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LINE DRIVER 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to a line driver and an 
amplifying method in said line driver. 

Description of Related Art 

[0002] Multi-carrier modulation is a knoWn method for 
transmitting broadband information (for example, video, 
Internet or telephony) over radio connections or copper Wire. 
The latter may be e.g. XDSL systems, such as Asymmetric 
Digital Subscriber Line (ADSL), High-rate Digital Sub 
scriber Line (HDSL) or Very high speed asymmetric Digital 
Subscriber Line (VDSL). TWo similar methods in multi 
carrier modulation are Orthogonal Frequency Division Mul 
tiplex (OFDM), used in radio applications, and Discrete 
Multitone (DMT), Which is used in copper Wires. 

[0003] Very brie?y explained, the bits that are to be 
transmitted, (of for example a digitally encoded video sig 
nal) are encoded as complex numbers in a transmitter. In the 
transmitter an Inverse Fast Fourier Transform (IFFT) and a 
digital-to-analogue conversion are carried out Whereupon 
the result is sent out on a line to a receiver. 

[0004] The IFFT-modulation gives a sum of orthogonal 
carriers or tones, the amplitudes and phase displacement of 
Which are determined by the values and phases of the 
complex numbers. These carriers are then transmitted in 
time slots at constant time intervals and are called symbols. 
In the receiver an analogue-to-digital conversion and a Fast 
Fourier Transform (FFT) are carried out instead. In this Way, 
the original bits are retrieved. Attenuation and phase dis 
placement may be easily compensated for, by multiplication 
by a complex number for each carrier. 

[0005] In an xDSL system there is a line driver after the 
digital-to-analogue conversion in the transmitter. Said line 
driver is an ampli?er that feeds the line. Since the output 
from the IFFT-modulation approximately is Gaussian dis 
tributed, the peak-to-average ratio is very high. This means 
that the line driver must have a high supply voltage in order 
to adequately transmit the occasional high signal peaks that 
may occur. 

[0006] Unfortunately, such a high supply voltage results in 
substantial poWer dissipation in the line driver. In fact, eg 
in a typical commercial ADSL-system, about 67% of the 
total poWer is consumed in the line driver. Thus, there is a 
need to reduce the poWer dissipation in such a line driver. 
PoWer dissipated in digital logic Will be possible to reduce 
in the future by improved semiconductor technology, but 
physical laWs limits the possibilities to reduce the poWer in 
the line driver. 

[0007] In WO99/18662 reduced poWer dissipation is 
achieved by using several poWer supplies to the line driver. 
In the ?rst embodiment tWo different positive poWer sup 
plies are used, Which provide poWer at ?rst and second 
levels, respectively, Where the second level is greater than 
the ?rst level. A controller causes poWer to be supplied from 
the ?rst poWer supply to the line driver When the magnitude 
of the input voltage is less than or equal to a predetermined 
threshold. When the magnitude of the input voltage is 
greater than the threshold, the controller causes poWer to be 
supplied from the second poWer supply to the line driver. 
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[0008] The problem With this embodiment is that When the 
ampli?er is in an idle mode, it Will take an idle voltage in the 
middle of the voltage range. Idle voltage is in the present 
description de?ned as the voltage that is received on the 
output of the line driver When there is no input signal to it. 
This is mainly applicable in circuits that are connected 
differential or in circuits that are AC-connected. 

[0009] Thus, if the poWer supply voltage presently used is 
5V, then the idle voltage Will be 2,5V and if the poWer 
supply voltage presently used is 12V, then the idle voltage 
Will be 6V. Hence, the idle voltage differs depending on 
Which poWer supply voltage it is that is presently used. This 
is bad, because then the output voltage Will change When the 
poWer supply voltage is changed, even though it is supposed 
to be an idle mode. Another problem is that it is necessary 
to use tWo different poWer supplies, Which is expensive, 
inef?cient and place consuming. 

[0010] The second embodiment in WO99/18662 uses four 
poWer supplies, tWo positive and tWo negative of corre 
sponding values. This makes the idle voltage at Zero at all 
times. The problem With this embodiment is that as many as 
four different poWer supplies are needed. 

SUMMARY 

[0011] The purpose With the present invention is to pro 
vide a line driver, such as a line driver in a multi carrier 
system, With a loW poWer dissipation and a stable idle 
voltage Without having to use a lot of different poWer 
supplies. 
[0012] The problems mentioned above With the different 
embodiments WO99/18662 are solved by de?ning a voltage 
range, Within Which it is the greatest probability that the 
input voltage to the line driver Will fall. ApoWer supply to 
the line driver is chosen accordingly and Whole or part of the 
poWer supply voltage is used for generating the output 
voltage as long as the input voltage is Within said range. 

[0013] Further, a capacitor is included in the line driver 
and is loaded to a capacitor voltage. Whole or part of said 
capacitor voltage may then be used in addition to Whole or 
part of the poWer supply voltage to generate the output 
voltage When the input voltage is outside said range. 

[0014] The advantages are that a loW poWer dissipation 
and a stable idle voltage is achieved in a simple circuit 
Without the need for many poWer supplies. The larger the 
differences of probability are Within the range compared to 
outside the range the larger is the gain of loWered poWer 
dissipation. This is particularly evident in eg systems With 
Gaussian distributed input voltage probabilities, such as is 
the case for a line driver in a multicarrier system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The features and advantages of the present inven 
tion outlined above are described more fully beloW in the 
detailed description in conjunction With the draWings Where 
like reference numerals refer to like elements throughout. 

[0016] FIG. 1 is a function block diagram shoWing an 
example multi-carrier modulation system in Which the 
present invention may be employed. 

[0017] FIG. 2a and 2b are simpli?ed illustrations of a line 
driver in a digital subscriber line environment. 
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[0018] FIG. 3 is a graph showing a Gaussian distribution 
of multi-carrier modulator output voltages. 

[0019] FIG. 4a-c is a circuit diagram shoWing a voltage 
generating block according to the present invention. 

[0020] FIG. 5 is a circuit diagram shoWing a ?rst embodi 
ment of a line driver according to the present invention. 

[0021] FIG. 6 is a circuit diagram shoWing a second 
embodiment of a line driver according to the present inven 
tion. 

[0022] FIG. 7 is a simpli?ed illustration of a ?rst embodi 
ment of a control circuit for the circuits in FIG. 5 or 6. 

[0023] FIG. 8 is a simpli?ed illustration of a second 
embodiment of a control circuit for the circuits in FIG. 5 or 
6. 

[0024] FIG. 9 is a circuit diagram shoWing a third embodi 
ment of a line driver according to the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0025] FIG. 1 shoWs, schematically, hoW the main parts of 
a prior art system for multi-carrier modulation may look. In 
a transmitter 1 modulation of data bits, for example from a 
digitally encoded video signal, is performed. 

[0026] The bits to be transmitted are encoded in the 
transmitter 1 as N complex numbers before a hermit sym 
metry operation is carried out in a calculation block 4. 2N 
complex numbers are obtained having a symmetric real part 
and an asymmetric imaginary part. 

[0027] An Inverse Fast Fourier Transform (IFFT) is then 
performed in an IFFT calculation unit 5, as a modulation. 
Since the imaginary part becomes Zero it may be eliminated 
and a real signal remains, Which passes a parallel to serial 
converter 6, a digital-to-analogue converter 7 and a line 
driver 12. 

[0028] This gives a sum of orthogonal carriers or tones, 
the amplitudes and phases of Which are determined by the 
values and phases of the original complex numbers. These 
carriers are then transmitted in a line 2 at constant time 
intervals/time slots and are called symbols. 

[0029] In a receiver 3 the data, in the opposite Way, passes 
an analogue-to-digital converter 8, a serial-to-parallel con 
verter 9 and an FFT calculation unit 10, in Which an FFT is 
carried out, as a demodulation. This gives 2N complex 
numbers. For symmetry reasons, for example the upper half 
of the 2N complex numbers may be discarded, leaving a 
number N of complex numbers. 

[0030] Finally, an equaliZer 11 is used, Which, compen 
sates for attenuation and phase displacement by multiplying 
the different numbers With complex numbers so that ?nally 
the same data bits are obtained that Were transmitted to begin 
With. 

[0031] In FIG. 2a a line driver 12 is shoWn. A modulated 
input voltage Uin from the digital-to-analogue converter 7 is 
fed into the line driver 12, Which is an ampli?er supplied 
With a poWer supply voltage V00. The line driver 12 pro 
duces an output voltage UOut to a transformer 13, Which 
feeds the line 2. From the point of vieW of the line driver 12 
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it may be seen as there is a resistive load RL on the output 
of the line driver 12, Which is schematically shoWn in FIG. 
2b. 

[0032] PoWer dissipation Pd is the poWer that result -in 
heating the line driver 12 and may be characterised in 
accordance With the folloWing equation: 

[0033] The parameter Pf is a technology dependent poWer 
that may be possible to reduce in the future if neW semi 
conductor technology is invented. It is hoWever also partly 
dependent on the poWer supply voltage Vcc. The rest of the 
poWer dissipation Pd can only be reduced With a loWer poWer 
supply voltage V00. HoWever, the loWer poWer supply volt 
age Vcc you use, the loWer the clipping limit Will be and the 
more disturbances it Will be in the transmitted signal. 

[0034] The output voltage UOut from a transmitter in a 
DMT, OFDM or similar system is approximately Gaussian 
distributed, see FIG. 3, i.e. it folloWs approximately the 
density function: 

[0035] Where the parameter m is a measure on Where the 
peak of the curve is and the parameter a is a measure on the 
shape of the peak. Both parameters m, o are dependent on 
the application. 

[0036] If, as an example, a loW probability of clipping of 
10-8 is accepted, then the clip level Will be at approximately 
5, 60 and thus the supply voltage Vcc must be at least 5, 60. 

[0037] HoWever, one may note that most of the time the 
output signal UOut Will be in the mid-range. It Would thus be 
desirable to have a solution Where a loWer supply voltage is 
used most of the time and a high supply voltage is used only 
When it is strictly necessary. That Would reduce the overall 
poWer dissipation in the line driver. 

[0038] In FIG. 4a-c is shoWn a part of the invention in the 
form of a voltage generating block 30, Which makes it 
possible to generate different magnitudes of output voltage, 
Without having to use many poWer supplies. A ?rst 21 and 
a second 22 sWitch are connected in series betWeen a poWer 
supply Vcc and ground G. In parallel With the ?rst 21 and 
second 22 sWitches a third 23 and fourth 24 sWitch are 
connected in the same Way. A capacitor 25 is connected on 
one side to a ?rst connection point 26 betWeen the ?rst 21 
and the second 22 sWitch. On the other side the capacitor 25 
is connected to a second connection point 27 betWeen the 
third 23 and the fourth 24 sWitch. A capacitor voltage UC is 
indicated over the capacitor 25 betWeen the ?rst 26 and 
second 27 connection point. The sWitches 21, 22, 23, 24 may 
preferably be sWitch-transistors. 

[0039] To load the capacitor 25 the sWitches 21, 22, 23, 24 
are sWitched as in FIG. 4a. The ?rst 21 and the fourth 24 
sWitch are closed, While the second 22 and the third 23 
sWitch are open. This loads the capacitor 25 and the capaci 
tor voltage UC becomes approximately equal to the supply 
voltage Vcc minus losses in the sWitches 21, 24 and other 
losses. 
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[0040] When a positive voltage higher than the supply 
voltage Vcc is going to be used, the ?rst 21 and the fourth 24 
sWitch are opened, While the third sWitch 23 is closed, as in 
FIG. 4b. Then it is possible to take out a ?rst voltage VrnaX 
betWeen the ?rst connection point 26 and ground G. The 
output voltage VrnaX is approximately equal to 2V“, due to 
the fact that the capacitor voltage UczVcc is added to the 
supply voltage V00. 

[0041] Of course the capacitor 25 Will discharge, but if the 
double voltage only is used under a short time and the 
capacitor 25 then is recharged, the capacitor voltage Uc Will 
not drop very much. This condition is ful?lled if voltage 
peaks are not coming very often, as is the case in eg 
multi-carrier systems. 

[0042] If instead a negative voltage is needed after load 
ing, then the ?rst 21 and the fourth 24 sWitch are opened, 
While the second sWitch 22 is closed, as in FIG. 4c. Then it 
is possible to take out a second voltage Vrnin betWeen the 
second connection point 27 and ground G. The second 
voltage Vrnin is approximately equal to —Vcc, due to the fact 
that the capacitor voltage UczVcc. 

[0043] Thus, a voltage interval of Vrnin to VmaX, i.e. —Vcc 
to ZVCC, is obtained. This makes the idle voltage at VCC/Z, 
independently of the magnitude of the output voltage. 

[0044] An alternative to the embodiment in FIG. 4a-c is 
to use tWo capacitors, ie a ?rst capacitor for positive output 
voltages larger than the idle voltage and a second capacitor 
for positive voltages smaller than the idle voltages and for 
negative voltages. 

[0045] One eXample on hoW the embodiment With one 
capacitor may be implemented in practice in a line driver is 
shoWn in FIG. 5. The input signal Uin goes into a drive stage 
31. A ?rst transistor 32 and a second transistor 33 are 
connected With their respective bases to the output side of 
the drive stage 31. The voltage-generating block 30 from 
FIG. 4a-c has its ?rst connection point 26 connected to the 
collector of the ?rst transistor 32 and its second connection 
point 27 connected to the collector of the second transistor 
32. Further, the emitters of the tWo transistors 32, 33 are 
connected in a third connection point 34. The output voltage 
UOut is taken out from said third connection point 34. 

[0046] When a positive output voltage higher than the idle 
voltage is needed then the ?rst transistor 32 leads, but the 
second transistor 33 does not lead. When a positive output 
voltage loWer than the idle voltage or a negative output 
voltage is needed then the second transistor 33 leads, but the 
?rst transistor 32 does not lead. In both cases the magnitude 
of the output voltage UOut is controlled from the drive stage 
31 via the base current to the transistor 32, 33 in use. 

[0047] When a positive output voltage higher than the 
supply voltage is needed, then the sWitches are sWitched as 
described in FIG. 4b and the ?rst voltage VrnaX may taken 
out from the ?rst connection point 26. Thus, the output 
signal UOut may become a value up to approximately the ?rst 
voltage Vmax. 

[0048] When a positive output voltage loWer than the 
supply voltage or a negative output voltage is needed, then 
the sWitches are sWitched as described in FIG. 4c and the 
second voltage Vrnin may taken out from the second con 
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nection point 27. Thus, the output signal UOut may become 
a value to approximately the second voltage Vmin. 

[0049] In the ?gure the ?rst transistor is an NPN-transistor 
and the second transistor is a PNP-transistor. This is only an 
eXample. The man skilled in the art can easily use other 
transistors or equivalent means, to get the same function. 

[0050] One or more control signals may be employed in 
order to control When and hoW the sWitches are going to 
sWitch and to control hoW the drive stage is to control the 
base currents When the voltage-generating block 30 is used 
and not, respectively. 

[0051] Further, the output signal UOut may be fed back to 
the input side of the drive stage 31 and be used to ensure that 
the output signal UOut is a linear function of the input signal 

[0052] One advantage With the embodiment in FIG. 5 is 
that it is simple and that only tWo transistors need to be used. 
One disadvantage is that the current alWays has to pass 
sWitches also When no peak voltages are needed, With 
folloWing losses in the sWitches. 

[0053] AWay of avoiding passing sWitches When no peak 
voltage is needed is shoWn in FIG. 6. FIG. 6 is the same 
?gure as FIG. 5, but With a third transistor 41 and a fourth 
transistor 42 added in parallel With the ?rst transistors 32, 
33. Also for these transistors, the man skilled in the art can 
use other transistors or equivalent means, to get the same 
function. 

[0054] The third transistor 41 is connected With its base to 
the output of the drive stage 31, With its collector connected 
to the poWer supply Vcc and With its emitter connected to the 
third connection point 34. The fourth transistor 42 is con 
nected With its base to the output of the drive stage 31, With 
its collector connected to ground and With its emitter con 
nected to the third connection point 34. 

[0055] In this Way the third and fourth transistor 41, 42 
Will be used in the mid voltage range, While the ?rst and 
second transistor 32, 33 and the voltage-generating block 30 
Will be used When voltage peaks are needed. Since the 
sWitches are only passed When they are necessary, losses are 
further reduced. 

[0056] In the ?gure the third transistor is an NPN-transis 
tor and the fourth transistor is a PNP-transistor. This is only 
an eXample. The man skilled in the art can easily use other 
transistors or equivalent means, to get the same function. 

[0057] In order to control the sWitches and the drive stage, 
a digital input signal UD to the digital-to-analogue converter 
7 may be used as in FIG. 7. In a digital comparator 51 the 
digital input signal UD is compared to a ?rst threshold Vthl 
and a second threshold Vthz. If the digital input signal UD is 
larger than the ?rst threshold Vthl, then the sWitches are 
controlled so as to connect the capacitor to generate a ?rst 
voltage VmaX, compare FIG. 4b, and the output from the 
drive stage 31 is adjusted accordingly. 

[0058] If the digital input signal UD is loWer than the 
second threshold Uthz, then the sWitches are controlled so as 
to connect the capacitor 25 to generate a second voltage 
Vmin, compare FIG. 4c, and the output from the drive stage 
31 is adjusted accordingly. In the range betWeen the ?rst Vthl 
and the second Vth2 threshold the capacitor 25 is recharged. 
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[0059] The comparator 51 may be implemented in hard 
ware or software. To ensure that the switches are switched 

at right time a delay 52 may be introduced before the 
digital-to analogue converter 7. 

[0060] For the control it is also possible to use the ana 
logue output from the digital-to-analogue converter, see 
FIG. 8. The compare is in this case made in an analogue 
comparator 55, but works otherwise as in FIG. 7. This 
however requires a faster comparison than in FIG. 7. 

[0061] In practise the thresholds in the different embodi 
ments will not be implemented to correspond to output 
voltages exactly to 0 V and to the supply voltage, but rather 
a little higher than 0 V and a little lower than the supply 
voltage, respectively. This applies particularly in the case 
with the analogue comparison, where it is an alternative or 
a complement to having a fast comparison. 

[0062] To be able to output a large output voltage range, 
the line driver may be balanced, which is shown in FIG. 9. 
Between the digital-to-analogue converter 7 and the output 
transformer 13 two line drivers 12a, 12b are connected with 
180° phase difference, which is schematically shown in 
FIG. 9 as a phase difference block 61. The phase difference 
may be accomplished before or after one of the line drivers. 
The total output voltage difference then becomes two times 
that from a single line driver. In FIG. 9 is shown the 
embodiment from FIG. 5, but of course the embodiment 
from FIG. 6 or anything equivalent will do as well. 

1. Line driver (12) including at least one input and at least 
one output, said line driver being supplied with a power 
supply voltage (V00) from a power supply, and being 
arranged to amplify an input voltage (Uin) to an output 
voltage (UOUQ, where the probability that the input voltage 
(Uin) is within a prede?ned range is higher then the prob 
ability that the input voltage (Uin) is outside said prede?ned 
range, characteriZed in that the line driver is arranged to use 
whole or part of the power supply voltage (V00) to generate 
the output voltage (UOUQ if the input voltage (Uin) is within 
the prede?ned range, that the line driver further includes at 
least one capacitor (25), which is arranged to be loaded with 
at least one capacitor voltage (V0), and that the line driver is 
arranged to use whole or part of the capacitor voltage (V0) 
in addition to whole or part of the power supply voltage 
(V00) to generate the output voltage (Uout) if the input 
voltage (Uin) is outside the prede?ned range. 

2. Line driver according to claim 1, characteriZed in that 
the line driver further includes a voltage-generating block 
(30), which includes a ?rst (21) and a second (22) switch 
connected in series between the power supply and ground, 
a third (23) and a fourth (24) switch connected in series 
between the power supply and ground and the capacitor (25) 
connected on one side to a ?rst connection point (26) 
between the ?rst (21) and the second (22) switch and on the 
other side to a second connection point (27) between the 
third (23) and the fourth (24) switch. 

3. Line driver according to any of the claims 1-2, char 
acteriZed in that the line driver further includes a drive stage 
(31) connected to the input, to a ?rst transistor (32) and to 
a second transistor (33), that the ?rst transistor (32) is 
connected to the ?rst connection point (26), that the second 
transistor (33) is connected to the second connection point 
(27) and that the ?rst (32) and the second (33) transistor are 
connected to the output. 
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4. Line driver according to claim 3, characteriZed in that 
the line driver further includes a third transistor (41) con 
nected to the drive stage (31) and between the power supply 
and the output and also a fourth transistor (42) connected to 
the drive stage (31) and between ground and the output. 

5. Line driver according to claim 3 or 4, characteriZed in 
that the line driver further includes a feedback connection 
between the output and the drive stage (31). 

6. Line driver according to any of the claims 1-5, char 
acteriZed in that the line driver further includes a comparator 
(51, 55), which is arranged to read the input voltage (Uin) or 
a voltage or signal related to the input voltage (Ud) and to 
compare it with at least one threshold (Vthl, Vthz). 

7. Balanced line driver, characteriZed in that said balanced 
line driver includes a ?rst (12a) and a second line driver 
(12b) according to any of the claims 1-6 connected in 
parallel and further including a phase difference block (61) 
connected in series with the second line driver (12b). 

8. Line driver according to any of the claims 1-7, char 
acteriZed in that the line driver is used in a multicarrier 
modulation system. 

9. Line driver according to 8, characteriZed in that the line 
driver is connected after a digital-to-analogue converter (7) 
with at least one input and in that the signal related to the 
input voltage is a digital signal (UD) which also is arranged 
to enter the digital-to-analogue converter 

10. Line driver according to claim 9, characteriZed in that 
a delay circuit (52) is provided on the input to the digital 
to-analogue converter 

11. Line driver according to claim 8, characteriZed in that 
the line driver is connected after a digital-analogue converter 
(7) and that the output of the digital-to-analogue converter 
(7) is connected to the input of the comparator (55). 

12. Amplifying method in an line driver (12) supplied 
with a power supply voltage (V00) from a power supply, in 
which method an input voltage (Vin) is ampli?ed to an 
output voltage (Vout) and the probability that the input 
voltage (Vin) is within a prede?ned range is higher then the 
probability that the input voltage (Vin) is outside said 
prede?ned range, characteriZed by the following steps: 

using whole or part of the power supply voltage (V00) to 
generate the output voltage (Vout) if the input voltage 
(Vin) is within the prede?ned range, 

loading a capacitor (25) with a capacitor voltage (V0), 

using whole or part of the capacitor voltage (V6) in 
addition to whole or part of the power supply voltage 
(V00) to generate the output voltage (Vout) if the input 
voltage (Vin) is outside the prede?ned range. 

13. Amplifying method according to claim 12, character 
iZed in that the capacitor is included in a voltage-generating 
block (30), which further includes a ?rst (21) and a second 
(22) switch connected in series between the power supply 
and ground, a third (23) and a fourth (24) switch connected 
in series between the power supply and ground and the 
capacitor (25) connected on one side to a ?rst connection 
point (26) between the ?rst (21) and the second (22) switch 
and on the other side to a second (27) connection point 
between the third (23) and the fourth (24) switch, wherein 
the following steps are executed: 

loading the capacitor (25) by keeping the ?rst (21) and the 
fourth (24) switch closed and the second (22) and the 
third (23) switch opened. 
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14. Amplifying method according to claim 13, character 
iZed in that if a voltage outside the speci?ed range is needed 
the following steps are executed after loading the capacitor: 

opening the ?rst (21) and the fourth (24) sWitch, closing 
the third (23) sWitch and keeping the second (22) 
sWitch open, 

using a voltage potential at the ?rst connection point (26). 
15. Amplifying method according to claim 13, character 

iZed in that if a voltage outside the speci?ed range is needed 
the folloWing steps are executed after loading the capacitor: 

opening the ?rst (21) and the fourth (24) sWitch, closing 
the second sWitch (22) and keeping the third (23) 
sWitch open, 

using a voltage potential at the second connection point 
(27). 

16. Amplifying method according to any of the claims 
12-15, characteriZed by the folloWing steps: 

generating a control signal (Ucon) by reading the input 
voltage (Uin) or a voltage or a signal related to the input 
voltage (Ud) and making a comparison With at least one 
threshold (Vthl, Vthz) 

using the control signal (Ucon) to control the line driver 
(12) depending on the outcome of the comparison. 

17. Amplifying method according to any of the claims 
12-16, characteriZed by 
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generating a double output voltage by using a ?rst line 
driver (12a) to generate a ?rst output voltage and a 
second line driver (12b) to generate a second output 
voltage 

generating the tWo output voltages With 180 phase dif 
ference (61) 

taking the difference (13) betWeen the tWo output volt 
ages. 

18. Amplifying method according to any of the claims 
12-17, characteriZed in that the line driver (12) is connected 
after a digital-to-analogue converter (7) in a multicarrier 
modulation system, Wherein the folloWing step is executed: 

using a digital input voltage to the digital-to-analogue 
converter (7) for the comparison. 

19. Amplifying method according to claim 18, character 
iZed by delaying (52) the digital input voltage (UD) before 
it enters the digital-to analogue converter 

20. Amplifying method according to any of the claims 
12-17, characteriZed in that the line driver (12) is connected 
after a digital-analogue converter (7) in a multicarrier modu 
lation system, Wherein the folloWing step is executed: 

using an analogue output voltage from the digital-to 
analogue converter (7) for the comparison. 

21. Amplifying method according to claim 20, character 
iZed by delaying (56) the analogue output voltage before it 
enters the line driver (12). 

* * * * * 


