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Field of the Invention [00011 This invention relates
to transmit path architecture for communication
systems and, more particularly, to transmit path
circuitry for wireless communication chip sets.
Background [0002] Radio frequency (RF) communication
systems are used in a wide variety of applications
such as television, cellular telephones, pagers,
global positioning system (GPS) receivers, cable
modems, cordless phones, radios and other devices that
receive RF signals. RF receivers typically require
frequency translation or mixing. Two-way wireless
communication systems include receive path circuitry
and transmit path circuitry. In prior solutions, this
circuitry has been integrated into a plurality of
integrated circuits and included within the system as
a wireless communication chip set. With respect to the
transmit path circuitry for such systems, intermediate
frequency (IF) architectures have been used, where the
baseband signal from a digital signal processor (DSP)
is first converted to IF and then transmitted within
the frequency band of the wireless communication
network using offset phase lock loop (offset PLL)
circuitry. With respect to cellular phone wireless
communication networks, for example, the frequency
bands can be around 850 MHz and 900 MHz for GSM cell
phone networks, 1800 MHz for DCS cell phone networks,
and 1900 MHz for PCS cell phone networks. Channel
spacing in these cell phone networks is 200 kHz.
[0003] FIG. 2 (prior art) is a block diagram of an
example architecture 200 for transmit path circuitry
including an IF voltage controlled oscillator (VCO)
202, a transmit (TX) VCO 128 and an RF VCO 204. When
the device is transmitting, I and Q baseband signals
107 are received from a digital signal processor (DSP)
by the IF mix circuitry 220. The IF mix circuitry
utilizes the IF VCO 202 to convert the I and Q signals
to IF. The output 112 of IF mix circuitry 220 then
goes to offset loop feed-forward circuitry 122. This
offset loop feed-forward circuitry 122 will compare
the phases 



of the signal 112 from the IF mix circuitry 220 with a
signal 114 from the feedback mix circuitry 224. The
offset loop feed-forward circuitry 122 will then use
the phase difference between these signals to - 1- cip
7A?l l : itune the TX VCO 128 to produce an output
signal (OUTPUT) 105 at a desired frequency of a
transmit channel within the frequency band for the
communication network. The feedback mix circuitry 224
receives the output signal 105 and mixes the frequency
down using the RF VCO 204 and a channel signal
(CHANNEL) 127. The output signal 114 is then provided
as feedback to the offset loop feed-forward circuitry
122. One problem with this prior architecture, where
integration of the transmit path circuitry is
attempted, is interference among the IF VCO 202, the
TX VCO 128 and the RF VCO 204. In particular, spurs
caused by the IF VCO 202 can be problematic and can
significantly degrade performance, particularly when
they fall within receive bands for GSM cellular
communication networks. [0004] One prior solution to
this IF VCO 202 interference problem was to adjust the
IF for certain troublesome receive channels. In other
words, for a first set of transmit channels, the IF
VCO 202 would be tuned to a first transmit IF. And for
a second set of transmit channels, the IF VCO 202
would be tuned to a different IF. In this way,
troublesome interference could be reduced by simply
moving the position of the potential interfering
frequencies caused by the IF VCO 202. This solution,
however, is cumbersome in that it requires an IF VCO
202 that must be adjusted to multiple IFs. And this
solution still utilizes both an RF VCO 204 and an IF
VCO 202. In addition, prior solutions have been
constrained by having to generate mixing signals that
are 90 degrees out of phase for use in quadrature
processing within the IF mix circuitry 220. Summary of
the Invention [0005] The present invention provides
mixing circuitry for quadrature processing in
communication systems. The weighted mixing circuitry
allows for arbitrary dividers to be utilized in
generating the mixing signals for quadrature
processing and thereby provides a significant
advantage over prior architectures where 90 degree
offset I and Q mixing signals were needed for
quadrature mixing. 



Description of the Drawings [0006] It is noted that
the appended drawings illustrate only exemplary
embodiments of the invention and are, therefore, not
to be considered limiting of its scope, for the
invention may admit to other equally effective
embodiments. [0007] FIG. IA is a block diagram for a
communication system including transmit path circuitry
and receive path circuitry. [0008] FIG. IB is a block
diagram for a ratiometric transmit path
architecture.[0009] FIG. 2 (prior art) is a block
diagram of an example architecture for transmit path
circuitry typically implemented on multiple integrated
circuits. [0010] FIG. 3 is a more detailed block
diagram of an example embodiment for transmit path
circuitry including example numbers of the divider
circuitry. [0011] FIG. 4A is a block diagram for
quadrature genera ion and combiner circuitry utilizing
weighted mixing circuitry. [0012] FIG. 4B is a circuit
diagram for a single-ended embodiment relating to FIG.
4A for quadrature generation and combiner circuitry
utilizing weighted mixing circuitry, where a final
divide-by-five divider is utilized. [0013] FIG. 5 is a
circuit diagram for a differential embodiment relating
to FIG. 4A for quadrature generation and combiner
circuitry utilizing weighted mixing circuitry, where a
final divide-by-five divider is utilized. [0014] FIG.
6A is a block diagram of an alternative embodiment for
quadrature generation and combiner circuitry utilizing
weighted mixing circuitry. [0015] FIG. 6B is a circuit
diagram for a single-ended embodiment relating to FIG.
6A for quadrature generation and combiner circuitry
utilizing weighted mixing circuitry, where a final
divide-by-five divider is utilized. [0016] FIG. 7 is a
circuit diagram for a differential embodiment relating
to FIG. 6A for quadrature generation and combiner
circuitry utilizing weighted mixing circuitry, where a
final divide-by-five divider is utilized. Detailed
Description of the Invention 



[0017] The present invention provides a ratiometric
transmit path architecture for communication systems
and related methods. This ratiometric transmit path
architecture utilizes a single local oscillator signal
and dividers to provide mixing signals for IF mixing
circuitry and feedback mixing circuitry, thereby
eliminating the need for separate IF and RF VCOs in
prior solutions. As discussed in more detail below,
with the present invention, the separate IF VCO can be
eliminated, and multiple divider circuits provide an
advantageous degree of freedom in selecting values for
those divider circuits.[0018] It is noted that as used
herein, a "radio frequency" or RF signal means an
electrical signal conveying useful information or
carrier and having a frequency from about 3 kilohertz
(kHz) to thousands of gigahertz (GHz), regardless of
the medium through which such signal is conveyed. Thus
an RF signal may be transmitted through air, free
space, coaxial cable, fiber optic cable, etc. [0019]
FIG. IA is a block diagram for a communication system
100 including transmit path circuitry 104 and receive
path circuitry 106. In the wireless embodiment
depicted, antenna circuitry 102 receives an RF input
signal, for example, from a cellular base station. The
receive path circuitry receives the signal 103 from
the antenna circuitry 102 and provides an output
signal 109 to DSP circuitry 108. It is noted that
various architectures could be used for the receive
path circuitry 106. One example architecture is a
low-EF architecture where the ir.put RF signal 103 is
first converted down to low-EF (e.g., about 200 kHz)
and then digitized with a band-pass analog-to-digital
converter. Additional digital filtering and channel
selection can then be accomplished within the DSP
circuitry 108. In addition, control signals 101 can be
used to help control the receive path processing. When
information is transmitted, the DSP circuitry 108
provides a signal 107 to the transmit path circuitry
104. The transmit path circuitry 104 processes this
infopnation and provides output signal 105 to antenna
circuitry 102. The output signal 105 is at a desired
frequency within the frequency band of the
communication network within which the communication
system 100 is operating. A variety of architectures
could be utilized for this transmit path circuitry
104. As with the receive path processing, control
signals 101 can be used to help control the transmit
path processing. [0020] FIG. IB is a block diagram of
an example embodiment for the ratiometric transmit
path circuitry 104. Significantly, rather than having
both an IF VCO 202 and an RF VCO 204, as in the 



traditional solution depicted in FIG. 2 (prior art),
the ratiometric transmit path circuitry 104 of the
present invention includes the local oscillator (LO)
VCO 130. With respect to FIG. IB, when the device is
transmitting, I and Q baseband signals 107 are
received from a digital signal processor (DSP) by the
IF mix circuitry 120. The IF mix circuitry utilizes a
mixing signal from divider (N) 132 to convert the I
and Q signals to IF. The output 112 of IF mix
circuitry 120 then goes to offset loop feed-forward
circuitry 122. This offset loop feed-forward circuitry
122 will compare the phases of the signal 112 from the
IF mix circuitry 120 with a signal 114 from the
feedback mix circuitry 124. The offset loop
feed-forward circuitry 122 will then use the phase
difference between these signals to tune the TX VCO
128 to produce an output signal (OUTPUT) 105 at a
desired frequency of a transmit channel within the
frequency band for the communication network. The
feedback mix circuitry 124 receives the output signal
105 and mixes the frequency down to a channel related
frequency using a mixing signal from divider (G) 134.
The channel related output signal 114 is then provided
to the offset loop feed-forward circuitry 122. The
dividers 132 and 134 receive as an inputthe LO signal
(fLO) 116 from shared LO circuitry 126. The shared LO
circuitry 126 utilizes the channel signal (CHANNEL)
127 to tune an LO VCO 130 thereby producing the LO
signal (fL0 ) 116 at a desired channel related
frequency. This transmit path circuitry is deemed
ratiometric because the mixing signals used by IF mix
circuitry 120 and the feedback mix circuitry 124 are
each based upon the same starting frequency and are
divided versions of that starting frequency. As such,
this architecture eliminates the IF VCO 202 utilized
in the prior solution of FIG. 2 (prior art). [0021]
FIG. 3 is a more detailed block diagram of an example
embodiment for transmit path circuitry 104 including
example numbers for dividers 132 and 134. In the
embodiment depicted, the LO signal (fL0) 116 is
generated by a phase lock loop (PLL). An external
reference oscillator (f ) 330 is utilized with a
frequency of 26 MHz. It is noted that typical GSM
solutions today utilize either 13 MHz or 26 MHz
reference clocks, but other clock frequencies could be
utilized if desired. Divider (K) 332 receives the
reference signal from reference oscillator 330 and
provides an update signal (fuo) to phase detector
(PDet) 334. The output of phase detector 334 passes
through low pass filter (LPF) 336 and then to the LO
VCO 130. The output of LO VCO 130 is the LO signal
(fL0 ) 116 that is provided as an input to dividers
132 and 134. This LO signal (fL0) 116 is passed
through divider 



(b) 340 and divider (L) 338 before being provided as
the other input to phase detector (PDet) 334. [0022]
With respect to the IF mix circuitry, the I and Q
baseband signals 107 are received by mixers 302 and
304, which provide outputs to combiner 306. As
depicted, the mixers 302 and 304 utilize mixing
signals (fiF) provided from divider (N) 132 and
weighted mixing circuitry (not shown). The weighted
mixing circuitry is described in more detail below.
Looking back to FIG. 3, the channel signal (CHANNEL)
127 is utilized to select the value for divider (L)
338, which determines the frequency of the LO signal
(fLo) 116 and, thereby, ultimately the frequency of
output signal 105. The LO signal (fL0) 116 is provided
to the IF mix circuitry through divider (N) 132 and to
the feedback mix circuitry through divider (G) 134.
[0023] With respect to the feedback mix circuitry, the
output (fFB) from the divider (G) 134 is provided to
mixer 318 through low pass filter (LPF) 322, which can
be used to filter out undesired harmonics of the
feeback signal (fFB). Mixer 318 receives the transmit
output frequency (fTc) 105 as its other input. The
output of mixer 318 is provided through band-pass
filter 320 to the phase detector (PDet) 310. [0024]
With respect to the offset loop feed-forward circuitry
that produces the output signal 105, the output from
combiner 306 is provided through band-pass filter 308
to the phase detector (PDet) 310. The phase detector
(PDet) 310 compares the phase of this input with the
feedback input 114 from band-pass filter 320 and
produces an output signal that is passed through low
pass filter 312 tothe TX VCO 128. The output of TX VCO
128 is then passed through divider (T) 316 to produce
the output signal 105. [0025] It is noted that the
values for the dividers and other circuitry within
FIG. 3 can be selected to achieve the performance
parameters desired. The tables below provide example
expressions representing the output frequencies for
the circuitry of FIG. 3 and provide example values for
the dividers and other circuitry which together
provide advantageous results with respect to
performance. In part, the following factors can be
considered in selecting the divider values: (1) reduce
spurs in undesirable frequency bands including the
receive frequency bands for the communication network
in which the ratiometric transmit circuitry is
operating; (2) reuse the LO signal (fL0 ) 116 for the
receive path; (3) make the transmit path IF reasonably
low; (4) make the 



external crystal reference frequency (fxTAL) divided
by K (fctAiV K) {i.e., the update frequency (fUD) in
FIG. 3) reasonably high to improve settling time; (5)
have the transmit IF be relatively constant over four
cellular communication network bands, namely GSM (800
and 900 MHz), DCS (1800 MHz) and PCS (1900 MHz), and
(6) utilize a 13 MHz or 26 MHz external crystal
reference oscillator because of current cost savings
for such crystal reference oscillators. [0026] With
respect to the divider values in FIG. 2, it is noted
that the basic expression being considered in
selecting values is the following: f-rx =
((G+NyGNXLb/IQW = PC, where P represents an integer
associated with the desired transmit channel, and
where C represents the channel spacing. In developing
solutions to this equation, positive values for the
integers (G, N, L, K, b) can first be considered.
Positive integer solutions correspond to low side
injection. It is also noted that solutions with
negative values of N are acceptable. Such solutions
correspond to high side injection. It is also noted
that in identifying solutions to the above equation, P
can be made equal to L, and preferably P will be equal
to L. TABLE 1 that follows includes example
expressions that represent the ratiometric transmit
architecture of FIG. 3. TABLE 2 and TABLE 3 that
follow below then provide sets of example values for
these expressions.TABLE 1 - EXPRESSIONS FOR FIG. 3
[0027] TABLE 2 below provides example values that
could be selected for the expressions in TABLE 1 and
the dividers within the ratiometric transmit
architecture of FIG. 3. In this embodiment, the
divider (T) 316 is set to "4" and the output of TX VCO
128 is about 4 GHz; therefore, the output frequencies
are in a range near 1 GHz. Thus, with respect to
cellular phone communication networks, the values in
TABLE 2 would be utilized, for example, with 850 MHz
and 900 MHz GSM cellular phone networks.TABLE 2 -
FIRST SET OF EXAMPLE VALUES FOR FIG. 3 [0028] TABLE 3
below provides another set of example values that
could be selected for the expressions in TABLE 1 and
the dividers within the ratiometric transmit
architecture of FIG. 3. In this embodiment, the
divider (T) 316 is set to "2" and the output of TX VCO
128 is about 4 GHz; therefore, the output frequencies
are in a range near 2 GHz. Thus, with respect to
cellular phone communication networks, the values in
TABLE 2 would be utilized, for example, with PCS (1900



MHz) and DCS (1800 MHz) cellular phone networks.TABLE
3 - SECOND SET OF EXAMPLE VALUES FOR FIG. 3 [0029] It
is noted that a single communication system can be
designed for operation in multiple communication
networks and their respective frequency bands. For
example, the divider (T) 316, as well as the other
dividers and circuits in FIG. 3, can be utilized to
modify the output frequency such that it is within the
operational band of a desired network. These values
can be set, for example, through on-chip configuration
registers, if desired. In add tion, it is noted that
the example architecture set forth in FIG. 3, as well
as the expressions and values set forth in TABLE 1,
TABLE 2 and TABLE 3, should be considered as examples
only. Modification and variations could be made, if
desired, while still taking advantage of the
ratiometric transmit path architecture of the present
invention. [0030] It is further noted that the divider
circuitry in FIG. 3 could be modified, if desired. For
example, the dividers, such as divider (N) 132, could
be implemented as divider/multipliercombinations. With
respect to divider (N) 132, for example, a multiplier
(xM) could be implemented, such that the circuitry
provides an M/N signal operation. If such a solution
were desired, the multiplier (xM) circuitry could be
positioned between divider (N) 132 and the mixers 302
and 304, and the combined processing of the divider
(N) 132 and the multiplier (xM) circuitry would be an
M/N operation. This multiplier (xM) circuitry can be
implemented as a phase locked loop (PLL) with a VCO
that takes the input signal and multiplies it by an
integer M. Still further, a second divider (N2) could
be positioned between the multiplier (xM) circuitry
and the mixers 302 and 304. Such a divider could be
utilized, for example, wheie N is an odd number, and
it is desired that the final divider stage be a
divide-by-two or a divide-by-4. In this case, M and N2
could be selected to match so that the output becomes
M/(N*N2) or simply 1/N. It is also noted that any
combination of dividers and multipliers can be
utilized, as desired. Thus, in implementing the
divider circuitry in FIG. 3, and more specifically
divider (N) 132, a variety of solutions can be
realized including the use of multiplier circuits in
combination with divider circuits. [0031] In the above
embodiments of TABLE 2 and TABLE 3, a value of 15 is
selected for divider (N) 132. If the divider output
phases are used for IF mixing signals, this value will
result in IF mixing signals that differ in phase by an
amount other than 90 degrees. As such, traditional 



quadrature mix processing alone will not achieve the
desired result from mixers 302 and 304. With respect
to FIGS. 4A, 4B, 5, 6A, 6B, 6C and 7, weighted mixing
circuitry is described that allows for quadrature
processing where the I and Q mixing signals differ by
an amount other than 90 degrees. [0032] The following
equation provides a general exponential expression for
up-conversion when mixing I and Q baseband signals
with traditional I and Q mixing signals that are 90
degrees out of phase. jwt. jq = cos (wt)cos(q) -
sin(wt)sin(q) + j [cos(wt)sin(q) + sin(wt)cos(q)] [EQ
1] The following equation represents a trigonometric
expression for this ideal mixer output. Icos(wt) -
Qsin(wt) [EQ 2] With the mixing signals of the present
invention not being 90 degrees out of phase, a
traditional mixer output would be represented by the
following equation where 2f represents the difference
between 90 degrees and the phase difference between
the I and Q mixing signals. (It is noted that in the
examples below 2<j> is 18 degrees.)Icos(wt - f) -
Qsin(wt + f) [EQ 3] What is desired, therefore, is to
achieve a result that is similar to traditional
quadrature processing even though non-traditional
mixing signals of the present invention are utilized.
Thus, it is desirable that the following equation be
satisfied. (al + bQ)cos(wt - f) - (bl + aQ)sin(wt + f)
= Icos(wt) - Qsin(wt) [EQ 4] Equation 4 can be
rewritten as follows. I[acos(wt - f) - bsin(wt + f)] -
Q[asin(wt + f) - bcos(wt - f)] = Icos(wt) - Qsin(wt)
[EQ 5] Solving for expressions in Equation 5, the
following equations are reached: [acos(wt - f) -
bsin(wt + f)] = cos(wt) acos(wt)cos(f) +
asin(wt)sin(f) - bsin(wt)cos( f) - bcos(wt)sin(f) =
cos(wt) (acosf - bsinf)coswt + (asinf - bcosf)sinwt =
coswt [EQ 6A]; and [asin(wt + f) - bcos(wt - f)] =
sin(wt) asin(wt)cos(f) + acos(wt)sin(f) - bcos(wt)cos(
f)- bsin(wt)sin(f) = sin(wt) 



(acosf - bsinf)sinwt + (asinf - bcosf)coswt = sinwt
[EQ 6B] Equation 6A can only be satisfied with: (acosf
- bsinf) = 1 [EQ 7A] and (asinf - bcosf) = 0 [EQ 8A];
and Equation 6B can only be satisfied with:
(acosf-bsinf) = 1 [EQ 7B] and (asinf - bcosf) = 0 [EQ
8B], then asinf = bcosf b/a = tanf [EQ 9] [0033] Thus,
for a particular f, which will typically depend upon
the last stage divider utilized to produce the mixing
signals, values for a and b can be identified that
will satisfy Equation 9 or at least approximate a
solution to this equation, and integer approximations
for a and b are the preferable solution to Equation 9
for purposes of implementing weighted mixing
circuitry. For example, with respect to the examples
below where f is 9 degrees, the solution for Equation
b/a = tanf was approximated with a value of 19 for "a"
and a value of 3 for "b." This 19/3 approximation for
a/b is within about 0.5 percent of an ideal solution
to Equation 9 when f is 9 degrees. As stated below,
the accuracy desired for a/b can be modified depending
upon the application and precision desired.[0034]
Based upon the above analysis, weighted mixing
circuitry can be implemented to process signals with I
and Q mixing signals that differ by an amount other
than 90 degrees yet still produce a resulting signal
that is the same as if true quadrature I and Q mixing
signals were utilized. FIGS. 4A, 4B and 5 provide one
example embodiment for up-conversi un where I and Q
baseband signals are weighted in the mixing circuitry.
FIGS. 6A, 6B, 6C and 7 provide another example
embodiment for up-conversion where I and Q mixing
signals are weighted in the mixing circuitry. It is
noted that other combinations could be utilized if
desired and still take advantage of the weighted
mixing architecture of the present invention. In this
way, arbitrary divider values can be utilized in
generating the mixing signals. Allowing arbitrary
divider values provides a significant advantage over
prior architectures where 90 degree offset I and Q
mixing signals were needed for quadrature mixing.
[0035] FIG. 4A is a block diagram for quadrature
generation and combiner circuitry 400 that utilizes
weighted mixing circuitry 402 and 404, where
divide-by-2 and divide-by-4 circuitry is not being
utilized as the final stage of the divider. In
particular, the LO frequency (fLo) 116 is received 



by divider 132. In traditional quadrature generation
circuits, divider value of divide-by-2 or divideby- 4
are used to simplify implementations for producing
output signals that are 90 degrees out of phase. For
the purposes of this embodiment and the quadrature
generation circuitry of the present invention, the
divider 132 can be implemented by arbitrary divider
circuitry that does not provide a divide-by-2 or a
divide-by-4. More particularly, with respect to the
present invention, a value can be utilized for divider
132 such that the real path output signal (fIIF) 407
and the imaginary output signal (f iF) 408, which are
utilized for mixing, are not 90 degrees out of phase.
As discussed further below, weighted mixing circuitry
402 and weighted mixing circuitry 404 are utilized to
process input IF mix signals that are at an arbitrary
phase difference and to produce the output signals 403
and 405 that are then combined to provide the IF mix
output signal (fMix_out) 112. The weighted mixing
circuitry 402 receives real path output signal (fpF)
407 and the baseband I and Q signals 107 as inputs,
and the weighted mixing circuitry 402 outputs signal
403 to combiner 406. The weighted mixing circuitry 404
receives imaginary path output signal (fQiF) 408 and
the baseband I and Q signals 107 as inputs, and the
weighted mixing circuitry 404 outputs signal 405 to
combiner 406. The combiner 406 combines signals 403
and 405 to produce the combined IF mix output signal
(fMix_out) 112. [0036] FIG. 4B is a circuit diagram
for a single-ended embodiment for quadrature
generation and combiner circuitry 400 utilizing
weighted mixing circuitry, where a final divide-by-5
divider is utilized. In particular, the LO frequency
(fL0) 116 is first received by divider 410, which is
selected to have a divide-by-3 (3) value, and then by
divider 412, which is selected to have a divide-by-5
(5) value. It is noted that these two dividers 410 and
412 together represent the divider (N) 132 inFIG. 3
and FIG. 4A, and the two dividers 410 and 412 provide
a combined divide-by-15 (15). Because the divider 412
is a divide-by-5 (5) divider, the outputs from this
divider 412 are spaced at 72 degree phase intervals.
In the embodiment depicted, the real path output
signal (fIIF) 407 and the imaginary path output signal
(fQIF) 408 are selected from divider (5) 412 to be 72
degrees apart. The weighting mixing circuitry 402and
the weighting mixing circuitry 404 in effect cause a
resulting signal at the mix output node (fMix_out) 112
that is the same as if traditional quadrature
processing had been performed. [0037] To accommodate
the phase difference between the signals 407 and 408,
weighted circuits 



are utilized. Looking to weighted mixing circuitry
402, the I signal is input to a current source 422
having a weight of 19, and the Q signal is input to a
current source 424 having a weight of 3. The current
sources 422 and 424 are connected to the source of
transistor 430 to provide a combined current
I1represented by 191 + 3Q. The gate of transistor 430
receives the real path output signal (fnF) 407. The
drain of transistor 430 provides the output signal 403
and is coupled to mix output node (fMic_out) 112.
Looking to weighted mixing circuitry 404, a negative
version of the I signal is input to a current source
426 having a weight of 3, and an negative version of
the Q signal is input to a current source 428 having a
weight of 19. The current sources 426 and 428 are
connected to the source of transistor 432 to provide a
combined current -Q' represented by -19Q - 31. The
gate of transistor 432 receives the imaginary path
output signal (fQiF) 408. The drain of transistor 432
provides the output signal 405 and is coupled to mix
output node (fMix_out) 112. Through the use of
weighting mixing circuitry 402 and 404, the combined
output signals 403 and 405 provide an output signal
that is the same as if traditional quadrature
processing had been performed. It is noted that the 3
and 19 weightings are generated by varying the number
and size of the transistors within the respect current
sources 422, 424, 426 and 428. It is also noted that
the 19/3 weighting is an approximation. Depending upon
the accuracy desired for the application involved,
different ratios can be utilized. And even for a given
desired accuracy, there may be multiple ratios that
could be utilized. [0038] It is also noted that the
weightings selected are dependent upon the phase
difference between the two IF input signals and can be
adjusted if different divider values and phase
differences are utilized. It is also noted that as
described with respect to FIGS. 6A, 6B, 6C and 7, the
weighted mixing circuitry could provide weighting to
the IF mixing signals from divider 132, as opposed to
the baseband signals. In addition, weighting could be
provided to both the IF mixing signals and the
baseband signals, if desired. In addition, the divider
circuitry 132 could be implemented with different
circuitry, if desired. The two dividers 410 and 412
depicted in FIG. 4B are intended only as an example
solution.[00391 I - 5 is a circuit diagram for a
differential embodiment 500 for quadrature generation
and combiner circuitry utilizing weighted mixing
circuitry, where a final divide-by-f ve divider is
utilized. In this embodiment, the real path IF output
signal (fIIF) 407 becomes a differential signal 



represented by real path positive signal (IIFP) 502P
and real path negative signal (IIFN) 502N. The
imaginary path output signal (fQiF) 408 becomes a
differential signal represented by imaginary path
positive signal (QIFP) 504P and imaginary path
negative signal (QIFN) 504N. Transistors 512A and 514A
receive the real path positive signal (IIFP) 502P at
their gates, and transistors 512B and 514B receive the
real path negative signal (IEFN) 502N at their gates.
In this embodiment, the I and Q signals also become
differential signals represented by positive real
baseband signal IBP, negative real baseband signal
IBN, positive imaginary baseband signal QBP, and
positive imaginary baseband signal QBN. [0040] Current
source 506P is connected to the sources of transistors
512A and 512B, receives the positive real baseband
signal IBP as an input, and is weighted 19. Current
source 508N is connected to the sources of transistors
512A and 512B, receives the positive imaginary
baseband signal QBP as an input, and is weighted 3.
Current source 506N is connected to the sources of
transistors 514A and 514B, receives the negative real
baseband signal IBN as an input, and is weighted 19.
Current source 508P is connected to the sources of
transistors 514A and 514B, receives the negative
imaginary baseband signal QBN as an input, and is
weighted 3. The drains of transistors 512A and 514B
are coupled to the positive output (IOUTP) signal node
510P. And the drains of transistors 512B and 514A are
coupled to the negative output (IOUTN) signal node
510N. Current source 526P is connected to the sources
of transistors 516A and 516B, receives the negative
imaginary baseband signal QBN as an input, and is
weighted 19. Current source 528N is connected to the
sources of transistors 516A and 516B, receives the
negative real baseband signal IBN as an input, and is
weighted 3. Current source 526N is connected to the
sources of transistors 518A and 518B, receives the
positive imaginary baseband signal QBP as an input,
and is weighted 19. Current source 528P is connected
to the sources of transistors 518A and 518B, receives
the positive real baseband signal IBP as an input, and
is weighted 3. The drains of transistors 516A and 518B
are coupled to the positive output (IOUTP) signal node
510P. And the drains of transistors 516B and 518A are
coupled to the negative output (IOUTN) signal node
510N. The output nodes 510N and 510P provide a
differential mix output signal for use by other
transmit path circuitry. It is again noted that the 3
and 



19 weightings are generated by varying the number and
size of the transistors within the respect to current
sources 512A, 512B, 514A, 514B, 516A, 516B, 518A and
518B. And it is also again noted that the weightings
selected are dependent upon the phase difference
between the two input signals and can be adjusted if
different divider values and phase differences are
utilized.[0041] The weighted mixing circuitry of the
present invention, therefore, allows for
nontraditional and arbitrary last-stage dividers to
provide a result similar to a traditional quadrature
mixing process. Rather than use last-stage divider
circuitry that produces output signals that easily
provide mixing signals that are differentiated by 90
degrees in phase, such as divide-by-2 or divideby- 4
dividers, other more arbitrary dividers can be
utilized, hi the examples depicted, a divide-by-5
block is utilized as the last stage prior to the IF
mix circuitry. This divide-by-5 block, therefore,
produces signals differentiated by 72 degrees in
phase. It is noted that other last stage divider
values could also be used with appropriate changes to
the weights used within the weighted mixing circuitry
402 and 404. It is further noted that while this
weighted mixing solution of the present invention
suffers a signal-to-noise (SNR) penalty due to the
weighted mixing, the present invention advantageously
allows for the use of arbitrary divider values in
quadrature generation. [0042] FIG. 6A is a block
diagram of an alternative embodiment for quadrature
generation and combiner circuitry 600 that utilizes
weighted mixing circuitry 602 and 604, where
divide-by-2 and divide-by-4 circuitry is not being
utilized as the final stage of the divider. In
particular, the LO frequency (fLO) 116 is received by
divider 132. As stated above, in traditional
quadrature generation circuits, a divider value of
divide-by-2 or divide-by-4 are used to simplify
implementations for producing output signals that are
90 degrees out of phase. For the purposes of this
embodiment and the quadrature generation circuitry of
the present invention, the divider 132 can be
implemented by arbitrary divider circuitry that does
not provide a divide-by-2 or a divide-by-4. More
particularly, with respect to the present invention, a
value can be utilized for divider 132 such that the
real path output signal (fnF) 407 and the imaginary
output signal (fQIF) 408, which are utilized for
mixing, are not 90 degrees out of phase. As discussed
further below, weighted mixing circuitry 602 and
weighted mixing circuitry 604 are utilized to process
input IF mix signals that are at an arbitrary phase
difference and to produce the output signals 403 and
405 that are then combined to provide the IF 



mix output signal (fMix_out) 112. The weighted mixing
circuitry 602 receives real path output signal (fnF)
407, imaginary path output signal (fQiF) 408, and the
baseband I signal 107A as inputs, and the weighted
mixing circuitry 602 outputs signal 403 to combiner
406. The weighted mixing circuitry 604 receives real
path output signal (f ) 407, imaginary path output
signal (fQIF) 408 and the baseband Q signal 107B as
inputs, and the weighted mixing circuitry 604 outputs
signal 405 to combiner 406. The combiner 406 combines
signals 403 and 405 to produce the combined IF mix
output signal (fMix_out) 112. [0043] FIG. 6B is a
circuit diagram for a single-ended embodiment for
quadrature generation and combiner circuitry 600
utilizing weighted mixing circuitry, where a final
divide-by-5 divider is utilized. In particular, the LO
frequency (fLo) 116 is first received by divider 410,
which is selectedto have a divide-by-3 (3) value, and
then by divider 412, which is selected to have a
divide-by-5 (5) value. It is noted that these two
dividers 410 and 412 together represent the divider
(N) 132 in FIG. 3 and FIG. 4A, and the two dividers
410 and 412 provide a combined divide-by- 15 (15).
Because the divider 412 is a divide-by-5 (5) divider,
the outputs from this divider 412 are spaced at 72
degree phase intervals. In the embodiment depicted,
the real path output signal (fIIF) 407 and the
imaginary path output signal (fQiF) 408 are selected
from divider (5) 412 to be 72 degrees apart. The
weighted mixing circuitry 602 and the weighted mixing
circuitry 604 in effect cause a resulting signal at
the mix output node (fMix OUT) 112 that is the same as
if traditional quadrature processing had been
performed. [0044] To accommodate the phase difference
between the signals 407 and 408, weighted circuits are
utilized. Looking to weighted mixing circuitry 602,
the I signal is input to a current source 630 having a
weight of 19, and a negative version of the I signal
is input to current source 631 having a weight of 3.
The current source 630 is connected to the source of
transistor 622, and the current source 631 is
connected to the source of transistor 624. Transistor
622 is weighted 19x and receives the real path output
signal (fpF) 407 at its gate. Transistor 624 is
weighted 3x and receives the imaginary path output
signal (fQiF) 408 at its gate. The drains of
transistors 622 and 624 are combined to provide the
output signal 403 and are coupled to mix output node
(fMix_out) 112. Looking to weighted mixing circuitry
604, the Q signal is input to a current source 632
having a 



weight of 3, and a negative version of the Q signal is
input to a current source 633 having a weight of 19.
The current source 632 is connected to the source of
transistor 626, and the current source 633 is
connected to the source of transistor 628. Transistor
626 is weighted 3x and receives the real path output
signal (fpF) 407 at its gate. Transistor 628 is
weighted 19x and receives the imaginary path output
signal (fQiF) 408 at its gate. The drains of
transistors 626 and 628 are combined to provide the
output signal 405 and are coupled to mix output node
(fMx_out) 112. As stated above, through the use of
weighted mixing circuitry 602 and 604, the combined
output signals 403 and 405 provide an output signal
that is the same as if traditional quadrature
processing had been performed. It noted that the 3x
and 19x weightings are generated by varying the number
and size of the transistors that make up transistors
622, 624, 626 and 628 and by varying the number and
size of the transistors within the respect current
sources 630, 631, 632 and 633. [0045] It is noted that
the embodiment of FIG. 6B can be modified to produce
the embodiment of FIG. 4B. To make this modification,
the source of transistor 622 is connected to the
source of transistor 626, and transistors 622 and 626
are combined into a transistor of weight 22. The
source of transistor 624 is connected to the source of
transistor 628, and transistors 624 and 628 are
combined into a transistor of weight 22. These
modifications will yield the circuit embodiment of
FIG. 4B. Asindicated below, the weighted mixing
circuitry of the present invention can be realized in
a wide variety of implementations. [0046] FIG. 7 is a
circuit diagram relating to FIG. 6B for a differential
embodiment 700 for quadrature generation and combiner
circuitry utilizing weighted mixing circuitry, where a
final divide-by-five divider is utilized. In this
embodiment, the real path IF output signal (fpF) 407
becomes a differential signal represented by real path
positive signal (IIFP) 720P and real path negative
signal (IIFN) 720N. The imaginary path output signal
(fQIF) 408 becomes a differential signal represented
by imaginary path positive signal (QIFP) 722P and
imaginary path negative signal (QIFN) 722N. In this
embodiment, the I and Q signals also become
differential signals represented by positive real
baseband signal DBP, negative real baseband signal
IBN, positive imaginary baseband signal QBP, and
negative imaginary baseband signal QBN. [0047] The
sources of transistors 712A and 712B receive the
positive real baseband signal IBP 



through current source 702P having a weight of 19. The
sources of transistors 713A and 713B receive the
negative real baseband signal BBN through current
source 702N having a weight of 19. The sources of
transistors 714A and 714B receive the positive
imaginary baseband signal QBP through current source
704P having a weight of 3. The sources of transistors
715A and 715B receive the negative imaginary baseband
signal QBN through current source 704N having a weight
of 3. The sources of transistors 716A and 716B receive
the negative real baseband signal IBN through current
source 703N having a weight of 3. The sources of
transistors 717A and 717B receive the positive real
baseband signal IBP through current source 703P having
a weight of 3. The sources of transistors 718A and
718B receive the negative imaginary baseband signal
QBN through current source 705N having a weight of 19.
The sources of transistors 719A and 719B receive the
positive imaginary baseband signal QBP through current
source 705P having a weight of 19. The gates of
transistors 712A, 713B, 714A and 715B receive the real
path positive signal (IIFP) 720P. The gates of
transistors 716B, 717A, 718B and 719A receive the
imaginary path negative signal (QIFN) 722N. The gates
of transistors 716A, 717B, 718A and 719B receive the
imaginary path positive signal (QIFP) 722P. The gates
of transistors 712B, 713A, 714B and 715A receive the
real path negative signal (IIFN) 720N. Transistors
712A, 712B, 713A, 713B, 718A, 718B, 719A and 719B are
weighted 19x. Transistors 714A5 714B, 715A, 715B,
716A, 716B, 717A and 717B are weighted 3x. The drains
of transistors 712A, 713A, 714A, 715A, 716A, 717A,
718A and 719A are coupled to the positive output path
IOUTP 710P. The drains of transistors 712B, 713B,
714B, 715B, 716B, 717B, 718B and 719B are coupled to
the negative output path IOUTN 710N. The output nodes
710N and 710P provide a differential mix output signal
for use by other transmit path circuitry.[0048] As
stated above, the weighted mixing circuitry of the
present invention, therefore, allows for
non-traditional and arbitrary last-stage dividers to
be utilized to provide a result similar to a
traditional quadrature mixing process. Rather than use
last-stage divider circuitry that produces output
signals that easily provide mixing signals that are
differentiated by 90 degrees in phase, such as
divide-by-2 or divide-by-4 dividers, other more
arbitrary dividers can be utilized. In the examples
depicted, a divide-by-5 block is utilized as the last
stage prior to the IF mix circuitry. This divide-by- 5
block, therefore, produces signals differentiated by
72 degrees in phase. It is noted that other last 



stage divider values could also be used with
appropriate changes to the weights used within the
weighted mixing circuitry 602 and 604. It is further
noted that while this weighted mixing solution of the
present invention suffers a signal-to-noise (SNR)
penalty due to the weighted mixing, the present
invention advantageously allows for the use of
arbitrary divider values in quadrature generation.
[0049] It is noted that the embodiment of FIG. 7 can
be modified to produce the embodiment of FIG. 5. To
make this modification, as represented by the dotted
lines, the sources of transistors 712A, 712B, 714A and
714B are connected together; the sources of
transistors 713A, 713B, 715A and 715B are connected
together; the sources of transistors 716A, 716B, 718A
and 718B are connected together; and the sources of
transistors 717A, 7 17B, 719A and 719B are connected
together. In addition, the transistors 712A and 714A
are combined into a transistor of weight 22; the
transistors 712B and 714B are combined into a
transistor of weight 22; the transistors 713A and 715A
are combined into a transistor of weight 22; the
transistors 713B and 715B are combined into a
transistor of weight 22; the transistors 716A and 718A
are combined into a transistor of weight 22; the
transistors 716B and 718B are combined into a
transistor of weight 22; the transistors 717A and 719A
are combined into a transistor of weight 22; and the
transistors 717B and 719B are combined into a
transistor of weight 22. These modifications will
yield the circuit embodiment of FIG. 5. As indicated
below, the weighted mixing circuitry of the present
invention can be realized in a wide variety of
implementations. [0050] In addition, it is noted that
FIGS. 4A, 4B, 5, 6A, 6B and 7 provide example
embodiments for implementing the weighted mixing
circuitry of the present Invention and other
implementations could be utilized, if desired. For
example, with respect to the differential embodiments
of FIGS. 5 and 7, other differential implementations
could be utilized that are based upon the single ended
implementations of FIGS. 4B and 6B. To get from the
single ended implementations to the differential
implementations, for example, alternate designs could
be provided by making this transition in different
ways, such as by (1) keeping all nodes the same, (2)
inverting the gate drive signals and drain outputs for
the transistors, (3) inverting the source drive
signals and the drain outputs for the transistors, and
(4) inverting the source drive signals and inverting
the gate drivesignals. In short, the weighted mixing
circuitry of the present invention can be implemented
in a 



wide variety ways, including both single ended and
differential solutions. [0051] Further modifications
and alternative embodiments of this invention will be
apparent to those skilled in the art in view of this
description. It will be recognized, therefore, that
the present invention is not limited by these example
arrangements. Accordingly, this description is to be
construed as illustrative only and is for the purpose
of teaching those skilled in the art the manner of
carrying out the invention. It is to be understood
that the fcrms of the invention herein shown and
described are to be taken as the presently preferred
embodiments. Various changes may be made in the
implementations and architectures. For example,
equivalent elements may be substituted for those
illustrated and described herein, and certain features
of the invention may be utilized independently of the
use of other features, all as would be apparent to one
skilled in the art after having the benefit of this
description of the invention.Claims What is claimed
is: 1. Transmit path circuitry for a communication
system, comprising: transmit circuitry coupled to
receive a signal at an intermediate frequency (IF) and
to output a transmit signal at a desired output
frequency; oscillator circuitry configured to output a
local oscillator (LO) signal; mixing signal generation
circuitry configured to receive the LO signal and to
output I and Q mixing signals that differ by an amount
other than 90-degrees; and mixing circuitry coupled to
receive the I and Q mixing signals from the mixing
signal generation circuitry and to output the IF
signal to the transmit circuitry, the mixing circuitry
being configured to perform a weighted mix of I and Q
baseband signals and the I and Q mixing signals to
produce the IF signal. 2. The transmit path circuitry
of claim 1, wherein an I mixing signal is mixed with a
weighted version of the I baseband signal and with a
weighted version of the Q baseband signal, and wherein
a Q mixing signal is mixed with a weighted version of
the I baseband signal and with a weighted version of
the Q baseband signal. 3. The transmit path circuitry
of claim 2, wherein a first weighting is used for the
Q baseband 



signal with respect to the I mixing signal and for the
I baseband signal with respect to the Q mixing signal,
and a second weighting is used for the Q baseband
signal with respect to the Q mixing signal and for the
I baseband signal with respect to the I mixing signal.
4. The transmit path circuitry of claim 3, wherein the
phase difference between the I and Q mixing signals is
72 degrees, and wherein the ratio of the second
weighting to the first weighting is 19:3. 5. The
transmit path circuitry of claim 4, wherein the mixing
signal generation circuitry comprises oscillation
circuitry coupled to at least one divider circuit. 6.
The transmit path circuitry of claim 5, wherein the
mixing signal generation circuitry comprises a
divide-by-five final stage divider circuit. 7. The
transmit path circuitry of claim 1, wherein an I
baseband signal is mixed with a weighted version of
the I mixing signal and with a weighted version of the
Q mixing signal, and wherein a Qbaseband signal is
mixed with a weighted version of the I mixing signal
and with a weighted version of the Q mixing signal. 8.
The transmit path circuitry of claim 7, wherein a
weighting used for the Q mixing signal with respect to
the I baseband signal matches a weighting used for the
I mixing signal with respect to the Q baseband signal,
and wherein a weighting used for the Q mixing signal
with respect to the Q baseband signal matches a
weighting used for the I mixing signal with respect to
the I baseband signal. 9. The transmit path circuitry
of claim 1, wherein the following equation is utilized
to implement the weighted mixing circuitry: (al +
bQ)cos(wt - f) - (bl + aQ)sin(wt + f) = Icos(wt) -
Qsin(wt) where 2f represents the difference between 90
degrees and the phase difference between the I and Q
mixing signals, where cos(wt - f) represents the I
mixing signal, where sin(wt + f) represents the Q
mixing signal, where I represents the real baseband
input signal, where Q represents the imaginary
baseband input signal, and where b/a = tanf. 10. The
transmit path circuitry of claim 1, wherein the mixing
circuitry comprises: a first transistor circuit
configured to receive at its gate the I mixing signal,
configured to 



have a weighted version of the I baseband signal
coupled to its source, configured to have a weighted
version of the Q baseband signal coupled its source,
and configured to have its drain coupled to an output
node; a second transistor circuit configured to
receive at its gate the Q mixing signal, configured to
have a weighted version of the I baseband signal
coupled to its source, configured to have a weighted
version of the Q baseband signal coupled itssource,
and configured to have its drain coupled to an output
node; and combiner circuitry coupled to the output
nodes of the first and second transistor circuits and
configured to output a combined IF signal. 11. The
transmit path circuitry of claim 1, wherein the mixing
circuitry comprises a differential mixing circuitry,
wherein a positive and a negative version of the I and
Q mixing signals and a positive and negative version
of the I and Q baseband signals are utilized.12. The
transmit path circuitry of claim 1, wherein the mixing
signal generation circuitry comprises first divider
circuitry coupled to receive the LO signal and to
output the I and Q mixing signals that differ by an
amount other than 90-degrees. 13. The transmit path
circuitry of claim 12, wherein the transmit circuitry
comprises a second divider circuitry coupled to
receive the LO signal and to output a mixing signal
for the transmit circuitry. 14. The transmit path
circuitry of claim 12, wherein the transmit circuitry
comprises offset phase lock loop (PLL) circuitry. 15.
The transmit path circuitry of claim 12, wherein the
oscillator circuitry comprises phase lock loop (PLL)
circuitry including a phase detector. 16. Mixing
circuitry for a communication system, comprising:
first weighted mixing circuitry coupled to mix an I
mixing signal with weighted versions of I and Q
baseband signals and to generate a first mixed signal;
second weighted mixing circuitry coupled to mix a Q
mixing signal with weighted versions of I and Q
baseband signals and to generate a second mixed
signal; a combiner coupled to receive the first and
second mixed signals and to generate a combined 



output signal at a desired frequency; wherein the I
and Q mixing signals differ by an amount other than
90-degrees. 17. The mixing circuitry of claim 16,
wherein a first weighting is used for the Q baseband
signal with respect to the I mixing signal and for the
I baseband signal with respect to the Q mixing signal,
and a second weighting is used for the Q baseband
signal with respect to the Q mixing signal and for the
I baseband signal with respect to the I mixing signal.
18. The mixing circuitry of claim 17, wherein the
phase difference between the I and Q mixing signals is
72 degrees, and wherein the ratio of the second
weighting to the first weighting is 19:3. 19. The
mixing circuitry of claim 17, wherein the first and
second weighted mixing circuitry comprises
differential mixing circuitry, wherein a positive and
a negative version of the I and Q mixing signals and a
positive and negative version of the I and Q baseband
signals are utilized. 20. Mixing circuitry for a
communication system, comprising:first weighted mixing
circuitry coupled to mix I and Q mixing signals with
weighted versions of an I baseband signal and to
generate a first mixed signal; second weighted mixing
circuitry coupled to mix I and Q mixing signals with
weighted versions of a Q baseband signal to generate a
second mixed signal; a combiner coupled to receive the
first and second mixed signals and to generate a
combined output signal at a desired frequency; wherein
the I and Q mixing signals differ by an amount other
than 90-degrees. 21. The mixing circuitry of claim 20,
wherein a weighting used for the Q mixing signal with
respect to the 1baseband signal matches a weighting
used for the I mixing signal with respect to the Q
baseband signal, and a weighting used for the Q mixing
signal with respect to the Q baseband signal matches a
weighting used for the I mixing signal with respect to
the I baseband signal. 22. A method for mixing a
baseband signal to a desired frequency, comprising:
generating I and Q mixing signals that differ by an
amount other than 90-degrees; receiving I and Q
baseband signals; and performing weighted mixing of
the I and Q mixing signals with I and Q baseband
signals to produce an output signal at a desired
frequency. 



23. The method of claim 22, wherein the performing
step comprises mixing the I mixing signal with
weighted versions of the I and Q baseband signals to
produce a first mixed signal, mixing the Q mixing
signal with weighted versions of the I and Q baseband
signals to produce a second mixed signal, and
combining the first and second mixing signals to
produce the output signal. 24. The method of claim 23,
wherein a first weighting is used for the Q baseband
signal with respect to the I mixing signal and for the
I baseband signal with respect to the Q mixing signal,
and a second weighting is used for the Q baseband
signal with respect to the Q mixing signal and for the
I baseband signal with respect to the I mixing signal.
25. The method of claim 24, wherein the phase
difference between the I and Q mixing signals is 72
degrees, and wherein the ratio of the second weighting
to the first weighting is 19:3. 26. The method of
claim 22, wherein the I and Q mixing signals and the I
and Q baseband signals are differential signals.27.
The method of claim 22, wherein the performing step
comprises mixing the I baseband signal with weighted
versions of the I and Q mixing signals to produce a
first mixed signal, mixing the Q baseband signal with
weighted versions of the I and Q mixing signals to
produce a second mixed signal, and combining the first
and second mixing signals to produce the output
signal. 28. The method of claim 22, wherein the
following equation is utilized to implement the
weighted mixing circuitry: (al + bQ)cos(wt - f) - (bl
+ aQ)sin(wt + f) = Icos(wt) - Qsin(wt) where 2f
represents the difference between 90 degrees and the
phase difference between the I and Q mixing signals,
where cos(wt - f) represents the I mixing signal,
where sin(wt + f) represents the Q mixing signal,
where I represents the real baseband input signal,
where Q represents the imaginary baseband input
signal, and where b/a = tanf. 29. The method of claim
22, further comprising generating a local oscillator
(LO) signal, and utilizing a divided version of the LO
signal to provide the I and Q mixing signals that
differ by an amount other than 90-degrees. 30. The
method of claim 29, wherein the generating step
comprises utilizing phase lock loop (PLL) circuitry to
generate the LO signal. 



31. The method of claim 30, further comprising
selecting a channel by adjusting the output of the PLL
circuitry. 32. The method of claim 20, further
comprising generating a divided version of the LO
signal utilizing at least one multiplier circuit (xM)
and at least one divider circuit (N) to perform an M/N
operation. 


