wo 2011/084494 A2 I 10K 000 RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co T
1 rld Intellectual Property Organization /& -
(19) Ward ntetlecuat roperty Organizaion /Z752 |JOR 0 0 AV O
International Bureau V,& )
3\ ) 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
14 July 2011 (14.07.2011) PCT WO 2011/084494 A2
(51) International Patent Classification: Drive, Arlington, TX 76001 (US). SIVADAS, Apu;
HO4W 88/06 (2009.01) H04B 1/50 (2006.01) J-502, Shriram Samruddhi Apartments, Varthur Main
. .. Road, Bangalore, Karnataka 560066 (IN).
(21) International Application Number: FRECHETTE, Michel; 6308 Yorkdale Dr., Plano, TX
PCT/US2010/060529 75093 (US). KRISHNASWAMY, Thiagarajan; Flat
(22) International Filing Date: #412, Smr Vinay Harmony, Banaswadi Main Road, Ban-
15 December 2010 (15.12.2010) galore, Karnataka 560043 (IN). PENNISI, Salvatore;
. ) . 1013 Cross Plains Drive, Allen, TX 75013 (US). KU-
(25) Filing Language: English MAR, Rakesh; Village Post Nauli, Ghazipur-232338, Ut-
(26) Publication Language: English tar Pradesh (IN). PATEL, Bijit, Thakorbhai; 1034 Hot
L. Springs Dr., Allen, TX 75013 (US). MUKHERJEE,
(30) Priority Data: Subhashish; Plot #670, Ferns Paradise, Doddanakundi,
12/684,134 8 January 2010 (08.01.2010) Us Bangalore, Karnataka 560037 (IN). SAHU, Debapriya;
(63) Related by continuation (CON) or continuation-in-part B-21, Silver Palm, Tata Sherwood, Basavangar Main
(CIP) to earlier application: Road, Bangalore, Karnataka 560037 (IN).
uUs 12/684,134 (CON)  (74) Agents: FRANZ, Warren, L. et al.; TEXAS INSTRU-
Filed on 8 January 2010 (08.01.2010) MENTS INCORPORATED, Deputy General Patent
(71) Applicant (for all designated States except US): TEXAS Counsel, P.O. Box 655474, Mail Station 3999, Dallas,
INSTRUMENTS INCORPORATED; P.o.box 655474, TX 75265-5474 (US).
Mail Station 3999, Dallas, TX 75265-5474 (US). (81) Designated States (unless otherwise indicated, for every
(71) Applicant (for JP only): TEXAS INSTRUMENTS kind of national protection available). AE, AG, AL, AM,
JAPAN LIMITED; 24-1 Nishi-shinjuku 6-chome, Shin- ég» éﬁ ég CAI\ZI CBS» CBE» CBS g;l DB]I;» DBI\<V’1;31\31{’ ]1)35»
juku-ku, Tokyo, 160-8366 (JP). > > > > > > > > > > > 5
! 4 (IP) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(72) Inventors; and HN, HR, HU, ID, I, IN, IS, JP, KE, KG, KM, KN, KP,
(75) Inventors/Applicants (for US only): RAJENDRA, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
Gireesh; Tc 26/2134, Statue Road, Trivandrum, Kerala ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
695001 (IN). DAVIS, Timothy, D.; 7805 Summer Glen NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

[Continued on next page]

(54) Title: MULTI-MODE TRANSCEIVER AND OPERATING CIRCUIT

205
235A 240 N
BB PORT 210
225 .~ L 250 j
o BPF
- N >
___________34_5/: _____ oreur | ’X\J
20 215
| .
PPA
<
230 2358 H
245B
FIG. 2

(57) Abstract: Disclosed are a multi-mode transceiver (205) and a circuit (220) for operating the multi-mode transceiver. A multi-
mode transceiver includes a first circuit (225) that is configurable to operate as one of a transmitter and a receiver in a first mode,
and a second circuit (230) that is configurable to operate as one of the transmitter and the receiver in a second mode. The multi-
mode transceiver includes a first element coupled to the first circuit. The multi-mode transceiver includes a second element cou-
pled to the first element and one or more ports (250). The multi-mode transceiver also includes a first switch (325), coupled to the
second element and to the second circuit, that is configurable to operate the transceiver in at least one of the first mode and the
second mode in conjunction with the first element and the second element.



WO 2011/084494 A2 I 0000 ) 00 T A A

84)

SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, Declarations under Rule 4.17:

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2011/084494 PCT/US2010/060529

MULTI-MODE TRANSCEIVER AND OPERATING CIRCUIT
[0001] Embodiments of the disclosure relate to a multi-mode transceiver.
BACKGROUND
[0002] A radio frequency (RF) transceiver typically includes a high power amplifier in a
transmitter section to transmit signals and a low noise amplifier in a receiver section to
receive signals. The R transceiver can transmit and receive the signals in a similar frequency
band, for example 30 MHz to 300 MHz. Often, it is desired to transmit and receive the
signals in multiple frequency bands or in the similar frequency band having different modes
with different power levels, bandwidth and modulation. In one example, it can be desired to
operate the R transceiver in a first band having the frequency range of 30 MHz to 300 MHz
and in a second band having the frequency range of 300 MHz to 3000 MHz. In another
example, it is desired to operate the RF transceiver at same RF band, for example 2.4 GHz to
2.5 GHz in different modes, for example a bluetooth mode and a wireless local area network
(WLAN) mode, having different power levels, bandwidth and modulation.
[0003] FIG. 1 illustrates an RF transceiver 105 in accordance with prior art. The RF
transceiver 105 is coupled to a front end module 120 that enables the RF transceiver 105 to
operate in the multiple frequency bands or in the similar frequency band having different
modes with different power levels, bandwidth and modulation. The front end module 120 is
coupled to an antenna 110 through a filter 115, for example a band pass filter (BPI). The RF
transceiver 105 includes a portion 125 corresponding to the WLAN mode and a portion 130
corresponding to the bluetooth mode. The portion 125 includes a transmitting circuit 1404,
for example a pre-power amplifier (PPA) and a receiving circuit 150A, for example a low
noise amplifier (LNA) and the portion 130 includes a transmitting circuit 140B, for example
the PPA and a receiving circuit 150B, for example the LNA. The front end module 120
matches and isolates signals in the multiple frequency bands using a matching circuit 145.
The matching circuit 145 includes a matching network coupled to a power amplifier (PA). A
switch 135, for example a transmit/receive/bluetooth switch (T/R/BT switch) in the front end
module 120, is used to operate the RF transceiver 105 as one of a transmitter and a receiver in
the WLAN mode and the bluetooth mode. The front end module 120 also includes a balun
155 that is active when the RF transceiver 105 works in the receive mode in the WLAN
mode. However, having the front end module 120 is costly and increases area of an integrated

circuit.
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SUMMARY

[0004] An example of a multi-mode transceiver includes a first circuit that is configurable
to operate as one of a transmitter and a receiver in a first mode. The multi-mode transceiver
also includes a second circuit that is configurable to operate as one of the transmitter and the
receiver in a second mode. Further, the multi-mode transceiver includes a first element
coupled to the first circuit. Furthermore, the multi-mode transceiver includes a second
element coupled to the first element and one or more ports. The multi-mode transceiver also
includes a first switch, coupled to the second element and to the second circuit, that is
configurable to operate the multi-mode transceiver in at least one of the first mode and the
second mode in conjunction with the first element and the second element.

[0005] An example of a multi-mode transmitter includes a first circuit that is configurable
to operate in a first mode. The multi-mode transmitter includes a second circuit that is
configurable to operate in a second mode. The multi-mode transmitter also includes a
transformer that is coupled to the first circuit and the second circuit. The transformer acts as a
switch to operate the multi-mode transmitter in one of the first mode and the second mode.
Further, the multi-mode transmitter includes a plurality of switches coupled to the
transformer. The plurality of switches is responsive to a biasing voltage to operate the multi-
mode transmitter in one of the first mode and the second mode in conjunction with the
transformer. The biasing voltage is generated based on a desired mode of operation of the
multi-mode transmitter.

[0006] Another example of a multi-mode transceiver includes a first circuit that is
configurable to operate as one of a transmitter and a receiver in a first mode. The multi-mode
transceiver includes a second circuit that is configurable to operate as one of the transmitter
and the receiver in a second mode. The multi-mode transceiver also includes a first capacitor
coupled to one or more ports and the first circuit. The multi-mode transceiver further includes
a second capacitor coupled to the one or more ports, the first capacitor and the second circuit.
Further, the multi-mode transceiver includes a switch coupled to the second capacitor. The
switch is responsive to a control signal to operate the multi-mode transceiver in at least one of
the first mode and the second mode in conjunction with the first capacitor and the second
capacitor. The control signal is generated based on a desired mode of operation of the multi-
mode transceiver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram of a radio frequency transceiver, in accordance with

prior art;
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[0008] FIG. 2 is a block diagram of a multi-mode transceiver, in accordance with one
embodiment;

[0009] FIG. 3 is a schematic representation of a portion of a multi-mode transceiver, in
accordance with one embodiment;

[0010] FIGS. 4A and 4B are schematic representations of a portion of a multi-mode
transceiver in various modes, in accordance with one embodiment;

[0011] FIGS. 5A and 5B are schematic representations of a portion of a multi-mode
transceiver, in accordance with another embodiment;

[0012] FIG. 6 is a schematic representation of a multi-mode transmitter, in accordance
with yet another embodiment;

[0013] FIGS. 7A - 7E are schematic representations for transmitting signals in multiple
modes in a multi-mode transmitter, in accordance with one embodiment;

[0014] FIG. 8 is a flow chart illustrating a method for operating a multi-mode transceiver,
in accordance with one embodiment;

[0015]  FIG. 9A is a graphical representation illustrating insertion loss for a multi-mode
transceiver operating in wireless local area network mode, in accordance with one
embodiment;

[0016] FIG. 9B is a graphical representation illustrating insertion loss for a multi-mode
transceiver operating in a bluetooth mode, in accordance with one embodiment;

[0017] FIG. 9C is a graphical representation illustrating insertion loss for a multi-mode
transceiver operating in wireless local area network mode and bluetooth mode, in accordance
with one embodiment;

[0018] FIG. 10 is a graphical representation illustrating insertion loss for a multi-mode
transceiver operating in wireless local area network mode and bluetooth mode, in accordance
with another embodiment;

[0019] FIG. 11A is a graphical representation illustrating scattering parameter analysis for
a multi-mode transceiver operating in wireless local area network mode, in accordance with
one embodiment; and

[0020] FIG. 11B is a graphical representation illustrating scattering parameter analysis for

a multi-mode transceiver operating in bluetooth mode, in accordance with one embodiment.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0021] A multi-mode transceiver can transmit and receive signals in multiple modes.
Examples of the modes include, but are not limited to, a wireless local area network (WLAN)
mode, a bluetooth mode, a Zigbee mode, a wideband code division multiple access (W-
CDMA) mode, an enhanced data rates for global system mobile communication evolution
(EDGE) mode, a 3G mode, a 2.5G mode and a 2G mode. An example of a device using the
multi-mode transceiver is a mobile phone. The multi-mode transceiver including various
elements is explained in conjunction with FIG. 2.

[0022] FIG. 2 illustrates a multi-mode transceiver 205. The transceiver 205 receives and
transmits signals through an antenna 210. The transceiver 205 is coupled to the antenna 210
through a filter 215, for example a band pass filter (BPF).

[0023] The transceiver 205 includes a first circuit 225 corresponding to a first mode and a
second circuit 230 corresponding to a second mode. In one example, the first mode
corresponds to the WLAN mode and the second mode corresponds to the bluetooth mode.
Each circuit includes a transmitting portion and a receiving portion. The transmitting portion
is configurable to operate a circuit 220 as a transmitter and the receiving portion is
configurable to operate the circuit 220 as a receiver. The circuit 225 includes a pre-power
amplifier (PPA) circuit 235A coupled to a power amplifier (PA) 240 in the transmitting
portion, and an amplifier 245A, for example a low noise amplifier (LNA), in the receiving
portion. The PA 240 and the amplifier 245A are coupled to the circuit 220. The circuit 230
includes a PPA 235B in the transmitting portion, and an amplifier 245B, for example the
LNA, in the receiving portion. The PPA 235B and the amplifier 245B are coupled to the
circuit 220.

[0024]  The circuit 220 can be coupled between a port 250, for example an RF port and
one or more of the amplifier 245A, the amplifier 245B, the PA 240 and the PPA 235B. In
some embodiments, the circuit 220 can be coupled between the PPA 235A and the PA 240 of
the transceiver 205.

[0025]  The circuit 220 is configurable to operate the transceiver 205 in at least one of the
first mode and the second mode. The circuit 220 can be coupled to one or more ports, for
example the port 250, a bluetooth port, a WLAN port, a zigbee port, a 2G port, a 2.5G port,
and a 3G port. The port 250 and the one or more ports can be coupled to the filter 215. The
circuit 220 including various elements is explained in conjunction with FIGS. 3, 4A-4B, 5A-

5B, 6, and 7A-7E.
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[0026] Referring to FIG. 3 now, the circuit 220 includes a first capacitor 305 (first
element), hereinafter referred to as the capacitor 305, coupled to a WLAN port 310. The
circuit 220 also includes a second capacitor 315 (second element), hereinafter referred to as
the capacitor 315, coupled to the capacitor 305, the port 250, the WLAN port 310, and a
bluetooth port 320. The circuit 220 further includes a switch 325 (first switch) coupled to the
capacitor 315.

[0027]  The capacitor 305 is coupled to a transmitting portion 391 and a receiving portion
392 of WLAN mode using a balun 330. In one embodiment, the balun 330 is used to couple
portions of the transceiver 205 having different impedances. A capacitor 335 isolates the
transmitting portion 391 from the receiving portion 392. The transmitting portion 391 is
configurable to operate the circuit 225 as a transmitter in the WLAN mode using a switch
340, a switch 345, and a switch 350. The receiving portion 392 is configurable to operate the
circuit 225 as a receiver in the WLAN mode using the switch 340, a switch 355, and a switch
360. The switch 345 and the switch 350 are coupled to transistors 395 that can function as the
PA. The switch 355 and the switch 360 are coupled to transistors 396 that can function as the
LNA.

[0028] The capacitor 315 is coupled to a transmitting portion 393 and a receiving portion
394 of the circuit 230 using a tuning circuit 365. The transmitting portion 393 is configurable
to operate the circuit 230 as a transmitter in bluetooth mode using a switch 370, a switch 375,
and a switch 380. The receiving portion 394 is configurable to operate the circuit 230 as a
receiver in the bluetooth mode using the switch 370, a switch 385, and a switch 390. The
switch 375 and the switch 380 are coupled to transistors 397 that can function as the PA. The
switch 385 and the switch 390 are coupled to transistors 398 that can function as the LNA.
[0029] It is noted that the circuit 225 and the circuit 230 can include more elements than
that illustrated. Further, the circuit 225 and the circuit 230, and functioning of the circuit 225
and the circuit 230 are explained in detail in US Patent Publication No. 2009-0289721 Al,
entitled “Circuits, Processes, Devices and Systems for Full Integration of RF Front End
Module Including RF Power Amplifier.”

[0030] The switch 325 can be a metal oxide semiconductor switch that is responsive to a
control signal to operate the transceiver 205 in one of the WLAN mode and the bluetooth
mode in conjunction with the capacitor 305 and the capacitor 315. The control signal is
generated based on a desired mode of operation of the transceiver 205. The desired mode of
operation can be selected by a user of an electronic device that includes the transceiver 205.

For example, a positive enable signal can be generated as the control signal if the desired
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mode is the WLAN mode and a negative enable signal can be generated as the control signal
if the desired mode is the bluetooth mode. The positive enable signal closes the switch 325
and the negative enable signal opens the switch 325. The control signal can be generated
within the transceiver 205 or the generation can be external to the transceiver 205.
[0031] In the WLAN mode, the switch 325 is closed. The capacitor 305 and the capacitor
315 provide a path when the switch 325 is closed. Equivalent capacitance for transmitting or
receiving a signal in the WLAN mode is equal to sum of capacitance of the capacitor 305
(C1) and of the capacitor 315 (C2) as shown in the equation below:

Equivalent capacitance (C) = C1 + C2.
[0032] An equivalent circuit of the transceiver 205 in the WLAN mode is illustrated in
FIG. 4A. The equivalent circuit includes the balun 330 that couples a high power differential
output of the transceiver 205 to the port 250 in the WLAN mode. In one example, the balun
330 can be configured using low voltage metal oxide semiconductor switches. The equivalent
capacitance is represented by a capacitor 405.
[0033] In the bluetooth mode, the switch 325 is open. The equivalent capacitance is equal
to the capacitance of the capacitor 305:

Equivalent capacitance (C) = C1.
[0034] The equivalent circuit of the transceiver 205 in the bluetooth mode is illustrated in
FIG. 4B. The equivalent circuit represents a coupled RV filter having two resonators. In one
example, a first resonator includes the tuning circuit 365 and a second resonator includes the
balun 330 in conjunction with the capacitor 305. The RF filter having the two resonators
couples a low power single-ended output of the transceiver 205 to the port 250 in the
bluetooth mode.
[0035] In the WLAN mode, the switch 325 in conjunction with the capacitor 315 isolates
a low power transceiver from high voltage swing due to PA of a high power transceiver. In
one example, the low power transceiver includes the transmitting portion 393 and the
receiving portion 394 and the high power transceiver includes the transmitting portion 391
and the receiving portion 392. The switch 325 in conjunction with the capacitor 315 also
minimizes signal loss in the high power transceiver during the WLAN mode by isolating
matching network of the low power transceiver. In one example, the matching network of the
low power transceiver can be the tuning circuit 365.
[0036] In one embodiment, the transceiver 205 can transmit signals having output power,
for example greater than 24 decibel milliwatt (dBm), in the WLAN mode by transforming 50

ohm impedance at the port 250 to a lower value using the balun 330. The transceiver 205 can
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also transmit signals having output power, for example, lower than 12 dBm in the bluetooth
mode with minimum impedance transformation.

[0037] In another embodiment, when the capacitor 315 is not present, the WLAN port
310, the bluetooth port 320, and the port 250 can function independently.

[0038] Various configurations of the switches enabling various modes of the transceiver

205 are illustrated in Table 1.

TABLE 1
Mode Switch Switch Switch Switch Switch Switch Switch Switch Switch Switch Switch
340 345 350 355 360 370 375 380 385 390 325
WLAN GND GND GND BIAS VDD D/C D/C D/C D/C D/C CLOSED
Receive
WLAN VDD VDD PAN VDD GND D/C D/C D/C D/C D/C CLOSED
Transmit RF
INPUT

Bluetooth GND GND GND GND GND GND GND GND BIAS VDD OPEN

Receive

Bluetooth VDD VDD GND VDD GND VDD VDD PAN VDD GND OPEN
Transmit RF
INPUT

Bluetooth GND GND GND BIAS VDD GND GND GND BIAS VDD OPEN
and
WLAN

Receive

[0039] Referring to Table 1, D/C represents “Do Not Care” condition wherein switch
configuration does not affect functionality of the transceiver 205, GND represents electrical
ground connection, VDD represents power supply, bias represents biasing voltage, and PAN
RF Input represents the RI signal from the power amplifier.

[0040] Referring to FIG. SA now, the circuit 220 includes a switch 505 (first element also
referred to as a second switch), coupled to a transformer 510 (second element). The
transformer 510 is coupled to a switch 515 (first switch), hereinafter referred to as the switch
515. The transformer 510 is coupled to a port 520. Examples of the port 520 include, but are
not limited to, the RF port, the bluetooth port, the zigbee port, the WLAN port, the 2G port,
the 2.5G port, and the 3G port.

[0041] The switch 505 and the switch 515 are coupled to a transmitting portion 530 of the
WLAN mode and a transmitting portion 535 of the bluetooth mode using the transformer
510. The transmitting portion 530 is configurable as a transmitter in the WLAN mode using a
switch 580, a switch 540 and a switch 545. The transmitting portion 535 is configurable as a

transmitter in the bluetooth mode using the switch 580, a switch 550 and a switch 555. The
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switch 580 controls isolation between the transmitting portion 530 of the WLAN mode and
the transmitting portion 535 of the bluetooth mode. The switch 580 also controls the isolation
between a receiving portion 585 of the WLAN mode and a receiving portion 590 of the
bluetooth mode. The receiving portion 585 of the WLAN mode and the receiving portion 590
of the bluetooth mode are coupled to the switch 505 and the switch 515 using the transformer
510. The receiving portion 585 is configurable as a receiver in the WLAN mode using the
switch 580, a switch 560 and a switch 565. The receiving portion 590 is configurable as a
receiver in the bluetooth mode using the switch 580, a switch 570 and a switch 575. The
capacitor 525 in conjunction with the transformer 510 provides signal filtering and matching
for the WLAN mode and the bluetooth mode.

[0042] The switch 540 and the switch 545 are coupled to transistors 591 that can function
as at least one of the PA and the PPA in the transmitting portion 530 of the WLAN mode.
The switch 560 and the switch 565 are coupled to transistors 593 that can function as a path
to the LNA in the receiving portion 585 of the WLAN mode. The switch 550 and the switch
555 are coupled to transistors 592 that can function as at least one of the PA and the PPA in
the transmitting portion 535 of the bluetooth mode. The switch 570 and the switch 575 are
coupled to transistors 594 that can act as a path to the LNA in the receiving portion 590 of the
bluetooth mode. The receiving portion 585 of the WLAN mode can be coupled to the
capacitor 525 through nodes N1 and N2. The receiving portion 590 of the bluetooth mode can
be coupled to the capacitor 525 through node N1.

[0043] The switch 540 and the switch 545 can be metal oxide semiconductor switches that
are responsive to a control signal to operate the transceiver 205 in at least one of the WLAN
mode and the bluetooth mode in conjunction with the transformer 510. The control signal can
be a combination of one or more signals and can be generated based on desired mode of
operation of the transceiver 205.

[0044]  Various configurations of the switches in the transceiver 205 for various modes are

illustrated in the Table 2.

TABLE 2
Mode Switch Switch Switch Switch Switch Switch Switch Switch Switch Switch Switch
580 540 545 560 565 550 555 570 575 505 515
WLAN GND GND GND BIAS VDD GND GND VDD GND CLOSED OPEN
Receive
WLAN VDD VDD PAN VDD GND GND GND VDD GND CLOSED | OPEN
Transmit RF
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INPUT

Bluetooth GND GND GND GND GND GND GND BIAS VDD CLOSED OPEN

Receive

Bluetooth | VDD GND GND VDD GND VDD PANRF | VDD GND CLOSED OPEN

Transmit INPUT

Bluetooth GND GND GND BIAS VDD GND GND BIAS VDD CLOSED OPEN
and

WLAN

Receive

[0045] Referring to Table 2, GND represents electrical ground connection, VDD
represents power supply, Bias represents the biasing voltage and PAN RF Input represents
the RT signal from the power amplifier.

[0046] Referring to FIG. 5B now, the circuit 220 includes a switch 505 (first element),
coupled to a transformer 510 (second element). The transformer 510 is coupled to a switch
515 (first switch). The transformer 510 is coupled to a port 595 and a port 596. In one
example, the port 595 can be the WLAN port and the port 596 can be the bluetooth port.
Examples of the port 595 and the port 596 can also include, but are not limited to, the RF
port, the zigbee port, the 2G port, the 2.5G port, and the 3G port.

[0047]  The switch 505 and the switch 515 are coupled to a transmitting portion 530 of the
WLAN mode and a transmitting portion 535 of the bluetooth mode using the transformer
510. The transmitting portion 530 is configurable as a transmitter in the WLAN mode using a
switch 580, a switch 540 and a switch 545. The transmitting portion 535 is configurable as a
transmitter in the bluetooth mode using the switch 580, a switch 550 and a switch 555. The
switch 580 controls isolation between the transmitting portion 530 of the WLAN mode and
the transmitting portion 535 of the bluetooth mode. The switch 580 also controls the isolation
between a receiving portion 585 of the WLAN mode and a receiving portion 590 of the
bluetooth mode. The receiving portion 585 of the WLAN mode and the receiving portion 590
of the bluetooth mode are coupled to the switch 505 and the switch 515 using the transformer
510. The receiving portion 585 is configurable as a receiver in the WLAN mode using the
switch 580, a switch 560 and a switch 565. The receiving portion 590 is configurable as a
receiver in the bluetooth mode using the switch 580, a switch 570 and a switch 575. The
capacitor 525 in conjunction with the transformer 510 provides signal filtering and matching
for the WLAN mode and the bluetooth mode.

[0048] The switch 540 and the switch 545 are coupled to transistors 591 that can function
as at least one of the PA and the PPA in the transmitting portion 530 of the WLAN mode.
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The switch 560 and the switch 565 are coupled to transistors 593 that can function as a path
to the LNA in the receiving portion 585 of the WLAN mode. The switch 550 and the switch
555 are coupled to transistors 592 that can function as at least one of the PA and the PPA in
the transmitting portion 535 of the bluetooth mode. The switch 570 and the switch 575 are
coupled to transistors 594 that can act as a path to the LNA in the receiving portion 590 of the
bluetooth mode. The receiving portion 585 of the WLAN mode can be coupled to the
capacitor 525 through nodes N1 and N2. The receiving portion 590 of the bluetooth mode can
be coupled to the capacitor 525 through node N1.

[0049] Various positions of each of the switches in the transceiver 205 for various modes

are illustrated in the Table 3.

TABLE 3
Mode Switch Switch Switch Switch Switch Switch Switch Switch Switch Switch Switch
580 540 545 560 565 550 555 570 575 505 515
WLAN GND GND GND BIAS VDD GND GND VDD GND CLOSED OPEN
Receive
WLAN VDD VDD PAN VDD GND GND GND VDD GND CLOSED OPEN
Transmit RF
INPUT
Bluetooth GND GND GND GND GND GND GND BIAS VDD OPEN CLOSED
Receive
Bluetooth | VDD GND GND VDD GND VDD PANRF | VDD GND OPEN CLOSED
Transmit INPUT
Bluetooth GND GND GND BIAS VDD GND GND BIAS VDD CLOSED OPEN
and
WLAN
Receive

[0050] Referring to Table 3, GND represents electrical ground connection, VDD
represents power supply, Bias represents the biasing voltage and PAN RF Input represents
the RT signal from the power amplifier.

[0051] Itis noted that FIGS. 5A and 5B are explained using two modes, the first mode and
the second mode, and the transceiver 205 can have capability of selecting several modes. For
example, the transformer 510 can include more number of coils to function as a switch that
has capability of selecting more than two modes.

[0052]  To illustrate the capability of the transformer 510 to select multiple RF outputs for
different modes, a simplified form of the circuit 220 having the transmission portion
corresponding to the modes is illustrated in FIG. 6. Referring to FIG. 6 now, the circuit 220

includes a first biasing circuit 605 (VBiasl), hereinafter referred to as the biasing circuit 605,

10
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coupled to a first switch 610 (first element, SW1), hereinafter referred to as the switch 610.
The switch 610 is coupled to a transformer 615 (second element, SW2). The circuit 220
includes a second biasing circuit 620 (Vbias2), hereinafter referred to as the biasing circuit
620, coupled to a second switch 625 (first switch), hereinafter referred as the switch 625. The
second switch 625 is coupled to the transformer 615. The transformer 615 can be coupled to
one or more ports and acts as a switch to select signal from a port of the one or more ports.
[0053] The circuit 220 is coupled to a circuit 635 (first circuit) that is configurable to
operate as a transmitter in the first mode, for example the 3G mode. The circuit 220 is
coupled to a circuit 640 (second circuit) that is configurable to operate as a transmitter in the
second mode, for example a 2G mode and 2.5G mode. A network 645 is coupled between the
transformer 615 and a PA 655 in the 3G mode that matches and isolates signals. A network
650 is coupled between the transformer 615 and a PA 660 in the 2G and 2.5G mode that
matches and isolates the signals.

[0054] In one embodiment, the circuit 220 is coupled between a PPA 630 (3G PPA) and
the PA 655 in the 3G mode and between the PPA 630 and a PA 660 in the 2G and 2.5G
mode. The PPA 630 is coupled to a signal generator (W-CDMA/EDGE). The PPA 630 can
receive an enable signal (EN_3GPPA).

[0055] The switch 610 and the switch 625 can be metal oxide semiconductor switches that
are responsive to a biasing voltage to operate the transceiver 205 in one of the 3G mode and
at least one of the 2G and the 2.5G mode in conjunction with the transformer 615. Biasing
voltages can be generated by the biasing circuit 605 and the biasing circuit 620. The biasing
circuit 605 and the biasing circuit 620 can together be referred to as a biasing circuit. In one
embodiment, the biasing circuit 605 and the biasing circuit 620 can be pre-programmed to
generate the biasing voltages specific to the 3G mode, the 2G and 2.5G mode. The biasing
voltages can be generated based on the desired mode of operation of the transceiver 205.
[0056] In one example, the switch 610 and the switch 625 can be complementary metal
oxide semiconductor switches.

[0057] The circuit 220 can be used in a non-converged configuration and a converged
configuration. The non-converged configuration can refer to transmission using separate PA
and matching circuits between the 3G mode and the 2G and 2.5G modes. The converged
configuration can refer to transmission in the 3G mode and 2G and 2.5G mode using a single

PA and a single matching circuit.
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[0058] Itis noted that FIG. 6 is explained using two modes. However, the transformer 615
can include more number of coils to function as a switch that has capability of selecting more
than two modes.

[0059]  Signal transmission in the 3G mode utilizing EDGE non-converged mode and W-
CDMA converged mode is explained in conjunction with FIGS. 7A and 7B.

[0060] Referring to FIG. 7A, the circuit 220 couples an EDGE signal from PPA 630 at
one end to PA 660 at the other end in the non-converged EDGE mode.

[0061] Switch 610 is closed and switch 625 is open. A biasing circuit 605 is biased at a
voltage VDD. True and complementary outputs of PPA 705 (2/2.5G PPA) are configured to a
high impedance state. The switch 610 and the switch 625, and the biasing circuit 605 are
configured to enable the EDGE signal from PPA 630 to couple through transformer 615 to
circuit 640.

[0062] The PPA 705 is coupled to a signal generator (GSM/GPRS). The PPA 705 can
receive signals, EN_OUT+ and EN_OUT-, and output signals 2/2.5GOUT+ and 2/2.5
GOUT-.

[0063] Referring to FIG. 7B now, the circuit 220 couples a W-CDMA signal from PPA
630 at one end to PA 655 at the other end in the W-CDMA converged mode.

[0064] Switch 610 is open and switch 625 is closed. A biasing circuit 620 is biased at a
voltage equal to half of VDD. In one example the VDD = 5V, and the biasing circuit 620 is
biased at 2.5V. The true and complementary outputs of the PPA 705 are configured to the
high impedance state. The switch 610 and the switch 625 and the biasing circuit 620 are
configured to enable the signal from the PPA 630 to couple through transformer 615 to
circuit 635.

[0065] Signal transmission in the 2G mode utilizing global system for mobile
communication (GSM) and general packet radio service (GPRS) is explained in conjunction
with FIG. 7C.

[0066] Referring to FIG. 7C now, in the 2G modes utilizing the GSM and the GPRS, the
true and complementary outputs of PPA 630 is configured to the high impedance state and a
2@ signal is driven through PPA 705.

[0067] In the 2G converged mode, biasing circuit 620 is biased to VDD, switch 625 is
closed, and switch 610 is open. The true output of the PPA 705 is configured to the high
impedance state and the complementary output of the PPA 705 is configured to provide a 2G
signal. The 2G signal is coupled through the PPA 705 to the converged circuit 635. The
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transformer 615 functions as an RI' choke while supplying a DC bias from the biasing circuit
620.

[0068] In the 2G non-converged mode, the biasing circuit 605 is biased to VDD, the
switch 610 is closed, and the switch 625 is open. The true output of the PPA 705 is
configured to the high impedance state and the complementary output of the PPA 705 is
configured to provide the 2G signal. The 2G signal is coupled through the PPA 705 to non-
converged circuit 640. The transformer 615 functions as an RIF choke while supplying the DC
bias from the circuit 605.

[0069] FIG. 7D is an example illustration of signal transmission in a 2G converged mode
using a single PA.

[0070] The true and complementary outputs of PPA 630 are configured to the high
impedance state and a 2G signal is driven through PPA 705.

[0071] In the 2G converged mode, biasing circuit 620 is biased to VDD, switch 625 is
closed, and switch 610 is open. The complementary output of the PPA 705 is configured to
the high impedance state and the true output of the PPA 705 is configured to provide a 2G
signal. The 2G signal is coupled from the PPA 705 to a PA 710 through a matching network
715. The PA 710 can be a 3G, 2G, and 2.5G converged PA. The matching network 715, for
example can be a 3G matching network. The transformer 615 functions as an RFF choke while
supplying a DC bias from the circuit 620.

[0072] FIG. 7E is an example illustration of signal transmission in a 3G converged mode
using a single PA.

[0073] The true and complementary outputs of PPA 705 are configured to the high
impedance state and a 3G signal is driven through PPA 630.

[0074] In the 3G converged mode, circuit 620 is biased to VDD, switch 625 is closed, and
switch 610 is open. The 3G signal is coupled from the PPA 630 to a PA 710 through a
matching network 715. A transformer 615 functions as an RF choke while supplying a DC
bias from the circuit 620.

[0075] In one embodiment, the circuit 220, the circuit 635 and the circuit 640 can be
present in the transceiver 205. Having the transformer 615, the switch 610 and the switch 625
reduces the cost of having separate transceiver and front end module.

[0076] In some embodiments, the capacitor 315, the capacitor 305, and the switch 325

reduces the cost of having separate transceiver and front end module.
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[0077] FIG. 8 is a flow chart illustrating a method for operating a multi-mode transceiver,
for example the transceiver 205. The multi-mode transceiver can operate in at least one of a
first mode and a second mode. The first mode can be one of a wireless local area network
(WLAN) mode, a bluetooth mode, a Zigbee mode, a wideband code division multiple access
(W-CDMA) mode, an enhanced data rates for global system mobile communication
evolution (EDGE) mode, a 3G mode, a 2.5G mode and a 2G mode. The second mode can be
one of the WLAN mode, the bluetooth mode, the Zigbee mode, the W-CDMA mode, the
EDGE mode, the 3G mode, the 2.5G mode and the 2G mode.

[0078] At step 805, a control signal is generated in response to a desired mode of
operation of the multi-mode transceiver. The desired mode can be selected based on an input
of a user of an electronic device including the multi-mode transceiver.

[0079] In some embodiments, step 805 can be performed by the multi-mode transceiver or
by a circuit external to the multi-mode transceiver.

[0080] At step 810, one or more switches of the multi-mode transceiver are configured
based on the control signal. The control signal can also include biasing voltages. In one
example, the switch 325 of the transceiver 205 of FIG. 3 or the switch 505 and the switch 515
of the transceiver 205 of FIG 5A and FIG. 5B can be configured using the control signal. In
another example, the switch 610 and the switch 625 of FIG. 6 can be configured using the
biasing voltages.

[0081] At step 815, the multi-mode transceiver is operated in response to the control
signal as at least one of a transmitter and a receiver in at least one of the first mode and the
second mode using the one or more switches, one or more elements and one or more circuits
of the multi-mode transceiver. In one example, the multi-mode transceiver is operated in at
least one of the WLLAN mode or the bluetooth mode using the switch 325, the capacitor 305,
and the capacitor 315 of the transceiver 205 of FIG. 3. In another example, the multi-mode
transceiver is operated in at least one of the WLAN mode or the bluetooth mode using the
switch 505, the switch 515, and the transformer 510 of FIG 5A and FIG. 5B. The switch 505,
the switch 515, and the transformer 510 can also be used to operate the multi-mode
transceiver in the 3G mode or the 2G/2.5G mode. In yet another example, the multi-mode
transceiver is operated in the 3G mode or the 2G/2.5G mode using the switch 610, the switch
625, and the transformer 615 of FIG. 6.

[0082] FIG. 9A is a graphical representation illustrating insertion loss for a multi-mode
transceiver, for example the transceiver 205 of FIG 3, operating in a WLAN mode. Insertion

loss is loss of signal power due to insertion of a device, for example the multi-mode
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transceiver, in a network. In one example, the insertion loss is negative 1.45 decibel (-1.45
dB) for one of transmitting and receiving a signal in the WLAN mode. The insertion loss can
be determined from scattering parameter analysis. Scattering parameter analysis is used to
determine various parameters in a system. Examples of the parameters include, but are not
limited to loss, gain, and stability of the system. The scattering parameter analysis for the
WLAN mode is illustrated in FIG. 11A.

[0083] FIG. 9B is a graphical representation illustrating insertion loss for a multi-mode
transceiver, for example the transceiver 205 of FIG 3, operating in a bluetooth mode. In one
example, the insertion loss is negative 1.45 dB (-1.45 dB) for one of transmitting and
receiving a signal in the bluetooth mode. The scattering parameter analysis for the bluetooth
mode is illustrated in FIG. 11B.

[0084] FIG. 9C is a graphical representation illustrating insertion loss for a multi-mode
transceiver, for example the transceiver 205 of PIG 3, operating in wireless local area
network mode and bluetooth mode. The multi-mode transceiver operates to receive a signal
in the wireless local area network mode and the bluetooth mode. The insertion loss is
negative 2.5 dB (-2.5 dB) for receiving the signal in the WLLAN mode and the insertion loss is
negative 5.7 dB (-5.7 dB) for receiving the signal in the bluetooth mode. The insertion loss in
the WLAN mode and the bluetooth mode is asymmetric loss and can be controlled based on
capacitance of the capacitor 305 and of the capacitor 315 illustrated in FIG. 3.

[0085] FIG. 10 is a graphical representation illustrating insertion loss for a multi-mode
transceiver, for example the transceiver 205 of PIG 3, operating in wireless local area
network mode and bluetooth mode. The insertion loss while isolating from a bluetooth port to
a WLAN port in bluetooth transmission mode is illustrated in graph 1001. The insertion loss
while isolating from a WLAN port to a bluetooth port in WLAN transmission mode is
illustrated in graph 1002. The isolation in the multi-mode transceiver is achieved using low
power switches.

[0086] In the foregoing discussion, the term "coupled” refers to either a direct electrical
connection between the devices connected or an indirect connection through intermediary
devices. The term "signal" means at least one current, voltage, charge, data, or other signal.
[0087] Embodiments having different combinations of one or more of the features or
steps described in the context of example embodiments having all or just some of such
features or steps are intended to be covered hereby. Those skilled in the art will appreciate
that many other embodiments and variations are also possible within the scope of the claimed

invention.
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CLAIMS

What is claimed is:

1. Apparatus comprising:

a first circuit that is configurable to operate as a transmitter or a receiver in a first
mode;

a second circuit that is configurable to operate as the transmitter or the receiver in a
second mode;

a first element coupled to the first circuit;

a second element coupled to the first element and one or more ports; and

a first switch, coupled to the second element and to the second circuit, that is
configurable to operate the apparatus in at least one of the first mode and the second mode in

conjunction with the first element and the second element.

2. The apparatus of claim 1, wherein the first element comprises a second switch

and the second element comprises a transformer that acts as a switch.

3. The apparatus of claim 2, wherein the first switch and the second switch are
metal oxide semiconductor switches that are responsive to a control signal to operate the
multi-mode transceiver in at least one of the first mode and the second mode in conjunction
with the transformer, the control signal being generated based on a desired mode of operation

of the multi-mode transceiver.

4. The apparatus of claim 2, wherein the first switch, the second switch and the
transformer are coupled between at least one of:
a power amplifier of the multi-mode transceiver and the one or more ports, or

the one or more ports and a low noise amplifier of the multi-mode transceiver.

5. The apparatus of claim 1, wherein the first element comprises a first capacitor

and the second element comprises a second capacitor.
6. The apparatus of claim 5, wherein the first switch is a metal oxide

semiconductor switch that is responsive to a control signal to operate the multi-mode

transceiver in at least one of the first mode and the second mode in conjunction with the first
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capacitor and the second capacitor, the control signal being generated based on a desired

mode of operation of the multi-mode transceiver.

7. The apparatus of claim 6, wherein the first capacitor, the second capacitor and
the first switch are coupled between at least one of:
a power amplifier of the multi-mode transceiver and the one or more ports; and

the one or more ports and a low noise amplifier of the multi-mode transceiver.

8. The apparatus of claim 1, wherein the first mode is at least one of a wireless
local area network mode, a bluetooth mode, a zigbee mode, a 3G mode, a 2.5G mode or a 2G

mode.

9. The transceiver of claim 8, wherein the second mode is at least another of the
wireless local area network mode, bluetooth mode, zigbee mode, 3G mode, 2.5G mode or a

2G mode.

10. A multi-mode transmitter comprising:

a first circuit that is configurable to operate in a first mode;

a second circuit that is configurable to operate in a second mode;

a transformer, coupled to the first circuit and the second circuit, that acts as a switch
to operate the multi-mode transmitter in one of the first mode and the second mode; and

a plurality of switches, coupled to the transformer, that are responsive to a biasing
voltage to operate the multi-mode transmitter in one of the first mode and the second mode in
conjunction with the transformer, the biasing voltage being generated based on a desired

mode of operation of the multi-mode transmitter.

11. The transmitter of claim 10, further comprising a biasing circuit coupled to the
plurality of switches to generate the biasing voltage based on the desired mode of operation

of the multi-mode transmitter.
12. The transmitter of claim 11, wherein the plurality of switches and the

transformer are coupled between a pre-power amplifier and a power amplifier of the multi-

mode transmitter.
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13. The transmitter of claim 12, wherein the first mode is at least one of 2G mode

and 2.5G mode, and the second mode is a 3G mode.

14. A multi-mode transceiver comprising:

a first circuit that is configurable to operate as one of a transmitter and a receiver in a
first mode;

a second circuit that is configurable to operate as one of the transmitter and the
receiver in a second mode;

a first capacitor coupled to one or more ports and the first circuit;

a second capacitor coupled to the one or more ports, the first capacitor and the second
circuit; and

a switch, coupled to the second capacitor, that is responsive to a control signal to
operate the multi-mode transceiver in at least one of the first mode and the second mode in
conjunction with the first capacitor and the second capacitor, the control signal being

generated based on a desired mode of operation of the multi-mode transceiver.
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