, the s&vitch circuitry including a node
adapted to be AC rounded,

whcrcu& Ihc switCh component is securely mounted to Ihe
mctallizcd poifion ol'he outcr surface ol'he filicr
cnmponent and the node adapted to be AC gn&unded is
electrically connected to the metallized portion.
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2. 11&e dcv&ce of clmm 1, whereu& Ihc sii itch componm&l
is a high isolat&on single pole douhle throw (SPDT) switch
and the node a&kspted to be A('rounded is an A('round
connect&on point

3. 11&e dcv&ce of clmm 1, whereu& thc as&itch componm&l
is d double pole double Quow (DPDT) switch and the node
adapted to be A('munded is a second input.'output port of
the sivi&ch component that w:hen AC grounded enables the
DPDT switch to operate as a high isolation single pole
double tlm&w (SPDT) switch. 1&1

4. 11&e dcv&ce of clmm 1, whereu& Ihc mclalhzed portion
of the outer surface of the filter component is comprised of
a wrapamund metall&zat&on that covers a first side of the
filter con&ponent on which the switch component &s

mounted. a second s&de of the filter component on a s&de

opposite to the first side. and third and fourth sides of the
lilicr component thai arc oppos&le io onc another and each
connect ihe lirst s&dc to Ihc second s&dc, dnd lhe mclalhza-
tion is elec&ucally isolated from the first and second input/
output ports of the filter component. zo

5. The dev&ce of claim 1, wherein the metallized portion
ol'thc outcr surlbce of thc liltcr component is comprised of
nicldlhzBI&ou On B side of lhc lillcl ciuuponcnl on which lhc
switch component &s n&ounted and a side opposite to the side
on ivhich the switch component is mounted and the n&etal-

lization is electrically isolated fbom the first and second
input/output ports of the filter component.

6. The dc&ice of cia&m 1, whereu& electrical co&u&cml&on of
at least one of the input/output port of the switch component
to the second Input/output port of the filter component and
the node adapted to be AC grounded of the switch compo-
nent to the metallized portion ofthe outer surface of the filter
con&ponent is fortned by w irebond coupling.

7 1he device of claim 1, wherein the switch component
is mounted on the filter component on a side opposite to a
side used to mount the tilter component to a substrate.

8. The device of claim 1, whcrcin a combu&cd height of
thc sw&lch component mountisi on &he tilter componm&! &s

less than or equal to 03) mm.
9. Thc dci ice ol'laun 1. whereu& thc lilier component is do

a bandpass filter
1 0. Thc dcv&ce ol'clanu 1, whcrcu& thc sw&tch component

further compnscs a plurality ol'blocking capacitors, a bluck-
ing capacitor of the plunslity of blocking capacitors located
at each one of the input/output port of the sivitch component,
the node adapted to be AC grounded. the signal input port of
the s&vitch component, and the signal output port of the
switch component.

11. A front-end module for use in n device for transm&tting 1„
and receiving conuuunication signals comprising:

a switch-filter comprising
a biter cou&poneut con&prising an outer surtace a por-

tion of wh&ch is metallized, a first input/output port
for electrical connection to an antenna and a second
input/output port;

a switch cou&poneut comprising an input/output port
electrically connected to the second input/output port
of the filter component. a sip&ai input port for a
transmit sivgnaf. a signal output port for a receive io
signal, and sw&tch circu&lry energizable sclcml&vcly 10

sw &&eh ihc input/output port ol lhc sw &lch componm&l
in&o electncal connection with the signal input port
or &he signal output port, the switch circuitry includ-
ing a node adapted to be AC grounded. Ss

wherein the sivitch component is securely mounted to
the metalhzed portiicu of the outer surface of the

filler componcni and lhc node adapted lo be AC
grounded is electrically connected to the metallized
po &t&on;

a first circuit n&cans for providing the transm&t signal to
the switch-filter electrically coupled to the sip&ai input
port of thc switch conlponcnt:

B second c&rcU&l a&cans for Bcccpnng thc rcccivc s&gual
from lhc switch-lillcr clcclncally coupled io Ihc s&gual
output port of the sivitch component

12. the module of claim ll, where&n the metallized
portim& of the outer surface of the filter component is
comprised of a &vraparound metallization that covers n first
side of the filter component on which the switch component
is mounted. a second s&de of &hc lilter component on a s&dc

oppos&tc lo the lirst side, and third and iburth sides of thc
filter component that are opposite to one another and each
connect the first side to the second s&de. and the metalliza-
tion is electrically isolated from the hrst and second input/
output ports of the filter component.

13. The module of claim 11„wherein the metallized
portion of the outcr surface of ihc lilter component &s

con&priscsf of metall&zal&on on a side of Ihc filler component
on v hich the switch component is mounted and a side
oppos&te to the side on ivhich the switch component is
nn&unted and the metal)ization is electrically isolated from
the first and second input/output ports of the filter compo-
nent.

14. Thc module ol'laim 11, w barmn thc switch compo-
nent is n&UUU&cd on ihc fillcr con&poncnl Un B suh: opposnc
to a side used to mo&u&t the filter component to a substrate

15 '1'he &nodule of cfaiu& 1 l. where&n electncal connection
of at least one of the input,'output por& of the switch
component to the second input/output port of the filter
component. the node adapted to be AC rounded of the
swilch component io thc metall&zcd port&on of Ihc ouler
su&face of lhc fillcr coulpoucul, lhc first c&ICUU nlcdnslo &hc

s&gnal input port of thc switch component, Bnd thc almond
c&rcuit means to the signal ou&put port of the switch com-
ponent is ti&rmed by wirebond coupling

16. The module of claim 11, wherein the filter component
is a bandpass filter.

17. Thc module ol'laim 11, w barmn thc switch compo-
nent further comprises a plural&ty of bloclong capacitors, a
block&ng capacitor of lhc plurality of blocking cdpac&lors
located at each one of the input.'output port of the switch
component, the node adapted to be AC grounded, the signal
input port of the switch component, and the s&gnal output
port of the switch component.

18. Thc module of clmm 11. further compns&ng a nim-
conductivc malarial io m&capsulate thc switch-lilicr, first
circu&t means and second circu&t means of thc module.

19. A method con&prisin:
securely mounting a transmit.'receive switch component

on a filter component having an outer surface of wlfich
a portion is metallized;

clcc luce lly coru&ecting an input/output port ol thc switch
component lo a first u&put/output port ol'hc liltcr
component:

electrically connection a node adapted to be A('munded
of the sv,itch component to the metallized portion of
the outer surface of the filter component,

wherein the metallized portion of the outer surface of the
fille& conlponcnt lonus Bn clccn null connccltou for a
local AC ground in close proxun&ty io Ihc switch
conlponcnt lhcrcbv nnp&ovhlg IIBnsuul/receive Isola-
tion of the stacked combination of the switch compo-
nent and filter component
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20. Thc nu:thod of claim 19, further comprism:
securely mounting the filter component on a substrate:
electrically coupling a second input/output port of the

filter component to the substrate; and
electrically coupling the metallized portion of the outer

surface of the filter component to an Af: ground.
21. The method of claun 19 further compnsing elcctu-

callv'onncctnl'l slgntd nlpul poll and d signal output poll
of the slvitch component to locations on a substrate tlrdt are
coupled respectively to I il

a first circuit means for providing a transmit signal to the
switch conlponcltt:

a second circuit nlcans for dcccptulg a rccclvc signal font
the switch component.

22. The method ofclaim 19. wherein electncal connection
of at least one of the input/output port of the switch
component lo Ihc first input/output port of thc lillcr com-
ponent and the node adapted to be A('rounded of the
switch component lo Ihe metallized portion of Ihc outcr
surface of the filter component ls formed by wirebond
couphn'
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