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LOW NOISE AMPLIFIER FOR WIRELESS
COMMUNICATIONS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates generally to an ampli-
fier for use in a wireless communication system, and in
particular to a low noise amplifier for use in a radio
frequency receiver.

[0003] 2. Description of the Related Art

[0004] With the explosive growth in the commercial wire-
less telecommunications market, a greater need is seen for
lower cost and more highly integrated telecommunications
equipment. Integrated semiconductor devices provide the
possibility of meeting both needs. For example, silicon
based devices may provide the necessary characteristics to
address a wide range of applications. CMOS (Complemen-
tary Metal Oxide Semiconductor) technology is becoming
feasible for high frequency analog applications that were
traditionally built with more expensive technologies such as
bipolar devices. Sub-micrometer CMOS technologies now
exhibit sufficient performance for RF (Radio Frequency)
applications in a few gigahertz ranges. However, using a
standard CMOS technology, the design of amplifiers for use
at high frequencies requires more detailed considerations
than those for use at low frequencies.

[0005] InFIG.1 is shown a super-heterodyne architecture
of the type that is widely used in modem wireless commu-
nications handsets. The receiver includes an antenna 10
having an output connected to a radio frequency (RF) filter
11. The filter output is connected to a low noise amplifier 12
that in turn is connected to an image filter 13. The image
filter 13 output is fed to a mixer 14 which has a second input
connected to a local oscillator (LO) signal 15. The output of
the mixer 14 is provided to an intermediate frequency (IF)
filter 16. The output of the IF filter is used in the commu-
nications system in a way that is well known.

[0006] This architecture is capable of providing high reli-
ability and stable performance in mobile communications.
In super-heterodyne receivers, the image frequency presents
a problem because the image frequency is superimposed on
the desired signal. In order to solve this problem and provide
removal, or rejection, of the image frequency signal, the
super-heterodyne receiver front-end can consist of any of
several topologies. Especially useful approaches are the use
of an image rejection filter component in a Hartley archi-
tecture or a Weaver architecture.

[0007] Modem radio frequency receivers are often pro-
vided on a semiconductor chip to provide the advantages of
lower cost, greater compactness and reduced power con-
sumption. The chip is indicated in FIG. 1 by the solid line
18 enclosing the low noise amplifier 12, local oscillator 15,
mixer 14 and IF filter 16. Currently, most of the commer-
cially available radio frequency receivers use off-chip pas-
sive bandpass filters, such as ceramic or surface acoustic
wave (SAW) filters, because the off-chip filters provide the
most robust solution to the image rejection problem. As has
been well known for years, surface acoustic wave bandpass
filters have a number of advantages, for example, no power
consumption, no linearity degradation, and extraordinarily
high quality factor. However, the high cost and large size of
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such separate bandpass filters make these filters less attrac-
tive for use in the next generation receivers. The conven-
tional receiver system of FIG. 1 uses an external filter for
image rejection. Specifically, the RF filter 11 and image filter
13 are provided as external components to the chip 18.

[0008] The current, off-chip passive filters, such as surface
acoustic wave filters or ceramic filters, are used for image
frequency rejection, but these bulky filters are the major
impediment to raising the level of integration of the radio
frequency circuit since they cannot be easily integrated.
Systems using these filters have a relatively high cost and
large size. Therefore, to decrease the circuit size, monolithic
integration of the filter with the other electrical devices of
the receiver circuit is being researched.

[0009] In applications for use at frequencies below 3 GHz,
monolithic circuits are provided using an image rejection
mixer for phase cancellation to satisfy an image rejection
specification of better than 41 dB. Practical systems require
higher values of image rejection. As such, it would be
desirable to combine an on-chip image filter with an inte-
grated image reject mixer to obtain a very high on-chip
image rejection.

[0010] When a wide range of signal powers is received by
an antenna in a wireless communications system, the system
requires the addition of a variable gain stage. The variable
gain function is generally provided in later stages in the
radio receiver system. For example, in FIG. 2 is provided a
variable gain amplifier 17 at the output of the IF filter 16.
The variable gain amplifier includes a control lead 18, as is
well known, for controlling the output gain of the variable
gain stage to compensate for changes in the power of the
received signal.

[0011] If the variable gain function is provided at the early
stages in the system such as using a low noise amplifier
(LNA) 12 a such as shown in FIG. 2, then the gain variation
is being made in the presence of minimum power signals and
the signal-to-noise ratio increases. If instead the gain control
is provided later in the receiver system while in the presence
of maximum power signals, the last stage of the receiver is
not saturated. Furthermore, with such gain controllable low
noise amplifiers (LNA), the target dynamic range of the
VGA (Variable Gain Amplifier) 20 tends to be degraded.

[0012] A low noise amplifier (LNA) is used in the RF
receiver in a wireless communication application to obtain
the necessary power gain and decreasing the noise factor
(NF). Conventional low noise amplifiers have high power
consumption at radio frequencies to satisfy the required
power gain and to provide the characteristics necessary in an
RF receiver application. The conventional LNA uses a one
unit common source amplifier structure as shown in FIG. 3
configured as a cascode amplifier.

[0013] In particular, the amplifier circuit of FIG. 3
includes a first FET 45 connected with a gate inductor 46 at
its gate lead, through which is fed the input signal of the
amplifier circuit. The source of the FET 45 is connected
through a source inductor 47 to ground. The drain of the FET
45 is connected to a source of a second FET 43 at a node 44.
The drain of the second FET 43 is connected through a drain
inductor 41 to the supply voltage VDD. A bias voltage V,,,.
is connected at the gate of the second FET 43. A capacitor
42 is connected to the drain of the second FET 43 as well to
provide the output signal for the amplifier through the
capacitor.
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[0014] Operationally, in FIG. 3 in order to achieve low
noise and to provide power matching at the same time, the
source inductor 47, also denoted Ls in the drawing, is used.
When an inductor having a high quality factor is used for
this source degeneration function, the result is that the
amplifier has good noise performance. The bonding wire to
the chip has been used as the inductor for source degenera-
tion, and its length is selected by considering a minimum
size at for the chip layout and for bonding. The drain
inductor 41, also denoted Ld, the source inductor 47 and the
gate inductor 46, also denoted Lg in the drawing, as well as
the capacitor 42, also denoted C1, are external elements. The
gate inductor 46 and the source inductor 47 are used for
matching input impedance, and the drain inductor 41 and
capacitor 42 are used for matching output impedance. The
bias signal V., . is supplied to the gate of the transistor 43,
also denoted M2 on the drawing. The elements within the
dashed line are on the chip. In this structure, the signal is
amplified by the gain of the cascode structure of the two
transistors 45 and 43.

[0015] Amplifiers of this type are used in wireless com-
munications. Wireless communications systems have exhib-
ited remarkable growth over the past decade. Wireless voice
and data applications are being enabled by rapidly emerging
wireless technologies, such as cellular telephony, personal
communications systems and wireless local area network
(WLANSs), to name a few. Digital modulation techniques,
miniaturization of transceivers due to advances in mono-
lithic integrated circuit design and the development of high
frequency, microwave and millimeter wave RF systems in
both the licensed and unlicensed bands have all contributed
to improving the quality and bandwidth capacity of these
systems and to reducing the size and costs of the compo-
nents.

[0016] The LNA (Low Noise Amplifier) is a critical front
end component of a wireless receiver. As noted above, its
function is to take the relatively weak signal received at the
antenna and, after filtering of the signal, amplify it with
maximum power transfer and with a minimum of added
noise for further processing (referred to as down conversion,
etc.). The maximum power transfer is achieved by designing
the LNA to have an input impedance that matches a char-
acteristic input impedance of the antenna, which is com-
monly 50 ohms. Thus, a true concurrent LNA, as a critical
front end component of a concurrent receiver, must be
capable of (1) matching the characteristic input impedance
of the received signal at the antenna at the respective
frequency band; (2) simultaneously amplifying the received
signal(s); and (3) accomplishing the above with minimum
added electrical noise.

SUMMARY OF THE INVENTION

[0017] The present invention provides a LNA (Low Noise
Amplifier) for use at radio frequencies in a wireless com-
munication system, the amplifier preferably being used in an
early stage of the wireless receiver and having a low noise
characteristic. In one embodiment, the amplifier has a cas-
code configuration and includes an added inductor at a node
between the two active elements to cancel parasitic capaci-
tance and thereby cancel high frequency leakage.

[0018] Further embodiments utilize the added inductor as
part of a filter section to provide filtering of the image
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frequency from the radio signal. The previously mentioned
inductor functions in combination with an added capacitor to
provide this image rejection.

[0019] In yet further embodiments, the present low noise
amplifier includes an added gain controller to simulta-
neously provide, in a preferred embodiment, image rejection
and gain control functions in a low noise amplifier. The gain
controller is provided by an active element, such as a FET
(Field Effect Transistor) at the gate of which is connected a
control signal. An added benefit of the preferred embodi-
ment is that noise contributions are reduced compared to the
core LNA cascode amplifier device. In addition, the gain
control improves the input linearity of front-end circuit in
the presence of large signals.

[0020] The present low noise amplifier is used for wireless
communications systems, including wireless communica-
tions at 915 MHz according to the Zigbee (section 802.15.4)
standard as well as for wireless communications systems
using Wi-Fi or Bluetooth (section 802.11 a, b and g)
standards, GSM systems, CDMA, TDMA, packet data sys-
tems, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The features of the present invention will become
more apparent from the description given in further detail
hereinbelow with reference to the accompanying drawings.

[0022] FIG. 1 is functional block diagram of a super-
heterodyne receiver circuit having with an external filter for
image rejection, according to the prior art;

[0023] FIG. 2 is a functional block diagram of a receiver
system showing voltage gain control both early in the
system and later;

[0024] FIG. 3 is a circuit diagram of a conventional
cascode amplifier;

[0025] FIG. 4 is circuit diagram of a low noise amplifier
according to the principles of the present invention;

[0026] FIG. 5 is a circuit diagram of an equivalent circuit
of impedance Zb at node B of FIG. 4;

[0027] FIG. 6 is a graph of an imaginary part of imped-
ance of only a filter portion of the present circuit; and

[0028] FIG. 7 is a logarithmic scale of impedance Zb at
node B of FIG. 4.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0029] The present invention provides an improvement
over the conventional cascode amplifier that is used in a
radio frequency receiver communication system. The
present low noise amplifier eliminates the need for an
external image rejection filter from the receiver circuit so
that there is no longer a requirement for an off-chip filter for
image rejection. This enables a higher level of integration, a
more compact circuit and lower costs.

[0030] The circuit of one embodiment of the present low
noise amplifier is shown in FIG. 4. The amplifier, like the
amplifier of FIG. 3, has two FETs (Field Effect Transistors)
connected to one another. Here, FETs 52 and 57 are pro-
vided. The present invention recognizes that the low noise
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amplifier of FIG. 3 generates a signal leakage due to the
parasitic capacitance of node 44, also denoted node A in the
figure. In order to solve this signal leakage problem, the first
improvement of the LNA topology provides a resonance
inductor connected at node A to cancel the parasitic capaci-
tor. The added inductor is indicated by reference character
54 in FIG. 4, and also denoted L1 in the figure.

[0031] A further improvement is added in the circuit of
FIG. 4; specifically, the capacitor 59, also denoted C2, is
added between the opposite end of the inductor 54 and
ground to provide filtering. By choosing the relative values
of the inductor 54 and capacitor 59, a notch filter is provided
to remove the image frequency signal which plagues super-
heterodyne receivers.

[0032] In yeta further improvement realized in the present
invention, the amplifier circuit has an added FET 60 con-
nected with its source and drain path connected at one end
between the supply voltage and the drain of the transistor 52
and at the other end to the capacitor 59. In the illustrated
embodiment, the connection of the transistor 60 is between
the drain inductor 51 and the voltage supply. This has the
effect of shutting off the transistors 52 and 57 as the
transistor 60 is switched on, thereby providing the gain
control using the low noise amplifier circuit.

[0033] A control is connected to the gate of the FET 60 to
vary the current flow through the FET 60. In the preferred
embodiment, the control is a voltage control 67. The voltage
control 67 is derived from the same source as the variable
control signal used to provide gain control in the known
variable gain receiver circuit. As such, the control voltage is
well known in the art and need not be addressed further here.

[0034] In the circuit of FIG. 4, the inductors 55, 58 and 51
and the capacitor 53 are external elements, while the remain-
ing elements are integrated on a chip. Specifically, in the
preferred embodiment, the inductors 55, 58 and 51 and the
capacitor 53 are provided within the housing of the semi-
conductor chip, although not on the chip itself. These
elements are provided by the lead wires connecting the
semiconductor chip body to connector pads within the chip
housing.

[0035] The inductors 55 and 58 are used for matching
input impedance, and inductor 51 and capacitor 53 are used
for matching output impedance. An additional capacitor 56
is provided at the gate-source connection of the first tran-
sistor to provide input matching stability.

[0036] In this structure, the input signal is represented as
a series connected inductor 55 and the output signal is
represented as a series connected capacitor 53. The transis-
tors 57 and 52 provide the amplification function and are
connected in a cascode amplifier configuration. The transis-
tor 60 is used as the gain control amplifier.

[0037] The input signal on the line 65 is input to the
cascode amplifier. The value of the inductor 55 is selected to
assist the amplifying transistor 57 in achieving improved
gain and a better noise figure. The drain of the transistor 52
is connected to the voltage signal Vdd through the inductor
51 and the drain of the transistor 60 is also connected to the
voltage signal Vdd. The entire gain is obtained by multi-
plying of the gain of cascode amplifier and common source
amplifier.
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[0038] The input signal is amplified according to the gain
of the cascode structure composed of the transistor 52
through coupling to the gate of the common source transistor
57 by capacitor 56. The drain of the common source
transistor 52 is connected to the output. The inductance 54
connected between a drain of the transistor 57 and the source
of the transistor 60. The capacitance 59 is connected to the
source of the transistor 60. The inductance 54 and capaci-
tance 59 operate as a notch filter. A proper selection of the
inductor 54 and the capacitor 59 can reduce the signal
leakage and provides a substantial reduction in the ampli-
tude of the signal at the image frequency that can be
occurred at the node B 61. This technique of forming a notch
filter for removing the image frequency also provides an
improved noise figure performance for the LNA.

[0039] The inductor 54 is an on-chip spiral inductor. In
order to obtain much higher quality factor, the spiral induc-
tor is designed with a thick top metal layer. The capacitor 59
is also integrated into the chip, using for example MIN
(metal-insulator-metal) capacitor methods. Integration of
these elements in the chip lowers costs of the circuit, reduces
the size of the circuit by a considerable amount, and pro-
vides a high efficiency and low noise circuit.

[0040] In addition to the image rejection function, in order
to provide gain control to the LNA, this invention proposes
a new LNA topology, which allows DC bleeding current in
the circuit as shown in FIG. 4.

[0041] In FIG. 4, the impedance Zb 64 which is the
impedance looking to the node B 61 can be presented as an
equivalent circuit as shown in FIG. 5. As can be seen in the
equivalent circuit, the capacitor Cpar 72 is the overall
parasitic capacitance at node B 61, the capacitor Ceq 74 is
the sum between the capacitor 59 and the overall parasitic
capacitor at node C 62 in FIG. 4. The resistance 1/gm 71 is
the transconductance of the transistor 52.

[0042] In order to characterize effect of the filter in FIG.
4, the impedance Zb is determined by:

S2L,Ceq+ 1 eq. (1)

S(S2CparL,Ceq + Cpar + Ceq)

Zb(S) =

[0043] From the equation eq(l), it can be seen that the
filter has imaginary zeros and poles at

f _ 1 eq. ()
e 27V L,Ceg

And

eq. (3

oo 1( 1L,
wanted = % L, Cpar Ceg

[0044] Where £ and £ 4 are frequencies of the
wanted, or desired, image signal and interest signal respec-

tively.

[0045] From equations eq(2) and eq(3), in order to
increase the image rejection effect, the inductor 73 and the
capacitors C,,, and C, should have high quality factors.
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[0046] Operationally, the present low noise amplifier oper-
ates by direct conversion rather than as a super-heterodyne
receiver.

[0047] In one example of the circuit for use at 915 MHz
according to the Zigbee standard, the elements have
approximately the following values: the inductor 55 is 34
nH, the capacitor 56 is 1 pF, the inductor 58 is 430 pH, the
inductor 51 is 9 nH, the capacitor 53 is 0.7 pF, the inductor
54 is 1 nH, the capacitor 59 is 1 pF, the range of the control
voltage output by the gain control element 67 is in a range
of 0 to 1 volt, the field effect transistors 52 and 57 are NMOS
transistors, and the field effect transitor 60 is a PMOS
transistor.

[0048] FIG. 5 shows the imaginary part of impedance of
only filter. At low frequencies, the filter has capacitor
characteristic but inductor characteristic at high frequency.
The resonance point of filter of FIG. 6 indicates the fre-
quency of the image rejection designed from equation eq(2).

[0049] In FIG. 6, the log scale of the impedance Zb at
node B of FIG. 4 is shown as an intersection of frequency
and an imaginary impedance. The intersection is indicated as
a line and a point on the line at the frequency in question
indicates a resonance point of the filter.

[0050] As can be seen from FIG. 7, the response curve of
the amplifier in the area of the wanted frequency is generally
flat while the response curve at the image frequency has
sharp decrease in the response. The image frequency is
removed from the output signal so that an image rejection
filter is not needed later in the receiver circuit. The reason for
the response is reversed of the transconductance gm2 of
FIG. 7. The filters operated as a series resonance circuit, is
not independent on the reverse of the transconductance gm2.
But the parallel resonance circuit at the wanted frequencies
depends on the reverse of the transconductance gm2.

[0051] The current determined by the transconductance
stage flows into the transistor 52 and 60. The transistors 52
and 60 are switched by the gate bias of the transistor 60 and
one of the transistors is turned on. If the transistor 52 turns
on, the current switch gain control amplifier acts as an usual
cascade amplifier and has a high gain, while if the transistor
60 turns on most RF power is thrown away into Vdd through
the transistor 60 and it leaks only the little power set by the
isolation characteristic of the transistor 52 to the output. In
order to reduce the noise contribution, the small width of
transistor 60 bleeding current should be selected.

[0052] Inequation eq(2), the image frequency is related to
intermediate frequency in subsequent mixer. Since the fil-
tering at image frequency means the leakage, the noise
performance is bad at this frequency. Therefore, the tail of
filtering can increase e the noise figure at the wanted
frequency. The half of the tail width of filtering must be
larger than the intermediate frequency of the mixer.

[0053] Thus, the present low noise filter eliminates the
need for a separate gain control in the receiver circuit and
also eliminates the need for a separate notch filter in the
receiver circuit. All this is possible while increasing the level
of integration of the low noise amplifier. The present inven-
tion provides not just an add-on to an existing amplifier
structure, but a combination of elements assembled in such
a way as to achieve a new result.
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[0054] The present amplifier is used, for example, for a
915 MHz receiver system of a wireless communication in
CMOS technology. The present amplifier may, however, be
used in wireless communications systems operating at fre-
quencies of from 400 MHz up to as much as 5900 MHz.

[0055] In order to improve the image rejection character-
istics of the amplifier, the amplifier uses a notch filter
composed of a spiral inductor and capacitor. The elements of
the filter should have a high quality factor in order to make
sharp bandwidth notch. So, using the spiral inductor with
higher quality factor instead of another type of inductor and
using a MIM (metal-insulator-metal) capacitor that are fab-
ricated together, the notch filter with a narrow bandwidth is
achieved. Furthermore, since attaching the filter at the
midpoint of the cascode topology connected transistors
reduces leakage due to parasitic capacitance, the noise figure
at interest frequency can be enhanced. In addition to gain
control function, the input linearity of system is enhanced.
Since a low noise amplifier with only an amplification
function located at a stage is going before the mixer in the
receiver system, a large signal to input of the receiver can be
saturated at following stage.

[0056] The low noise amplifier of the preferred embodi-
ment is characterized wherein in order to provide image
rejection for a 915 MHz receiver system, it uses a spiral
inductor 54 and MIM capacitor 59 as a notch filter. The
inductance of the notch filter added to LNA cancels the
parasitic capacitance generated between common source
and common gate transistor. Therefore, the leakage due to
the parasitic capacitance can be reduced and the noise
performance of the LNA is improved.

[0057] The preferred low noise amplifier is further char-
acterized wherein order to provide gain control, the transis-
tors 52 and 60 are switched by the gate bias of a transistor
60 and one of the transistor is turned on. The current switch
gain control amplifier acts as an usual cascade amplifier and
has a high gain, while if the transistor 60 turn on most RF
power is thrown away into the supply voltage Vdd through
the transistor 60.

[0058] Thus, the present low noise amplifier of the pre-
ferred embodiment provides the advantages of eliminating
the need for an off-chip image rejection filter and eliminating
the need for a separate gain control. The amplifier provides
an improved noise performance. The amplifier is preferably
integrated on the semiconductor chip using CMOS technol-
ogy.

[0059] A particular application for the present low noise
amplifier is in the early stages of a receiver circuit for the
915 MHz wireless communications according to the section
802.15.4 standard (referred to as Zigbee). Application in
other wireless communications systems is of course pos-
sible. For example, the Bluetooth and Wi-Fi communica-
tions systems according to sections 802.11 a, b or g would
benefit from the present low noise amplifier. Wireless Local
Area Networks (WLANS) or various packet data transmis-
sion systems, GSM communications, so-called 3G systems,
etc. may also use the principles in the present invention. Of
course, other applications both within wireless communica-
tions and outside the wireless communications field are
possible and are encompassed within the present invention.

[0060] Although other modifications and changes may be
suggested by those skilled in the art, it is the intention of the
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inventors to embody within the patent warranted hereon all
changes and modifications as reasonably and properly come
within the scope of their contribution to the art.

We claim:
1. A low noise amplifier for a wireless communication
system, comprising:

an arrangement of active elements forming an amplifier
having a signal input and a bias input and a signal
output;

an interconnection node between two of said active ele-
ments;

an inductive element connected at one end to said inter-
connection node; and

a capacitance element connecting another end of said
inductive element to ground, said inductive element
and said capacitance element being selected to provide
a notch filter for substantially reducing an amplitude of
a predetermined frequency from a signal at said signal
output.

2. A low noise amplifier as claimed in claim 1, further

comprising:

a further active element connected to an interconnection
node between said inductive element and said capaci-
tance element, said further active element connected
between said active elements and a supply voltage and
having a connection to a control signal at an control
input.

3. A low noise amplifier as claimed in claim 2, further

comprising:

a control element connected to said control input of said

further active element.

4. A low noise amplifier as claimed in claim 3, wherein
said control element is a controllable voltage source.

5. A low noise amplifier as claimed in claim 1, wherein
said active elements are first and second field effect transis-
tors connected to one another with a source and drain path
of said first field effect transistor connected to a source and
drain path of said second field effect transistor.

6. A low noise amplifier as claimed in claim 5, further
comprising:

inductor elements connected in series with said source
and drain paths of said first and second transistors, said
inductor elements and said first and second transistors
being connected between a voltage supply and ground.

7. A low noise amplifier as claimed in claim 1, wherein
said low noise amplifier is configured to operate at approxi-
mately 915 MHz.

8. A low noise amplifier as claimed in claim 1, wherein
said predetermined frequency is an image frequency.

9. A low noise amplifier as claimed in claim 1, wherein
said inductive element is a spiral inductor and said capaci-
tive element is a metal-insulator-metal capacitor.

10. A low noise amplifier as claimed in claim 9, wherein
said active elements are integrated on a semiconductor chip
and said spiral inductor and said metal-insulator-metal
capacitor are integrated on said same chip.

11. A low noise amplifier as claimed in claim 10, further
comprising:

a further active element connected to an interconnection
node between said inductive element and said capaci-
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tance element, said further active element connected
between said active elements and a supply voltage and
having a connection to a control signal at an control
input, said further active element being integrated on
said same semiconductor chip with said active ele-
ments.

12. A low noise amplifier as claimed in claim 1, wherein
said active elements are integrated on a semiconductor chip
and said inductive element and said capacitance element are
integrated on said same chip.

13. A low noise amplifier as claimed in claim 12, further
comprising:

further inductive elements connected to said active ele-
ments, said further inductive elements being enclosed
within a housing of said semiconductor chip.

14. A low noise amplifier as claimed in claim 1, wherein
said low noise amplifier is configured to operate at radio
frequencies according to at least one of the standards
selected from Zigbee, Wi-Fi and Bluetooth.

15. A low noise amplifier as claimed in claim 1, wherein
said active elements include a common source transistor and
common gate transistor, said common source transistor
having a parasitic capacitance, said inductive element being
of an inductance value to substantially cancel said parasitic
capacitance.

16. A low noise amplifier as claimed in claim 1, wherein
said active elements include a first transistor having a
control lead connected to receive said input signal, said
active elements include a second transistor having a control
lead connected to receive said bias input.

17. A low noise amplifier for use in a wireless commu-
nications system, comprising:

a first transistor having a control input connected to
receive an input signal and having second and third
leads;

a second transistor having a control input connected to
receive a bias voltage and having second and third
leads, said third lead of second transistor being con-
nected to said second lead of said first transistor at an
interconnection node;

a first inductor connected between said control input of
said first transistor and a signal input for said low noise
amplifier;

a second inductor connected between said third lead of
said first transistor and ground,;

a third inductor connected between said second lead of
said second transistor and a supply voltage;

a first capacitive element connected between said second
lead of said second transistor and an output of said low
noise amplifier;

a fourth inductor connected to said interconnection node
between said first and second transistors, said fourth
inductor having an opposite end at a second intercon-
nection node; and

a second capacitive element connected between said
second interconnection node and ground.
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18. A low noise amplifier as claimed in claim 17, further
comprising:

a third active element having a second lead connected
between said second lead of said second transistor and
having a third lead connected to said second intercon-
nection node, said third active element having a control
input.

19. A low noise amplifier as claimed in claim 18, further
comprising: a control voltage connected between to said
control input of said third active element.

20. A low noise amplifier as claimed in claim 18, wherein
said first and second and third active elements and said
fourth inductor and said second capacitive element are
integrated on a semiconductor chip.

21. Alow noise amplifier as claimed in claim 20, wherein
said semiconductor chip is constructed in CMOS technol-
ogy.

22. A low noise amplifier as claimed in claim 17, further
comprising:

a third capacitive element connected between said control
input of said first active element and said third lead of
said first active element.

23. Alow noise amplifier as claimed in claim 17, wherein
said low noise amplifier is configured to operate in a
frequency range of 400 Mhz to 5900 MHz.

24. A low noise amplifier as claimed in claim 23, wherein
said low noise amplifier is configured to operate at a
frequency of about 915 MHz.

25. A low noise amplifier for use in a wireless commu-
nications system receiver, comprising:

a first transistor having a control input connected to
receive an input signal and having second and third
leads;

a second transistor having a control input connected to
receive a bias voltage and having second and third
leads, said third lead of second transistor being con-
nected to said second lead of said first transistor at an
interconnection node;

a first inductor connected between said control input of
said first transistor and a signal input for said low noise
amplifier;

a second inductor connected between said third lead of
said first transistor and ground;

a third inductor connected between said second lead of
said second transistor and a supply voltage;
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a first capacitive element connected between said second
lead of said second transistor and an output of said low
noise amplifier;

a fourth inductor connected to said interconnection node
between said first and second transistors, said fourth
inductor having an opposite end at a second intercon-
nection node; and

a second capacitive element connected between said
second interconnection node and ground.
26. A low noise amplifier for use in a wireless commu-
nications system receiver as claimed in claim 25, further
comprising:

a third active element having a second lead connected
between said second lead of said second transistor and
having a third lead connected to said second intercon-
nection node, said third active element having a control
input.

27. A low noise amplifier for use in a wireless commu-
nications system receiver as claimed in claim 26, further
comprising: a control voltage connected between to said
control input of said third active element.

28. A low noise amplifier for use in a wireless commu-
nications system receiver as claimed in claim 26, wherein
said first and second and third active elements and said
fourth inductor and said second capacitive element are
integrated on a semiconductor chip.

29. A low noise amplifier for use in a wireless commu-
nications system receiver as claimed in claim 28, wherein
said semiconductor chip is constructed in CMOS technol-
ogy.

30. A low noise amplifier for use in a wireless commu-
nications system receiver as claimed in claim 25, further
comprising:

a third capacitive element connected between said control
input of said first active element and said third lead of
said first active element.

31. A low noise amplifier for use in a wireless commu-
nications system receiver as claimed in claim 25, wherein
said low noise amplifier is configured to operate in a
frequency range of 400 MHz to 5900 MHz.

32. A low noise amplifier for use in a wireless commu-
nications system receiver as claimed in claim 31, wherein
said low noise amplifier is configured to operate at a
frequency of about 915 MHz.

Wilson Exhibit 1014





