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METHOD AND APPARATUS FOR REDUCING 
INTERMODULATION DISTORTION IN AN 

ELECTRONIC DEVICE HAVING AN 
AMPLIFER CIRCUIT 

BACKGROUND 

1. Field 
The Subject technology relates generally to electronic 

devices and signal distortion, and more specifically to meth 
ods and apparatus for reducing intermodulation distortion in 
an electronic device having an amplifier circuit. 

2. Background 
Non-linear systems can introduce intermodulation distor 

tion when multiple signals are amplified. In communication 
systems such as cellular communication devices, the output 
spectrum is required to be substantially free of unwanted 
intermodulation products. Intermodulation distortion within 
a radio frequency (RF) amplifier can severely impede proper 
transmission and reception of communication signals. Con 
ventional techniques, however, do not adequately reduce 
intermodulation distortion. 

SUMMARY 

In one aspect of the disclosure, an electronic device for 
reducing intermodulation distortion comprises an amplifier 
circuit and a linearizer. The amplifier circuit has an input, an 
output, and a first transistor. The amplifier circuit is config 
ured to receive a first input signal comprising at least a first 
frequency and a second frequency. The amplifier circuit is 
also configured to generate a first output signal. The first 
output signal comprises a delta frequency signal at a delta 
frequency. The delta frequency comprises a difference 
between the first frequency and the second frequency. 

The linearizer has an input and an output. The input of the 
linearizer is coupled to the amplifier circuit. The output of the 
linearizer is coupled to the input of the amplifier circuit. The 
linearizer comprises a signal detector circuit, a current-mirror 
circuit, a low pass filter, a phase shifter, and a bias circuit. 
The signal detector circuit is coupled to the amplifier cir 

cuit. The signal detector circuit has an input, an output, and a 
second transistor. The signal detector circuit is configured to 
generate a second output signal comprising at least the delta 
frequency. The current-mirror circuit is coupled to the signal 
detector circuit and is configured to adjust an amplitude of an 
input signal of the current-mirror circuit. The low pass filter is 
coupled to the current-mirror circuit and is configured to 
eliminate a portion of the second output signal having a 
frequency or frequencies that are greater than the delta fre 
quency. 
The phase shifter has an input and an output. The output of 

the phase shifter is coupled to the output of the linearizer. The 
phase shifter is configured to adjust a phase of an input signal 
of the phase shifter. The phase shifter is further configured to 
generate a third output signal. The third output signal com 
prises a feedback signal corresponding to the delta frequency 
signal. An amplitude and/or a phase of the feedback signal is 
different from an amplitude and/or a phase of the delta fre 
quency signal generated by the amplifier circuit, respectively. 
The bias circuit is configured to provide a bias current or a 
bias Voltage to allow a DC Voltage level of an output signal of 
the linearizer to be at a DC voltage level of the input of the 
amplifier circuit. 

In another aspect of the disclosure, a method is provided 
for reducing intermodulation distortion in an electronic 
device. The method comprises receiving a first input signal 
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2 
comprising at least a first frequency and a second frequency 
and generating a first output signal using an amplifier circuit. 
The first output signal comprises a delta frequency signal at a 
delta frequency, and the delta frequency comprises a differ 
ence between the first frequency and the second frequency. 
The method further comprises detecting a first signal from 

the amplifier circuit, generating a second signal based on the 
first signal, adjusting an amplitude of the second signal using 
a current-mirror circuit, and eliminating a portion of the sec 
ond signal having a frequency or frequencies that are greater 
than the delta frequency to produce a third signal. The method 
further comprises providing a bias current or a bias Voltage, 
adjusting a phase of the third signal, generating a fourth signal 
based on the third signal, and providing the fourth signal to an 
input of the amplifier circuit. 
The fourth signal comprises a feedback signal correspond 

ing to the delta frequency signal generated by the amplifier 
circuit, and an amplitude and/or a phase of the feedback 
signal is different from an amplitude and/or a phase of the 
delta frequency signal generated by the amplifier circuit, 
respectively. 

In yet another aspect of the disclosure, an electronic device 
for reducing intermodulation distortion comprises means for 
receiving a first input signal comprising at least a first fre 
quency and a second frequency and means for generating a 
first output signal using an amplifier circuit. The first output 
signal comprises a delta frequency signal at a delta frequency, 
and the delta frequency comprises a difference between the 
first frequency and the second frequency. 
The electronic device further comprises means for detect 

ing a first signal from the amplifier circuit, means for gener 
ating a second signal based on the first signal, means for 
adjusting an amplitude of the second signal using a current 
mirror circuit, and means for eliminating a portion of the 
second signal having a frequency or frequencies that are 
greater than the delta frequency to produce a third signal. The 
electronic device further comprises means for providing a 
bias current or a bias Voltage, means for adjusting a phase of 
the third signal, means for generating a fourth signal based on 
the third signal, and means for providing the fourth signal to 
an input of the amplifier circuit. 
The fourth signal comprises a feedback signal correspond 

ing to the delta frequency signal generated by the amplifier 
circuit, and an amplitude and/or a phase of the feedback 
signal is different from an amplitude and/or a phase of the 
delta frequency signal generated by the amplifier circuit, 
respectively. 

It is understood that other configurations of the subject 
technology will become readily apparent to those skilled in 
the art from the following detailed description, wherein vari 
ous configurations of the Subject technology are shown and 
described by way of illustration. As will be realized, the 
Subject technology is capable of other and different configu 
rations and its several details are capable of modification in 
various other respects, all without departing from the Scope of 
the Subject technology. Accordingly, the drawings and 
detailed description are to be regarded as illustrative in nature 
and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conceptual block diagram illustrating an 
example of a hardware configuration of an electronic device 
according to one aspect of the disclosure. 

FIG. 2 is a conceptual block diagram illustrating an 
example of a hardware configuration of a receiver according 
to one aspect of the disclosure. 
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FIG. 3A is a conceptual block diagram illustrating an 
exemplary configuration of an electronic device according to 
one aspect of the disclosure. 
FIG.3B is a conceptual block diagram illustrating an input 

signal comprising two frequencies and a delta frequency sig 
nal according to one aspect of the disclosure. 

FIG. 4 is a conceptual block diagram illustrating another 
exemplary configuration of an electronic device utilizing a 
single-ended, current-mode implementation according to one 
aspect of the disclosure. 

FIG. 5 is a conceptual block diagram illustrating another 
exemplary configuration of an electronic device utilizing a 
differential current-mode implementation according to one 
aspect of the disclosure. 

FIG. 6 is a conceptual block diagram illustrating an exem 
plary configuration of a linearizer utilizing a Voltage mode 
according to one aspect of the disclosure. 

FIG. 7 is a conceptual block diagram illustrating an exem 
plary configuration of an amplifier circuit utilizing a differ 
ential mode according to one aspect of the disclosure. 

FIG. 8 is a conceptual block diagram illustrating an exem 
plary configuration of a phase shifter according to one aspect 
of the disclosure. 

FIG. 9 is a conceptual block diagram illustrating an 
example of a nonlinear amplifier model. 

FIG. 10A is a conceptual diagram illustrating an example 
of a vector diagram for asymmetrical nonlinearity. 

FIG. 10B is a conceptual diagram illustrating an example 
of a vector diagram for delta frequency injection lineariza 
tion. 

FIG. 11A illustrates an exemplary spectra simulation 
results according to one aspect of the disclosure. 

FIG. 11B illustrates an exemplary spectra calculation 
results according to one aspect of the disclosure. 

FIG. 12 illustrates an exemplary method of reducing inter 
modulation distortion in an electronic device according to one 
aspect of the disclosure. 

FIG. 13 is a conceptual block diagram illustrating an 
example of an electronic device for reducing intermodulation 
distortion according to one aspect of the disclosure. 

DETAILED DESCRIPTION 

The detailed description set forth below is intended as a 
description of various configurations of the Subject technol 
ogy and is not intended to represent the only configurations in 
which the subject technology may be practiced. The 
appended drawings are incorporated herein and constitute a 
part of the detailed description. The detailed description 
includes specific details for the purpose of providing a thor 
ough understanding of the Subject technology. However, it 
will be apparent to those skilled in the art that the subject 
technology may be practiced without these specific details. In 
Some instances, well-known structures and components are 
shown in block diagram form in order to avoid obscuring the 
concepts of the Subject technology. 

FIG. 1 is a conceptual block diagram illustrating an 
example of a hardware configuration of an electronic device 
according to one aspect of the disclosure. An electronic 
device 100 includes a processing system 102, which is 
capable of communication with a receiver 106 and a trans 
mitter 108 through a bus 104 or other structures or devices. 
The receiver 106 may receive signals from an antenna 126, 
and the transmitter 108 may transmit signals using an antenna 
128. It should be understood that communication means other 
than buses can be utilized with the disclosed configurations. 
The processing system 102 can generate audio, video, multi 
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4 
media, and/or other types of data to be provided to the trans 
mitter 108 for communication. In addition, audio, video, mul 
timedia, and/or other types of data can be received at the 
receiver 106, and processed by the processing system 102. 

Software programs, which may be stored in the memory 
110 or the processing system 102, may be used by the pro 
cessing system 102 to control and manage access to the vari 
ous networks, as well as provide other communication and 
processing functions. Software programs may also provide an 
interface to the processing system 102 for various user inter 
face devices, such as a display 112 and a keypad 114. The 
processing system 102 may be implemented using software, 
hardware, or a combination of both. 

While FIG. 1 shows two separate antennas 126 and 128, an 
electronic device may employ one common antenna for both 
the receiver 106 and the transmitter 108, or may employ 
multiple antennas (e.g., each or one of the receiver 106 and 
the transmitter 108 may include more than one antenna). In 
another configuration, antennas 126 and 128 may be replaced 
by wire connections to other systems (e.g., optical fibers, 
cables). 
An electronic device may also include other components 

that are not shown in FIG. 1 (e.g., peripheral devices) or may 
include fewer components than what is shown in FIG.1. The 
receiver 106 and the transmitter 108 may be combined into a 
transceiver in another configuration. Some of the functions of 
the processing system 102 may be performed by one or more 
of the other blocks shown in FIG. 1, such as the receiver 106 
and the transmitter 108, and some of the functions of the 
receiver 106 and/or the transmitter 108 may be performed by 
one or more of the other blocks, such as the processing system 
102. The electronic device 100 is merely an example, and the 
Subject technology may be practiced in other types of devices. 
Furthermore, an electronic device such as the electronic 
device 100 can be utilized in a wireless or wired communi 
cations system or other types of systems or devices. 

FIG. 2 is a conceptual block diagram illustrating an 
example of a hardware configuration of a receiver according 
to one aspect of the disclosure. A receiver 106 may include a 
first amplifier circuit 210, which may be a low noise amplifier 
(LNA), a linearizer 205, a surface acoustic wave (SAW) filter 
220, a second amplifier circuit 230, and a mixer 240. The first 
amplifier circuit 210 may receive a signal, for example, from 
a device outside the electronic device 100 wirelessly using the 
antenna 126 in FIG. 1. The receiver 106 may include addi 
tional components or include fewer components than what is 
shown in FIG. 1. 
When the receiver 106 is used, for example, for high 

quality wireless communication systems, it is important to 
keep the intermodulation (IM) distortion low. This requires 
the first amplifier circuit (e.g., LNA) 210 in the receiver 106 to 
be very linear. In conventional LNA design, intermodulation 
spectrum can be severely asymmetrical. degrading the overall 
linearity of an LNA. One of the major causes is due to the 
intermodulation delta (beat) frequency interacting with har 
monics generated by amplifier nonlinear behavior. To over 
come this problem, a delta frequency signal injection method 
is described herein. 

Referring to FIG. 2, the linearizer 205 may be configured to 
reduce the IM distortion or to improve linearity of the first 
amplifier circuit 210. The linearizer 205 may have an input 
201 and an output 202. The first amplifier circuit 210 may 
have an input 211 and an output 212. The input 201 of the 
linearizer 205 may be coupled to the output 212 of the first 
amplifier circuit 210. In another configuration, the input 201 
of the linearizer 205 may be coupled to the input 211 of the 
first amplifiercircuit 210. The output 202 of the linearizer 205 
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may be coupled to an input of the first amplifier circuit 210 so 
that an output signal of the linearizer 205 may be fed back to 
the first amplifiercircuit 210. The SAW filter 220 may be used 
as a bandpass filter, and the amplifier 230 may amplify its 
input signal. The mixer 240 may downconvert the signal it 
receives using a receiver local oscillator (RXLO). 

It should be noted that an input oran output as described in 
this disclosure may refer to one or more inputs or outputs, and 
an input oran output may refer to one or more external nodes 
or one or more internal nodes of a device. For example, an 
input or an output of the first amplifier circuit 210 may refer 
to a node that is internal or external to the first amplifier circuit 
210. 

FIG. 3A is a conceptual block diagram illustrating an 
exemplary configuration of an electronic device configured to 
reduce intermodulation (IM) distortion according to one 
aspect of the disclosure. An electronic device 300 includes an 
amplifier circuit 310, such as an LNA, and a linearizer 305. It 
may further include an input matching network (IMN) 320, a 
tank circuit 330, and a degeneration inductor L. The IMN 
320 may be used to match the impedance of a main transistor 
M 310a of the amplifier circuit 310. The tank circuit 330 
may include a tank inductor Lto provide DC current to the 
amplifier circuit 310, and a tank capacitor C, whose reso 
nance with L. may help the amplifier circuit 310 to work in 
the desired frequencies. The degeneration inductor La may 
be used to improve linearity and input impedance matching. 

The amplifier circuit 310 may include the main transistor 
310a and a cascode transistor M 310b. The M. 

310a and the M 310b form a cascode amplifier configu 
ration. The cascode transistor M310b may be biased using 
a cascode voltage at the gate of the M 310b. In another 
configuration, an amplifier circuit 310 may include only one 
transistor—M 310a without a cascode transistor. 

The electronic device 300 (or more specifically, the ampli 
fiercircuit 310 or the M310a) may receive an input signal 
having two frequencies—(D1 and (02 (see, e.g., FIG.3B). This 
can be represented as a circuit 390 for convenience. These two 
frequencies may be referred to as two radio frequency (RF) 
tones. The input signal may be received, for example, from an 
antenna (such as the antenna 126 in FIG. 1). The amplifier 
circuit 310 (or the M 310a) can receive an input signal at 
V, 311, amplify the signal, and generate an output signal at 
V, 312. The output signal of the amplifier circuit 310 may 
comprise, among others, a delta frequency, which is the dif 
ference between the two frequencies, CD1 and (02. An exem 
plary delta frequency, Act), is shown in FIG.3B. A signal at the 
delta frequency is sometimes referred to as a delta frequency 
signal. The amplifier circuit 310 is coupled to the linearizer 
305. A signal may include one or more signals, and thus an 
input signal may include one or more input signals, and an 
output signal may include one or more output signals. 
The linearizer 305 may include a signal detector circuit 

340, an amplitude adjuster 350, a low pass filter (LPF)360, a 
bias circuit 370 (including, for example, I, as shown, or 
V), and a phase shifter 380. The signal detector circuit 340 
may be coupled to the amplifier circuit 310 (or the M. 
310b) and have an input and an output. The signal detector 
circuit 340 may include one or more transistors. The signal 
detector circuit 340 may be configured to receive an input 
signal from the amplifier circuit 310 and generate an output 
signal. The output signal of the signal detector circuit 340 
may be smaller than the output signal of the amplifier circuit 
310 in amplitude. The output signal of the signal detector 
circuit 340 may comprise, among others, the delta frequency. 
The signal detector circuit 340 may be configured to detect 
the current signal or the Voltage signal of the amplifier circuit 
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6 
310, and the current flowing through the signal detector cir 
cuit 340 is typically much less than the current flowing 
through the amplifier circuit 310. Thus, in one aspect, the 
signal detector circuit 340 is configured to sample the signal 
of the amplifier circuit 310. 
The amplitude adjuster 350 may include a current-mirror 

circuit coupled to the signal detector circuit 340. The current 
mirror circuit may be configured to adjust the amplitude of an 
input signal of the current-mirror circuit. The current-mirror 
circuit may be tunable (e.g., be able to selectively adjust the 
amplitude of a signal by a selected amount-either by increas 
ing it or by decreasing it). Thus, the output signal of the 
current-mirror circuit is amplitude adjusted. In other words, 
an output signal of the current-mirror circuit may be the same 
as the input signal of the current-mirror circuit, except that the 
amplitude of the output signal is different from the amplitude 
of the input signal. The amplitude of the output signal may be 
greater or less than the amplitude of its input signal. The 
current-mirror circuit may be coupled to the LPF 360. 
The LPF 360 may be configured to filter out the high 

frequencies. For example, the LPF 360 may eliminate the 
high frequency portion of the output signal of the signal 
detector circuit 340. High frequencies may be frequencies 
that are greater than a predetermined frequency (e.g., greater 
than the delta frequency). The LPF 360 may allow the signal 
at Zero frequency (DC signal) and at the delta frequency to 
pass. An output signal of the LPF 360 may thus include the 
delta frequency signal. 
The bias circuit 370 can be configured to provide the suf 

ficient bias current or bias voltage so that the output 302 of the 
linearizer 305 is at the same DC voltage level as the input (V, 
311) of the amplifier circuit 310. An output signal of the bias 
circuit 370 may include the delta frequency signal. 
The phase shifter 380 includes an input and an output. The 

phase shifter 380 may be configured to adjust the phase of a 
signal received by the phase shifter 380 (including the delta 
frequency signal). In one configuration, the phase shifter 380 
may be tunable (e.g., be able to selectively adjust the phase of 
its input signal by a selected amount—either by increasing it 
or by decreasing it). In another configuration, the phase 
shifter 380 adjusts the phase of its input signal by 180°. In yet 
another configuration, the phase shifter 380 adjusts the phase 
of its input signal by an amountless than 180°. In yet another 
configuration, the phase shifter 380 can adjust the phase of its 
input signal by any amount. In yet another configuration, the 
phase shifter 380 can adjust the phase of its input signal by 
any amount, and the amount does not need to be 180°. An 
output signal of the linearizer 305 does not need to be 180° out 
of phase of the delta frequency signal generated by the ampli 
fier circuit 310. A phase shifter can be implemented using 
techniques known to those skilled in the art. 
An output signal of the phase shifter 380 may include a 

delta frequency signal but with its phase adjusted. Thus, the 
output signal of the phase shifter 380 may be the same as the 
input signal of the phase shifter 380, except that the phase of 
the output signal may be different from the phase of the input 
signal. The phase of the output signal may be greater or less 
than the phase of its input signal. 
The output 302 may be coupled to the input of the amplifier 

circuit 310 so that the output signal of the linearizer 305 (a 
feedback signal from the phase shifter 380) can be provided to 
the input of the amplifiercircuit 310. The feedback signal may 
correspond to the delta frequency signal generated by the 
amplifier circuit 310 but the amplitude and/or phase of the 
feedback signal may be different from the amplitude and/or 
phase of the delta frequency signal generated by the amplifier 
circuit 310. The amplitude may be adjusted by the current 
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mirror circuit in the amplifier adjuster 350, and the phase may 
be adjusted by the phase shifter 380. 
A current flowing through the linearizer 305 (e.g., the 

current flowing into the phase shifter 380, I.308) may 
be much less than the current flowing through the amplifier 
circuit 310 (1.318). For example, In, 308 may be 
20 to 30 times less than 1318. An output signal of the 
linearizer 305 at output 302 may comprise a DC bias voltage 
signal (V) as well as an AC Voltage signal at the delta 
frequency (VA). The DC bias Voltage signal is at the same 
DC voltage level as that at the input (V,311) of the amplifier 
circuit 310. 

FIG. 4 is a conceptual block diagram illustrating another 
exemplary configuration of an electronic device according to 
one aspect of the disclosure. Circuits that have functions 
similar to those shown in FIG. 3A have similar reference 
numerals in that circuits with reference numerals 4xx in FIG. 
4 may correspond to circuits with reference numerals 3xx in 
FIG. 3A. For example, circuits 410, 420, 430, 405, 440, 450, 
460, 470, and 408 in FIG. 4 may correspond to circuits 310, 
320, 330, 305, 340, 350, 360, 370, and 308 in FIG. 3A. 
Furthermore, circuits 410a and 410b, currents 418 and 408, 
V, 411, V, 412, and output 402 in FIG.4 may correspond to 
circuits 310a and 310b, currents 318 and 308, V, 311, V 
312, and output 302 in FIG.3A. 
An electronic device 400 in FIG. 4 may include an ampli 

fiercircuit 410 and a linearizer 405. The electronic device 400 
utilizes a single-ended, current-mode implementation. The 
linearizer 405 may include a signal detector circuit 440, an 
amplitude adjuster 450, a low pass filter (LPF) 460, a bias 
circuit 470, a phase shifter 480, and an LPF2 465. 
The amplifier circuit 410 may include a main transistor 

M 410a and a cascode transistor M 410b. Each of 
M 410a and M 410b has a gate, a source, and a drain. 
The signal detector circuit 440 has a transistor M/N. 
which has a gate, a source and a drain. The amplitude adjuster 
450 is a current-mirror circuit having a transistor Ma and a 
transistor Mb. Each of Ma and Mbhas a gate, a source and a 
drain. The LPF 460 has a resistor and a capacitor. 
The gate of M 410a is configured to receive an input 

signal. The source of M 410a is coupled to a ground, and 
the drain of M 410a is coupled to the source of M 
410b. The gate of M 
(V) and to the gate of M/N. The Source of M 
is coupled to the source of M/N. The drain of M 410b 
is coupled to an output (V, 412) of the amplifier circuit 410. 
The drain of Ma is coupled to the drain of M/N, to the 

gate of Ma and to a first side of the resistor of the LPF 460. The 
Source of Ma is coupled to a Supply Voltage (V). The gate of 
Mb is coupled to a second side of the resistor of the LPF 460. 
The source of Mb is coupled to the Supply Voltage (V), and 
the drain of Mb is coupled to the bias circuit 470. The bias 
circuit 470 is coupled to the phase shifter 480 and is config 
ured to Supply a bias current (I) to the phase shifter 480. 

The signal detector circuit 440 may detect the current sig 
nal flowing through the amplifier circuit 410 (or the current 
flowing through M. 410b) using M/N, which is an 
n-channel MOSFET (NMOS). In one configuration, M. 
410b and M/N are identical, except that the size of 
M/N is Ntimes less than the size of M410b so that the 
current flowing through M/N is N times less than the 
current flowing through M. 410b. In one configuration, N 
may be between 10 and 100, between 20 and 100, or between 
20 and 30 (e.g., 20). These are merely exemplary configura 
tions, and the Subject technology may utilize other configu 
rations. 
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In the signal detector circuit 440, each of the gate and the 

source of M/N may be viewed as an input of the signal 
detector circuit 440, and the drain of M/N may be viewed 
as an output of the signal detector circuit 440. Each of the 
gate, the drain, and the source of M 410b may be viewed 
as an output of the amplifier circuit 410. The gate of M, 
410a may be viewed as an input of the amplifier circuit 410. 
and each of the drain and the source of M 410a may be 
viewed as an output of the amplifier circuit 410. A node may 
be sometimes viewed as an input as well as an output of a 
device. For example, a node 413 may be viewed as an input as 
well as an output of the amplifier circuit 410. A node may be 
Sometimes viewed as an internal node as well as an external 
node of a device. For example, a node 414 may be viewed as 
an internal node as well as an external node of the amplifier 
circuit 410. Accordingly, in one aspect of the disclosure, a 
node may be viewed as an input, an output, or both an input 
and an output of a device, and it may be viewed as an internal 
node, an external node, or both an internal node and an exter 
nal node of a device. 

In the amplitude adjuster 450, Ma and Mb may be two 
identical p-channel MOSFETs (PMOSs), except for their 
sizes. The current (including the AC and DC current) flowing 
through Ma can be mirrored to Mb, except that depending on 
the sizes of Ma and Mb, the current can be either increased or 
decreased in amplitude (or magnitude). For example, if the 
size of Mb is M times that of Ma, then the current (including 
the AC and DC current) flowing through Mb may be M times 
the current (including the AC and DC current) flowing 
through Ma. In one example, M may be between 1 and 20 
(e.g., 10, 15, 20). For instance, if M is 10, then the current 
flowing through Mb may be 10 times the current flowing 
through Ma. In one aspect of the disclosure, the values N and 
M may be selected such that the selection does not degrade 
the gain or performance of the amplifiercircuit 410. If N is too 
Small (e.g., 100), the signal sampled by the signal detector 
circuit 440 may be too weak. 
The LPF 460 may filter out the high frequencies. An input 

of the LPF 460 may be coupled to the gate of Ma, and an 
output of the LPF 460 may be coupled to the gate of Mb. 
The bias circuit 470 may include the current bias circuit 

I, and a transistor M. It is coupled to the drain of Mb 
and the drain of M. The gate of M is connected to its 
drain. The gate of M is also connected to an input of the 
phase shifter 480. The source of M is coupled to the 
ground. An output of the phase shifter 480 is connected to the 
LPF2 465, which can improve the noise figure. The output 
402 of the linearizer 405 is coupled to the input of the ampli 
fier circuit 410 to feedback the output signal of the linearizer 
405 (a feedback signal from the phase shifter 480) to the 
amplifier circuit 410. The current bias circuit I may pro 
vide the appropriate reference bias current to M. So that a 
bias Voltage (V), which is the same, or Substantially the 
same, as the input bias Voltage of the amplifier circuit (V, 
411), can be generated at the output 402. In one example, 
V may be about 0.6 to 0.7 V for a 0.25 um process or 0.4 
to 0.5 V for a 65 nm process. These are merely some 
examples, and the Subject technology is not limited to these 
examples. 
When the amplifier circuit 410 receives an input signal 

having two frequencies—(D1 and (02, the amplifier circuit 410 
can generate an output signal that includes a delta frequency 
signal, as described above. The linearizer 405 coupled to the 
amplifier circuit 410 can generate an output signal that 
includes a signal that is the same, or Substantially the same, as 
the delta frequency signal generated by the amplifier circuit 
410, except that the amplitude and/or the phase of the signal 
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outputted by the linearizer 405 may be different from the 
amplitude and/or the phase of the delta frequency signal 
generated by the amplifiercircuit 410, and the output signal of 
the linearizer 405 may be biased appropriately so that the DC 
voltage level of the output signal of the linearizer 405 at 
output 402 is at the DC voltage level of the input (V, 411) of 
the amplifier circuit 410. The linearizer 405 can thus provide 
its output signal to the input (V, 411) of the amplifier circuit 
410, and this can reduce the intermodulation (IM) distortion 
in the amplifier circuit 410. 

According to one scenario of a two-tone test, two radio 
frequency (RF) input signals can be applied at the gate of the 
amplifier M410a of the amplifier circuit 410 (i.e., a com 
mon-source (CS) stage) in the signal path. Due to nonlinear 
behavior of the amplifier circuit (e.g., amplifier M 410a). 
intermodulation tones (such as 2001-002, 2002-(D1, and 
(02-(D1) can be generated at the drain of M410a. With the 
signal detector circuit 440, all intermodulation tones can be 
duplicated in ratio. The amplitude of the duplicate signal can 
be controlled by the transistor size ratio between M 410b 
in the signal path and M/N in the signal detector circuit 
440. The amplitude adjuster 450 may adjust the amplitude of 
the duplicate signal. By applying the duplicate signal through 
the LPF 460, only the delta frequency (c)2-()1) signal (or the 
delta frequency signal plus other signals that have frequencies 
lower than the delta frequency such as the DC signal) is 
passed. The phase of the delta frequency signal can be 
adjusted or controlled by the phase shifter 480. The delta 
frequency signal can then be injected into the gate of the CS 
stage 410a. By adjusting or controlling the phase and ampli 
tude of the delta frequency signal, the amplifier linearity can 
be improved greatly. 

It should be noted that the various blocks and circuits 
shown in FIGS. 3A and 4 may be arranged in different ways. 
For example, the LPF 360, 460 may be placed before the 
amplitude adjuster 350, 450, after the amplitude adjuster 350, 
450, or within the amplitude adjuster 350, 450. The bias 
circuit 370, 470 may be placed before the phase shifter 380, 
480 or after the phase shifter 380,480. As will be shown later, 
a bias circuit may be placed adjacent to a signal detector 
circuit. Thus, a given circuit (340,350,360,370, or 380) may 
be placed before, after, or within another circuit (340, 350, 
360,370, or 380) in whole or in part. The order of the circuits 
340, 350,360, 370, and 380 may be reversed or changed in 
whole or in part. The subject technology may utilize the 
various circuits shown in FIGS. 3A-7 and connect them in 
different ways. 

FIG. 5 is a conceptual block diagram illustrating another 
exemplary configuration of an electronic device utilizing a 
differential current-mode implementation according to one 
aspect of the disclosure. Circuits that havefunctions similar to 
those shown in FIG. 4 have similar reference numerals in that 
circuits with reference numerals 5xx in FIG. 5 may corre 
spond to circuits with reference numerals 4xx in FIG. 4 or 3xx 
in FIG. 3A. Reference numerals 5xxpand 5xxm together may 
correspond to circuits with reference numerals 4xx in FIG. 4 
or 3xx in FIG. 3A. The notations p and m indicate a differen 
tial mode. For example, circuits 510,520,530,505,540,550, 
560, 570, and 508 in FIG.5 may correspond to circuits 410, 
420, 430, 405, 440, 450, 460, 470, and 408 in FIG. 4 or 
circuits 310,320, 330, 305,340, 350, 360, 370, and 308 in 
FIG. 3A. Furthermore, a pair of V, 511p and V, 511m, a 
pair of V, 512p and V, 512m, and a pair of outputs 502p 
and 502m in FIG. 5 may be considered to correspond to V, 
411, V. 412, and output 402 in FIG.4, or V, 311, V, 312, 
and output 302 in FIG. 3A. 
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10 
In FIG. 5, an electronic device 500 includes components 

similar to those shown in FIG. 4 and operates in a similar 
manner, except that the electronic device 500 utilizes a dif 
ferential current-mode implementation. For example, a dif 
ferential amplifier circuit includes two amplifier blocks 510p 
and 510m. An IMN also includes two blocks 520p and 520m. 
A tank circuit includes two blocks 530p and 530m. A linear 
izer 505 in FIG.5 may be similar to the linearizer 405 in FIG. 
4. While the circuit blocks shown in FIGS. 4 and 5 may be 
similar, the actual transistors utilized (e.g., device size, oxide 
thickness, the number of transistors utilized, the transistor 
connections, and the circuit layout) may be different, and 
FIG. 4 is for a single-ended mode, and FIG. 5 is for a differ 
ential mode. Outputs 502p and 502m of the linearizer 505 in 
FIG.5 may be coupled to the differential inputs of the ampli 
fier circuit 510p and 510m (i.e., V, 511p and V, 511m), 
respectively. An input of the linearizer 505 in FIG.5 may be 
coupled to one of the blocks (e.g., 510p) of the amplifier 
circuit 510p and 510m. 
The electronic device 500 may include an amplifier circuit 

510p and 510m and a linearizer 505. The linearizer 505 may 
include a signal detector circuit 540, an amplitude adjuster 
550, a low pass filer (LPF) 560, a bias circuit 570, a phase 
shifter 580, an LPF2p 565p, and an LPF2m 565m. 
The amplifier circuit 510p and 510m may include a tran 

sistor M., 510ap, a cascode transistor M 510 bp, a tran 
sistor M., 510am, and a cascode transistor M 510bn. 
Each of M 510ap, M 510am, M510bp and M. 
510bn has a gate, a source and a drain. The signal detector 
circuit 540 may include a transistor M/N, which has a 
gate, a source and a drain. The amplitude adjuster 550 is a 
current-mirror circuit having a transistor Ma and a transistor 
Mb. Each of Ma and Mbhas a gate, a source and a drain. The 
LPF 560 has a resistor and a capacitor. 
The gate of M 510ap is configured to receive an input 

signal. The source of M 510ap is coupled to the ground, 
and the drain of M,510ap is coupled to the source of M 
510 bp. The gate of M 510bp is coupled to a bias voltage 
(V) and to the gate of M/N. The source of M510bp 
is coupled to the source of M/N. The drain of M510bp 
is coupled to an output (V, 512p) of the amplifier circuit 
block 510p. 
The gate of M 510am is configured to receive an input 

signal that is 180° out of phase of the input signal supplied to 
the gate of M 510ap. The source of M 510am is 
coupled to the ground, and the drain of M 510am is 
coupled to the source of M 510bm. The gate of M 
510bn is coupled to a bias voltage (V). The drain of M 
501bn is coupled to an output (V, 512m) of the amplifier 
circuit block 510m. 
The drain of Ma is coupled to the drain of M/N, to the 

gate of Maand to a first side of the resistor of the LPF 560. The 
Source of Ma is coupled to a Supply Voltage (V). The gate of 
Mb is coupled to a second side of the resistor of the LPF 560. 
The source of Mb is coupled to the Supply Voltage (V), and 
the drain of Mb is coupled to the bias circuit 570. The bias 
circuit 570 is coupled to the phase shifter 580 and is config 
ured to supply a bias current (I) to the phase shifter 580. 
The output signal (a feedback signal) of the phase shifter 580 
can be provided to the differential inputs (V, 511p and V. 
511 m) of the amplifier circuit 510p and 510m via the LPF2p 
565p and the LPF2m 565m, respectively. 

FIG. 6 is a conceptual block diagram illustrating an exem 
plary configuration of a linearizer utilizing a Voltage-mode 
implementation according to one aspect of the disclosure. 
FIG. 7 is a conceptual block diagram illustrating an exem 
plary configuration of an amplifier circuit utilizing a differ 
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ential mode according to one aspect of the disclosure. A 
linearizer 600 in FIG. 6 may be used in conjunction with an 
amplifier circuit 700 in FIG. 7. Circuits in FIGS. 6 and 7 that 
have functions similar to those shown in FIG. 5 or FIG. 3A 
have similar reference numerals in that circuits with reference 
numerals 6xx in FIGS. 6 and 7xx in FIG.7 may correspond to 
circuits with reference numerals 5xx in FIG. 5 or 3xx in FIG. 
3A. Reference numerals 6xxpand 6xx'm together as shown in 
FIGS. 6 and 7xxpand 7xxm together as shown in FIG.7 may 
correspond to circuits with reference numerals 5xxpand5xxm 
in FIG. 5 or 3xx in FIG. 3A. The notations p and m indicate a 
differential mode. 

For example, circuits 640, 650, 660, 670, and 608 in FIG. 
6 may correspond to circuits 540, 550, 560, 570, and 508 in 
FIG. 5 or circuits 340, 350, 360, 370, and 308 in FIG. 3A. 
Circuits 710p/710m, 720p/720m, 730p/730m in FIG.7 may 
correspond to circuits 510p/510m, 520p/520m,530p/530m in 
FIG. 5 or circuits 310,320 and 330 in FIG. 3A. Furthermore, 
outputs 602p and 6.02m in FIG. 6 may be considered to 
correspond to outputs 502p and 502m in FIG. 5, respectively, 
or output 302 in FIG.3A. A pair of V, 711p and V, 711m 
and a pair of V. 712p and V. f 712m in FIG. 7 may 
correspond to a pair of V, 511p and V, 511m and a pair of 
V 512p and V 512m in FIG.5, or V, 311 and V,312 
in FIG. 3A. 

Referring to FIG. 7, an amplifier circuit 710p and 710m 
may include a transistor M 710ap, a cascode transistor 
M 710 bp, a transistor M 710am, and a casecode tran 
sistor M 710bn. Each of M 710ap, M 710am, 
M710 bp and M 710bn has a gate, a source and a drain. 
The gate of M 710ap is configured to received an input 

signal. The source of M 710ap is coupled to the ground, 
and the drain of M710ap is coupled to the source of M 
710bp. The gate of M 710 bp is coupled to a bias voltage 
(V). The drain of M710bp is coupled to an output (V 
712p) of the amplifier circuit block 710p. 
The gate of M 710am is configured to receive an input 

signal that is 180° out of phase of the input signal supplied to 
the gate of M 710ap. The source of M 710am is 
coupled to the ground, and the drain of M 710am is 
coupled to the source of M 710bn. The gate of M 
710bm is coupled to the bias voltage (V). The drain of 
M 710bm is coupled to an output (V, 712m) of the 
amplifier circuit block 710m. 
Now referring to FIG. 6, a linearizer 600 may include a 

signal detector circuit 640, an amplitude adjuster 650, an LPF 
660, a bias circuit 670, a phase shifter 680, an LPF2p 665p 
and an LPF2m 665m. The signal detector circuit 640 may 
include a differential pair of transistors such as n-channel 
MOSFETs M, and M, each of which has a gate, a source and 
a drain. The amplitude adjuster 650 may be a current-mirror 
circuit having a transistor Ma and a transistor Mb. Each of Ma 
and Mb has a gate, a source and a drain. The LPF 660 has a 
resistor and a capacitor. 
The gate of M is coupled to a node V, via an AC coupling 

capacitance C. The gate of M, is coupled to a node V, via 
another AC coupling capacitance C. The gate of M, and the 
gate of Mare coupled to the bias circuit 670 via its respective 
resistor (R). The source of M, and the source of M, are 
coupled to the ground. The drain of M is coupled to the drain 
of M. Each R at node 641p and at node 641m is config 
ured to provide the appropriate bias Voltage at nodes 641p and 
641m. 

Nodes V, and V, in FIG.6 may be coupled to V. 711p and 
V, 711 m, respectively, or coupled to V, 712p and V. 
712m, respectively, in FIG. 7. In other words, the gate of M 
and the gate of M, may be coupled to the gate of M 710ap 
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and the gate of M,710am, respectively, or coupled to V, 
712p and V712m, respectively. Thus, the first and second 
inputs of the linearizer 600 may be coupled to the first and 
second inputs of the amplifier circuit 700, respectively, or 
coupled to the first and second outputs of the amplifier circuit 
700, respectively. 

Referring to FIGS. 6 and 7, if the gate of M, and the gate of 
M, are coupled to the gate of M 710ap and the gate of 
M 710am, respectively, then the bias circuit 670 may 
provide a bias current or a bias Voltage to the gate of M, and 
the gate of M, so that the gate of M is at the DC voltage level 
of the gate of M 710ap, and the gate of M, is at the DC 
voltage level of the gate of M, 710am. If the gate of M, and 
the gate of M, are coupled to V, 712p and V, 712m, 
respectively, then the bias circuit 670 may provide a bias 
current or a bias voltage to the gate of M and the gate of M, 
so that the gate of M is at the DC voltage level of the gate of 
M 710ap, and the gate of M, is at the DC voltage level of 
the gate of M 710am. 
The drain of Ma is coupled to the drain of M, to the drain 

of M, to the gate of Ma and to a first side of the resistor of the 
LPF 660. The source of Ma is coupled to the supply voltage 
(V). The gate of Mb is coupled to a second side of the 
resistor of the LPF 660. The source of Mb is coupled to the 
Supply Voltage (V), and the drain of Mb is coupled to the 
bias circuit 670. The bias circuit 670 is coupled to the phase 
shifter 680 and is configured to Supply a bias current (I) to 
the phase shifter 680 and to the signal detector circuit 640. 
The output signal (a feedback signal) of the phase shifter 680 
can be provided to the differential inputs (V. 711p and V., 
711 m) of the amplifier circuit 710p and 710m via the LPF2p 
665p and the LPF2m 665m, respectively. 

In operation, the input of the signal detector circuit 640 in 
FIG. 6 (or particularly, the gate of M, and the gate of M) can 
detect and receive the AC voltage signal of the amplifier 
circuit 700 in FIG. 7 (either the AC input voltage signal at V, 
711p and V, 711m or the AC output voltage signal at V. 
712p and V, 712m). The signal detector circuit 640 in FIG. 
6 can eliminate the odd order harmonics (or odd order fre 
quencies) and pass the even order harmonics (or even order 
frequencies) in the AC Voltage signal received from the 
amplifier circuit 700. In this example, this can be accom 
plished by having a common drain in the signal detector 
circuit 640 (e.g., the drain of M is connected to the drain of 
M.). 
An output signal of the signal detector circuit 640 may be 

amplitude adjusted, phase adjusted, and filtered in a manner 
similar to that described with reference to FIGS. 3A, 4 and 5 
above. The current-mirror circuit 650 may increase or 
decrease the amplitude of the output signal of the signal 
detector circuit 640 or the signal from the amplifier circuit 
700. The LPF 660 may eliminate the high frequencies in the 
signal (e.g., frequencies greater than the delta frequency). The 
bias circuit 670 may provide the appropriate DC bias current 
so that the DC output signals at the outputs 602p and 602m 
may be the same, or Substantially the same, as the DC input 
voltage at the inputs V, 711p and V, 711m of the amplifier 
circuit 700, respectively. The phase shifter 680 may adjust the 
phase of its input signal and produce its output signal, which 
contains a signal that corresponds to the delta frequency 
signal generated by the amplifiercircuit 700 with possibly the 
amplitude and/or the phase adjusted. The current 608 flowing 
into the phase shifter 680 in FIG.6 may be much less (e.g., 20 
to 30 times less) than the current flowing through the ampli 
fier circuit 710p and 710m in FIG. 7. 

In FIG. 7, the cascode transistor M 710 bp and M. 
710bm may be eliminated according to one configuration of 
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the disclosure. In that exemplary configuration, an amplifier 
circuit 710p/710m may include the main transistors M 
710ap and M 710am but does not include the cascode 
transistor M 710bp or M 710bn. 

FIG. 8 is a conceptual block diagram illustrating an exem 
plary configuration of a phase shifter according to one aspect 
of the disclosure. A phase shifter 800 in FIG.8 may include a 
mixer 810 coupled to a shifter 820, which may be a poly phase 
shifter. The shifter 820 may have two outputs (a 0° output and 
a 90° output), which may be coupled to their corresponding 
mixers 830a and 830b. The mixers 830a and 830b may be 
coupled to their corresponding low pass filters (LPFs) 840a 
and 840b. The outputs of the LPFs 84.0a and 840b may be 
coupled to, and combined by, an adder 850. The phase shifter 
800 thus provides dual parallel signal paths (e.g., a first path 
including the first output of the shifter 820, the mixer 830a, 
the LPF 840a, and the first input of the adder 850, and a 
second parallel path including the second output of the shifter 
820, the mixer 830b, the LPF 840b, and the second input of 
the adder 850). 

The phase shifter 800 (e.g., the mixer 810) may receive an 
input signal V-cos(Acot+0), and the phase shifter 800 (e.g., 
the adder 850) may produce an output signal Vikicos 
(Acot+0+(p). The term k may represent a gain of the phase 
shifter 800, and the term p may represent an output phase shift 
compared to the input of the phase shifter 800. According to 
one aspect, no special requirement is imposed on (), except 
that () is generally much larger than Act) (e.g., 20 times). 

The terms A, B, B, C, C, and V, shown in FIG.8 may 
be expressed as follows: 
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A = cos(Acot + 6)cos(cot) 

B = cos(AGot + 6)cos(Cot) = 0.5 (cos(AGot + 6 - Cot) + cos(AGot + 6+ (ot)) 

B = 0.5(cos(AGot + 0-cot - it f2) + cos(Acot + 0 + cot - it f2)) = 
0.5(sin(AGot + 6- Got) + sin(AGot + 8 + (ot)) 

C = 0.5cos(AGot + 6){ignoring high frequency term 

C = 0.5(sin(Acot + 0- (ot) + sin(Acot + 0 + (ot))cos(cot) 
= 0.25(sin(AGot + 6 - 2cot) + sin(AGot + 8) -- sin(AGot + 8) + sin(AGot + 8 + 

2cot) 
= 0.5 sin(AGot + 6){ignoring high frequency term 

W = cos(Acot + 6)k cos(d) - sin(Acot + 6)k sin(d) 
= k cos(AGot + 8 + (j) 

The phase shifter 800 utilizes a dual-conversion method in 
which the phase shift is constant with respect to frequency. 
The phase shift can be any amount between 0° and 360°. The 
phase shifter 800 is advantageous over a filter based phase 
shifter. For modulated signals, a filter based phase shift is 
nonlinear over frequency and thus is not desirable for distor 
tion compensation. The phase shifter 800 shown in FIG. 8 
may be implemented in any of FIGS. 3A, 4, 5, and 6. 

FIG. 9 is a conceptual block diagram illustrating an 
example of a nonlinear amplifier model. Assuming a two-tone 
sinusoidal input at frequencies () and (), a delta frequency 
signal can be expressed as 

i(t)=I, cos (CO2-01)t+0. (1) 

where I and 0 denote the amplitude and the phase of the 
delta frequency signal, respectively. A delta frequency signal 
is sometimes referred to as an envelop signal. For intermodu 
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lation calculations, this is modeled as an additional Small 
signal envelope signal Voltage along with the two-tone RF 
input signals. 

Volterra analysis described below is used to capture the 
frequency dependent nonlinearities, which is caused by cir 
cuit memory effects. The equivalent nonlinear circuit is 
shown in FIG. 9, where Z, Zs, and Z, denote the input, 
Source, and load impedances, respectively. In this model, 
capacitance C and trans-conductance g, are assumed to be 
the only nonlinear elements. 
The nonlinear model is based on the nonlinear current 

Volterra analysis. The fundamental signals are found by set 
ting the nonlinear current sources to Zero, while higher-order 
distortion Voltages are evaluated by setting the signal Source 
tO Zero. 

The i-V relationship of C can be given by 

(2) 
: (Cgs"gs -- K2cy, -- K3cv.) 

where K and K- are the 2"- and 3'-order nonlinear 
capacitance coefficients, and v is the gate-source Voltage. 
Similarly, the nonlinear collector current is given by 

where K2, and Ks are the 2"- and 3'-order nonlinear 
transconductance coefficients. These coefficients are 
extracted from simulations of the n-channel MOSFET 
(NMOS) transistor biased in the actual operating conditions. 
The nonlinear current sources ico, and ivo denote the 
N"-order nonlinear capacitance and transconductance cur 
rents at frequency (), which are calculated based on the non 
linear current method. 

There are three input tones at the gate of the transistor, in 
which two input frequencies are at co, and (), and the third 
(envelope) signal input is at () ?o-c). The resulting dis 
tortion can be derived using a method of nonlinear currents. 
From FIG. 9, by ignoring the nonlinear current sources, the 
fundamental drain and gate-source Voltages (at ()) can be 
given by: 

- 1, (4) Vd (co) = -gn + joCgd (1 if (oCgs CdZs)ZL vi (co) 

1 + joCgdZL (5) 
Vgs (co) = D(co) Vi (co) 

where D(c)) is given as: 

The 2"-order gate-source Voltage at frequency () is found 
to be 

For double frequency terms (such as 2(a)), the nonlinear 
currents can be given by 
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(8) K2 1. gin 2 

12 gm2 = V(co) 
1. . . . . .2 i2C2 = K2Cicoy (co) 

Similarly, for difference frequency terms (such as ()-()), 
the nonlinear currents can be given by 

2.g., K2g.V.g. (-0) vs. (a) 

(9) 

The 3'-order drain voltages can be written as: 

is sm. 

The third-order intermodulation distortion (IMD) cur 
rents can be given by: 

3K3gn 11 (5) + (6) (11) is.gm.2- = K2gn (CD + 2 + 3 + 3 + 

j(2coa -ob){K2c (D + (2) + (3) + (3) + (5) + (6) } 

where CD-G6) denote all possible combinations of the lower 
order (fundamental and 2" order) terms that contribute to the 
IMD, products. Specifically, for IMD, at 2a)-(), these six 
terms are: 

(12) (D = vgs (201) vgs (-CO2) (2) = vgs (co2) vgs (-203) 

(3) = vgs (col) vgs (co - (02) (4 = Vgs (col) vgs (-(U3) 

(S) = vgs (-(02)vi,(col) (6 = vgs (co2)vi, (-co3) 

By the same token, the corresponding products for the 
IMD at 2a)-() are 

(13) 1 = vgs (-(e)ygs (202) (2) = vgs (col) vgs (203) 

3 = vgs (co2) vgs (co2 - (ol) 4) = vgs (co2)vgs (Cu3) 

(5) = vs. (-coi)vi,(co2) (6 = vgs (co),(co3) 

Finally, the 3'-order intermodulation ratio (IMR) can be 
determined by the ratio between the fundamental and the 
third-order v given by (4) and (10). 

Notice that the products denoted by (DG)(5) are the con 
ventional IMD components, as they are envelope signal (CD) 
independent. Among the remaining envelope-dependent 
terms, only (4) is of interest as the other two SS involve 
“squaring the already Small envelope input, and can be 
safely ignored. 

Since the envelope-dependent mixing products (4) and 4 
will typically have different phase relationships with the con 
ventional distortion components, their Summation can result 
in unequal IMD amplitudes at 2C)-() and 20)-(). This 
scenario is graphically demonstrated in FIG. 10A, where the 
nonlinear current components are represented by vectors to 
highlight their interactions. In this example, the angle 
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between vectors 4 and XI 135 is greater than that 
between (4) and st'.5 (i.e., 0>0). As a result, their 
resultant vectors exhibit different magnitudes. So, the IMD 
at 2C)-() will be lower than that at 2a)-(). It shows that 
asymmetric spectral regrowth is possible although the indi 
vidual distortion components are equal in magnitude at both 
frequencies. 
The vector diagram also points to the fact that if the 

injected envelope signal is too strong, vectors (4) and 4 will 
dominate the final IMD resultant vector, which is highly 
undesirable. 
The above theoretical analysis also leads to a linearization 

method for amplifiers by controlling the injected delta fre 
quency signal (). As shown in FIG. 10B, a phase shift (with 
respect to the input RF signals) is introduced to the envelope 
signal when it is injected back to an amplifier circuit (e.g.,310 
in FIG. 3A, 410 in FIG. 4, 510p/510m in FIG. 5, or 710p/ 
710m in FIG. 7). Then vectors S. and 4 rotate in opposite 
direction by the same angle 0,... As a result, both envelope 
dependent nonlinear current vectors move to align them 
selves opposite to the fixed IMD components (the vectors of 
XICDG)(5) and XI 1135). The resultant IMD, vectors at 
both 2co-co and 2CD-co frequencies are substantially 
reduced simultaneously. 

Since the envelope detector (e.g., 340 in FIG. 3A, 440 in 
FIG. 4, 540 in FIG. 5, and 640 in FIG. 6) and phase shifter 
circuits (e.g., 380 in FIG.3A,480 in FIG.4,580 in FIG.5, and 
680 in FIG. 6) are very low-power and low-cost, there is not 
much extra penalty for this linearization technique in wireless 
applications. 

FIG. 11A illustrates an exemplary spectra simulation 
results according to one aspect of the disclosure. FIG. 11B 
illustrates an exemplary spectra calculation results according 
to one aspect of the disclosure. Both the simulation and cal 
culation results show a significant reduction in intermodula 
tion distortion. In FIG. 11A, a line 1110 illustrates an upper 
IMD without using a method described herein. A line 1120 
illustrates a lower IMD without using a method described 
herein. A curve 1130 illustrates an upper IMD with a correc 
tion made using a method described herein. A curve 1140 
illustrates a lower IMD with a correction made using a 
method described herein. The angle 0, (or the phase of the 
envelop signal) can be selected so that both the upper IMR 
and the lower IMR are good. The angle 0, can be an intercept 
point of the two curves 1130 and 1140. If there are two 
intercept points (e.g., 1160 and 1170 as shown in this 
example), then the lowest intercept point may be selected 
(e.g., intercept point 1160 in this example). In this example, 
the intercept point 1160 is at about 140-150. Thus, the angle 
0, (the phase of the envelop signal) is about 140-150° in this 
example. These are merely examples, and the Subject tech 
nology is not limited to these examples. 

According to one aspect of the disclosure, this method has, 
among others, the following advantages: A delta frequency 
signal may be generated using circuitry that is on an inte 
grated circuit chip utilized for other purposes. As a result, the 
method can save cost. In addition, on the system side, the 
method can help remove the inter-stage SAW filter, such as 
the SAW filter 220 in FIG. 1, in a cellular code division 
multiple access (CDMA) receiver system. Furthermore, the 
method can be combined with other linearization techniques 
to achieve even better performance. Moreover, the method 
can be used to increase the linearity of an amplifier circuit in 
a transmitter. In addition, the Subject technology may be 
utilized to improve linearity of other types of amplifiers or 
amplifier circuits. The Subject technology is thus not limited 
to a receiver or a transmitter, or an amplifier in a receiver or a 
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transmitter. The Subject technology provides advantages over 
other methods such as beat frequency termination, post dis 
tortion cancellation, derivative Superposition, and a selection 
of optimum bias. 

FIG. 12 illustrates an exemplary method of reducing inter 
modulation distortion in an electronic device according to one 
aspect of the disclosure. The method comprises a process 
1210 for receiving a first input signal comprising at least a 
first frequency and a second frequency and a process 1220 for 
generating a first output signal using an amplifier circuit. The 
first output signal comprises a delta frequency signalata delta 
frequency. The delta frequency comprises a difference 
between the first frequency and the second frequency. 

The method further comprises a process 1230 for detecting 
a first signal from the amplifier circuit, a process 1240 for 
generating a second signal based on the first signal, a process 
1250 for adjusting an amplitude of the second signal using a 
current-mirror circuit, and a process 1260 for eliminating a 
portion of the second signal having a frequency or frequen 
cies that are greater than the delta frequency to produce a third 
signal. The method further comprises a process 1270 for 
providing a bias current or a bias Voltage, a process 1280 for 
adjusting a phase of the third signal, a process 1290 for 
generating a fourth signal based on the third signal, and a 
process 1295 for providing the fourth signal to an input of the 
amplifier circuit. 
The fourth signal comprises a feedback signal correspond 

ing to the delta frequency signal generated by the amplifier 
circuit, and an amplitude and/or a phase of the feedback 
signal is different from an amplitude and/or a phase of the 
delta frequency signal generated by the amplifier circuit, 
respectively. 

FIG. 13 is a conceptual block diagram illustrating an 
example of an electronic device for reducing intermodulation 
distortion according to one aspect of the disclosure. An elec 
tronic device 1300 comprises a module 1310 for receiving a 
first input signal comprising at least a first frequency and a 
second frequency and a module 1320 for generating a first 
output signal using an amplifiercircuit. The first output signal 
comprises a delta frequency signal at a delta frequency. The 
delta frequency comprises a difference between the first fre 
quency and the second frequency. 
The electronic device 1300 further comprises a module 

1330 for detecting a first signal from the amplifier circuit, a 
module 1340 for generating a second signal based on the first 
signal, a module 1350 for adjusting an amplitude of the sec 
ond signal using a current-mirror circuit, and a module 1360 
for eliminating a portion of the second signal having a fre 
quency or frequencies that are greater than the delta fre 
quency to produce a third signal. The electronic device 1300 
further comprises a module 1370 for providing a bias current 
or a bias voltage, a module 1380 for adjusting a phase of the 
third signal, a module 1390 for generating a fourth signal 
based on the third signal, and a module 1395 for providing the 
fourth signal to an input of the amplifier circuit. 
The fourth signal comprises a feedback signal correspond 

ing to the delta frequency signal generated by the amplifier 
circuit, and an amplitude and/or a phase of the feedback 
signal is different from an amplitude and/or a phase of the 
delta frequency signal generated by the amplifier circuit, 
respectively. 

Those of skill in the art would appreciate that the various 
illustrative functions including, for example, blocks, mod 
ules, elements, components, methods, and algorithms 
described herein may be implemented in hardware, software, 
firmware, or any combination thereof. Various functions may 
be arranged differently (e.g., arranged in a different order, or 
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partitioned in a different way) all without departing from the 
scope of the subject technology. While the subject technology 
is illustrated using n-channel MOSFET (NMOS) and p-chan 
nel MOSFET (PMOS) transistors (i.e., CMOS), the subject 
technology may be practiced utilizing other types of transis 
tors (e.g., bipolar transistors or a combination of bipolar and 
CMOS transistors). A gate, a source, and a drain of a MOS 
FET may correspond to a base, an emitter, and a collector of 
a bipolar transistor. 

It is understood that the specific order or hierarchy of steps 
in the processes disclosed is an illustration of exemplary 
approaches. Based upon design preferences, it is understood 
that the specific order or hierarchy of steps in the processes 
may be rearranged. Some of the steps may be performed 
simultaneously. The accompanying method claims present 
elements of the various steps in a sample order, and are not 
meant to be limited to the specific order or hierarchy pre 
sented. 
The previous description is provided to enable any person 

skilled in the art to practice the various aspects described 
herein. Various modifications to these aspects will be readily 
apparent to those skilled in the art, and the generic principles 
defined herein may be applied to other aspects. Thus, the 
claims are not intended to be limited to the aspects shown 
herein, but is to be accorded the full scope consistent with the 
language claims, wherein reference to an element in the sin 
gular is not intended to mean “one and only one unless 
specifically so stated, but rather "one or more.” Unless spe 
cifically stated otherwise, the term "some refers to one or 
more. Pronouns in the masculine (e.g., his) include the femi 
nine and neuter gender (e.g., her and its) and Vice versa. 
Headings and subheadings, if any, are used for convenience 
only and do not limit the invention. 

It should be noted that a term “coupled.” “coupling' or a 
similar term as used in this disclosure or the claims may refer 
to a direct coupling oran indirect coupling. In addition, a term 
“connected.” “connecting or a similar term may refer to a 
direct connection or an indirect connection. Terms such as 
“comprising.” “including.” “having.” “comprise.” “include.” 
"have and similar terms are open-ended and do not exclude 
additional, unrecited elements or method steps. 

All structural and functional equivalents to the elements of 
the various aspects described throughout this disclosure that 
are known or later come to be known to those of ordinary skill 
in the art are expressly incorporated herein by reference and 
are intended to be encompassed by the claims. Moreover, 
nothing disclosed herein is intended to be dedicated to the 
public regardless of whether such disclosure is explicitly 
recited in the claims. No claim element is to be construed 
under the provisions of 35 U.S.C. S112, sixth paragraph, 
unless the element is expressly recited using the phrase 
“means for” or, in the case of a method claim, the element is 
recited using the phrase “step for.” 
What is claimed is: 
1. An electronic device for reducing intermodulation dis 

tortion, comprising: 
an amplifier circuit having an input and an output, the 

amplifier circuit having a first transistor, the amplifier 
circuit configured to receive a first input signal compris 
ing at least a first frequency and a second frequency, the 
amplifier circuit configured to generate a first output 
signal, the first output signal comprising a delta fre 
quency signal at a delta frequency, the delta frequency 
comprising a difference between the first frequency and 
the second frequency; and 

a linearizer having an input and an output, the input of the 
linearizer coupled to the amplifier circuit, the output of 
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the linearizer coupled to the input of the amplifier cir 
cuit, the linearizer comprising: 
a signal detector circuit coupled to the amplifier circuit, 

the signal detector circuit having an input and an 
output, the signal detector circuit having a second 
transistor, the signal detector circuit configured to 
generate a second output signal, the second output 
signal comprising at least the delta frequency; 

a current-mirror circuit coupled to the signal detector 
circuit, the current-mirror circuit configured to adjust 
an amplitude of an input signal of the current-mirror 
circuit; 

a low pass filter coupled to the current-mirror circuit, the 
low pass filter configured to eliminate a portion of the 
second output signal having a frequency or frequen 
cies that are greater than the delta frequency; 

a phase shifter having an input and an output, the output 
of the phase shifter coupled to the output of the lin 
earizer, the phase shifter configured to adjust a phase 
of an input signal of the phase shifter, the phase shifter 
configured to generate a third output signal, the third 
output signal comprising a feedback signal corre 
sponding to the delta frequency signal, an amplitude 
and/or a phase of the feedback signal being different 
from an amplitude and/or a phase of the delta fre 
quency signal generated by the amplifier circuit, 
respectively; and 

a bias circuit configured to provide a bias current or a 
bias voltage to allow a DC voltage level of an output 
signal of the linearizer to be at a DC voltage level of 
the input of the amplifier circuit. 

2. The electronic device of claim 1, wherein the amplifier 
circuit has a cascode transistor having a gate, a source, and a 
drain, and the first transistor has a gate, a source and a drain, 

wherein the second transistor of the signal detector circuit 
has a gate, a source, and a drain, 

wherein the current-mirror circuit has a fourth transistor 
and a fifth transistor, and each of the fourth transistorand 
the fifth transistor has a gate, a source, and a drain, 

wherein the low pass filter has a resistor and a capacitor, 
wherein the gate of the first transistor is configured to 

receive the first input signal, the drain of the first tran 
sistor is coupled to the Source of the cascode transistor, 
the gate of the cascode transistor is coupled to a bias 
Voltage and to the gate of the second transistor, and the 
Source of the cascode transistor is coupled to the Source 
of the second transistor, 

wherein the drain of the fourth transistor is coupled to the 
drain of the second transistor, to the gate of the fourth 
transistor and to a first side of the resistor of the low pass 
filter, the gate of the fifth transistoris coupled to a second 
side of the resistor of the low pass filter, and the drain of 
the fifth transistor is coupled to the bias circuit, and 

wherein the bias circuit is coupled to the phase shifter and 
is configured to Supply a bias current to the phase shifter. 

3. The electronic device of claim 2, wherein the second 
transistoris configured to duplicate the first output signal, the 
duplicated signal is Smaller than a signal flowing through the 
source of the cascode transistor by N times, N is a ratio 
between the size of the cascode transistor and the size of the 
second transistor, and the size of the second transistor is 
smaller than the size of the cascode transistor by Ntimes, and 

wherein the fifth transistor is configured to allow a current 
to flow through its drain that is M times a current that 
flows through the drain of the fourth transistor, and M is 
a ratio between the size of the fifth transistor and the size 
of the fourth transistor. 
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4. The electronic device of claim 2, wherein the sizes of the 

second transistor, the cascode transistor, the fourth transistor 
and the fifth transistors are configured to allow a current 
flowing into the phase shifter to be 20 to 30 times less than a 
current flowing through the drain of the first transistor. 

5. The electronic device of claim 1, wherein the amplifier 
circuit comprises a differential amplifier circuit, the amplifier 
circuit has a third transistor, a first cascode transistor, and a 
second cascode transistor, and each of the first transistor, the 
third transistor, the first cascode transistor and the second 
cascode transistor has a gate, a source, and a drain, 

wherein the second transistor of the signal detector circuit 
has a gate, a Source, and a drain, 

wherein the current-mirror circuit has a fourth transistor 
and a fifth transistor, and each of the fourth transistorand 
the fifth transistor has a gate, a source, and a drain, 

wherein the low pass filter has a resistor and a capacitor, 
wherein the gate of the first transistor is configured to 

receive the first input signal, the drain of the first tran 
sistor is coupled to the source of the first cascode tran 
sistor, the third transistoris configured to receive the first 
input signal 180° out of phase, and the drain of the third 
transistor is coupled to the Source of the second cascode 
transistor, 

wherein the gate of the first cascode transistoris coupled to 
a bias Voltage and to the gate of the second transistor, and 
the source of the first cascode transistor is coupled to the 
Source of the second transistor, 

wherein the drain of the fourth transistor is coupled to the 
drain of the second transistor, to the gate of the fourth 
transistor and to a first side of the resistor of the low pass 
filter, the gate of the fifth transistoris coupled to a second 
side of the resistor of the low pass filter, and the drain of 
the fifth transistor is coupled to the bias circuit, 

wherein the bias circuit is coupled to the phase shifter and 
is configured to Supply a bias current to the phase shifter, 
and 

wherein the amplifier circuit has a second input, the linear 
izer has a second output, and the second output of the 
linearizer is coupled to the second input of the amplifier 
circuit. 

6. The electronic device of claim 1, wherein the current 
mirror circuit is tunable and is configured to selectively adjust 
the amplitude of the input signal of the current-mirror circuit 
by a selected amount. 

7. The electronic device of claim 1, wherein the phase 
adjust is tunable and is configured to selectively adjust the 
phase of the input signal of the phase shifter by a selected 
amount. 

8. The electronic device of claim 1, wherein the phase 
shifter is configured to adjust the phase of the input signal of 
the phase shifter by an amount less than 180°. 

9. The electronic device of claim 1, wherein the amplifier 
circuit comprises a differential amplifier circuit, the amplifier 
circuit has a third transistor, and each of the first transistorand 
the third transistor has a gate, a source, and a drain, 

wherein the signal detector circuit has a fourth transistor, 
and each of the second transistor and the fourth transis 
tor of the signal detector circuit has a gate, a source, and 
a drain, 

wherein the current-mirror circuit has a fifth transistor and 
a sixth transistor, and each of the fifth transistor and the 
sixth transistor has a gate, a source, and a drain, 

wherein the low pass filter has a resistor and a capacitor, 
wherein the gate of the first transistor is configured to 

receive the first input signal, the third transistor is con 
figured to receive the first input signal 180° out of phase, 
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the gate of the second transistor is coupled to a bias 
circuit and to the gate of the fourth transistor, and the 
drain of the second transistor is coupled to the drain of 
the fourth transistor, 

wherein the drain of the fifth transistor is coupled to the 
drain of the second transistor, to the drain of the fourth 
transistor, to the gate of the fifth transistor and to a first 
side of the resistor of the low pass filter, the gate of the 
sixth transistoris coupled to a second side of the resistor 
of the low pass filter, and the drain of the sixth transistor 
is coupled to the bias circuit, 

wherein the bias circuit is coupled to the phase shifter and 
to the signal detector circuit, and 

wherein the amplifier circuit has a second input, the linear 
izer has a second output, and the second output of the 
linearizer is coupled to the second input of the amplifier 
circuit. 

10. The electronic device of claim 9, wherein an input of 
the second transistor is coupled to an input of the first tran 
sistor, and an input of the fourth transistor is coupled to an 
input of the third transistor, 

wherein the bias circuit is configured to provide a bias 
current or a bias Voltage to the second transistor and to 
the fourth transistor so that the input of the second tran 
sistoris at a DC voltage level of the input of the amplifier 
circuit, and the input of the fourth transistor is at a DC 
voltage level of the second input of the amplifier circuit. 

11. The electronic device of claim 9, wherein the amplifier 
circuit has a second output, 

wherein an input of the second transistor is coupled to the 
output of the amplifier circuit, and an input of the fourth 
transistoris coupled to the second output of the amplifier 
circuit, 

wherein the bias circuit is configured to provide a bias 
current or a bias Voltage to the second transistor and to 
the fourth transistor so that the input of the second tran 
sistoris at a DC voltage level of the input of the amplifier 
circuit, and the input of the fourth transistor is at a DC 
voltage level of the second input of the amplifier circuit. 

12. The electronic device of claim 9, wherein the amplifier 
circuit has a second output, 

wherein the amplifier circuit has a first cascode transistor 
and a second cascode transistor, and each of the first 
cascode transistor and the second cascode transistor has 
a gate, a Source and a drain, 

wherein each of the gate of the first cascode transistor and 
the gate of the second cascode transistor is coupled to a 
bias Voltage, the source of the first cascode transistor is 
coupled to the drain of the first transistor, the source of 
the second cascode transistor is coupled to the drain of 
the third transistor, the drain of the first cascode transis 
tor is coupled to the output of the amplifier circuit, and 
the drain of the second cascode transistor is coupled to 
the second output of the amplifier circuit. 

13. The electronic device of claim 1, wherein the amplifier 
circuit has a second input and a second output, 

wherein the signal detector circuit has a second input, 
wherein the input of the signal detector circuit is coupled to 

the input of the amplifier circuit, and the second input of 
the signal detector circuit is coupled to the second input 
of the amplifier circuit. 

14. The electronic device of claim 1, wherein the amplifier 
circuit has a second input and a second output, 

wherein the signal detector circuit has a second input, 
wherein the input of the signal detector circuit is coupled to 

the output of the amplifier circuit, and the second input 
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of the signal detector circuit is coupled to the second 
output of the amplifier circuit. 

15. The electronic device of claim 1, wherein the amplitude 
and the phase of the feedback signal of the phase shifter are 
different from the amplitude and the phase of the delta fre 
quency signal generated by the amplifier circuit, respectively. 

16. The electronic device of claim 1, wherein the phase 
shifter comprises a shifter, a plurality of mixers, and a plural 
ity of low pass filters. 

17. An electronic system comprising the electronic device 
of claim 1 and further comprising a processing system, 
memory, a display, and a keypad. 

18. A method of reducing intermodulation distortion in an 
electronic device, comprising: 

receiving a first input signal comprising at least a first 
frequency and a second frequency; 

generating a first output signal using an amplifier circuit, 
the first output signal comprising a delta frequency sig 
nal at a delta frequency, the delta frequency comprising 
a difference between the first frequency and the second 
frequency; 

detecting a first signal from the amplifier circuit; 
generating a second signal based on the first signal; 
adjusting an amplitude of the second signal using a current 

mirror circuit; 
eliminating a portion of the second signal having a fre 

quency or frequencies that are greater than the delta 
frequency to produce a third signal; 

providing a bias current or a bias Voltage; 
adjusting a phase of the third signal; 
generating a fourth signal based on the third signal; and 
providing the fourth signal to an input of the amplifier 

circuit, 
wherein the fourth signal comprises a feedback signal cor 

responding to the delta frequency signal generated by 
the amplifier circuit, and an amplitude and/or a phase of 
the feedback signal is different from an amplitude and/or 
a phase of the delta frequency signal generated by the 
amplifier circuit, respectively. 

19. The method of claim 18, wherein the amplifier circuit 
comprises a first transistor and a cascode transistor, each of 
the first transistor and the cascode transistor has a gate, a 
Source and a drain, and the drain of the first transistor is 
coupled to the source of the cascode transistor, 

wherein the detecting a first signal and the generating a 
second signal are performed by a second transistor hav 
inga gate, a source and a drain, and the gate of the second 
transistoris coupled to the gate of the cascode transistor, 
and the source of the second transistor is coupled to the 
Source of the cascode transistor, 

wherein the receiving comprises receiving the first input 
signal at the gate of the first transistor, the generating a 
first output signal comprises generating the first output 
signal at the drain of the cascode transistor, the generat 
ing a second signal comprises generating a second cur 
rent signal flowing through the second transistor based 
on a first current signal flowing through the cascode 
transistor, and the second current signal is Smaller than 
the first current signal, 

wherein the adjusting comprises selectively adjusting an 
amplitude of the second current signal to generate a third 
current signal, and an amplitude of the third current 
signal is different from the amplitude of the second 
current signal, 

wherein the method further comprises adding the bias cur 
rent and the third signal to produce a fifth signal, and 
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wherein the adjusting a phase comprises selectively adjust 
ing a phase of the fifth signal. 

20. The method of claim 18, wherein the amplifier circuit 
comprises a differential amplifier circuit, the amplifier circuit 
has a first transistor, a first cascode transistor, a second tran 
sistor, and a second cascode transistor, and each of the first 
transistor, the first cascode transistor, the second transistor, 
and the second cascode transistor has a gate, a source and a 
drain, 

wherein the drain of the first transistor is coupled to the 
source of the first cascode transistor, and the drain of the 
second transistor is coupled to the source of the second 
cascode transistor, 

wherein the detecting a first signal and the generating a 
second signal are performed by a third transistor having 
a gate, a source and a drain, and the gate of the third 
transistor is coupled to the gate of the first cascode 
transistor, and the source of the third transistor is 
coupled to the source of the first cascode transistor, 

wherein the receiving comprises receiving the first input 
signal at the gate of the first transistor and receiving the 
first input signal 180° out of phase at the gate of the 
second transistor, 

wherein the generating a first output signal comprises gen 
erating the first output signal at the drain of the first 
cascode transistor and generating a second output signal 
at the drain of the second cascode transistor, the gener 
ating a second signal comprises generating a second 
current signal flowing through the third transistor based 
on a first current signal flowing through the first cascode 
transistor, and the second current signal is Smaller than 
the first current signal, 

wherein the adjusting comprises selectively adjusting an 
amplitude of the second current signal to generate a third 
current signal, and an amplitude of the third current 
signal is different from the amplitude of the second 
current signal, 

wherein the method further comprises adding the bias cur 
rent and the third signal to produce a fifth signal, and 

wherein the adjusting a phase comprises selectively adjust 
ing a phase of the fifth signal. 

21. The method of claim 18, wherein the amplifier circuit 
comprises a differential amplifier circuit, the amplifier circuit 
has a first transistor and a second transistor, and each of the 
first transistor and the second transistor has a gate, a source 
and a drain, 

wherein the detecting a first signal and the generating a 
second signal are performed by a third transistor and a 
fourth transistor, each of the third and fourth transistors 
has a gate, a source and a drain, 

wherein the gate of the third transistor and the gate of the 
fourth transistor are coupled to a bias circuit, and the 
drain of the third transistor is coupled to the drain of the 
fourth transistor, 

wherein the receiving comprises receiving the first input 
signal at the gate of the first transistor and receiving the 
first input signal 180° out of phase at the gate of the 
second transistor, 

wherein the detecting comprises detecting at the gate of the 
third transistor a first voltage signal from the amplifier 
circuit and detecting at the gate of the fourth transistor a 
second Voltage signal from the amplifier circuit, the first 
signal comprises the first Voltage signal and the second 
Voltage signal, 

wherein the generating a second signal comprises passing 
even order harmonics of the first signal and eliminating 
odd order harmonics of the first signal, 
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24 
wherein the adjusting comprises selectively adjusting an 

amplitude of the second signal to generate a current 
signal, and an amplitude of the current signal is different 
from the amplitude of the second signal, 

wherein the method further comprises adding the bias cur 
rent and the third signal to produce a fifth signal, and 

wherein the adjusting a phase comprises selectively adjust 
ing a phase of the fifth signal. 

22. The method of claim 18, wherein the amplifier circuit 
has a first input, a second input, a first output and a second 
output, 

wherein the detecting is performed by a signal detector 
circuit, and the signal detector circuit has a third input 
and a fourth input, 

wherein the third input and the fourth input of the signal 
detector circuit are coupled to the first input and the 
second input of the amplifier circuit, respectively, or 
coupled to the first output and the second output of the 
amplifier circuit, respectively. 

23. An electronic device for reducing intermodulation dis 
tortion, comprising: 
means for receiving a first input signal comprising at least 

a first frequency and a second frequency; 
means for generating a first output signal using an amplifier 

circuit, the first output signal comprising a delta fre 
quency signal at a delta frequency, the delta frequency 
comprising a difference between the first frequency and 
the second frequency; 

means for detecting a first signal from the amplifier circuit; 
means for generating a second signal based on the first 

signal; 
means for adjusting an amplitude of the second signal 

using a current-mirror circuit; 
means for eliminatingaportion of the second signal having 

a frequency or frequencies that are greater than the delta 
frequency to produce a third signal; 

means for providing a bias current or a bias Voltage; 
means for adjusting a phase of the third signal; 
means for generating a fourth signal based on the third 

signal; and 
means for providing the fourth signal to an input of the 

amplifier circuit, 
wherein the fourth signal comprises a feedback signal cor 

responding to the delta frequency signal generated by 
the amplifier circuit, and an amplitude and/or a phase of 
the feedback signal is different from an amplitude and/or 
a phase of the delta frequency signal generated by the 
amplifier circuit, respectively. 

24. The electronic device of claim 23, wherein the ampli 
fiercircuit comprises a first transistorand a cascode transistor, 
each of the first transistor and the cascode transistor has a 
gate, a source and a drain, and the drain of the first transistor 
is coupled to the Source of the cascode transistor, 

wherein the means for detecting a first signal and the means 
for generating a second signal are performed by a second 
transistor having a gate, a Source and a drain, and the gate 
of the second transistor is coupled to the gate of the 
cascode transistor, and the Source of the second transis 
tor is coupled to the source of the cascode transistor, 

wherein the means for receiving comprises means for 
receiving the first input signal at the gate of the first 
transistor, the means for generating a first output signal 
comprises means for generating the first output signal at 
the drain of the cascode transistor, the means for gener 
ating a second signal comprises means for generating a 
second current signal flowing through the second tran 
sistor based on a first current signal flowing through the 
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cascode transistor, and the second current signal is 
Smaller than the first current signal, 

wherein the means for adjusting comprises means for 
Selectively adjusting an amplitude of the second current 
signal to generate a third current signal, and an ampli 
tude of the third current signal is different from the 
amplitude of the second current signal, 

wherein the electronic device further comprises means for 
adding the bias current and the third signal to produce a 
fifth signal, and 

wherein the means for adjusting a phase comprises means 
for selectively adjusting a phase of the fifth signal. 

25. The electronic device of claim 23, wherein the ampli 
fier circuit comprises a differential amplifier circuit, the 
amplifiercircuit has a first transistor, a first cascode transistor, 
a second transistor, and a second cascode transistor, and each 
of the first transistor, the first cascode transistor, the second 
transistor, and the second cascode transistor has a gate, a 
Source and a drain, 

wherein the drain of the first transistor is coupled to the 
source of the first cascode transistor, and the drain of the 
second transistor is coupled to the source of the second 
cascode transistor, 

wherein the means for detecting a first signal and the means 
for generating a second signal are performed by a third 
transistor having a gate, a source and a drain, and the gate 
of the third transistor is coupled to the gate of the first 
cascode transistor, and the source of the third transistor 
is coupled to the Source of the first cascode transistor, 

wherein the means for receiving comprises means for 
receiving the first input signal at the gate of the first 
transistor and receiving the first input signal 180° out of 
phase at the gate of the second transistor, 

wherein the means for generating a first output signal com 
prises means for generating the first output signal at the 
drain of the first cascode transistor and generating a 
second output signal at the drain of the second cascode 
transistor, the means for generating a second signal com 
prises means for generating a second current signal 
flowing through the third transistor based on a first cur 
rent signal flowing through the first cascode transistor, 
and the second current signal is Smaller than the first 
current signal, 

wherein the means for adjusting comprises means for 
Selectively adjusting an amplitude of the second current 
signal to generate a third current signal, and an ampli 
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tude of the third current signal is different from the 
amplitude of the second current signal, 

wherein the electronic device further comprises means for 
adding the bias current and the third signal to produce a 
fifth signal, and 

wherein the means for adjusting a phase comprises means 
for selectively adjusting a phase of the fifth signal. 

26. The electronic device of claim 23, wherein the ampli 
fier circuit comprises a differential amplifier circuit, the 
amplifier circuit has a first transistor and a second transistor, 
and each of the first transistor and the second transistor has a 
gate, a Source and a drain, 

wherein the means for detecting a first signal and the means 
for generating a second signal are performed by a third 
transistor and a fourth transistor, each of the third and 
fourth transistors has a gate, a source and a drain, 

wherein the gate of the third transistor and the gate of the 
fourth transistor are coupled to a bias circuit, and the 
drain of the third transistor is coupled to the drain of the 
fourth transistor, 

wherein the means for receiving comprises means for 
receiving the first input signal at the gate of the first 
transistor and receiving the first input signal 180° out of 
phase at the gate of the second transistor, 

wherein the means for detecting comprises means for 
detecting at the gate of the third transistor a first Voltage 
signal from the amplifier circuit and means for detecting 
at the gate of the fourth transistora second Voltage signal 
from the amplifier circuit, the first signal comprises the 
first Voltage signal and the second Voltage signal, 

wherein the means for generating a second signal com 
prises means for passing even order harmonics of the 
first signal and eliminating odd order harmonics of the 
first signal, 

wherein the means for adjusting comprises means for 
Selectively adjusting an amplitude of the second signal 
to generate a current signal, and an amplitude of the 
current signal is different from the amplitude of the 
Second signal, 

wherein the electronic device further comprises means for 
adding the bias current and the third signal to produce a 
fifth signal, and 

wherein the means for adjusting a phase comprises means 
for selectively adjusting a phase of the fifth signal. 
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