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(54) Title: POWER-MIXER ARCHITECTURE FOR TRANSMITTERS

(57) Abstract: A power mixer

architecture for a transmitter chip (10) is
disclosed. The power mixer architecture is

a mixing stage (60) including one or more
upper trees, and one or more lower trees.
Each lower tree is selectively activated to
receive current biasing signals, and current
intermediate frequency signals.  Upon
receipt, the activated lower tree activates
a corresponding upper tree to receive one
or more amplified current intermediate
frequency signals from the lower tree. In
conjunction with a reception of voltage
local oscillating signals, the upper tree
provides voltage radio frequency signals.
The gain of the lower tree is designed
to be constant over any variance in a
temperature, supply voltage or processing
performance of the transmitter chip.
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POWER-MIXER ARCHITECTURE FOR TRANSMITTERS

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention generally relates to transmitters. The present
invention specifically relates to architecture of a power-mixer.

2. Description of the Related Art

In prior art up-converter transmitter architectures, the mixer is driven in a
voltage mode of operation and is coupled to an output driver. Generally,
achieving the higher output power requires driving the mixer harder, which
moves the mixer into a non-linear operating range. Additionally, in order to
maximize the power efficiency, the mixer needs to be impedance matched with
the 6utput driver. The impedance matching requires an off-chip inductor. The
impedance matching also increases pin count of the transmitter.

What is therefore needed is an improved technique for generating medium
linear power in a transmitter chip at relatively good efficiency and without utilizing
on-chip impedance matching inductors.
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SUMMARY OF THE INVENTION

The present invention relates to a power mixer architecture for a
transmitter chip. Various aspects of the invention are novel, non-obvious, and
provide various advantages. While the actual nature of the present invention
covered herein can only be determined with reference to the claims appended
hereto, certain features, which are characteristic of the embodiments disclosed
herein, are described briefly as follows.

One form of the present invention is a mixing stage of a transmitter chip
comprising a lower tree and an upper tree. The lower tree is operable provide a
current intermediate frequency signal in response to a reception of a second
current intermediate frequency signal and a current biasing signal. The upper
tree operable to provide a voltage radio frequency signal in response to the
current intermediate frequency signal.

A second form of the present invention is a mixing stage of a transmitter
chip comprising an upper tree including a switching circuit and a lower tree
including a current amplifier. The current amplifier is operable to turn on the
switching circuit in response to a reception of a current intermediate frequency
signal and a current biasing signal.

A third form of the present invention is a transmitter chip comprising a
biasing stage, a phase shifting stage, a local oscillator driver stage, and a mixing
stage. The biasing stage is operable to provide a plurality of current biasing
signals to the mixing stage. The phase shifting stage is operable to provide a
plurality of current intermediate frequency signals to the mixing stage. The local
oscillator driver stage is operable to provide a plurality of voltage local oscillating
signals to the mixing stage. The mixing stage is operable to provide a first
voltage radio frequency signal and a second voltage radio frequency signal in
response to a reception of the current biasing signals, the current intermediate

frequency signals, and the voltage local oscillating signals.
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The foregoing forms and other forms, features and advantages of the
present invention will become further apparent from the following detailed
description of the presently preferred embodiments, read in conjunction with the
accompanying drawings. The detailed description and drawings are merely
illustrative of the present invention rather than limiting, the scope of the present

invention being defined by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of one embodiment bf a transmitter power mixer
chip in accordance with the present invention;

FIG. 2A illustrates a current drive signal and a DC current control signal
provided by a variable gain amplifying stage of the FIG. 1 transmitter chip;

FIG. 2B illustrates five (5) DC current biasing signals provided by a biasing
stage of the FIG. 1 transmitter chip;

FIG. 2C illustrates four (4) current intermediate frequency signals as
provided by a phase shifting stage of the FIG. 1 transmitter chip;

FIG. 2D illustrates four (4) voltage local oscillating signals as provided by
a local oscillator driver stage of the FIG. 1 transmitter chip;

FIG. 2E illustrates two (2) voltage radio frequency signals as provided by a
mixing stage of the FIG. 1 transmitter chip;

FIG. 3 is a block diagram of one embodiment in accordance with the 4
present invention of the FIG. 1 mixing stage;

FIG. 4 is a schematic diagram of a first embodiment in accordance with
the present invention of a power mixer of the FIG. 2 mixing stage;

FIG. 5A is a schematic diagram of a first branch of the FIG. 4 power mixer;

FIG. 5B is a schematic diagram of a second branch of the FIG. 4 power
mixer,

FIG. 5C is a schematic diagram of a third branch of the FIG. 4 power

mixer;
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FIG. 5D is a schematic diagram of a fourth branch of the FIG. 4 power
mixer;

FIG. 6 is a block diagram of a second embodiment in accordance with the
present invention of a mixing stage of the FIG. 1 transmitter power mixer chip;

FIG. 7A is a block diagram of an activation of a PCS lower tree and a first
PCS upper tree of the FIG. 6 mixing stage;

FIG. 7B is a block diagram of an activation of the PCS lower tree and a
second PCS upper tree of the FIG. 6 mixing stage;

FIG. 7C is a block diagram of an activation of a cellular lower tree and a
first cellular upper tree of the FIG. 6 mixing stage; and

FIG. 7D is a block diagram of an activation of the cellular lower tree and a

first cellular upper tree of the FIG. 6 mixing stage.

DETAILED DESCRIPTION OF THE .
PRESENTLY PREFERRED EMBODIMENTS

A block diagram of a transmitter chip 10 of the present invention is shown
in FIG. 1. Referring to FIG. 1, transmitter chip 10 comprises a variable gain
amplifying stage 20, a biasing stage 30, a phase shifting stage 40, a local
oscillator driver stage 50, and a mixing stage 60 for implementing the principles
of the present invention. Other stages and components of transmitter 10 are not
shown for the clarity of describing the present invention. However, from the
subsequent description herein of stage 20, stage 30, stage 40, stage 50, and
stage 60 of transmitter chip 10, those having ordinary skill in the art will
appreciate such additional stages and components of transmitter chip 10. Also,
those having ordinary skill in the art will appreciate that transmitter chip 10
operates in a current mode of operation as opposed to the prior art manner of

operating transmitter chips in a voltage mode of operation.
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Referring to FIGS. 1 and 2A, variable gain amplifying stage 20 receives a
DC voltage control signal Vs from an allocated pin for gain control (not shown)
of transmitter chip 10 and a voltage signal Vr at intermediate frequency (e.g.,
150 MHz to 250 MHz) from an 1/Q modulator block (not shown) of transmitter
chip 10. In response thereto, variable gain amplifying stage 20 provides a
current drive signal lps to phase shifting stage 40 and a DC current control signal
Ics to biasing stage 30. Current drive signal Ips has an AC current component
and a DC current component. An ampere level X4 of the DC component of
current drive signal Ips as shown in FIG. 2A and an ampere level Xz of DC current
control signal Ics as shown in FIG. 2A are immune to any variances in an
operating temperature, a processing performance, and a supply power of
transmitter chip 10. Ampere level X4 of the DC component of current drive signal
Ips and ampere level X, of DC current control signal Ics change in response to
any change in the voltage level of voltage control signal Vcs. However, to
establish a high degree of insensitivity to any change in the voltage level of
voltage control signal Vs, a ratio Yy of ampere level X4 to ampere level X; (i.e.,
Y = X4/Xz) remains constant.

Referring to FIGS. 1, 2A, and 2B, in response to current control signal Ics,
biasing stage 30 outputs four (4) DC current biasing signals Igs1-ss4 to mixing
stage 60, and a DC current biasing signal Iss to phase shifting stage 40. As
shown in FIG. 2B, ampere levels X3.7 of DC current biasing signals Igs1-ss,
respectively, are designed to be identical. Ampere levels Xs.7 are also
dynamically varied in response to any change in ampere level Xz of DC current
control signal Ics with ratios Y. of ampere levels X3.7 to ampere level Xz (i.e., Y2
= Xa/X2: Y3 = Xa/Xo; Y4 = Xs/X2; Y5 = Xe/X2; and Yg = X7/X2) remaining constant.
Those having ordinary skill in the art will appreciate various conventional
embodiments of biasing stage 30, such as, for example, current mirrors.
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Referring to FIGS. 1, 2A and 2C, in response to current drive signal Ips
and DC current biasing signal Igss, phase shifting stage 40 provides four (4)
current signals li1.r4 at an intermediate frequency (e.g., 150 MHz to 250 MHz)
and phase shifted by 90 degrees to mixing stage 60. Each current intermediate
frequency signals lir1.r4 has a current component and a DC current component.
Those having ordinary skill in the art will appreciate various conventional
embodiments of phase shifting stage 40, such as, for example, poly-phase phase
shifter stages, buffer amplifiers and the like.

Referring to FIGS. 1 and 2D, local oscillator driver stage 50 provides four
(4) voltage signals Vi o1.L04 at a local oscillator frequency (e.g., <1000 MHz for a
cellular mode and <1700 MHz for a personal communication system (PCS)
mode) to mixing stage 60. As shown in FIG. 2D, voltage local oscillating signals
Vio1-Lo4 are phase shifted by 90 degrees. Those having ordinary skill in the art
will appreciate various conventional embodiments of local oscillator driver stage
50, such as, for example, an RC phase shifter network and buffer amplifiers.

Referring to FIGS. 1 and 2E, in response to DC current biasing signals
Iss1.8s4, current intermediate frequency signals lir1.ir4, and voltage local oscillating
signals V_o1.Lo4, Mixing stage 60 provides a pair of differential voltage signals
Vgrr1 and Vge; at a radio frequency (e.g., 900 MHz to 1900 MHz) to an external
balun (not shown) of transmitter chip 10. Voltage radio frequency signal Vrr1 and
voltage radio frequency signal Vrr, each have an AC voltage component and a
DC voltage component. As shown in FIG. 2E, voltage radio frequency signal
Vge2 is 180 degrees out of phase from voltage radio frequency signal Vrrq with

the peak-to-peak amplitudes of the signals being identical.



10

15

20

25

30

WO 02/082583 PCT/US02/11034

Referring to FIG. 3, a mixing stage 61 as a first embodiment of mixing
stage 60 (FIG. 1) is shown. Mixing stage 61 includes an upper tree 70 and a
lower tree 80. In response to current intermediate frequency signals lir1.r4 and
DC current biasing signals Igs1-ss4, lower tree 80 provides four (4) current signals
|aiF1-aiF4 at an intermediate frequency (e.g., 150 MHz to 250 MHz) and phase
shifted by 90 degrees to upper tree 70. The current intermediate frequency
signals lar1-airs are amplified versions of current intermediate frequency signals
liF1-iF4, respectively. In response to voltage local oscillating signals Vio1..04 and
current intermediate frequency signals Iar1-airs, upper tree 70 provides voltage
radio frequency signals Vrri.rr2. Those having ordinary skill in the art will
appreciate that mixing stage 61 facilitates a direct control of the ampere
amplitudes of current intermédiate frequency signals lir1.irs @s opposed to a direct
control of the ampere amplitudes of voltage radio frequency signals Vgre1.rre.

Referring to 4, a more detailed embodiment of upper tree 70 and lower
tree 80 is shown.

A first branch of lower tree 80 includes a switching circuit 81 and a current
mirror 82 constituting a current amplifier, and a first branch of upper tree 70
includes a switching circuit 71. Switching circuit 81 includes a switch S1 and an
NPN transistor T1. Current mirror 82 includes an NPN transistor T2, an NPN
transistor T3, a resistor R1, a resistor R2, and a resistor R3. Switching circuit 71
includes an NPN transistor T13 and an NPN transistor T14.

Transistor T1 has a collector terminal electrically coupled to a supply
terminal SUPPLY1, and a base terminal electrically coupled to switch S1. Switch
S1 receives a control signal (not shown) from a control block (not shown) of
transmitter chip 10 (FIG. 1) that controls a selective opening and closing of
switch S1. Transistor T2 has a collector terminal electrically coupled in parallel
with switch S1 to an input terminal INPUT,. Transistor T2 also has an emitter

terminal electrically coupled to a resistor R1.
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Transistor T3 has a base terminal electrically cdupled to an emitter
terminal of transistor T1, a base terminal of transistor T2, and resistor R2. A
collector terminal of transistor T3 is electrically coupled to both an emitter
terminal of transistor T13 and an emitter terminal of transistor T14. An emitter
terminal of transistor T3 is electrically coupled to resistor R3. Resistors R1-R3
are electrically coupled in parallel to a ground GND.

Transistor T13 has a collector terminal electrically coupled to an output
terminal OUTPUT,, and transistor T14 has a collector terminal electrically
coupled to an output terminal OUTPUT.

Referring additionally to FIG. 5A, a supply voltage Vpp is applied to supply
terminal SUPPLY4. Switching circuit 81 shunts DC current biasing signal lgss and
‘current intermediate frequency signal | ¢y when switch S1 is in an open position
as shown in FIG. 4. As a result, current mirror 82 is inactive and switching circuit
71 is turned off. Conversely, switching circuit 81 receives DC current biasing
signal Iss1 and current intermediate frequency signal li1 when switch S1is in a
closed position as shown in FIG. 5A. Concurrently, voltage local oscillating
signal Vo1 is applied to a base terminal of transistor T13 and voltage local
oscillating signal Vo3 is applied to a base terminal of transistor T14.

As a result, current mirror 82 is active and switching circuit 71 is turned on
whereby transistor T13 and transistor T14 individually activated to alternatively
draw current intermediate frequency signal |ar1 from current mirror 82. As a
result, a current radio frequency signal Irr1 flows from the collector terminal of
transistor T13 to OUTPUT when transistor T13 is activated and a current radio
frequency signal Ire2 flows from the collector terminal of transistor T14 to
OUTPUT; when transistor T14 is activated.
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As previously described herein in connection with FIG. 3, current
intermediate frequency signal a4 is an amplification of current intermediate
frequency signal lir1. The amplification is due to a current gain of current mirror
82 that is function of a ratio of a size of transistor T3 to a size of transistor T2.
Ideally, the size of transistor T2 and the size of transistor T3 are selected
whereby the gainis in the order of 10 or higher. Those having ordinary skill in the
art will appreciate that gain of current mirror 82 remains essentially constant over
any variations in a temperature, a supply voltage, or a processing performance of
transmitter chip 10 (FIG 1).
| Resistor R1 and resistor R3 serve to improve the gain consistency of
current mirror 82 over any variations in a temperature, a supply voltage, or a
processing performance of transmitter chip 10 by drawing and degrading
currents (not shown) from the emitter terminals of transistor T2 and transistor T3.
Resistor R2 serves to further improve the gain consistency of current mirror 82
by drawing a current (not shown) from an emitter terminal of transistor T1.

Referring again to FIG. 4, a second branch of lower tree 80 includes a
switching circuit 83 and a current mirror 84 constituting a current amplifier, and a
second branch of upper tree 70 includes a switching circuit 72. Switching circuit
83 includes a switch S2 and an NPN transistor T4. Current mirror 84 includes an
NPN transistor T5, an NPN transistor T6, a resistor R4, a resistor R5, and a
resistor R6. Switching circuit 72 includes an NPN transistor T15 and an NPN
transistor T16.

Transistor T4 has a collector terminal electrically coupled to a supply
terminal SUPPLY>, and a base terminal electrically coupled to switch S2. Switch
S2 receives a control signal (not shown) from the control block (not shown) of
transmitter chip 10 (FIG. 1) that controls a selective opening and closing of
switch S2. Transistor T5 has a collector terminal electrically coupled in parallel
with switch S2 to an input terminal INPUT,. Transistor T5 also has an emitter

terminal electrically coupled to a resistor R4.



10

15

20

25

WO 02/082583 PCT/US02/11034

Transistor T6 has a base terminal electrically coupled to an emitter
terminal of transistor T4, a base terminal of transistor T5, and resistor R5. A
collector terminal of transistor T6 is electrically coupled to both an emitter
terminal of transistor T15 and an emitter terminal of transistor T16. An emitter
terminal of transistor T6 is electrically coupled to resistor R6. Resistors R4-R6
are electrically coupled in parallel to ground GND.

Transistor T15 has a collector terminal electrically coupled to an output
terminal OUTPUT, and transistor T16 has a collector terminal electrically
coupled to an output terminal OUTPUT.

Referring additionally to FIG. 5B, a supply voltage Vpp is applied to supply
terminal SUPPLY.. Switching circuit 83 shunts DC current biasing signal lzs2 and
current intermediate frequency signal Iz when switch S2 is in an open position
as shown in FIG. 4. As a resulit, current mirror 84 is inactive and switching circuit
72 is turned off. Conversely, switching circuit 83 receives DC current biasing
signal Igs2 and current intermediate frequency signal l;z> when switch S2 isin a
closed position as shown in FIG. 5B. Concurrently, voltage local oscillating
signal Vo3 is applied to a base terminal of transistor T15 and voltage local
oscillating signal Vo4 is applied to a base terminal of transistor T16.

As a result, current mirror 84 is active and switching circuit 72 is turned on
whereby transistor T15 and transistor T16 individually activated to alternatively
draw current intermediate frequency signal |2 from current mirror 84. As a
result, a current radio frequency signal Ires flows from the collector terminal of
transistor T15 to OUTPUT, when transistor T15 is activated and a current radio
frequency signal Ire4 flows from the collector terminal of transistor T16 to
OUTPUT, when transistor T16 is activated.

-10 -
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As previously described herein in connection with FIG. 3, current
intermediate frequency signal Iarz is an amplification of current intermediate
frequency signal lir2. The amplification is due to a current gain of current mirror
84 that is function of a ratio of a size of transistor T6 to a size of transistor T5.
Ideally, the size of transistor TS5 and the size of transistor T5 are selected
whereby the gain s in the order of 10 or higher. Those having ordinary skill in the
art will appreciate that gain of current mirror 84 remains essentially constant over
any variations in a temperature, a supply voltage, or a processing performance of
transmitter chip 10 (FIG 1).

Resistor R4 and resistor R6 serve to improve the gain consistency of
current mirror 84 over any variations in a temperature, a supply voltage, or a
processing performance of transmitter chip 10 by drawing and degrading
currents (not shown) from the emitter terminals of transistor T5 and transistor T6.
Resistor R5 serves to further improve the gain consistency of current mirror 84
by drawing a current (not shown) from an emitter terminal of transistor T4.

| Referring again to FIG. 4, a third branch of lower tree 80 includes a
switching circuit 85 and a current mirror 86 constituting a current amplifier, and a
third branch of upper tree 70 includes a switching circuit 73. Switching circuit 85
includes a switch S3 and an NPN transistor T7. Current mirror 86 includes an
NPN transistor T8, an NPN transistor T9, a resistor R7, a resistor R8, and a
resistor R9. Switching-circuit 73 includes an NPN transistor T17 and an NPN
transistor T18.

Transistor T7 has a collector terminal electrically coupled to a supply
terminal SUPPLY3, and a base terminal electrically coupled to switch S3. Switch
S3 receives a control signal (not shown) from the control block (not shown) of
transmitter chip 10 (FIG. 1) that controls a selective opening and closing of
switch S3. Transistor T8 has a collector terminal electrically coupled in parallel
with switch S3 to an input terminal INPUT3. Transistor T8 also has an emitter

terminal electrically coupled to a resistor R7.

-11-
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Transistor T9 has a base terminal electrically coupled to an emitter
terminal of transistor T7, a base terminal of transistor T8, and resistor R8. A
collector terminal of transistor T9 is electrically coupled to both an emitter
terminal of transistor T17 and an emitter terminal of transistor T18. An emitter
terminal of transistor T9 is electrically coupled to resistor R9. Resistors R7-R9
are electrically coupled in parallel to ground GND.

Transistor T17 has a collector terminal electrically coupled to an output
terminal OUTPUT;, and transistor T18 has a collector terminal electrically
coupled to an output terminal OUTPUT..

Referring additionally to FIG. 5C, a supply voltage VDD is applied to
supply terminal SUPPLY3. Switching circuit 85 shunts DC current biasing signal
lsss and current intermediate frequency signal I,e3 when switch S3 is in an open
position as shown in FIG. 4. As a result, current mirror 86 is inactive and
switching circuit 73 is turned off. Conversely, switching circuit 85 receives DC
current biasing signal Isss and current intermediate frequency signal lirz when
switch 83 is in a closed position as shown in FIG. 5C. Concurrently, voltage
local oscillating signal V.o is applied to a base terminal of transistor T17 and
voltage local oscillating signal \/L04 is applied to a base terminal of transistor T18.

As a result, current mirror 86 is active and switching circuit 73 is turned on
whereby transistor T17 and transistor T18 individually activated to alternatively
draw current intermediate frequency signal a3 from current mirror 86. As a
result, a current radio frequency signal Irgs flows from the collector terminal of
transistor T17 to OUTPUT when transistor T17 is activated and a current radio
frequency signal Irrs flows from the collector terminal of transistor T18 to
OUTPUT when transistor T18 is activated.

-12.-
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As previously described herein in connection with FIG. 3, current
intermediate frequency signal lars is an amplification of current intermediate
frequency signal lir3. The amplification is due to a current gain of current mirror
86 that is function of a ratio of a size of transistor T9 to a size of transistor T8.
Ideally, the size of transistor T8 and the size of transistor T9 are selected
whereby the gainis in the order of 10 or higher. Those having ordinary skill in the
art will appreciate that gain of current mirror 86 remains essentially constant over
any variations in a temperature, a supply voltage, or a processing performance of
transmitter chip 10 (FIG 1).

Resistor R7 and resistor R9 serve to improve the gain consistency of
current mirror 86 over any variations in a temperature, a supply voltage, or a
processing performance of transmitter chip 10 by drawing and degrading
currents (not shown) from the emitter terminals of transistor T8 and transistor T9.
Resistor R8 serves to further improve the gain consistency of current mirror 86
by drawing a current (not shown) from an emitter terminal of transistor T7.

Referring again to FIG. 4, a fourth branch of lower tree 80 includes a
switching circuit 87 and a current mirror 88 constituting a current amplifier, and a
fourth branch of upper tree 70 includes a switching circuit 74. Switching circuit
87 includes a switch S4 and an NPN transistor T10. Current mirror 88 includes
an NPN transistor T11, an NPN transistor T12, a resistor R10, a resistor R11,
and a resistor R12. Switching circuit 74 includes an NPN transistor T19 and an
NPN transistor T20.

Transistor T10 has a collector terminal electrically coupled to a supply
terminal SUPPLY,, and a base terminal electrically coupled to switch S4. Switch
S4 receives a control signal (not shown) from the control block (not shown) of
transmitter chip 10 (FIG. 1) that controls a selective opening and closing of
switch S4. Transistor T11 has a collector terminal electrically coupled in parallel
with switch S4 to an input terminal INPUT,4. Transistor T11 also has an emitter
terminal electrically coupled to a resistor R10.

-13-



10

15

20

25

WO 02/082583 PCT/US02/11034

Transistor T12 has a base terminal electrically coupled to an emitter
terminal of transistor T10, a base terminal of transistor T11, and resistor R11. A
collector terminal of transistor T12 is electrically coupled to both an emitter
terminal of transistor T19 and an emitter terminal of transistor T20. An emitter
terminal of transistor T12 is electrically coupled to resistor R12. Resistors
R10-R12 are electrically coupled in parallel to ground GND.

Transistor T19 has a collector terminal electrically coupled to an output
terminal OUTPUT4, and transistor T20 has a collector terminal electrically
coupled to an output terminal OUTPUT>.

Referring additionally to FIG. 5D, a supply voltage Vppis applied to supply
terminal SUPPLY,4. Switching circuit 87 shunts DC current biasing signal lgss and
current intermediate frequency signal lizs when switch S4 is in an open position
as shown in FIG. 4. As a result, current mirror 88 is inactive and switching circuit
74 is turned off. Conversely, switching circuit 87 receives DC current biasing
signal Igs4 and current intermediate frequency signal lirs when switch S4 is in a
closed position as shown in FIG. 5D. Concurrently, voltage local oscillating
signal Vo4 is applied to a base terminal of transistor T19 and voltage local
oscillating signal Vo2 is applied to a base terminal of transistor T20.

As a result, current mirror 88 is active and switching circuit 74 is turned on
whereby transistor T19 and transistor T20 individually activated to alternatively
draw current intermediate frequency signal |ars from current mirror 88. As a
result, a current radio frequency signal Ire7 flows from the collector terminal of
transistor T19 to OUTPUT, when transistor T19 is activated and a current radio
frequency signal Ires flows from the collector terminal of transistor T20 to
OUTPUT, when transistor T20 is activated.

-14 -
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As previously described herein in connection with FIG. 3, current
intermediate frequency signal lairs is an amplification of current intermediate
frequency signal lirs. The amplification is due to a current gain of current mirror
88 that is function of a ratio of a size of transistor T12 to a size of transistor T11.
Ideally, the size of transistor T11 and the size of transistor T12 are selected
whereby the gain is in the order of 10 or higher. Those having ordinary skill in the
art will appreciate that gain of current mirror 88 remains essentially constant over
any variations in a temperature, a supply voltage, or a processing performance of
transmitter chip 10 (FIG 1).

Resistor R10 and resistor R12 serve to improve the gain consistency of
current mirror 88 over any variations in a temperature, a supply voltage, or a
processing performance of transmitter chip 10 by drawing and degrading
currents (not shown) from the emitter terminals of transistor T11 and transistor
T12. Resistor R11 serves to further improve the gain consistency of current
mirror 88 by drawing a current (not shown) from an emitter terminal of transistor
T10. |

Referring to FIG. 6, a mixing stage 62 as an embodiment of mixing stage
60 (FIG. 1) is shown. Mixing stage 62 includes a personal communication
system (PCS) lower tree 80a, and a cellular lower tree 80b. Lower tree 80a and
lower tree 80b are replicas of the circuitry of lower tree 80 as shown in FIG. 4.
Mixing stage 62 further includes a personal communication system (PCS) upper
tree 70a, a personal communication system (PCS) upper tree 70b, a cellular
upper tree 70c, and a cellular upper tree 70d. Upper trees 70a-70d are replicas
of the circuitry of upper tree 70 as shown in FIG. 4. Transmitter chip 10 (FIG. 1)
includes four (4) external baluns (not shown). PSC upper tree 70a is operable to
provide voltage radio frequency signal Vrrs and voltage radio frequency signal
Vre? at a frequency approximating 1900 MHz to a first external balun. PSC upper
tree 70b is operable to provide voltage radio frequency signal Vres and voltage
radio frequency signal Vgr2 at a frequency approximating 1900 MHz to a second
external balun. Cellular upper tree 70c is operable to provide voltage radio

-15-
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frequency signal Vrrs and voltage radio frequency signal Vrr2 at a frequency
approximating 800 MHz to a third external balun. Cellular upper tree 70d
operable to provide voltage radio frequency signal Vrr1 and voltage radio
frequency signal Vg2 at a frequency approximating 800 MHz to a fourth external
balun.

From the subsequent description herein of mixing stage 62 in connection
with FIGS. 7A-7D, those having ordinary skill in the art will appreciate a simple
output power switching scheme provided by the present invention.

Referring to FIGS. 4 and 7A-7D, as previously stated herein, switches
S1-S4 are selectively opened and closed in response to a reception of control
signals (not shown), respectively, from a control block (not shown) of transmitter
chip 10 (FIG. 1). Additionally, voltage local oscillating signals Vi o+.Lo4 are
selectively provided to one of the upper trees 70a-70d by way of switching
means (not shown) within the local oscillator driver stage 50 (FIG. 1). Thus,
when it is desired for the first external balun to receive voltage radio frequency
signal Vrgq and voltage radio frequency signal Vgre2 at a frequency approximating
1900 MHz, switches S1-S4 of lower tree 80a are closed and switches S1-S4 of
lower tree 80b are opened whereby only lower tree 80a receives DC current
biasing signals Izs1.8s4 and current intermediate frequency signals Vir1.rs to
thereby provide current intermediate frequency signals VAir1.ar4 to upper tree
70a as shown in FIG. 7A. Additionally, voltage local oscillating signals Vi o1-Los
are only provided to upper tree 70a whereby upper tree 70a provides voltage
radio frequency signal Vg and voltage radio frequency signal Vgrr2at a
frequency approximating 1900 MHz to the first balun.

Alternatively, when it is desired for the second external balun to receive
voltage radio frequency signal Vrrs and voltage radio frequency signal Vrr2 at a
frequency approximating 1900 MHz, switches S1-S4 of lower tree 80a are closed
and switches S1-S4 of lower tree 80b are opened whereby only lower tree 80a
receives DC current biasing signals Igs1-ss4 and current intermediate frequency
signals Vir1.r4 to thereby provide current intermediate frequency signals VAF1.aiF4

to upper tree 70b as shown in FIG. 7B. Additionally, voltage local oscillating
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signals VL o1-Los are only provided to upper tree 70b whereby upper tree 70b
provides voltage radio frequency signal Vrr1 and voltage radio frequency signal
VRr2 at a frequency approximating 1900 MHz to the second external balun.

Alternatively, when it is desired for the third external balun to receive
voltage radio frequency signal Vg1 and voltage radio frequency signal Vgez at a
frequency approximating 800 MHz, switches S1-S4 of lower tree 80a are opened
and switches S1-S4 of lower tree 80b are closed whereby only lower tree 80b
receives DC current biasing signals lgs1.ss4 and current intermediate frequency
signals V e1.r4 to thereby provide current intermediate frequency signals VAr1.aira
to upper tree 70c as shown in FIG. 7C. Additionally, voltage local oscillating
signalvs VL0o1-Los are only provided to upper tree 70c whereby upper tree 70c
provides volitage radio frequency signal Vrrs and voltage radio frequency signal
Vre2 at a frequency approximating 800 MHz to the third external balun.

Alternatively, when it is desired for the fourth external balun to receive
voltage radio frequency signal Vrr1 and voltage radio frequency signal Vrr2 at a
frequency approximating 800 MHz, switches S1-S4 of lower tree 80a are opened
and switches S1-S4 of lower tree 80b are closed whereby only lower tree 80b
receives DC current biasing signals Igs1.ss4 and current intermediate frequency
signals V|r1.e4 to thereby provide current intermediate frequency signals VAir1.aiF4
to upper tree 70d as shown in FIG. 7D. Additionally, voltage local oscillating
signals Vi 01.L04 are only provided to upper tree 70d whereby upper tree 70d
provides voltage radio frequency signal Vre1 and voltage radio frequency signal
Vgrr2 at a frequency approximating 800 MHz to the fourth external balun.

While the embodiments of the present invention disclosed herein are
presently considered to be preferred, various changes and modifications can be
made without departing from the spirit and scope of the present invention. The
scope of the present invention is indicated in the appended claims, and all
changes that come within the meaning and range of equivalents are intended to
be embraced therein.
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CLAIMS

What is claimed is:
1. A mixing stage of a transmitter chip, said mixing stage comprising:
a lower tree operable provide a first current intermediate frequency
signal in response to a reception of a second current intermediate frequency
signal and a current biasing signal; and
an upper tree operable to provide a voltage radio frequency signal
in response to said first current intermediate frequency signal.

2. The mixing stage of claim 1, wherein
said lower tree includes means for maintaining a constant gain.

3. The mixing stage of claim 1, wherein
said first current intermediate frequency signal is an amplification of

said second current intermediate frequency signal.

4. The mixing stage of claim 1, wherein
said lower tree is selectively activated to receive said second
current intermediate frequency signal and said current biasing signal; and
said lower tree is selectively deactivated to shunt said second

current intermediate frequency signal and said current biasing signal.

5. A mixing stage of a transmitter chip, said mixing stage comprising:
an upper tree including a switching circuit; and
a lower tree including a current amplifier operable to turn on said
switching circuit in response to a reception of a first current intermediate

frequency signal and a current biasing signal.
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6. The mixing stage of claim 5, wherein
said switching circuit is operable to draw a second current
intermediate frequency signal from said current amplifier when said switching
circuit is turned on, said second current intermediate frequency signal being an

amplification of said first current intermediate frequency signal.

7. The mixing stage of claim 6, wherein
said current amplifier includes means for establishing a gain that is
independent of any variances in a temperature of said transmitter chip.

8. The mixing stage of claim 6, wherein
said current amplifier includes means for establishing a gain that is

independent of any variances in a supply voltage of said transmitter chip.

9. The mixing stage of claim 6, wherein
said current amplifier includes means for establishing a gain that is
independent of any variances in a processing performance of said transmitter
chip. '

10.  The mixing stage of claim 5, wherein
said current amplifier includes means for selectively receiving or
shunting said first current intermediate frequency signal and said current biasing

signal.
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11. A transmitter chip, comprising:

a biasing stage operable to provide a plurality of current biasing
signals; ‘

a phase shifting stage operable to provide first set of a plurality of
current intermediate frequency signals;

a local oscillator driver stage operable to provide a plurality of
voltage local oscillating signals; and

a mixing stage operable to provide a first voltage radio frequency
signal and a second voltage radio frequency signal in response to a reception of
said plurality of current biasing signals, séid first set of said plurality of current
intermediate frequency signals, and said plurality of voitage local oscillating

signals.

12.  The transmitter chip of claim 11, wherein
said mixing stage includes
at least one lower tree operable to receive said plurality of current
biasing signals and said first set of said plurality of current intermediate
frequency signals, and
at least one upper tree operable to receive said plurality of voltage

local oscillating signals.

13.  The transmitter chip of claim 12, wherein
each lower tree of said at least one lower tree includes means for
selectively receiving or shunting said plurality of current biasing signals and said
first set of said plurality of current intermediate frequency signals.
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14.  The transmitter of chip of claim 12, wherein
a first lower tree of said at least one lower tree is operable to
provide a second set of a plurality of current intermediate frequency signals in
5 response to a reception of said plurality of current biasing signals and said first
set of said plurality of current intermediate frequency signals; and
a first upper tree of said at least one upper tree is operable to
receive said second set of a plurality of current intermediate frequency signals in
response to reception of said plurality of voltage local oscillating signals.
10
15.  The transmitter chip of claim 12, wherein
a first lower tree of said at least one lower tree includes means for
maintaining a constant gain. |

15
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