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1 .
__ ANTENNA INTERFACE '

" 'FIELD OF THE INVENTION

The invention relates generally to a Time Division Duplex (TDD) radio
transceiver, more particularly, to an antenna interface for a Time Division Duplex
(TDD) radio transceiver. '

BACKGROUND OF THE INVENTION

Traditionally, a radio transceiver requires both a Low Noise Amplifier

(LNA) for clear reception of a radio signal transmitted to the transceiver and a Power '
Amplifier (PA) for transmitting a radio signal from the transceiver over long
distances.

In a Time Division Duplex (TDD) transceiver, a transmitter and a receiver
are not utilized simultaneously. Typically, when the .transmitter of a transceiver is
on, the receiver of the transceiver is off. Likewise, when the receiver is on, the
transmitter is off. For a typical TDD transceiver, to conserve power, the receiver
Low Noise Amplifier (LNA) is powered down during a transmﬁ cycle, and the
transmit power amplifier (PA) is powered down during areceive cycle.

Inthepast,aLNAanda PA in a transceiver have béen discrete components,
and they have been designed independently from each other for their own optimum
performance. Therefore, a LNA and a PA have been using their own set of different
matching components to interface with an antenna. For example, a LNA is designed
to use its own set of matching components to match its input impedance to an
antenna impedance to obtain the maximum power transfer for a received signal from
an antenna to a LNA. On the other hand, a PA is designed to use its own set of
matching components to obtain a required output load impedance to maximize its
power amplification with maximum efficiency.

Recently, as integrated Circuit (IC) technologies improve, much effort has
been made to integrate as many functional blocks as possible on a single chip to
reduce its cost and size. Integration of a LNA and a PA onto a single chip often
requires careful attention. For example, if a LNA and a PA use different pins, then
an antenna switch is required to toggle between a LNA input and a PA outputin a

TDD system. However, an antenna switch is costly and will still adversely attenuate
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the transmit and receive signals somewhat. In addition, a control circuit must be

used to switch the antenna switch between a transmit cycleand a receive cycle.
Also, a Balun. (Balanced/Unbalanced) circuit is used if a LNA add aPA are
differential. A Balun circuit and an impedance matching circuit are used in both
transnut and receive paths Furthermore, twice as much transcelver Integrated
Circuit (IC) package pins are needed to interface the transceiver with the impedance
matching circuits for transm1tt1ng and receiving signals. The extra Balun circuit, the
extra impedance matching circuit, and the extra transcewer IC package pins make a
TDD transceiver system large in size and much more expensive.

It is with respect to these and other considerations that the present invention

has been made.

SUMMARY OF THE INVENTION

In accordance with this invention, the above and other problems were solved

by providing an antenna interface that allows a transceiver to be attached to an
antenna/filter without the need for an antenna switch.
In one embodiment, an antenna interface for a transceiver in accordance with

the principles of the present invention includes only one Balun c1rcu1t to convert a

~ single-ended signal to/from dlfferennal signals, and only one impedance matching

circuit to match an impedance at an output of the Balun circuit with an input
unpedance of a Low Noise Amplifier (LNA) of a receiver and to provxde an output
load impedance required by a Power Amplifier (PA) of a transmitter, wherein the
impedance matching circuit is coupled to both the LNA and the PA. The LNA and
the PA are based on CMOS technology and made within a single integrated circuit.
~ In one embodiment, a Time Division Duplex (TDD) transceiver system in
accordance with the principles cf the present invention includes an antenna for
receiving and transmiiting a signal; a bandpass filter to filter out noise received from
the antenna; an antenna interface coupled between the bandpass filter and a
transceiver; and the transceiver including a receiver Low Noise Amj:liﬁer (LNA) to
amplify a signal received from the bandpass filter and a transmit Power Amplifier .
(PA) to amplify a signal transmitted to the bandpass filter. The antenna interface

includes only one Balun circuit, coupled to the bandpass filter, to convert a single-
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ended signal to/from differential signals; and only one impedance matching circuit,

coupled to the Balun circuit and the transceiver, to match an impedance at an output
of the Balun Circuit with an input impedance of a Low Noise Amplifier (LNA) of a
receiver and to prov1de an output load 1mpedance requu'ed by a Power Amphﬁer
(PA) ofa transmnter, wherein the impedance matchmg clrcult is coupled to both the
LNA and the PA. ‘The LNA and the PA are based on CMOS technology and made

N within a smgle mtegrated circuit.

In another embodiment, an antenna interface between an antennaand a
transcelver in accordance with the principles of the present invention includes only
one 1mpedance matchmg circuit to match an antenna nnpedance with an input
impedance of a Low Noise Amplifier (LNA) of a receiver and to provide an output
load impedance required by a Power Amplifier (PA) of a transmitter, wherein the
impedance matching oircnit is eOupled to 'both the LNA and the PA. The LNA and

the PA are based on CMOS technology and made within a single integrated circuit.

In another embodixnent, a Time Division Duplex (TDD) transceiver system
in accordance with the principles of the present invention includes an antenna for
receiving and transmitting a signal; a bandpass filter to filter out noise received from
the antenna; an antenna interface coupled between the bandpass filter and a
transceiver; and the transceiver including a receiver Low Noise Amplifier (LNA) to
amplify a signal received from the bandpass filter and a transmit Power Amplifier

" (PA) to amplify a signal transmitted to the bandpass filter. The antenna interface

includes only one impedance matching oireuit, coupled to bandpass filter and the
transceiver, to match an impedance at an output of the bandpass filter with an input
ixnpedance of a Low Noise Am:pzliﬁ'er (LNA) of a receiver and to provide an output
load impedance'requimd bya Power Amplifier (PA) of a transmitter, wherein the
impedance matching circuit is coupled to both the LNA and the PA. The LNA and
the PA are based on CMOS technology and made within a single integrated circuit.

These and various other features as well as advantages which characterize the

| present invention will be apparent from a reading of the i_'oliowing'detailed

description and a review of the associated drawings.

PCT/US00/13606
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BRIEF DESCRIPTION-OF THE DRAWINGS

Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:

FIGURE 1 illustrates a typical antenna interface for a Time Division Duplex
(TDD) radio transceiver. -

FIGURE 2 illustrates a block diagram of one embodiment of an antenna
interface for a Time Division Duplex (TDD) radio transceiver in accordance with the
principles of the present invention. -

FIGURE 3 illustrates a block diagram of another embodiment of an antenna
interface for a Time Division Duplex (TDD) radio transceiver in accordance with the
principles of the present invention.

FIGURE 4 illustrates a circuit diagram of one embodiment of an impedance
matching circuit of an antenna interface in accordance with the principles of the
present invention.

FIGURE 5 illustrates a flow chart of operations for receiving a signal in a
receive cycle. '

FIGURE 6 illustrates a flow chart of operations for transmitting a signal ina
transmit cycle. ' o '

DETAILED DESCRIPTION

In the following description of the present invention, reference is made to the

accompanying drawings which form a part hereof, and in which is shown by way of
illustration specific embodiments in which the invention may be practiced. It is
understood that other embodiments may be utilized and structural changes may be
made without departing from the scope of the present invention.

The present invention allows for a transmitter and a receiver in a Time
Division Duplex (TDD) transceiver to be attached to an antenna/filter port without
the need for an antenna switch. The present invention provides an antenna interface
which combines a Low Noise Amplifier (LNA) input and a Power Amplifier (PA)
output into a single path so that external components, such as a Balun circuit and an

impedance matching circuit, can be shared.
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5 .
In a Time Division Duplex (TDD) transceiver system, a transmitter and a

receiver are not utilized simultaneously. In operation, when the transmitter is on in a
transmit cycle, the receiv;at is off} and when the receiver is on in a receive cycle, the
transmitterisoff. Ina trépsmit cycle, the receiver’s Low Nbise Amplifier (LNA) is
powered down to conserir@ power. In areceive cycle, the transmitter’s Power
Amplifier (PA) is powerqd down to conserve power.

One of the challenges in radio communication art is to find ways to get the
most power possible to generate and transmit a signal. Most transmitters are
preferably designed to provide maximum power output and efficiency into a 50-ohm
load. Some antennas can provide a 50-ohm load to the transmitter over a wide range
of frequencies. These antennas can be connected directly to the transmitters. Other
antennas have impedances that vary widely with frequency and the surrounding

environment. In these cases, an antenna interface must be used. Also, a Low Noise

_ Amplifier in a receiver requires impedance matching so as not to attenuate an input

signal from the antenna. - _ _

- FIGURE 1 illustrates a typical antenna interface 100 for a Time Division
Duplex (TDD) radio transceiver 102, The antenna interface 100 is coupled between
a bandpass filter 104 and the transceiver 102. The bandpass filter 104 is further
coupled to an antenna 106.

The antenna interface 100 includes an antenna switch 108 switching between
a transmit path 110 and a receive path 112. The antenna switch 108 is controlied by
a receive/transmit control circuit 114. In a transmit cycle, the antenna switch 108 is
switched to couple to the transmit path 110. In areceive cycle, the antenna switch
110 is switched to couple to the receive path 112.

In the transmit path 110, the antenna interface 100 includes a Balun
(Balanced/Unbalanced) circuit 116 which converts an unbalanced signal to balanced

 signals, i.e. converting differential signals to a single-ended signal. In addition, an

impedance matching circuit 118 is coupled to the Balun circuit 116 to provide the
optimum impedance at the PA output so that maximum power of the transmitted
signal from the transceiver 102 can be delivered to the antenna 106.

In the receive path 112, the antenna interface 100 includes a Balun
(Balanced/Unbalanced) t;,i_rcuit 124 which converts the balanced signais to an
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unbalanced signal, ;i.._:_.e,_“converting a single-ended signg} to ;_lifferential signals. In

addition, an imped'afﬁéématching circuit 126 is coupléﬁ to the Balun circuit 124 to
match impedance at the output of the Balun circuit 124 with an input impedance of
the Low Noise Amplifier (LNA) 128 of the receiver 130. When impedance is
matched, maximum power of a signal is transferred from the antenna 106 to the
transceiver 102.

The receive/transmit control circuit 1 14 controls the transition between a
transmit cycle and a receive cycle such that the antenna switch toggles between a
transmit cycle and a receive cycle. The transceiver 102 may include an enable
control circuit 132 which controls the power on/off for the PA 120 and .the LNA
128.

As described above, the antenna switch 108 is costly and will still adversely
attenuate the transmit and receive signals somewhat. In addition, the

- receive/transmit control circuit 114 must be used to switch the antenna switch 108

between a transmit cycle and a receive cycle. Further, two Balun
(Balanced/Unbalanced) circuits and two impedance matching circuits have to be

‘used in the antenna interface 100 if the LNA and PA are differential. Furthermore, -

the pins for the transceiver 102 Integrated Circuit (IC) package are doubled, for
example, four pins for balanced signals. The extra Balun circuit, the extra
impedance matching circuit, and the extra transceiver IC package pins increase the
size and cost of the transceiver 102, |

FIGURE 2 illustrates a block diagram of one embodiment of an antenna
interface 134 for a Time Division Duplex (TDD) radio transceiver 136 in accordance
with the principles of the present invention. The antenna interface 134 is coupled
between a bandpass filter 138 and the transceiver 136. The bandpass filter 138 is
further coupled to an antenna 140.

The anterma interface 134 includes a single Balun (Balanced/Unbalanced)
circuit 142 which converts an unbalanced single-ended signal to balanced
differential signals in a receive cycle and converts balanced differential signals to an
unbalanced single-ended signal in a transmit cycle. The antenna interface 134 also
includes an impedance matching circuit 144 coupled to the Balun circuit 142 to

match the impedance at the output of the Balun circuit 142 with an input impedance



WO 00/72457 PCT/US00/13606

10

15

20

25

30

7
of a Low Noise Amplifier (LNA) 150 of a receiver 152 and to provide an output

- load impedance required by a Power Amplifier (PA) ‘146 ‘of a transmitter 148.. When

the impedance is matched at the antenna interface, maximum power ofa - - -
transmit/receive signal is transferred from/to the antenna 106 to/from the transceiver
102. | -

The PA 146 and LNA 150 are based on CMOS technology and made within
a Single integrated circuit (IC).- The detailed circuit designs of the PA 146 and LNA
150, the bandpass filter 138, and the antenna 140 can be ixﬁplemented in various
ways known in the art and are not the focus of the present invention.

FIGURE 3 -illusn'{xtes a block diagram of an alterﬁaﬁve embodiment of an
antenna interface 154 for a Time Division Duplex (TDD) radio transceiver 156 in

accordance with the principles of the present invention. The transceiver 156 can be

the same as the transceiver 136 shown in FIGURE 2. Similé_rly, a bandpass filter

158 and an antenna 160 can be the same as the bandpass fiiter 138 and the antenna
140 shown in FIGURE 2. In FIGURE 3, the Balun circuit is not used. The signal is -
a single-ended unbalanced signal, i.¢. the signal is not converted to balanced

- differential signals. Accordingly, the antenna interface 154 includes only one

impedance matching circuit 162 which is coupled between the bandpass filter 158
and the transceiver 156. A PA 164 of a transmitter 166 and-a LNA 168 of a receiver
170 share one impedance matching circuit 162 in the antenna interface 154.

FIGURE 4 illustrates a circuit diagram of one embodiment of an impedance
matching circuit in an antenna interface in accordance with the principles of the
present invention. As an example, the impedance m_atching-circuit_ 162 of a single-
ended unbalanced system as shown in FIGURE 3 is described herein. It is
appreciated that the impédmce- matching circuit can also be applied to a balanced
system within the scope 6f the present invention.

In FIGURE 4, the impedance matching circuit 162 is made up of a
combination of inductance and capacitance to transform or match the impedance at

the input (Rin) of the circuit 162 and the impedance at the output (Rout) of the

 circuit 162 in a receive cycle, and to transform or match the impedance at the input

(Rout) of the circuit 162 and the impedance at the output (Rin) of the circuit 162 ina
transmit cycle. R1 represents the impedance of an antenna or antenna/filter. R2
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‘cycle, PA is off an

8 :
represents an input impedance of the LNA in a receive cycle since in the receive

rovides high impedance in parallélto the input impedance of
the LNA and therefore does not hinder the receive operatibn. On the other hand, R2

- represents an output load impedance of the PA in a transmit cycle since in the

transmit cycle, the LNA is off and provides high impedance in parallel to the output
load impedance of the PA and therefore does not hinder the transmit operation.
In a receive cycle, the LNA is powered on, and its input impedance sets the

_value of R2 to match Rout of the circuit 162 so that maximum received signal power

can be transferred from the antenna interface to the LNA.
In a transmit cycle, the PA is powered on and delivers the power-amplified

- signal onto R1 through the impedance matching circuit 162. The PA is designed

based on the value of Rout, i.e. R2 in the present invention.

. 'The impedance matching circuit 162 is arranged to provide the desired R2 in
both a receive cycle and a transmit cycle. As an example, in a 900 MHz TDD
transceiver system, R1 is 50 Ohm, R2 is 100 Ohm, when C0 is 8 pF, C1 is 3 pF, C2

. .is 3.8 pF, L1 is 7nH, and L2 is 2 nH. The resistance “looks in” from R1 is 50 Ohm

when R2 is 100 Ohm. R2 is 100 Ohm when R1 is 50 Ohm. It is appreciated that

other suitable specifications or combinations of Capacitance-Inductance can be used

- to provide the desired R2 in both a receive cycle and a transmit cycle.

FIGURE 5 illustrates a flow chart of operations for receiving a signal in a
receive cycle. In areceive cycle, an operational flow starts from an operation 180 to
receive or detect a signal at an antenna 180. Then, the signal passes through a
bandpass filter in operation 182. Next, the signal is converted to balanced
differential signals via a Balun circuit in operation 184. Then, the signals are
delivered to an impedance matching circuit where the impedance is matched with an.
input impedance of the LNA in operation 186. Next, the signal is amplified by the
LNA in operation 188 and sent to the rest of the receiver in operation 190. Then, the
operational flow terminates.

- FIGURE 6 illustrates a flow chart of operations for transmitting a signal in a
transmit cycle. In a transmit cycle, an operational flow starts from an operation 192
to send a signal to the PA. Next, the signal is amplified by the PA in operation 194.
Then, the PA delivers the amplified signal into the impedance matching circuit
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which provides the output load impedance that the PA requires in operation 196.

Next, the balanced differential signals are converted to a single-ended unbalanced

' signal by the Balun circuit in operation 198. Then, the signal passes through the

bandpass filter in operation 200. Next, the signal is tranismitted out via the antenna
in operation 202. Then, the operational flow terminates. .
It is appreciated that in FIGURES 5 and 6, operations 184 and 198 can be

‘optional if a single-ended unbalanced signal is used.

It is also appreciated that the above described inventions can be applied to
other suitable devices, such as wireless modems or any other analog/digital
transceivers.

Furthef, it is noted that the terms, such as antenna, antenna interface, etc., are
merely used to illustrate a specific TDD radio transceiver. It is appreciated that
other suitable receiving/transmitting devices and interfaces can be used to implement
the present invention. '

In the préferred embodiments shown in FIGURES 2-4, coupling lines or
wires are used to connect various devices or components. It will be appreciated to a
person skilled in the art that the coupling lines or wires can be replaced by infrared
or other suitable wireless coupling devices to achieve the principles of the present
invention. '

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set forth in
the foregoing description, together with details of the structure and function of
various embodiments of the invention. This disclosure is illustrative only, and -
changes may be made in detail within the principles of the present invention to the

full extent indicated by the broad géneral meaning of the terms in which the

This Sheet Has Been Rep laced
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What is claimed is: - AR

1. An antenna interface between an antenna and a transceiver having a receiver
and a transmitter, comprising:

a single impedance matching circuit to match an impedance of the antenna
with an input impedance of a Low Noise Amplifier (LNA) of the receiver and to
provide an output load impedance of a Power Amplifier (PA) of the transmitter; and

wherein the single impedance matching circuit is coupled to both the LNA
and the PA.

2. The antenna interface of claim 1, whereiﬁ the LNA and the PA are based on
CMOS technology and made within a single integrated circuit.

3. A Time Division Duplex (TDD) transceiver system, comprising:
an antenna for receiving and transmitting a signal;
a bandpass filter to filter out noise received from the antenna;
an antenna interface coupled bet_weeﬁ the bandpass filter and a transceiver;
o i
the transceiver including a receiver having a Low Noise Amplifier (LNA) to
amplify a sighal received from the antenna interface, and a transmitter having a
Power Amplifier (PA) to amplify e signal transmitted to the antenna interface; and
the antenna interface comprising: |
a single 1mpedance matching circuit, coupled between the bandpass
filter and the transceiver, to match an impedance at an output of the bandpass filter
with an input impedance of the Low Noise Amplifier (LNA) of the receiver and to
provide an output load impedance of the Power Amplifier (PA) of the transmitter;
and .
wherein the single impedance matching circuit is coupled to both the
LNA and the PA.

This Sheet Has Been Replaced
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4. The Time Division Duplex (TDD) transceiver system of claim 3, wherein the

LNA and the PA are based on CMOS technology and made within a single
integrated circuit, |

5.  An antenna interface for a transceiver having a transmitter and a receiver,
comprising: | | o

a single Balun circuit to convert a single-eﬁded signal to/from differential
signals; ' '

a single impedance matching circuit to match an impedance at an output of

the single Balun circuit with an input impedance of a Low Noise Amplifier (LNA)

of the receiver and to provide an output load impedance of a Power Amplifier (PA)

of the transmitter; and
wherein the single impedance matching circuit is coupled to both the LNA
and the PA. |

6. “The antenna interface of claim 5, wherein the LNA and the PA are based on

*'CMOS technology and made within a single integrated circuit.

7. A Time Division Duplex (TDD) transceiver system, comprising:
an antenna for receiving and transmitting a signal;
a bandpass filter to filter out noise received from the antenna;
an antenna interface coupled between the bandpass filter and a transceiver;
the transceiver including a receiver havmg a Low Noise Amplifier (LNA) to .

amplify a signal received from the antenna interface, and a transmitter having a

Power Amplifier (PA) to amplify a signal transmitted to the antenna interface; and

the antenna interface comprising:
a single Balun circuit, coupled to the bandpass filter, to convert a
single-ended signal to/from differential signals;
a single impedance matching circuit, coupled to the Balun circuit and
the transceiver, to match an impedance at an output of the single Balun circuit with

an input impedance of the Low Noise Amplifier (LNA) of the receiver and to
:\

LT H“\lm‘iili‘f“ﬁﬁﬁ“ld
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provide an output lgad impedance of the Power Amplifier (PA) of the transmitter;

and _
wherein the single impedance matching circuit is coupled to both the
LNA and the PA.

8. The Time Division Duplex (TDD) transceiver system of claim 7, wherein the
LNA and the PA are based on CMOS technology and made within a single
integrated circuit.
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