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(54) Title: DYNAMIC BIASING OF A TRANSMITTER

(57) Abstract: A dynamic biasing of a
transmitter chip (10) is disclosed. The
transmitter chip (10) comprises a variable
gain amplifying stage (20), a biasing stage
(30), a phase shifting stage (40), and a mixing
stage (50). In response to a voltage control
signal (VCS) and a voltage intermediate
frequency signal (VIF), the variable gain
amplifying stage (20) provides a current drive
signal (IDS) and a DC current control signal
(ICS). While an ampere level (X1) of the DC
component of the current drive signal (IDS)
and an ampere level (X2) of the DC current
control signal (ICS) vary as a function of any
variations in the voltage control signal (VCS)
as well as any variation in the temperature,
process performance, and supply power of the
transmitter chip (10), a ratio of the ampere level
(X1) of a DC component of the current drive
signal (IDS) to the ampere level (X2) of the DC
current control signal (ICS) is constant. The
current drive signal (IDS) and the DC current
control signal (ICS) establish the dynamic
biasing block in a current mode of operation
that maintains a constant gain of the mixing
stage (50).
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Dynamic biasing of a transmitter

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention generally relates to transmitters. The present invention

specifically relates to dynamic biasing of currents within a transmitter chip.

2. Description of the Related Art

In a transmitter chip, a current for biasing each block of the transmitter chip is
a function of the required linearity and the output power. Some transmitter chips have the
ability to dynamically adjust the output power. Consequently, the biasing current can be
dynamically adjusted to reduce the total current consumption of the transmitter.

There are currently two techniques for dynamically adjusting a biasing current.
The first technique involves a reading of a lookup table of biasing current settings whenever
the output power is altered, and changing the biasing current accordingly. The second
technique involves measuring the output power and dynamically generating appropriate
biasing voltage and biasing currents as a function of the measured output power. Neither of
these techniques is immune to any variations in a temperature, a supply power, and a
processing performance of the transmitter chip. Additionally, neither of these techniques can
continually keep the overall gain of the transmitter chip constant as the bias currents are
dynamically adjusted. Thus, prior to the present, an efficient and effective technique for
dynamically adjusting a biasing current while maintaining a constant overall gain was not

achieved.

SUMMARY OF THE INVENTION

The present invention relates to a dynamic biasing of currents within a
transmitter, more particularly within a transmitter chip that overcomes the disadvantages of
the prior art. 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.
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One form of the present invention is variable gain amplifying stage for a
transmitter chip comprising a first circuit and a second circuit. The first circuit is operable to
provide a current drive signal in response to a reception of a voltage control signal and a
voltage intermediate frequency signal by the variable gain amplifying stage. The current
drive signal has an AC current component and a DC current component. The second circuit
is operable to provide a DC current control signal in response to a reception of the voltage
control signal by the variable gain amplifying stage. The ratio of an ampere level of the DC
current component of the current drive signal to an ampere level of the DC current control
signal is constant.

A second form of the present invention is a transmitter chip comprising a
variable gain amplifying stage, and a biasing stage. The variable gain amplifying stage is
operable to provide a current drive signal and a DC current control signal. The current drive
signal has an AC component and a DC component. The biasing stage is operable to provide
a DC current biasing signal in response to a reception of the DC current control signal. The
ratio of an ampere level of the DC component of the current drive signal to an ampere level
of the DC current control signal is constant.

A third form of the present invention is a transmitter chip comprising a
variable gain amplifying stage, and a phase shifting stage. The variable gain amplifying
stage is operable to provide a current drive signal and a DC current control signal. The
current drive signal has an AC component and a DC component. The phase shifting stage is
operable to provide a current intermediate frequency signal in response to a reception of the
current drive signal. The ratio of an ampere level g)f the DC component of the current drive
signal to an ampere level of the DC current control signal is constant.

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 of a transmitter chip in

accordance with the present invention;
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FIG. 2 illustrates a current drive signal and a DC current control signal
provided by a variable gain amplifying stage of the FIG. 1 system;

FIG. 3 illustrates five (5) DC current biasing signals provided by a biasing
stage of the FIG. 1 syétem;

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

FIG. 5 illustrates two (2) current radio frequency signals as provided by a
mixing stage of the FIG. 1 system; ‘

FIG. 6 is a block diagram of one embodiment in accordance with the present
invention of the variable gain amplifying stage of the FIG. 1 biasing block;

FIG. 7A is a schematic diagram of one embodiment in accordance with the
present invention of a variable gain amplifying circuit of the FIG. 6 variable gain amplifying
stage;

FIG. 7B is a schematic diagram of one embodiment in accordance with the
present invention of a dummy variable gain amplifying circuit of the FIG. 6 variable gain
amplifying stage;

FIG. 8 is a block diagram of one embodiment in accordance of the present
invention of the FIG. 6 variable gain amplifying stage; and

FIG. 9 illustrates two (2) voltage adjustment signals provided by the FIG. 8

adjustment circuit.

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, and a mixing stage 50 for implementing the
principles of the present invention. Other stages and components of transmitter chip 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 and stage 50 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.

Referring to FIGS. 1 and 2, variable gain amplifying stage 20 receives a

voltage control signal Vs from an allocated pin for gain control (not shown) of transmitter
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chip 10 and a voltage signal Vi 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 an current drive signal Ipg to phase shifting stage 40 and a DC
current control signal 'Ics to biasing stage 30. Current drive signal Ipg has an AC current
component and a DC current component. As will be described in more detail herein in
connection with FIGS. 6-9, an ampere level X of the DC component of current drive signal
Ips and an ampere level X, of DC current control signal Ics are immune to any variances iﬁ
an operating temperature, a processing performance, and a supply power of transmitter chip
10. Ampere level X; of the DC component of current drive signal Ins 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 Y; of ampere level X; to ampere level X
(i.e., Y1 = X/X2) remains constant as will be described in more detail herein in connection
with FIGS. 6-9.

Referring to FIGS. 1-3, in response to current control signal I¢s, biasing stage
30 outputs four (4) DC current biasing signals Ipsi.pss to mixing stage 50, and a DC current
biasing signal Ipgs to phase shifting stage 40. As shown in FIG. 3, ampere levels X37 of DC
current biasing signals Igsi.gs, respectively, are designed to be identical. Ampere levels X3
are also dynamically varied in response to any change in ampere level X; of DC current
control signal Icg with ratios Y,.¢ of ampere levels Xs.; to ampere level X, (i.e., Y2 = X3/Xy;
Y3 = Xu/Xy; Y4 =Xs/Xs; Y5 = Xe/Xy; and Y = X7/Xy), respectively, remaining constant.
Those having ordinary skill in the art will appreciate various conventional embodiments of
biasing stage 30, such as, for example, current mirrors.

Referring to FIGS. 1, 2 and 4, in response to current drive signal Ipgand DC
current biasing signal Igss, phase shifting stage 40 provides four (4) current signals ;.4 at
an intermediate frequency (e.g., 150 MHz to 250 MHz) and phase shifted by 90 degrees to
mixing stage 50. 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 5, in response to DC current biasing signals Is)-Bs4
and current intermediate frequency signals Iip1.r4, mixing stage 50 provides a pair of
differential current signals Irr; and Igp; at a radio frequency (e.g., 900 MHz to 1900 MHz) to
an external balun (not shown) of transmitter chip 10. The current radio frequency signal Irp

and Irgz each have an AC current component and a DC current component. As shown in



10

15

20

25

30

WO 02/082642 PCT/1IB02/01185
5

FIG. 5, current radio frequency signal Irg is 180 degrees out of phase from current radio
frequency signal Irr; with the peak-to-peak amplitudes of the signals being identical. Those
having ordinary skill in the art will appreciate various conventional embodiments of mixing
stage 50, such as, for éxample, in-phase and out of phase mixers, image rejecter mixers, and
the like. Those having ordinary skill in the art will appreciate that, while a total current
consumption by transmitter chip 10 changes as a function of any variations in voltage control
signal Vs, the operating temperature of transmitter chip 10, a processing performance of ‘
transmitter chip 10, or supply power of transmitter chip 10, the overall gain of the mixing
stage 50 is constant.

Referring to FIGS. 1 and 6, one embodiment of amplifying stage 20
comprising a variable gain amplifying circuit 21 (hereinafter “VGA 217), a dummy variable
gain amplifying circuit (hereinafter “dummy VGA 22), and an adjustment circuit 23 is
shown. Adjustment circuit 23 receives voltage control signal Vs, and in response thereto,
provides a voltage adjustment signal V as; and a voltage adjustment signal Vasz to VGA 21
and dummy VGA 22. VGA 22 also receives voltage intermediate frequency signal Vi, and
in response thereto provides current drive signal Ipg to phase shifting stage 40. In response to
voltage adjustment signal V51 and a voltage adjustment signal Vasy, dummy VGA 22
provides DC current control signal Ics to biasing stage 30. In one embodiment, dummy VGA
22 is a replica of VGA 21 that facilitates a separation of a DC current path for currents Ics
and Iggi.pss from variable gain amplifying stage 20 through biasing stage 30 to mixing stage
50, and a second current path for a AC current path for currents Ips and Ir;.r4 from variable
gain amplifying stage 20 through phase shifting stage 40 to mixing stage 50. As aresult,
filtering with transmitter chip 10 is not required and a high degree of linearity of current radio
frequency signal Irp; and current radio frequency signal Irg; is attained.

Referring to FIGS. 6 and 7A, one embodiment of VGA 21 is shown. VGA 21
includes a current source CS;, an NPN transistor T1, an NPN transistor T2, an NPN transistor
T3, an NPN transistor T4, an NPN transistor T5, and a resistor R1. Current source CSi, a
collector terminal of transistor T1 and a collector terminal of transistor T3 are electrically
coupled to a power supply PS. A base terminal of transistor T1 and a base terminal of
transistor T2 are electrically coupled to circuit 23 whereby voltage adjustment signal Vag; is
applied between the base terminals of transistor T1 and transistor T2. An emitter terminal of
transistor T1 and an emitter terminal of transistor T2 are electrically coupled to a collector

terminal of transistor T4.
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A base terminal of transistor T3 and a base terminal of transistor T4 are
electrically coupled to circuit 23 whereby voltage adjustment signal Vas; is applied between
the base terminals of transistor T3 and transistor T4. A base terminal of transistor T5 is
electrically coupled with resistor R1, and resistor R1 is electrically coupled to power supply
PS whereby a biasing voltage (not shown) is applied to the base terminal of transistor T5.
Voltage intermediate frequency Vir is also applied to the base terminal of transistor T5. An
emitter terminal of transistor T3 and an emitter terminal of transistor T4 are electrically ’
coupled to a collector terminal of transistor TS. An emitter terminal of transistor TS5 is
electrically coupled to ground GND.

In response to voltage intermediate frequency Vi, voltage adjustment signal
Vas; and voltage adjustment signal Vaso, current drive signal Ipg is drawn by phase shifting
stage 40 from current source CS1 with ampere level X; (FIG. 2) of current drive signal Ips
being adjusted for any variations in the voltage level of voltage control signal V¢g, and any
temperature, processing performance supply power variations of transmitter chip 10. The
peak-to-peak amplitude of current drive signal Ipg as shown in FIG. 2 is well controlled by
voltage control signal Vcs. Particularly, circuit 23 provides an adjusted voltage Vas; and an
voltage adjustment signal V as» as a result of any pre-distortion and temperature
compensation of voltage control signal Vcs.

Referring to FIGS. 6 and 7B, one embodiment of dummy VGA 22 is shown.
Dummy VGA 22 includes a current source CS,, an NPN transistor T6, an NPN transistor T7,
an NPN transistor T8, an NPN transistor T9, an NPN transistor T10, and a resistor R2.
Current source CS,, a collector terminal of transistor T6 and a collector terminal of transistor
T8 are electrically coupled to a power supply PS. A base terminal of transistor T6 and a base
terminal of transistor T7 are electrically coupled to circuit 23 whereby voltage adjustment
signal V as; is applied between the base terminals of transistor T6 and transistor T7. An
emitter terminal of transistor T6 and an emitter terminal of transistor T7 are electrically
coupled to a collector terminal of transistor T9.

A base terminal of transistor T8 and a base terminal of transistor T9 are
electrically coupled to circuit 23 whereby voltage adjustment signal Vag; is applied between
the base terminals of transistor T8 and transistor T9. A base terminal of transistor T10 is
electrically coupled with resistor R2, and resistor R2 is electrically coupled to power supply
PS whereby a biasing (not shown) is applied to the base terminal of transistor T10. An

emitter terminal of transistor T8 and an emitter terminal of transistor T9 are electrically
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coupled to a collector terminal of transistor T10. An emitter terminal of transistor T10 is
electrically coupled to ground GND.

In response to voltage adjustment signal V g; and voltage adjustment signal
Vasz, DC current control signal Icg is drawn from current source CS2 by biasing stage 30
with DC current control signal Ics being adjusted any variations in the voltage level of
voltage control signal Vs, and any temperature, processing performance supply power
variations of transmitter chip 10. Ampere level X; of current control signal Icg as shown iﬁ
FIG. 2 is well controlled by voltage control signal V¢s. Particularly, circuit 23 provides
voltage adjustment signal Vas; and voltage adjustment signal Vas; as a result of any pre-
distortion and temperature compensation of voltage control signal Vcs.

Referring to FIGS. 7A-8, an embodiment of circuit 23 including a
conventional temperature compensation (TC) block 24, a conventional linearizing block 25
and a conventional level shifter block 26 is shown. TC block 24 receives voltage control
signal Vs, and in response thereto, provides a voltage temperature compensation signal Vrcs
to linearizing block 25 and a voltage adjustment signal Vg; to level shifter 26. In response
to voltage temperature compensation signal Vricg, linearizing block 25 provides a voltage
gain control signal Vges to TC block 24 that make the changes in the gain of circuit 21 and
circuit 22 linear in terms of a logarithmic scale of voltage control signal V¢s. In response to
voltage adjustment signal Vagsi, level shifter 26 provides voltage adjustment signal Vasz
having a lower voltage level Xy than the voltage level X3 of voltage adjustment signal Vas; as
shown in FIG. 9.

Referring again to FIG. 6, in an alternative embodiment of variable gain
amplifying stage 20, an adjustment circuit 23 can be integrated into VGA 21 and another
adjustment circuit 23 can be integrated into dummy VGA 22.

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 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. The word “comprising” in the appended claims does not
exclude other elements or steps, and the words “a” or “an” in the appended claims do not

exclude a plurality.
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CLAIMS:

1. A variable gain amplifying stage (20) comprising:

a first circuit (21) operable to provide a current drive signal (Ipg) in response
to a reception of a voltage control signal (Vcs) and voltage intermediate frequency signal
(Vi) by said variable gain amplifying stage (20), said current drive signal (Ips) having an AC
current component and a DC current component;

a second circuit (22) operable to provide a DC current control signal (Ics) in
response to a reception of said voltage control signal (Vcs) by said variable gain amplifying
stage (20); and

wherein a ratio of a first ampere level (X;) of said DC current component of
said current drive signal (Ips) to a second ampere level (X3) of said DC current control signal

(Ics) is constant.

2. The variable gain amplifying stage (20) of claim 1, wherein said second circuit

(22) is a replica of said first circuit (21).

3. The variable gain amplifying stage (20) of claim 1, wherein means (23) for
adjusting said ampere level (X;) of said DC current component of said current drive signal
(Ips) and said ampere level (X;) of said DC current control signal (Ics) in response to any

variation in a voltage level of said voltage control signal (Vcs).

4, The variable gain amplifying stage (20) of claim 1, wherein means (24) for
adjusting said ampere level (X;) of said DC current component of said current drive signal
(IDS) and said ampere level (X;) of said DC current control signal (Ics) in response to any

variation in a temperature of the transmitter chip (10).

5. The variable gain amplifying stage (20) of claim 1, wherein means (21-23) for
adjusting said ampere level (X;) of said DC current component of said current drive signal
(Ips) and said ampere level (X3) of said DC current control signal (Ics) in response to any

variation in a processing performance of the transmitter chip (10).
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6. The variable gain amplifying stage (20) of claim 1, wherein means (21-23) for
adjusting said ampere level (X)) of said DC current component of said current drive signal
(Ips) and said ampere level (X3) of said DC current control signal (Ics) in response to any

variation in a supply power of said transmitter chip (10).

7. A transmitter (10), comprising:

a variable gain amplifying stage (20) operable to provide a current drive signal
(Ips) and a DC current control signal (Ics), said DC current drive signal (Ips) having an AC
current component and a DC current component;

a biasing stage (30) operable to provide a first DC current biasing signal (Ipss)
in response to a reception of said DC current control signal (Ics); and

wherein a first ratio of a first ampere level (X;) of said DC current component
of said current drive signal (Ips) to a second ampere level (X3) of said DC current control

signal (Ics) is constant.

8. The transmitter (10) of claim 7, wherein said yariable gain amplifying stage
(20) includes means (23) for adjusting said ampere level (X;) of said DC current component
of said current drive signal (Ips) and said ampere level (X») of said DC current control signal

(Ics) in response to any variation in a voltage level of said voltage control signal (Vcs).

9. The transmitter (10) of claim 7, wherein said variable gain amplifying stage
(20) includes means (24) for adjusting said ampere level (X;) of said DC current component
of said current drive signal (IDS) and said ampere level (X;) of said DC current control signal

(Ics) in response to any variation in a temperature of the transmitter chip (10).

10. The transmitter (10) of claim 7, wherein said variable gain amplifying stage
(20) includes means (21-23) for adjusting said ampere level (X;) of said DC current
component of said current drive signal (Ips) and said ampere level (Xz) of said DC current
control signal (Ics) in response to any variation in a processing performance of the transmitter
chip (10).

11. The transmitter (10) of claim 7, wherein said variable gain amplifying stage

(20) includes means (21-23) for adjusting said ampere level (X;) of said DC current
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component of said current drive signal (Ips) and said ampere level (X3) of said DC current

control signal (Ics) in response to any variation in a supply power of the transmitter chip (10).

12. The transmitter (10) of claim 7, wherein a second ratio of said second ampere
level (X,) of said DC current control signal (Ics) to a third ampere level (X7) of said first DC

biasing current signal (Igss) is constant.

13. The transmitter (10) of claim 7, further comprising:
a phase shifting stage (40) operable to provide a current intermediate
frequency signal (Iir;) in response to a reception of said DC current drive signal (Ips) and said

first DC biasing current signal (Igss).

14. The transmitter (10) of claim 13, further comprising:

a mixing stage (50);

wherein said biasing stage (30) is further operable to provide a second DC
biasing signal (Igss;) in response to a reception of said DC current control signal (Ics); and

wherein said mixing stage (50) is operable to provide a current radio
frequency signal (Irg;) in response to a reception of said current intermediate frequency

signal (Ijp1) and said second DC current biasing signal (Igs1).

15. The transmitter (10) of claim 4, wherein a second ratio of said second ampere
level (X5) of said DC current control signal (Ics) to a third ampere level (X3) of said second

DC biasing current signal (Igs;) is constant.

16. The transmitter (10) of claim 14, wherein a gain of said mixing stage (50) is
constant.
17. A transmitter (10), comprising:

a mixing stage (50); and
means (20, 30, 40) for operating in a current mode of operation to establish a

constant gain of said mixing stage (50).

18. A method for dynamically biasing a transmitter (10), said method comprising:
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generating a current drive signal (Ips) in response to a reception of a voltage
control signal (Vcs) and a voltage intermediate frequency signal (Vie), said current drive
signal (Ips) having an AC current component and a DC current component; and

generafing a DC current control signal (Ics) in response to a reception of said
voltage control signal (Vcs),

wherein a first ratio of a first ampere level (X;) of said DC component of said
DC current drive signal (Ips) to a second ampere level (X3) of said DC current control signél

(Ics) is constant.

19. The method of claim 18, further comprising:

generating a first DC current biasing signal (Igss) in response to a generation
of said DC current control signal (Ics),

wherein a second ratio of said second ampere level (X3) of said DC current
control signal (Ics) to a third ampere level (X7) of said first DC current biasing signal (Igss) is

constant.

20. The method of claim 19, further comprising:

generating a current intermediate frequency signal (Ijr;) in response to a
generation of said fist DC current drive signal (Ips);

generating a second DC current biasing signal (Igs;) in response to a
generation of said DC current control signal (Ics),

wherein a second ratio of said second ampere level (X3) of said DC current
control signal (Ics) to a fourth ampere level (X3) of said second DC current biasing signal
(Issy) is constant; and

generating a current radio frequency signal (Irr;) in response to a generation of
said current intermediate frequency signal (Ir;) said and said second DC current biasing

signal (Igsy).
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