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(57) Abstract: A transmitter (2) comprises a power amplifier (3) and a power controller (4). The power amplifier (3) is capable
of both linear and non-linear operation, and is controlled by a controller (20) and a first and second control loops (21, 22). The
second control loop (22) is used with the transmission of GMSK modulated signals, which have no amplitude modulation, operating
the power amplifier (3) in a non-linear mode. The first control loop (21) is used for the transmission of EDGE modulated signals,
which have a substantial amount of amplitude modulation, operating the power amplifier (3) in a linear mode. The first control loop
& (21) is also used with GMSK time slots if the output power to be produced by the power amplifier (3) is low and the power of an
immediately preceding time slot is high. In this case, a sample and hold circuit (9, 10) of the first control loop (21) is used when
the power detector voltage in the power amplifier would change over the time slot by cooling, avoiding the possibility of the power

level varying over the time slot.
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A Transmitter And A Method Of Operating A Transmitter

Field Of The Invention

The invention relates to a transmitter, and a method of operating a transmitter. It
particularly relates to a transmitter in which data is modulated using one of first
modulation scheme and a second modulation scheme in each of a series of time
slots, and to 2 method comprising transmitting data in a series of time slots, and
applying one of a first modulation scheme and a second modulation scheme to data

in each time slot.

Background Of The Invention

Figute 1 depicts a communication device 1 arranged to transmit data in a series of
time slots, such as is used in TDMA systems. The communication device 1
comprises a transmitter 2 that includes a power amplifier 3 and a power controller 4
arranged to control the power amplifier 3, together with 2 RX-TX switch 5 and an
antenna 6. The power amplifier 3 supplies power to the antenna 7. A controller 20
is operable to control all the othet components. The RX-TX switch 5 connects the

antenna 6 to either a receiver (not shown) or the transmitter 2.

Recently, communication devices that are capable of transmitting data using more
than one modulation scheme have become available. For example, the Nokia
(RTM) 9500 Communicator is atranged to send data using EDGE and using GMSK
(Gaussian Minimum Shift Keying) modulation. Figure 2 depicts part of a prior
amplifier arrangement 2 suitable for use in such 2 communication device. Figure 2

shows a multimode power amplifier 3 and components of the power controller 4.

When modulated signals with 2 high degtee of amplitude modulation, such as
EDGE signals, are to be transmitted, the power amplifier 3 is operated in a linear
mode. The power amplifier 3 is controlled using a first control loop 21, comprising
a differential amplifier 7a, having a feedback loop including a capacitor 82, and a
sample and hold circuit comprising a capacitor 9 and differential amplifier 10. The
first control loop 21 controls the output powet of the power amplifier 3 by altering

an input signal fed to the power amplifier 3, by adjusting the gain of a variable gain
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amplifier 11 preceding the power amplifier 3. The power amplifier 3 and the

variable gain amplifier 11 cooperate to constitute together a power amplifier.

A switch 12 between the amplifier 72 and the amplifier 10 is closed duting the
beginning and end of a time slot used for linear transmission, to allow the output
power of the power amplifier to be ramped up or down under the control of an
input ramp signal TXC. During the intervening portion of the time slot, which is
used for data transmission, the switch 12 is open, thereby disconnecting the
differential amplifier 7a and its feedback loop. The variable gain amplifier 11 is
then controlled by an output of the sample and hold circuit 9, 10, which applies 2

constant control voltage to the variable gain amplifier.

At the end of a time slot, the transmitter 2 is ramped down. The power controller 4
can then switch between the two control loops 21,22 by means of switches 13a, 13b,
13c, before the transmitter 2 is ramped up at the beginning of the next time slot.
The ramping is performed using a ramp signal TXC that is input to the relevant

control loop in order to control the output powet of the power amplifier 3.

For modulated signals with little or no amplitude modulation, such as GMSK
modulated signals, the power amplifier 3 is operated in a non-linear mode in order
to improve its power efficiency. When the transmitter 2 is provided in a
communication device 1 such as a mobile telephone, this increased efficiency may
result in longer talktime. A second control loop 22 is provided, which comprises a
differential amplifier 7b and a feedback loop including a capacitor 8b but does not
include 2 sample and hold circuit. The second control loop 22 controls the power

amplifier 3 by alteting a voltage applied to a power control pin Vpctrl.

At the start and end of a time slot in which GMSK or similar modulated signals are
to be transmitted, the output power of the power amplifier 3 is ramped up or down
under the control of the input ramp signal TXC. The second control loop temains
closed during the beginning, the intervening portion and end of the time slot. This
means that, unlike the first control loop 21, the second control loop 22 remains

connected to a diode power detector 14 that forms part of and monitors the output
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power of the power amplifier 3, and adjusts the control voltage accordingly

throughout the time slot.

Druting a time slot in which the output power of the power amplifier 3 used for data
transmission is high, the temperature of the components of the power amplifier 3
increases. Heat from the components is transferred to the power detector 14 and
may result in a dectease in the accuracy of its measurements. The resulting
measurement error may be of the order of 2mV per degree centigtade, which may

result in measurement results that are etroneously low.

If, then, during the next time slot, the power amplifier 3 is to be operated in a non-
linear mode to provide an output power that is substantially lower than in the
preceding time slot, the components of the power amplifier 3 and the power
detector 14 will then cool down during this time slot. This temperature drift causes
a drift on the power detector voltage during the time slot and results in the control
voltage and, therefore, the output power of the power amplifier 3, decreasing during

the intervening portion of the time slot. This is undesirable.

Figure 3 is a graph showing the output of the power detector 14 during two
successive time slots t;, t,. In the first time slot, the output power is high and is
above the upper limit of the y-axis of the graph. During the second time slot, the
ternperature of the power detector 14 is high, due to heat generated by the
components of the power amplifier 3 during the first time slot t,, and so the output
of the power detector 14 starts at a telatively low value, compared with the actual
output power of the power amplifier 3. The output of the power detector 14 then

drifts upwards during the second time slot t, as its diode cools down.

For GSM900, the output power in any given time slot must fall within a range of 5
to 33 dBm, with an accuracy of +/- 1dB during the useful patt of a burst. The
temnperature drift between time slots is most significant when the output power is 33
dBm during a first time slot and 5 dBm duting the succeeding time slot. Figure 4 is

a graph of the output power over two GSM 1900 time slots, also labelled t,, t,, and
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clearly shows 2 downwards drift in the level of the output power during the second

time slot t,.

In some ptior amplifier arrangements, this problem has been addressed by
providing temperature compensation means for the power detector 14. However,
this requires the provision of extra components. Furthermore, the provision of
temperature compensation means that are capable of responding to very rapid
temperature changes is not straightforward. The power detector 14 may also be
located away from the power amplifier 3, for example, as in the arrangement
disclosed in US 6369635 , so that it is not significantly affected by heat from the
power amplifier components. However, this requires the provision of external

components and may increase the size of the amplifier arrangement 2.

Summary Of The Invention
According to a first aspect of the invention, there is provided a transmitter arranged
to transmit data modulated using one of a first modulation scheme and a second
modulation schemne in each of a series of time slots, the transmitter comprising:

a power amplifier operable in linear and non-linear modes;

powet control means, arranged to control the power supplied by the power
amplifier; and

a controller arranged to control the power amplifier to operate in the linear
mode in time slots when the first modulation scheme is applied, and to operate in
the non-linear mode in time slots when the second modulation scheme is applied,

the controller being arranged, in respect of a time slot in which the second
modulation scheme is used, to determine whether a transmission power in the time
slot is lower than the transmission power in an immediately preceding time slot, and
in response to a positive determination to control the power amplifiet to operate in

the linear mode during the time slot.

This can allow the effects of a power detector which is temperature sensitive to be

ameliorated.
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Typically, the amplifier will be operable in a linear mode when the fitst modulation
scheme has a significannt amplitude modulation content, as is found for example
with the modulation used with EDGE transmissions. A non-linear mode, which is
more efficient, typically is used where the second modulation scheme has a generally

constant amplitude, for example the modulation used with GMSK.

Preferably the transmitter includes a sample and hold citcuit operable to maintain
the gain of the power amplifier at a generally constant value between ramp up and

ramp down portions of a time slot when operating in a linear mode.

This sample and bhold circuit is a particularly effective way to prevent output power
changing over a time slot. Using the sample and hold circuit in the linear mode and
operating the power amplifier in the linear mode when the non-linear mode would
normally be used, but because the transmission power in the time slot and in the
immediately preceding time slot would otherwise result in the power varying over
the time slot, has two consequences. Firstly, it prevents the power vatying over that
time slot. Also though, since amplifiers operating in linear modes conventionally
are less efficient, a result is that the power amplification is less efficient, so more
power is used for the same output power. The applicant considers that this is an
acceptable disadvantage in light of the positive effects of this, namely obtaining a

non-varying output power over the time slot.

The advantages of the invention are particularly experienced if the powet amplifier
comprises first and second amplifier stages, an output of one amplifier stage being
coupled to an input of the other stage, in which in the non-linear mode the first
amplifier stage is controlled to have a fixed gain and the second amplifier stage is
controlled to have a gain dependent on a second amplifiet stage control signal
generated by a first control loop, and in which in the linear mode the second
amplifier stage is controlled to have a fixed gain and the first amplifiet stage is
controlled to have a gain dependent on a first amplifier stage control signal

generated by a second control loop
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Here, if the second control loop includes a sample and hold circuit operable to
maintain the first amplifier stage control signal at a generally constant value between
ramp up and ramp down portionis of a time slot, this can be used to advantage both
when transmitting data modulated with the first modulating scheme and when
transmitting data in a time slot when power variation might be expected if the

amplifier wete operated in a non-linear mode.

If the transmitter comptises 2 power detector integrated with the power amplifiet, it
does not need to be provided with quickly acting temperatute compensation means.
Use of an integrated power detector is preferred since such devices are smaller, and

also usually less expensive, than cotresponding external arrangements.

According to a second aspect of the invention, there is provided a method of
opetrating a transmitter, the method compurising:

transmitting data in a series of time slots,

applying one of a first modulation scheme and a second modulation scheme
to data in each time slot; and

controlling 2 power amplifier to operate in a linear mode in time slots when
the first modulation scheme is applied, and to operate in a non-linear mode in time
slots when the second modulation scheme is applied,
the method further comprising, in respect of a time slot in which the second
modulation scheme is used, determining whether a transmission power in the time
slot is lower than a transmissionx power in an immediately preceding time slot, and
in response to a positive determination controlling the power amplifier to operate in

the linear mode during the time slot.

Brief Description Of The Drawings
An embodiment of the inventionn will now be described with reference to the
accompanying drawings, in which:

Figure 1 depicts a transmitter that may be operated according to the present
invention;

Figure 2 depicts an amplifier arrangement forming part of the Figure 1

transmitter;
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Figure 3 is a graph showing the output power over two successive time slots;
and
Figure 4 is a graph showing an output of a power detector over two

successive time slots.

Detailed Description Of The Preferred Embodiments

In an embodiment of the invention, a transmitter 2 comprises a power amplifier 3
and powet controllet 4, as shown in Figures 1 and 2. The power amplifier 3 is
capable of both linear and non-linear operation, and is controlled by a controller 20
and first and second control loops 21, 22 as described above in relation to the prior

att.

However, instead of using the fitst control loop 21 exclusively for time slots in
which data signals with a high degree of amplitude modulation ate to be
transmitted, the first control loop 21 is also used when non-amplitude modulated
signals are transmitted if the output power to be produced by the power amplifier 3
is low and in the immediately pteceding time slot a high output power was

produced.

For example, the communications device 1 may be a mobile transmitter arranged to
transmit data using EDGE and GMSK modulation schemes. It may alternatively be
a mobile, or cellular, telephone, or any other transmitter device. The power
controller 4 is arranged to use the second control loop 22 for the transmission of
GMSK modulated signals at a high power, operating the power amplifiet 3 in a non-
linear mode for efficiency reasons. The first control loop 21 is used for the
transmission of EDGE modulated signals and also for GMSK modulated signals in

certain circumstances.

When the first control loop 21 is used, the switch 12 is open during the central
portion of a time slot during which data is transmitted as desctibed above, and the
power amplifier 3 is controlled using the sample and hold circuit 9, 10. As the
power detector 14 is disconnected from the variable gain amplifier 11 by the sample

and hold citcuit 9, 10, its output has no effect on the control signal applied to the
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variable gain amplifier 11. Therefore, any change in the tempetature of the power
detector 14 does not affect the control and, therefore, the output power of the

power amplifier 3.

When data is to be transmitted in a GMISK time slot, the controller 20 determines
whether to operate the power amplifier 3 in a linear or non-linear mode. Normally,
the non-lineat mode will be selected by the controller 20. When the output power,
though, is low and the output powet in an immediately preceding time slot was
high, the controller 20 controls the power controller 4 to use the first control loop

21 and controls the powet amplifier 3 to operate in linear mode.

The efficiency of the power amplifier 3 when operated in linear mode, using the
first control loop 21, is lower than when operated in non-linear mode, using the
second control loop 22. However, the loss in efficiency is offset by the removal of
the drift in the output power caused by temperature changes in the powet detector

14.

The power controller 4 may be arranged so that the power amplifier 3 is operated in
linear mode during a time slot in which non-amplitude modulated signals ate to be
transmitted at any power level that is lower than an output power used duting an
immediately preceding time slot. Altermatively, the power controller 4 may
determine whether the output power to be provided during a time slot is “low”
using a predetermined power threshold. For example, the threshold may be defined
in terms of a power level, or alternatively as a predetermined fraction of the

maximum output power that can be provided by the power amplifier 3.

Because of the power inefficiencies ass ociated with operating the power amplifier 3
in linear mode, advantageously the linear mode is used for GMSK time slots only
when beneficial. - Since there is only significant cooling of the power detector 14
over the duration of a time slot when the output power in the time slot is low and
the output power in the preceding timeslot is high, the linear mode preferably is
used only in such circumstances. The exact scheme for determining whether the

power is high or low may be implemen tation dependent. In particular, the extent of



10

15

WO 2006/033026 PCT/IB2005/051690

heating and cooling of the power detector 14 may depend on certain component
choices. Itis preferred that the linear mode is used for GMSK time slots only when
the power is significantly lower than in the immediately preceding time slot. This
may be determined by comparing the ratios of the output power between the time

slots to a predetermined threshold, or in arxy other suitable way.

The invention may be implemented in Digi tal Signal Processing software configured

to control the transmitter 2.

While the embodiments have been described above in relation to a communication
device, such as a mobile telephone, an amplifier arrangement according to the
ptesent invention may be used in any data transmitting device, portable ot fixed,
including base station transmitters, and is particularly suitable for mixed mode data

transmission devices.

In addition, the invention is not limited to amplifier arrangements comprising the
control loops shown in Figure 2. In particular, it is not essential for the power

detector 14 to be located within the power amplifier 3.
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Claims

1. A transmitter arranged to transamit data modulated using one of a first
modulation scheme and a second modulation scheme in each of a series of time
slots, the transmitter comprising:

a power amplifier operable in linear and non-linear modes;

power control means, atranged to control the power supplied by the power
amplifier; and

a controller arranged to control the power amplifier to operate in the linear
mode in time slots when the first modulation scheme is applied, and to operate in
the non-linear mode in time slots whem the second modulation scheme is applied,

the controller being arranged, im respect of a time slot in which the second
modulation scheme is used, to determine whether a transmission power in the time
slot is lower than the transmission powrer in an immediately preceding time slot, and
in response to a positive determinationa to control the power amplifier to operate in

the linear mode during the time slot.

2. A transmitter according to claitm 1, including a sample and hold circuit
operable to maintain the gain of the power amplifier at 2 generally constant value
between ramp up and ramp down portions of a time slot when operating in a linear

mode.

3. A transmitter according to claim 1, in which the power amplifiet comprises
first and second amplifier stages, an owrtput of one amplifier stage being coupled to
an input of the other stage, in which i the non-linear mode the first amplifier stage
is controlled to have a fixed gain and the second amplifier stage is controlled to
have a gain dependent on 2 second amyplifier stage control signal generated by a first
control loop, and in which in the lineax mode the second amplifier stage is
controlled to have a fixed gain and the first amplifier stage is controlled to have a
gain dependent on a first amplifier stage control signal generated by a second

control loop
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4. A transmitter accotding to claim 3, in which the second control loop
includes a sample and hold citcuit operable to maintain the first amplifier stage
control signal at a generally constant value b etween ramp up and ramp down

portions of a time slot.

5. A transmitter according to any preceding claim, comprising a power detector

integrated with the power amplifiet.

6. A communication device including a transmitter as claimed in any preceding
claim.

7. A radiotelephone including a transmitter as claimed in any of claims 1 to 5.
8. A method of operating a transmitter, the method comprising:

transmitting data in a series of time slots,

applying one of a first modulation scheme and a second modulation scheme
to data in each time slot; and

controlling a power amplifier to operate in a linear mode in time slots when
the fitst modulation scheme is applied, and to operate in a non-linear mode in time
slots when the second modulation scheme is applied,
the method further comprising, in respect of a time slot in which the second
modulation scheme is used, determining whether a transmission power in the time
slot is lower than a transmission power in an immediately preceding time slot, and
in response to a positive determination controlling the power amplifier to operate in

the linear mode during the time slot.
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