6/11:7590 A1 | IV 00000 0 O

e
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 November 2006 (09.11.2006)

PO 00 00O

(10) International Publication Number

WO 2006/117590 A1l

(51) International Patent Classification:
HO4L 27/36 (2006.01) HO04B 1/02 (2006.01)

(21) International Application Number:
PCT/IB2005/001352

(22) International Filing Date: 18 May 2005 (18.05.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

11/118,384 29 April 2005 (29.04.2005) US

(71) Applicant (for all designated States except US): NOKIA
CORPORATION [FI/FI]; Keilalahdentie 4, FIN-02150
Espoo (FD).

(71) Applicant (for LC only): NOKIA INC. [US/US]; 6000
Connection Drive, Irving, Texas 75039 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SHAKESHAFT,
Niall, E. [GB/FI]; Michelininkatu 27 A 15, FIN-00100
Helsinki (FI). VEPSALAINEN, Jussi, H. [FI/FI]; Fastbd-
lentie 12 A, FIN-00750 Helsinki (FI). ELORANTA, Petri,
T. [FI/FI]; Kukkumgenkuja 12 as. 3, FIN-02280 Espoo
(FI). SEPPINEN, Pauli, M. [FI/FI]; Huvilinnanméki 8 a
11, FIN-02600 Espoo (FI).

(74) Agents: MAGUIRE, Francis, J. et al.; Ware, Fressola,
Van Der Sluys & Adolphson LLP, 755 Main Street, P.O.
Box 224, Monroe, CT 06468 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC,LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(81)

(84)

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: POLAR TRANSMITTER WITH DIGITAL TO RF CONVERTER

I 300
¢ 330 190 192 280 252
D/A LPF Power LPF
Supply
182
Power ‘J D/A
Control Unit
310 180
{ 8
—e
PA Bias
AM data A 220 AM data ! Control
. '
| data 12 i v
102 ) :
> Cartesian Delay Synthesizer LO +
» to polar Adjust 272
Q data j j 10 -
114 —_——
04 490 120~ o ater 210 % 30

(57) Abstract: A polar transmitter, operable in linear mode or switched mode, uses a conversion module to convert baseband signals
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POLAR TRANSMITTER WITH DIGITAL TO RF CONVERTER

Field of the Invention

The present invention relates generally to a polar RF transmitter and, more

particularly, to a polar transmitter with a digital-to-RF converter.

Background of the Invention

In radio communication applications the designs are continuously aiming for
simpler and cheaper radio architectures to increase integration level of the mobile
terminals. Conventionally, a direct upconversion transmitter has at least an I/Q modulator,
an RF mixer, a filter and a power amplifier. The I/Q modulator is an efficient way to
generate phase-modulated signals. It relies on two orthogonal signals, I (in-phase) and Q
(quadrature), to produce a single complex waveform. In a direct upconversion transmiter,
the I/Q modulator transforms the frequency spectrum of each orthogonal input signal to
the RF carrier frequency. As such, two digital-to-analog (D/A) converters are needed to
transform a digital baseband into an analog baseband, as shown in Figure 1a. In such a
conventional direct upconversion transmitter, baseband digital data is resolved into in-
phase and quadrature components. These data streams are then converted into analog,
lowpass, baseband signals using separate digital-to-analog converters. The quantized,
analog signals are then filtered by low-pass reconstruction filters in order to remove copies
of the signals centered at harmonics of the baseband clock frequency. The filtered analog
signals are used as inputs to the /Q modulator. As shown in Figure 1a, the /Q modulator
comprises two baseband-to-RF upconversion mixers with their output signals summed.
The /O modulator has two baseband inputs and two local oscillator inputs with 90° phase
shift between the oscillator inputs (cos@yt and sinayt, with @ being the frequency of the
local oscillator). The output of the I/Q modulator is an RF signal.

In order to make a complete transmitter, meeting the requirements of a real
wireless standard, it may be necessary to include the following components:

- apower amplifier (PA) to increase the output power to the required level;

- a bandpass filter to suppress noise and/or spurious; and

- apower control module to achieve dynamic range capability, through one or

more of the following means: 1) power amplifier gain adjustment; 2) variable-gain

amplifier gain adjustment; and 3) I/Q modulator output power adjustment.
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An example of such a direct upconversion transmitter is shown in Figure 1b.

In recent years, other forms of transmitters have received attention from the RF
R&D community: transmitters that use high efficiency, non-linear power amplifiers,
including Class-C, D, E, F or saturated Class-B, in order to reduce transmitter power
consumption. These non-linear power amplifiers, however, cannot pass amplitude
modulation without spectral re-growth. Thus, the input RF signal can only have phase
modulation. The amplitude modulation must be introduced separately in a PA power
supply.

Due to the separation of amplitude and phase, these types of transmitter
architecture are generically called Polar transmitters, as opposed to Cartesian transmitters
which use I and Q baseband signals.

The polar transmitter architectures have the following general forms:

Envelope Elimination and Restoration (EER)

In this architecture, the RF signal is first produced with an I/Q modulator. The
envelope is detected and fed forward to the PA power supply. The signal then goes
through a limiter to keep a PM-only signal before being fed to the power amplifier. This
architecture often includes an up-conversion as well, sometimes with an offset-loop

approach.

Polar TX with Synthesizer Modulation

In this approach there is no envelope elimination and restoration, but rather the
amplitude and phase signals are created in the digital baseband. The amplitude signal is
fed to a DAC (digital to analog converter) and onto the non-linear power amplifier and
power supply. The phase signal, which is differentiated to carry out frequency modulation,
is used to modulate a phase-locked loop synthesizer. The synthesizer is often a fractional-
N PLL with the FM data put into a sigma-delta modulator to obtain frequency modulation.
In order to extend the bandwidth beyond the PLL loop bandwidth the following techniques
can be used:

- Predistortion or pre-emphasis to compensate for loop filter dynamics;



10

15

20

25

30

WO 2006/117590 PCT/IB2005/001352
3

- Addition of a second ‘high pass’ phase modulation path directly to the VCO
control pin, in a two point modulation approach (see Figure 2); and
- Use of phase feedback.

Fundamental problems associated with the direct upconversion transmitter using an
I/Q modulator are:

- High-power consumption in the I/Q Modulator block;

- Non-ideal performance in the analog components within the I/Q modulator,
such as non-linearity of the baseband amplifiers, carrier feed-through due to
mismatch effects;

- Bandwidth limited by analog baseband circuits; and

- Large die area required for integrating all functions.

Current-steering D/A-converters may solve some the aforementioned problems
associated with convention upconversion transmitter. A conventional current-steering
D/A-converter comprises a plurality of parallel unit cells divided into two or more sub-
blocks, as shown in Figure 4. In the figure, the converter is presented in a typical
segmented configuration, wherein the current in the LSB (least-significant bit) cells is
generated with parallel binary weighted units whereas the MSB (most-significant bit) sub-
block has a set of unary coded cells. The number of the unary coded cells is (2" — 1),
where m is the number of bits in the MSB sub-block. Thus, the current for the first bit in
the MSB sub-block is generated in one unary coded cell, the current for the second bit in
the MSB sub-block is generated in two unary coded cells, and the current for the m bit is
generated in 2™ cells. The D/A converter has two current paths for conveying differential
currents Ly and Iyoy So that the analog signal output Vo can be formed with two external
load resistors (not shown).

Typically, each of the parallel unit cells comprises a differential switch pair
connected in series to a cascode current source, as shown in Figure 5. The differential
switch pair has two current control paths Q1 and Q2, connected to the output terminals Vo
and Vy, of the D/A converter. The currents in these paths are controlled by
complementary signals Vins+ and Vin., which are provided by a digital control logic and
are indicative of the value of signal N. The cascode current source has two transistors Q3

and Q4 so as to allow the currents in the cell to be adjusted by DC bias4.
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The D/A converters and I/Q modulators are complex and high performance analog
elements. The requirement of these analog elements generally limits the flexibility of the

RF transmitter.

Fully Digital Radio Transmitter

Ideally a digital radio transmitter is independent of the radio standard and can be
used in all of the modulation schemes and signal frequencies. In practice, this requires a
D/A converter that is capable of operating at least twice the maximum radio frequency of
the used standard. One of the major problems associated with D/A converters for use in
RF generation is the high sampling frequency. If an RF signal of 1.8GHz is generated, the
sampling rate in the digital baseband must be at least 3.6GHz. Furthermore, in order to
effectively filter the mirror image component around the frequency difference between the
sampling frequency and the digital signal frequency, a much higher sampling rate is
needed. A D/A converter with such a high sampling frequency is impractical to
implement because of the high price and high power consumption. For that reason, D/A
converters are typically used in the baseband or in the low IF range. These converters are
used along with high performance analog mixers for RF generation. These I/Q mixers
consume easily tens of milliamperes of DC currents. Moreover, even when the D/A
converters are used in the baseband and in the IF range, the noise current spikes occur
because of the high data rate of hundreds of megahertz. These noise spikes can limit the
performance of the RF transmitter.

It is thus advantageous and desirable to provide a cost-effective method and device
for carrying out digital-to-analog conversion associated with RF generation. At the same
time, the power consumption is reduced.

Yuan (EP1338085) discloses a direct digital amplitude modulator wherein an
upconverting type of converter cell is used. In Yuan, a number of sub-switched current
source units are switched on or off according to the combinations of the digital input
signal and the delayed or non-delayed clock signals to produce or to cancel quantized RF,
IF or DC currents and/or voltages at the time precisely controlled by the delayed clock
signals. As such, the performance of the circuit is low due to a slow settling of the current
in the current source after switching the current source on.

It is advantageous and desirable to provide a method and device for direct digital

amplitude modulation wherein the cutting off of the current flow is avoided.
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Summary of the Invention

A polar transmitter, according to the present invention, uses a cartesian-to-polar
converter to convert I and Q baseband data into amplitude data and phase data. The phase
data is used to phase modulate a carrier frequency in a carrier frequency generator and the
phase-modulated carrier frequency is then conveyed to a RF conversion module. The RF
conversion module combines the D/A conversion function and the upconversion function
by a RF-carrier or IF-signal. The module comprises a plurality of parallel unit cells, each
of which is a mixer cell type converter having a differential data switch section connected
in series to a differential LO-switch pair. The differential LO-switch is further connected
in series to a current source. Each unit cell is adapted to receive a signal through an input
end. The phase-modulated carrier frequency is conveyed to the module through the
differential LO-switches. The polar transmitter is operable in a linear mode or a switched
mode. In the switched mode, the phase modulated carrier frequency is amplitude
modulated by the amplitude data through the supply voltage of a power amplifier
operatively connected to the output of the RF conversion module. In the linear mode, the
amplitude data is conveyed to the input end of the unit cells in order to modulate the
phase-modulated carrier frequency in the RF conversion module. The polar transmitter
can be a dedicated linear mode transmitter, a dedicated switched mode transmitter, or a
reconfigurable transmitter operable in linear mode or in switched mode.

Thus, the present invention provides a polar RF transmitter for transmitting RF
signals based on a first digital baseband signal and .a second digital baseband signal, the
second baseband signal having a phase shift from the first baseband signal, the RF signals
having a carrier frequency, wherein the first and second baseband signals are converted
into baseband signals in a polar form having an amplitude data part and a phase data part.
The transmitter comprises:

a carrier frequency generator having a generator input for receiving a signal
indicative of the phase data part, and a generator output for providing the carrier frequency
modulated by the phase data part; and

a RF conversion section for converting the carrier frequency modulated by the
phase data part into phase-modulated signals so as to impose the amplitude data part on
the phase-modulated signals for providing the RF signals, the digital-to-RF conversion
section comprising:

a carrier input having two input ends to receive a carrier signal indicative of the

carrier frequency modulated by the phase data part,
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a data input to receive a data signal indicative of the amplitude data part, the data
signal having a plurality of data bits, and

a conversion component adapted to convert the data signal for providing a
differential output signal modulated by the carrier signal, the differential output signal
indicative of the phase-modulated signals, formed with current loads and provided
between two output ends, the conversion component comprising:

a plurality of conversion units connected in parallel, each unit adapted to receive a
voltage indicative of a data signal value indicative of the data bits, the voltage provided
between two voltage input ends, each unit comprising:

a first differential switch section having:

two input current paths, each operatively connected to a different one of the
output ends; and

two differential switch pairs connected to the voltage input ends for
conveying in the two input current paths differential currents indicative of the
signal value;

a second differential switch section having two current paths, each operatively
connected in series to a different one of the two differential switch pairs, the current paths
operatively and separately connected to different ones of the carrier signal ends, for
modulating the differential currents with the carrier signal; and

a current source, operatively connected in series to the second differential switch
section for controlling currents in the current paths.

According to the present invention, the polar transmitter further comprises:

a power amplifier for adjusting the RF signals prior to transmission, the power
amplifier having a voltage supply input; and

a power supply having an input end and an output end, the output end operatively
connected to voltage supply input for providing a supply voltage to the power amplifier,
wherein the amplitude data part is operatively connected to the input end of the power
supply so as to cause said imposing of the amplitude data part on the phase-modulated
signals through modulating the supply voltage to the power amplifier.

According to the present invention, the RF conversion section further comprises a
variable gain amplifier to adjust signal level of the RF signals. Depending on the
requirements of the specific wireless system, the polar transmitter may also further
comprise a bandpass filter for frequency filtering the RF signals; and a channel selector for

selecting the carrier frequency.
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According to the present invention, the first and second baseband signals are
converted into the baseband signals by a conversion means, and the amplitude data part is
associated with a first path between the cénversion means and the conversion component,
and a second path between the conversion means and the conversion component through
the carrier frequency generator. The polar transmitter further comprises a path adjuster for
making the first and second paths substantially equal when the transmitter is operated in a
linear mode.

According the present invention, the amplitude data part is associated with a first
path between the conversion means and the power amplifier, and a second path between
the conversion means and the power amplifier through the carrier frequency generator and
the RF conversion section. The polar transmitter further comprises a path adjuster for
making the first and second paths substantially equal when the transmitter is operated in a
switched mode.

According to the present invention, the polar transmitter is reconfigurable to
operate between a linear mode and a switched mode. The polar transmitter further
comprises: .

a digital-to-analog converter operatively connected to the power supply, and

a switching means operatively connected between the power supply and the RF
conversion section, said polar transmitter operable in a first mode and a second mode,
such that

when the transmitter is operated in the switched mode, the switching means is
adapted to convey the amplitude data part to the input end of the power supply through the
digital-to-analog converter so as to cause said imposing of the amplitude data part on the
phase-modulated signals through modulating the supply voltage to the power amplifier,
and

when the transmitter is operated in the linear mode, the switching means is adapted
to convey the amplitude data part to the RF conversion section so that the input signal
converted by the conversion component is indicative of the amplitude data part.
Alternatively, when the transmitter is operated in the linear mode, the switching means is
adapted to convey the amplitude data part to the RF conversion section so that the control
signal is indicative of the amplitude data part.

According to the present invention, the polar transmitter further comprises a
frequency filter for filtering the data signal before the data signal is conveyed to the

conversion component when the transmitter is operated in the first mode, and before the
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data signal is conveyed to the power supply when the(transmitter is operated in the second
mode; and a frequency filter for filtering the supply voltage to the power amplifier.
According to the present invention, the polar transmitter further comprises a power
control module operatively connected to the input end of the power supply for adjusting
the supply voltage to the power amplifier when the transmitter is operated in the linear
mode, and operatively connected to the conversion module for adjusting signal level of the
differential output signals when the transmitter is operated in the switched mode.
According to the present invention, the carrier frequency generator comprises a

phase-lock loop synthesizer.

The present invention will become apparent upon reading the description taken in

conjunction with Figures 5 to 11b.

Brief Description of the Drawings

Figure 1a is a block diagram showing a traditional direct upconversion transmitter.

Figure 1b is a block diagram showing a traditional direct upconversion transmitter
with a variable gain amplifier and a power control module.

Figure 2 is a block diagram showing a two-point synthesizer modulation module
for use as a second high-pass phase modulation path in a prior art polar transmitter with
synthesizer modulation.

Figure 3 is a schematic representation illustrating a prior art D/A converter.

Figure 4 is a circuitry showing a parallel unit cell in a prior art D/A converter.

Figure 5 is a schematic representation illustrating a Digital-to-RF-converter,
according to the present invention.

Figure 6 is a circuitry showing a parallel unit cell in the Digital-to-RF-converter,
according to the present invention.

Figure 7 is a circuitry showing a parallel unit cell in a converter architecture,
according to the present invention.

Figure 8 is a block diagram showing amplitude data part in the baseband input data
being used as the input data to the converter architecture.

Figure 9 is a block diagram showing a polar transmitter operated in a linear mode,
using the converter architecture of the present invention.

Figure 10 is a block diagram showing a polar transmitter operated in a switched

mode, using the converter architecture of the present invention.
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Figure 11a is a block diagram showing a reconfigurable polar transmitter operated
in the linear mode, using the converter architecture of the present invention.
Figure 11b is a block diagram showing the reconfiguration polar transmitter

operated in the switched mode.

Detailed Description of the Invention

The Digital-to-RF-converter, according to the present invention, combines the D/A
conversion function and the upconversion function by a carrier (LO), which can be RF or
IF. Asshown in Figure 5, the Digital-to-RF-converter 10 comprises a plurality of parallel
unit cells 204, 20, ..., 20y, .... The upconverter 10 has a segmented configuration,
including an LSB sub-block and an MSB sub-block. The current in the LSB sub-block is
generated with parallel binary weighted units, whereas the current in the MSB sub-block is
generated in a set of unary coded cells. The unary coding can be also used in the LSB
sub-block. As with the convention D/A converter shown in Figure 1, the number of the
unary coded cells in the MSB sub-block in the Digital-to-RF-converter 10 is also 2™ — 1,
where m is the number of bits in MSB sub-block. The Digital-to-RF-converter 10 has two
differential current paths for conveying differential currents I ,; and Iy, so that the
modulated output signal, RF,,;, can be formed with two external load resistors, R. The
modulated output signal is provided at two terminals V, and Vy,. The upconversion is
carried out by applying a carrier signal (LO) from a local oscillator to each of the parallel
unit cells 20.

Each of the parallel unit cells 20 is a Gilbert-cell type converter. It comprises a
differential data switch section, connected in series with a differential LO-switch pair and
a current source, as shown in Figure 6. The differential data switch section has two
differential switch pairs (Q1, Q2) and (Q3, Q4). Each differential data switch pair has two
current control paths, Ix and Ixy, connected to the output terminals V, and V.. The
currents in these paths are controlled by complementary signals Vin: and Vi, which are
provided by a digital control logic (not shown) and are indicative of the value of signal N.
As shown in Figure 6, the control voltage Vin. is used to control the currents in Q1 and
Q4, and the control voltage Viy.is used to control the currents in Q2 and Q3.
Accordingly, the current path Q1 is connected in parallel to the current path Q3.

Likewise, the current path Q2 is connected in parallel to the current path Q4.
Each of the differential data switch pairs is connected in series to a differential LO

switches Q5 or Q6 so that the differential signals LO+ and LO- from the local oscillator
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(LO in Figure 4) can be used to modulate the current in the differential data switch pairs.
The differential LO switch formed with Q5 and Q6 is connected in series to the current
source Q7, so as to allow the currents generated in the cell 20 to be adjusted by DC bias7.

It should be noted that Q1 to Q7 depicted in Figure 6 are MOS transistors, but any
one of them can be replaced with other type of transistors.

In a converter architecture, according to the present invention, the switching
elements in the cell 20 are also connected to an analog circuitry. As shown in Figure 7,
the data signal is synchronized with a local latch and buffered with rail-to-rail inverters
that provide overlapping control signals for the data switches. The local LO-buffers have
also a full supply voltage swing for forcing the LO switches to operate in their linear
region. As such, high linearity of the signals can be obtained with accurate timing and
symmetry of the control waveforms for both the data and the LO switches.

In the direct digital-to-RF converter (DRFC 30) as shown in Figure 7, the 8-bit
data signal is converted using 5+3 segmentation, where 5 MSB’s are converted with 31
unit conversion cells and 3 LSB’s are converted using 7 unit conversion cells. The LSB

current is 1/8%

of the MSB current. A thermometer decoder is used for converting the 5-
bit binary signals for the MSB cells. The LSB cells are controlled without decoding. In
the LSB’s, a necessary number of cells are connected in parallel to form the binary
weighting. The accurate LO distribution to all of the 38 unit cells is crucial in achieving
the high dynamic performance. Tree-like distribution networks driven with large LO-
buffers are used with well-balanced loads in all of the branches. The switching order to
the MSB cells is optimized to compensate the mismatch in the LO synchronization.

According to the present invention, the DRFC 30 is used as a digital amplitude
modulator in a polar transmitter, as shown in Figure 8. The DRFC 30 is used as a “digital
mixer” mainly to impose the AM data onto a carrier signal in a transmitter where phase
modulation is not required or where only amplitude modulation is required. For AM-only
transmission, the LO can be unmodulated. Alternatively, in applications where the carrier
is phase modulated, the combination of a phase modulated carrier and amplitude
modulation in the DRFC 30 forms a polar transmitter, as shown in Figure 9.

In the polar transmitter 200 as shown in Figure 9, I data 102 and Q data 104 are
converted by a Cartesian-to-Polar converter 110 into an amplitude (AM) data part 112 and
a phase (PM) data part 114. Because the AM data part and the PM data part go through
different paths before they meet again at the DRFC 30, their paths may be different. Thus,
a delay adjustment block 120 is used to adjust the paths so that the paths are substantially
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equal. The PM data is used to modulate 2 phase-locked loop synthesizer 210. For
example, the synthesizer 210 is a fractional-N PLL with pre-emphasis to compensate for
loop filter dynamics, or with two-point modulation. A channel selector 220 is used to
select the carrier frequency. The phase-modulated carrier signal 212 from the output of
the synthesizer 210 is then fed to a DRFC 30 for amplitude modulation by the AM data
part. Thus, the output 232 of the DRFC 30 is a phase and amplitude modulated RF signal.

In order to make a complete transmitter, it may be necessary that the transmitter
200 further comprises a variable gain amplifier 150 and a linear power amplifier 270. In
order to meet the requirement of a wireless standard, a power control module 180 is
operatively connected to the DRFC 30 and the variable gain amplifier 150 so as to achieve
desirable dynamic range capability and a desirable output level of the RF signal at output
272. The RF signal at output 272 is substantially an amplified version of the phase and
amplitude modulated RF signal at output 232. The power amplifier 270 is operating as
Class A or Class AB. If the output of power control module 180 is digital, digital-to-
analog converters (DACs) 181, 182 are used to convert the digital output to an analog
signal. However, DACs 181, 182 can be implemented within the power control module
180.

The embodiment as shown in Figure 9 can be referred to as a polar transmitter with
digital amplitude modulation operated in a linear mode. In another embodiment of the
present invention, the polar transmitter with digital amplitude modulation is operated in a
switched mode. In the polar transmitter 202 as shown in Figure 10, the output 232 of the
DRFC 30 is a phase-only modulated RF signal, and the input to the power amplifier 270
has a constant envelope. The digital AM data part, after being converted to an analog
signal by an DAC 190, is fed forward in order to be imposed on the phase-only modulated
RF signal through modulating the power supply (provided by a power supply 250) to the
power amplifier 270. The power supply to the power amplifier is substantially
proportional to the digital AM data part. The power amplifier 270 is operating in non-
linear mode or switched mode, e.g., Class B, C, D, E or F. The analog signal from the
DAC 190 and the output from of the power supply 250 may be filtered by low pass filters
(LPF) 192, 252. The polar transmitter 202 further comprises a PA bias control 260 for
setting PA bias voltages and currents if so desired. It is also desirable to have a band-pass
filter (BPF) 160 to filter the signal from the variable gain amplifier 150.

In a different embodiment of the present invention, the polar transmitter with

digital amplitude modulation is re-configurable to operate in a linear mode or in a
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switched mode, as shown in Figures 11a and 11b. In the re-configurable polar transmitter
300, amplitude modulation can be carried out at the DRFC 30 (linear mode) or at the
power amplifier 270 (switched mode) through the control of switches 310, 320 and 330.
The power amplifier 270 can operate in switched mode or in linear mode.

When the polar transmitter 300 is operated in the linear mode, as shown in Figure
11a, the output signal 232 at the DRFC 30 is phase and amplitude modulated RF, and the
voltage supply to the power amplifier 270 is a constant value. The output signal 272 is
substantially an amplified version of the phase and amplitude modulated RF signal 232.
The power amplifier 370 is operating as Class A or AB.

When the polar transmitter 300 is re-configured to operate in the switched mode,
as shown in Figure 11b, the output signal 232 is a phase-only modulated RF signal. The
AM data part, after being converted to an analog signal by the DAC 190, is fed forward in
order to be imposed on the phase-only modulated RF signal through modulating the power
supply (provided by a power supply 250) of the power amplifier 270. The analog signal
from the DAC 190 and the output from the power supply 250 may be filtered through low-
pass reconstruction filters 192, 252. The polar transmitter 300 further comprises a PA bias
control 260 for setting PA bias voltages and currents based on whether the power
amplifier is operated in switched mode or linear mode. The DRFC 30 and the variable
again amplifier 150 line up can be set to maximum gain for driving the non-linear power
amplifier 270, when the polar transmitter 300 is operated in the switched mode.

The advantages of the polar transmitter using direct digital-to-RF conversion,
according to the present invention over the IQ modulator approach include:

- Increased power amplifier efficiency, increased battery life;

- Reduced current consumption;

- Reduced die area (cost);

- More digital and therefore greater scalability, easier to port between processes;

- Wider bandwidth and scalability to emerging wideband systems; and

- Potential usage of the same hardware for multiple systems.

The advantages over the synthesizer modulation include:

- No need for phase feedback;

- No need for loop filter characterization- more robust for mass production;

- No need for two point modulation and associated high-pass/low-pass delay and

gain tuning.
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It should be appreciated by persons skilled in the art that the band-pass filter 160 as
shown in Figure 10 may or may not be necessary depending on the requirements of the
specific wireless system. Furthermore, the band-pass filter 160 may not be necessarily
disposed between the variable gain amplifier 150 and the power amplifier 270. Moreover,
a similar band-pass filter may be necessary for RF frequency filtering in the polar
transmitters as shown in Figures 9, 11a and 11b.

Thus, although the invention has been described with respect to a preferred
embodiment thereof, it will be understood by those skilled in the art that the foregoing and
various other changes, omissions and deviations in the form and detail thereof may be

made without departing from the scope of this invention.
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What is claimed is:

1. A polar RF transmitter for transmitting RF signals based on a first digital baseband
signal and a second digital baseband signal, the second baseband signal having a phase
shift from the first baseband signal, the RF signals having a carrier frequency, wherein the
first and second baseband signals are converted into baseband signals in a polar form
having an amplitude data part and a phase data part, said transmitter characterized by:

a carrier frequency generator having a generator input for receiving a signal
indicative of the phase data part, and a generator output for providing the carrier frequency
modulated by the phase data part; and

a digital-to-RF conversion section for converting the carrier frequency modulated
by the phase data part into phase-modulated signals so that the amplitude data part is
caused to impose on the phase-modulated signals for providing the RF signals, the digital-
to-RF conversion section comprising:

a carrier input having two input ends to receive a carrier signal indicative of the
carrier frequency modulated by the phase data part,

a data input to receive a data signal indicative of the amplitude data part, the data
signal having a plurality of data bits, and

a conversion component adapted to convert the data signal for providing a
differential output signal modulated by the carrier signal, the differential output signal
indicative of the phase-modulated signals, formed with current loads and provided
between two output ends, the conversion component comprising:

a plurality of conversion units connected in parallel, each unit adapted to receive a
voltage indicative of a data signal value indicative of the data bits, the voltage provided
between two voltage input ends, each unit comprising:

a first differential switch section having:

two input current paths, each operatively connected to a different one of the
output ends; and

two differential switch pairs connected to the voltage input ends for
conveying in the two input current paths differential currents indicative of the data
signal value;

a second differential switch section having two current paths, each operatively

connected in series to a different one of the two differential switch pairs, the current paths
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operatively and separately connected to different ones of the carrier signal ends, for
modulating the differential currents with the carrier signal; and
a current source, operatively connected in series to the second differential switch

section for controlling currents in the current paths.

2. The polar transmitter of claim 1, further characterized by:

a power amplifier for adjusting the RF signals prior to transmission, the power
amplifier having a voltage supply input; and

a power supply having an input end and an output end, the output end operatively

connected to voltage supply input for providing a supply voltage to the power amplifier.

3. The polar transmitter of claim 2, characterized in that the amplitude data part is
operatively connected to the input end of the power supply so that said imposing of the
amplitude data part on the phase-modulated signals is carried out through modulating the

supply voltage to the power amplifier.

4, The polar transmitter of claim 2, characterized in that the RF conversion section

further comprises a variable gain amplifier to adjust signal level of the RF signals.

5. The polar transmitter of claim 4, further characterized by a bandpass filter disposed
between the variable gain amplifier and the power amplifier for frequency filtering the RF
signals.

6. The polar transmitter of claim 1, further characterized by a channel selector for

selecting the carrier frequency.

7. The polar transmitter of claim 1, characterized in that the first and second baseband
signals are converted into the baseband signals by a conversion means, the amplitude data
part 1s associated with a first path between the conversion means and the conversion
component, and a second path associated with a second path between the conversion
means and the conversion component through the carrier frequency generator, said polar
transmitter further characterized by a path adjuster for making the first and second paths

substantially equal.
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8. The polar transmitter of claim 3, characterized in that the first and second baseband
signals are converted into the baseband signals by a conversion means, the amplitude data
part is associated with a first path between the conversion means and the power amplifier
through the power supply, and a second path associated with a second path between the
conversion means and the power amplifier through the carrier frequency generator and the
conversion section, said polar transmitter further characterized by a path adjuster for

making the first and second paths substantially equal.

9. The polar transmitter of claim 1, further characterized by:

a power amplifier for adjusting the RF signals prior to transmission, the power
amplifier having a voltage supply input;

a power supply having an input end and an output end, the output end operatively
connected to voltage supply input for providing a supply voltage to the power amplifier,

a digital-to-analog converter operatively connected to the power supply, and

a switching means operatively connected between the power supply and the
conversion section, said polar transmitter operable in a first mode and a second mode,
such that

when the transmitter is operated in the first mode, the switching means is adapted
to convey the amplitude data part to the conversion section so that the input signal
converted by the conversion component is indicative of the amplitude data part, and

when the transmitter is operated in the second mode, the switching means is
adapted to convey the amplitude data part to the input end of the power supply through the
digital-to-analog converter so that said imposing of the amplitude data part on the phase-
modulated signals is carried out through modulating the supply voltage to the power

amplifier.

10.  The polar transmitter of claim 9, further characterized by a frequency filter for
filtering data signals indicative of the amplitude data part conveyed through the digital-to-
analog converter before the data signal is conveyed to the power supply when the

transmitter is operated in the second mode.

11.  The polar transmitter of claim 9, further characterized by a frequency filter for

filtering the supply voltage to the power amplifier.
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12. The polar transmitter of claim 9, further characterized by a power control module
operatively connected to the input end of the power supply for adjusting the supply
voltage to the power amplifier when the transmitter is operated in the first mode, and
operatively connected to the conversion module for adjusting signal level of the

differential output signals when the transmitter is operated in the second mode.

13. The polar transmitter of claim 1, characterized in that the carrier frequency

generator comprises a phase-lock loop synthesizer.
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