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{(57) Abstract: The invention relales (o 1 method for modulating an output voltage of a ilter cireuil comprising & voltage con-
trolled oscillator, a digital/analog converter and an anlenna circuit, the method comprising the method comprising sending an output
signal ol s ni power [rom the voltage controlled oscillator direetly 1o the antenna circuil and directly modulating a frequency of
the output signal of the voltage controlled oscillator. The invention furthermore relates to a transmitter circuirt comprising a volage
controlled oscillator having a tank circuit, a digital/analog converter and an antenna circuit, wherein the voltage controlled oscillator
is adapted to send an output signal of sufficient power directly to the antenna circuit and wherein the digitalfanalog converter is
arranged 1o modulate an output requency of the voltage controlled oscillator. A capacitive load circuit may be connecled to the
tank circuil or a crystal oscillator circuil of the voliage controlled oscillator for modulating the frequency of the vollage controlled
oscillator.
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Method for modulating an output voltage of a RF transmitter circuit, and RF transmitter

circuit

The invention relates to a method for modulating an output voltage of a
transmitter circuit, and a transmitter circuit, in particular for Bluetooth and Hiperlan
applications, comprising a volitage controlled oscillator having a tank circuit, a digital/analog
convetter and an antenna circuit.

In some power amplifier applications, a constant and envelope modulation is
necessary. This is done with an upmixer and a power amplifier. For example, a transmitter
circuit for transmitting RF signals is conventionally constructed around the concept of an
upmixer and a power amplifier. A voltage controlled oscillator directs a signal to a first port
of the upmixer, the second port of the upmixer receives the IF or baseband signal. The
upmixer multiplies the two signals, resulting in the RF signal which is then sent to the power
amplifier. After being amplified by the power amplifier, the signal is past on to the antenna
circuit. The upmixer can be replaced by a PLL-loop wherein a fractional N partitioner is
modulated by the signal to be sent. In this manner, the veltage controlled oscillator is
modulated as well, and the modulated signal is sent to the antenna circuit.

This concept for a transmitter circuit can be used as well in applications with a
low output power, such as 0dBm. Examples for such applications are Bluetooth and
Hyperlan. The disadvantage is, however, that the efficiency of the power amplifier is low in
these applications. This is due to the fact, that the power used in the po(ver amplifier in order
to obtain such low output power is not low. In the Bluetooth application, the power amplifier
consumes a current of 10 to 15 mA.

In view of the above, it is an object of the invention to provide a method for
modulating an output voltage of a RF transmitter circuit and a RF transmitter circuit meeting
the standard of the envisioned application and having a lower power consumption as
compared to the none methods and circuit respectively for this purpose.

To achieve the above object, a method is provided for modulating an output
voltage of a RF transmitter circuit, in particular for Bluetooth and Hiperlan applications,
comprising a voltage controlled oscillator, a digital/analog converter and an antenna circuit,
the method comprising sending an output signal from the voltage controlled oscillator

directly to the antenna circuit and directly modulating a frequency of the output signal of the
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voltage controlled oscillator, By using this method, the upmixer or franctional N partitioner
and the power amplifier used in the state of art is not necessary. The power consumption of
the overall circuit can significantly be reduced.

In a preferred embodiment of the method of the invention a tank circuit of the
voltage controlled oscillator is capacitively loaded for direct modulation of the frequency of
the voltage controlled oscillator. Thereby, the modulation of the frequency of the voltage
controlled oscillator is catried out in a most effective way.

In a further preferred embodiment of the method of the invention an output of
the digital/analog converter is directly fed to the voltage controlled oscillator for capacitively
loading the tank circuit of the voltage controlled oscillator. As the digital analog converter
translates the digital base band signal into a capacitive load, the modulation can be realized
by adding or removing this load to or from the tank in order to effect the required frequency
changes of the modulation.

In a further preferred embodiment of the method of the invention a crystal
oscillator circuit of the valtage controlled oscillator is capacitively loaded for direct
modulation of the frequency of the voltage controlled oscillator. An alternative way to
introduce the desired modulation in the voltage controlied oscillator is to capacitively loaded
a crystal oscillator circuit usually provided as a reference source for the center frequency of
the voltage controlled oscillator.

In a further preferred embodiment of the method of the invention an output of
the digital/analog converter is directly fed to the crystal oscillator circuit of the voltage
controlled oscillator for capacitively loading the crystal oscillator circuit of the voltage
controlled oscillator. In a most advantages way, the voltage controlled oscillator can be
modulated by tuning of the frequency of the crystal oscillator circuit via the capacitive
Joading of the digital/analog converter. The voltage controlled escillator follows the crystal
oscillator via the closed PLL loop.

In a further preferred embodiment of the method of the invention a constant
amplitude modulation, in particular GFSK (Gaussean frequency shift keying) or GMSK
(Gaussean medium shift keying), is used. These specific modulation methods a particularly
suitable for the required modulation in Blustooth and Hiperlan applications.

To achieve the above object, a RF transmitter circuit, in particular for
Bluetooth and Hiperlan applications, comprises a voltage controlled oscillator, a
digital/analog converter and an antenna circuit, wherein the voltage controlled oscillator is

adapted to send an output signal directly to the antenna circuit and wherein the digital/analog
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converter is arranged to modulate an output frequency of the voltage controlled oscillator. In
such a transmitter circuit the voltage controlled oscillator provides sufficient power to send
its output signal to the antenna circuit directly whereby the necessity of an upmixer which is
power consuming like the power amplifier, is avoided and the power consumption also to the
lack of an additional power amplifier is reduced.

In a preferred embodiment of the transmitter circuit of the invention a
capacitive load circuit is connected to the tank circuit of the voltage controlled oscillator for
modulating the frequency of the voltage controlled oscillator. This is one of the two
advantages ways to effect modulation of the voltage controlled oscillator.

In a further preferred embodiment of the transmiiter circuit of the invention
the digital/analog converter is connected to the voltage controlled oscillator for capacitively
loading of the tank circuit of the voltage controlled oscillator. This circuit arrangement is
advantages in that no addition circuit stages are provided in between the digital/analog
converter and the tank circuit of the voltage controlled oscillator. Rather, the tank circuit is
directly influenced by the digital analog converter.

In a further preferred embodiment of the transmitter circuit of the invention a
capacitive load circuit is connected a crystal oscillator circuit of the voltage controlled
oscillator for modulating the frequency of the voltage controlled oscitlator. This is the second
one of the two advantages ways of modulating the frequency of the voltage controfled
oscillator.

In a further preferred embodiment of the transmitter circuit of the invention
the digital/analog converter is connected to the crystal oscillator circuit of the voltage
conirolied oscillator for capacitively loading the crystal oscillator circtiit of the voltage
controlled oscillator. Here again, no additional circuitry is needed for modulating the output
frequency of the voltage controlled oscillator.

In a further preferred embodiment of the transmitter circuit of the invention
the crystal oscillator circuit of the voltage conirolled oscillator is coupled to the voltage
controlled oscillator via a PLL loop. The PLL loop assures that the voltage controlled
oscillator follows the modulation of the crystal oscillator circuit.

In a further preferred embodiment of the transmitter circuit of the invention
the PLL loop comprises a divider circuit, a phase detector circuit, and a loop filter circuit.
This is an advantages circuit for the PLL loop to achieve the desired function of the PLL loop
to assure that the output frequency of the voltage controlled oscillator follows the output of

the crystal oscillator circuit.

JP 2005-508104 A 2005.3.24
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In a further preferred embodiment of the transmitter circuit of the invention
the voltage controlled oscillator comprises a center frequency setting circuit for tuning a
center frequency of the voltage controlled oscillator. The center frequency setting circuit
enables to tune the center frequency of the voltage controlled oscillator to different values
within a certain range of frequency in a simple and advantages way.

In a further preferred embodiment of the transmitter circuit of the invention
the center frequency setting circuit for tuning the voltage controlied oscillator comprises a
tuning voltage source and a voltage controlled capacitor circuit connected to the tank circuit.
This circuit arrangement enables in an advantages way to set the center frequency of the
voltage controlled oscillator and also to couple any modulation which might be carried out at
the side of the crystal oscillator of the voltage controlled oscillator to the tank circuit of the
voltage controlled oscillator.

In a further preferred embodiment of the transmitter circuit of the invention
the voltage controllable capacitor cireuit connected to the tank circuit comprises two
varactors connected as capacitors, a node between the capacitors being connected to the
tuning voltage source. The use of varactors enables to embody the voltage controlled
capacitor circuit in MOS technology in one piece with the rest of the transmitter circuit

In a further preferred embodiment of the transmiter circuit of the invention
the tank circuit is connected via a first resistance circuit to ground and via a second resistance
circuit to a supply voltage source. This circuit arrangement enable to built the voltage
controlled oscillator in an advantages way to have sufficient power to output the output signal
directly to the antenna and to drive the antenna circuit accordingly.

In a further preferred embodiment of the transmitter ciruit of the invention
the first resistance circuit comprises N-type MOSFET devices, and the second resistance
circuit comprises P-type MOSFET devices. By the use of such type of active devices, the
negative resistance stages between the tank and ground and the tank and supply voltage are
embodied in a most efficient way.

In a further preferred embodiment of the transmitter circuit of the invention
the digital/analog converter comprises a bt voltage source and a capacitve modulator circuit.
Preferably, the capacitive modulator circuit comprises 2° pairs of MOSFET devices, realizing
variable voltage controlled capacitance devices, the nodes between the MOSFET devices of a
pair forming output nodes of the digital/analog converter. The circuit arrangement of the
digital/analog converter is a most efficient way to translate the bit input into an analog output

while the output signals of the digital analog converter can be used either to modulate the

JP 2005-508104 A 2005.3.24
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output of the tank circuit of the voltage controlled oscillator or the crystal oscillator used in
the voltage controlled oscillator.

In a further preferred embodiment of the transmitter circuit of the invention
the antenna circuit comprises a series of capacitors connected between the outputs of the tank
circuit, the capacitors connected between inputs of the antenna circuit being controllable with
respect to the capacitance thereof. This circuit arrangement enables to match the antenna
circuit or to compensate variations in the antenna aloud by adapting the impedance of the

circuit.

Preferred embodiments of the invention are now described with reference to
the drawings, in which:

Fig. 1 is a second diagram of a transmitter circuit of the invention;

Fig. 2 is graphical representation of the power of the output signal of the
voltage controlled oscillator and the power of the output signal of the antenna circuit versus
time;

Fig. 3 shows the power characteristic of the power sent by the voltage
controlled oscillator to the antenna circuit as well as the variation of the frequency as a
function of the voltage at the voltage controlled capacitor circuit in the voltage controlled
oscillator;

Fig. 4 is a graphical representation of the relative frequency steps for setting
bit 0, bit | and bit 2, respectively; and

Fig. 5 is a schematic block representation of an embodirnent where the digital

analog converter modulates the crystal oscillator of the voltage controlled oscillator.

According to Fig. 1, the transmitter circuit comprises a power voltage
controlled oscillator 2, a digital/analog converter 4 and an antenna circuit 6. The voltage
controlled oscillator 2 comprises a tank circuit 8 which is connected via a first resistance
circuit 10 to ground 12 and via second resistance circuit 14 to a supply voltage source 16
having a supply voltage Vs of 1.8 V in this embodiment.

The tank circuit 8 of the voltage controlled oscillator 2 comprises to capacitors
C1 and C2 which are connected between node TP and node TN of the tank circuit 8, a further
capacitor C3 connected between the node TP and the node TN of the tank circuit 8 as well as

JP 2005-508104 A 2005.3.24
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an inductor L1 also connected between the node TP and TN of the tank circuit 8. The first
resistance circuit 10 comprises two MOSFET devices MN1 and MN2 which form, in the
circuit arrangement shown in Fig. 1, a negative resistance stage between the tank circuit 8
and ground 12. The two MOSFET devices MN1 and MN2 are N-type MOSFET. They may
be also bipolar, NPN, PNP, MESFET or similar devices if the circuits are adapted
accordingly. Between the first resistance circuit 10 and ground 12 there is an inductor L.2.

The second resistor circuit 14 comprises two MOSFET devices MP1 and MP2
which form, in the second arrangement shown in Fig. 1, a negative resistance stage between
the tank 8 and the supply voliage Vs. The two MOSFET devices MP1 and MP2 are P-type
MOSFET devices. They may be also bipolar, NPN, PNP, MESFET or similar devices if the
circuits are adapted accordingly. Between the second resistor circuit 14 and the supply
voltage source 16 is a further inductor L3.

According to Fig. 1, the voltage controlled oscillator 2 comprises a center
frequency setting circuit comprising a tuning voltage source 18 and a voltage controlled
capacitor circuit 20 connected to the tank circuit 8 for tuning the center frequency of the
voltage controlled oscillator 2. The voltage controlled capacitor circuit 20 comprises two
varactors (voltage controlled capacitance devices) MN3, MN4, a node 22 between the two
varactors MN3, MN4 being connected to the tuning voltage source 18. The other terminal of
the tuning voltage source 18B connecting to ground 12. The base terminals of varactors MN3
and MN4 are connected to node TN and node TP respectively.

The digital analog converter 4 comprises a bit voltage source 22 and a
capacitive modulator circuit 24. The capacitive modulator circuit 24 comprises two pairs of
varactors MNS5, MN6 and MN7, MN8 respectively which realize, in the cireuit arrangerent
shown, variable voltage controlled capacitances. The nodes 26, 28 between the varactor pair
MN5, MN6 and the varactor pair MN7, MNS8 respectively are connected to the nodes TN and
TP of the voltage controlled oscillator 2 respectively. The nodes 26, 28 are connected to the
base terminals of the varactors MNS to MNS8, the other terminals of the varactors MNS and
MNT7 and the varactors MN6, MNS respectively are connected to the bit voltage source 22
and to ground 12 respectively.

1t is to be noted that the digital analog converter 4 of Fig.1 shows only a bit 1
embodiment. To extend the digital analog converter 4 to more bits, there are the following
possibilities:

(a) Bit 1 is represented by two pairs of MOSFET devices as shown in Fig. 1, bit 2

is represented by four pairs of MOSFET devices having the same dimensions as the devices
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shown in Fig.1, and bit n is represented by 2" pairs of MOSFET devices having the same
dimensions as the devices shown in Fig.1 for bit 1.

(b) Bit n is also a two-pair configuration . Then, the dimension of the devices is 2"
times lager then the dimension of the devices shown in Fig.1.

(c) A combination of (a) and (b).

The antenna circuit 6 comprises a series of capacitors C4, C5, C6 and C7
between nodes TP and TN of the tank circuit 8. At least, the capacitors C5 and C6 connected
between power nodes 30, 32 of the antenna circuit 6 are controllable with respect to the
capacitances thereof. The capacitors C4 to C7 load the tank and hence the center frequency.
In order to be tunable, at least the capacitors C5 and C6 are embodied as MOS capacitors. In
this manner, the amplitude of the signal can be changed, and a variation of the antenna load
can be compensated in an adaptation of the impedance.

The antenna circuit 6 of Fig. 1 furthermore comprises two resisters R1 and R2
which represent the antenna in the antenna circuit. The resister R1 is connected through an
inductor L5 to the power node 30 of the antenna circuit 6, and the resistor R3 is connected to
the power node 32 of the antenna circuit through an inductor L4. The inductors L4 and L5
represent the inductances of bond wire used to malce the connections to the antenna. A node
34 between the resister R1 and the inductor L5 forms the output OP of the antenna circuit,
whereas a node 36 between the resister R2 and the inductor L4 forms the output ON of the
antenna circuit 6. A node 39 between the two resistors R1, R2 is connected to ground 12.

Fig. 2 shows a graphical representation of the voltage output signal of the
voltage controlled oscillator 2 and the voltage output of the antenna circuit 4 versus this time.
The voltage output of the voltage controlled oscillator is marked cho,/and the voltage output
of the antenna circuit is marked Vanr. It is apparent from Fig. 2 that, taking the resister
differential value at resistors R1, R2 (antenna) of the antenna circuit 6 to be 150 Q and the
output peak voltage of the voltage controlled oscillator to be 1,8 V, the output peak voltage of
the antenna circuit is 0,8 V. This is a quite satisfactory result having regard to the
applications considered.

Fig. 3 shows the result of the power sent by the power voltage contrelled
oscillator to the antenna circuit as well as the variation of the frequency as a function of the
voltage on the varactors MIN3, MN4 in the voltage controlled oscillator 2. The power curve is
marked as Po, and the frequency curve is marked as Fr. Fig. 3 shows that the power output Po
only changes between 4.15 dBm and 4.4 dBm for a voltage differential of 1.2 V of the

voltage controlled oscillator corresponding to a tuning of about 120 MHz or for a frequency

JP 2005-508104 A 2005.3.24
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difference between 2.4 GHz and 2.52 GHz. This shows that the power sent by the antenna
circuit hardly changes under the influence of tuning in the inventive transmitter circuit.

Fig. 4 shows a graphical representation of the relative frequency steps given
for setting bit 0, bit 1 and bit 2 respectively. The x-axis shows the bit level, the y-axis shows
the relative frequency in kHz, the absolute frequency being 2.45 GHz. In the shown
embodiment, the steps for setting the bits are related to an accuracy of 18 kHz, namely the
center frequency increases by 18 kHz for bit 1, the center frequency increases by 36 kHz for
bit 2 which is twice 18 kHz, and the center frequency increases by 72 kHz for bit 3 which is
four times 18 kHz. According to the Bluetooth standard, a modulation of 60 kHz per bit at a
6-bit digital/analog converter is required. Fig. 4 shows that such a modulation is enabled by
using a digital/analog converter using the one-bit embodiment of the digital/analog converter
which. is shown in Fig. 1. Such a digital/analog converter is adapted for direct modulation of
the voltage controlled oscillator in Bluetooth applications, and it is sufficient that the PLL
loop of the crystal oscillator brings the voltage controlled oscillator near to the center
frequency thereof. Therefore, the frequency is quite free within the modulation width,

Fig. 5 shows another embodiment of the RF transmitter circuit of the invention
were a digital/analog converter (DAC) 40 is connected to the crystal oscillator circuit 42 of
the voltage controlled oscillator 44 for capacitively loading the crystal oscillator circuit of the
voltage controlled oscillator. The crystal oscillator circuit (CR) 42 is connected to the voltage
controlled oscillator (VCO) 42 via a PLL loop comprising a divide circuit 46 (D(N)), a phase
detector circuit (PD) 48 and a loop filter circuit (LF) 50. The digital analog converter 40 and
the voltage controlled oscillator 44 of Fig. 5 may be embodied as shown in Fig. 1.

In the embodiment of Fig, 5, the digital analog converter 40 modulates the
reference frequency of the crystal oscillator circuit 42 which in itself provides the reference
frequency for the PLL loop. The PLL loop is built that such the output voltage of the loop
filter circuit 50 sets the center frequency of the voltage controlled oscillator 44. This
frequency is found to be N times the reference frequency as the divider circuit 46 divides by
N. When the reference frequency is varied, the output of the loop filter circuit 50 follows
these variations and, thereby, modulates the frequency of the voltage controlled oscillator 44.

An embodiment of the above described transmitter circuit designed for a
power of 4 dBm and a tuning of 120 MHz, which is sufficient for the Bluetooth standard,
shows a dissipation of only 4mA 1.8 V supply voltage. This is a major improvement with

respect to the characteristics of transmitter circuits of the state of the art.
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The necessary modification of the data is at least a constant amplitude
modulation, Tn the case of Bluetooth, the modulation can be GFSK. (GauBiean frequency shift
keying) or GMSK (GauBean medium shift keying). This modulation can be realized in the
following ways:
(a) to load the tank circuit by means of capacitive modulation through the digital
analog converter which translates the digital baseband signal into a capacitive load. By
adding or removing this load to or from the tank circuit 8, the frequency changes which
means that frequency modulation is obtained.
b As the voltage controlled oscillator is normally connected to a crystal
oscillator by a PLL loop, the voltage controlled oscillator can also be modulated by tuning
the frequency of the crystal oscillator via the capacitive loading by means of the digital
analog converter. The voltage controlled oscillator follows the crystal oscillator via the

closed PLL loop.
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CLAIMS:

1. A method for modulating an output voltage of a transmitter circuit, comprising
a voltage controlled oscillator with a modulation input, a digital/analog converter and an
antenna circuit, the method comprising sending an output signal from the voltage controlled
oscillator directly to the antenna circuit and directly modulating a frequency of the output
signal of the voltage controlled oscillator, by applying an output signal of the D/A converter

to the modulation input of the voltage-controllers oscillator.

2. The method of claim 1, wherein a tank circuit of the voltage controlled
oscillator is capacitively loaded for direct modulation of the frequency of the voltage

controlled oscillator.

3. The method of claim 1, wherein a crystal oscillator circuit of the voltage
controlled oscillator is capacitively loaded for direct modulation of the frequency of the

voltage controlled oscillator.

4. A transmitter circuit, in particular for Bluetooth and Hiperlan applications,
comprising a voltage controlled oscillator having a tank circuit, a digital/analog converter and
an antenna circuit, wherein the voltage controlled oscillator is adapted fo send an output
signal of sufficient power directly to the antenna circuit and wherein the digital/analog

converter is arranged to modulate an output frequency of the voltage controlled oscillator.

5. The transmitter circuit of claim 4, wherein a capacitive load circuit is
connected to the tank circuit of the voltage controlled oscillator for modulating the frequency

of the voltage controlled oscillator.

6. The transmitter circuit of claim 4, wherein a capacitive load circuit is
connected a crystal oscillator circuit of the voltage controlled oscillator for modulating the

frequency of the voltage controlled oscillator.
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7. The transmitter circuit of any of the claims 4 to 6, wherein the voltage
controlled oscillator comprises a center frequency setting circuit for tuning a center frequency

of the voltage controlled oscillator.

8. The transmitter circuit of claim 7, wherein the center frequency setting circuit
for tuning the voltage controlled oscillator comprises a tuning voltage source and a voltage

controlled capacitor circuit connected to the tank circuit.

9. The transmitter circuit of claim 4, wherein the tank circuit is connected via a

first resistance circuit to ground and via a second resistance circuit to a supply voltage source.

10. The transmitter circuit of any of the claims 4 to 9, wherein the antenna circuit
comprises a series of capacitors connected between the outputs of the tank circuit, the
capacitors connected between power nodes of the antenna circuit being controllable with

respect to the capacitance thereof.
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