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DESCRIPTION

Technical Field

[0001] The present invention relates to an amplifier circuit and method, and more particularly
to an amplifier circuit and method which provides improved efficiency, for example in an
arbitrarily wideband Doherty amplifier arrangement.

Background

[0002] In radio base stations and other systems, power amplifiers are often used to amplify
wideband signals or signal combinations with high peak to average power ratio (PAR or PAPR).
The amplifiers must then be able to repeatedly output very high power for very short periods,
even though the bulk of the output power is generated at the much lower average power level.
In systems with random phase combinations of many signals (without any dominating ones)
the amplitude of the signal follows a Rayleigh distribution.

[0003] A conventional single-transistor power amplifier (for example a class B, AB or F power
amplifier) has a fixed radio frequency (RF) load resistance and a fixed voltage supply. The bias
in class B or AB amplifiers causes the output current to have a form close to that of a pulse
train of half wave rectified sinusoid current pulses. The direct current (DC) current (and hence
DC power) is therefore largely proportional to the RF output current amplitude (and voltage).
The output power, however, is proportional to the RF output current squared. The efficiency,
i.e. output power divided by DC power, is therefore also proportional to the output amplitude.
While efficiency is high at the highest output powers, the average efficiency of a power
amplifier is consequently low when amplifying signals that on average have a low output
amplitude (or power) compared to the maximum required output amplitude (or power), i.e. high
PAR.

[0004] A Chireix amplifier (as described in "High power outphasing modulation,” Proc. IRE, vol.
23, no. 11, pp. 1370-1392, Nov. 1935, by H Chireix), or a Doherty amplifier (as described in "A
new high efficiency power amplifier for modulated waves", by W. H. Doherty, Proc. IRE, vol. 24,
no. 9, pp. 1163-1182, Sept. 1936) were the first examples of amplifiers based on multiple
transistors with passive output network interaction and combination.

[0005] They have high average efficiency for amplitude-modulated signals with high peak-to-
average ratio (PAR) since they have a much lower average sum of RF output current
magnitudes from the transistors at low amplitudes. This causes high average efficiency since
the DC currents drawn by the transistors are largely proportional to the RF current magnitudes.

[0006] The reduced average output current is obtained by using two transistors that influence
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each other's output voltages and currents through a reactive output network (that is also
coupled to the load). By driving the constituent transistors with the appropriate amplitudes and
phases, the sum of RF output currents is reduced at all levels except the maximum. Also for
these amplifiers the RF voltage at one or both transistor outputs is increased.

[0007] In 2001 the author of the present application invented two-stage high efficiency
amplifiers with increased robustness against circuit variations and with radically increased
bandwidth of high efficiency, as disclosed in patent number WO2003/061115 by the present
Applicant. A wideband amplifier (100% relative bandwidth, i.e. having a 3:1 high band edge to
low band edge ratio) has been successfully implemented by the present Applicant. The central
mode of such an amplifier is a wideband Doherty mode.

[0008] By designing similar networks with more amplifiers and with transmission line networks
with longer maximum electrical length, even wider bandwidths can be achieved, as shown for
example in co-pending patent application number PCT/SE2013/051217. These amplifiers have
a large total bandwidth of high efficiency even with small numbers of sub-amplifiers, for
example even with three or four sub-amplifiers.

[0009] Wideband Doherty amplifiers are a subject of much interest, and many approaches
have been attempted. For example, using a quarter wavelength transmission line with the
same impedance as the load results in wideband efficiency at the transition point, as disclosed
in a paper by D Gustafsson et al., entitled "Theory and design of a novel wideband and
reconfigurable high average efficiency amplifier, Proc. IMS 2012.

[0010] The wideband multistage amplifiers of W02003/061115 or PCT/SE2013/051217 have
different operating modes in different frequency bands, which has the disadvantage of
complicating the input drive circuits. The central Doherty mode of WO2003/061115 can be up
to about 60% wideband, but the transition point amplitude then varies considerably within the
bandwidth.

[0011] A Doherty amplifier that has a quarter wavelength line with the same impedance as the
load, for example as disclosed in the paper mentioned above by Gustafsson, has the
disadvantage of requiring a different supply voltage to each of the two sub-amplifiers. This
results in an oversized and underutilized main transistor in case the same technology is used
for both sub-amplifiers. The wideband efficiency at the transition point is obtained by sacrificing
both wideband transistor utilization and efficiency at maximum power, which reduces the
bandwidth of high average efficiency as well as increases transistor cost.

[0012] Using an LC-resonator, for example as disclosed in a paper by M Naseri Ali Abadi et al.,
entitled "An Extended Bandwidth Doherty Power Amplifier using a Novel Output Combiner",
Proc. IMS 2014, or using a resonant stub at the output node has the drawback of decreasing
the full power bandwidth and efficiency bandwidth at full power (as opposed to the technique of
WO2003/061115 that does not have this drawback).
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[0013] Furthermore, using another technique involving the use of a multi-section branch line
coupler has limitations in the efficiency bandwidth both at the transition point and at full power,
and also power bandwidth at full power, at least in its present realizations as disclosed in a
paper by Piazzon et al., entitted "A method for Designing Broadband Doherty Power
Amplifiers", Progress in Electromagnetics Research, Vol. 145, pp319-331, 2014, or in a paper
by R Giofre et al., entitled " A Distributed Matching/Combining Network Suitable to Design
Doherty Power Amplifiers Covering More Than an Octave Bandwidth", Proc. IMS 2014 (Based
on abstract).

[0014] WO2012076924 (A1) discloses that a radiofrequency, RF, amplifier circuit comprises an
input for receiving an, RF, input signal and a circuit output for outputting an, amplified RF,
output signal to a load. A carrier amplifier path comprises a carrier amplifier having a carrier
amplifier input connected to the input for receiving the input signal and a carrier amplifier
output for outputting an amplified carrier signal in both a low input power mode of the RF
amplifier circuit and a high power input mode of the RF amplifier circuit. A first peak amplifier
path comprises a first peak amplifier connected to the input, for receiving the input signal and
outputting a first amplified peak signal, the first peak amplifier being inactive in the low input
power mode. A second peak amplifier path comprises a second peak amplifier connected to
the input, for receiving the input signal and outputting a second amplified peak signal, the
second peak amplifier being inactive in the low input power mode.

[0015] EP1959563 (A2) discloses that a Doherty power amplifying apparatus includes a
harmonic-controlled Doherty amplifier (606,607); and an input matching unit (602,604) and an
output matching unit (612,614) for input matching and output matching the harmonic-controlled
Doherty amplifier (606,607), respectively. The harmonic-controlled Doherty amplifier includes a
carrier amplifier (606); a peaking amplifier (607) arranged in parallel to the carrier amplifier
(606); and a harmonic control circuit (608,610), arranged in front of the output matching unit
(612,614), for controling a harmonic component of an output of the Doherty amplifier
(606,607) to enable the Doherty amplifier to perform a switching or saturation operation.

[0016] US2010176885 (A1) discloses a power amplifier using N-way Doherty structure with
adaptive bias supply power tracking for extending the efficiency region over the high peak-to-
average power ratio of the multiplexing modulated signals such as wideband code division
multiple access and orthogonal frequency division multiplexing is disclosed. In an embodiment,
the present invention uses a dual-feed distributed structure to an N-way Doherty amplifier to
improve the isolation between at least one main amplifier and at least one peaking amplifier
and, and also to improve both gain and efficiency performance at high output back-off power.
Hybrid couplers can be used at either or both of the input and output. In at least some
implementations, circuit space is also conserved due to the integration of ampilification, power
splitting and combining.

Summary
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[0017] It is an aim of the present invention to provide a method and apparatus which obviate
or reduce at least one or more of the disadvantages mentioned above.

[0018] According to a first aspect of the present invention there is provided an amplifier
arrangement according to any one of claims 1-10.

[0019] According to another aspect of the present invention there is provided a method in an
amplifier arrangement according to any one of claims 11-15.

Brief description of the drawings

[0020] For a better understanding of examples of the present invention, and to show more
clearly how the examples may be carried into effect, reference will now be made, by way of
example only, to the following drawings in which:

Figure 1a shows an example of a three-stage amplifier circuit;

Figure 1b shows the variation in transition point amplitude, Figure 1c the efficiency at the
transition point peaks and Figure 1d the required relative phase angle variation for the
embodiment of Figure 1a;

Figure 1e shows class B efficiency curves for the circuit of Figure 1a;
Figure 2a shows a method in an amplifier arrangement;

Figure 2b shows an example of an amplifier arrangement;

Figure 3a shows an example of an amplifier arrangement;

Figure 3b shows the variation in transition point amplitude, Figure 3c the efficiency at the
transition point peaks and Figure 3d the required relative phase angle variation for the
amplifier arrangement of Figure 3a;

Figure 4a shows an example of an amplifier arrangement;

Figure 4b shows the variation in transition point amplitude, Figure 4c the efficiency at the
transition point peaks and Figure 4d the required relative phase angle variation for the
amplifier arrangement of Figure 4a;

Figure 5 shows an example of an implementation, including an example of an input drive
circuit;

Figure 6 shows an example of RF output current amplitudes;
Figure 7a shows an example of an amplifier arrangement;

Figure 7b shows the variation in transition point amplitude, Figure 7c the efficiency at the
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transition point peaks and Figure 7d the required relative phase angle variation for the
amplifier arrangement of Figure 7a;

Figure 8a show the efficiency curves over the bandwidth, also illustrating the frequency;

Figure 8b shows another illustration of the efficiency curves over the bandwidth (without
illustrating the frequency);

Figure 9a shows an example of an amplifier arrangement according to an embodiment;

Figure 9b shows the variation in transition point amplitude, Figure 9c the efficiency at the
transition point peaks and Figure 9d the required relative phase angle variation for the
embodiment of Figure 9a;

Figure 10a shows an example of an amplifier arrangement;

Figure 10b shows the variation in transition point amplitude, Figure 10c the efficiency at the
transition point peaks and Figure 10d the required relative phase angle variation for the
arrangement of Figure 10a;

Figure 11a shows an example of an amplifier arrangement according to another embodiment;

Figure 11b shows the variation in transition point amplitude, Figure 11c the efficiency at the
transition point peaks and Figure 11d the required relative phase angle variation for the
amplifier arrangement of Figure 11a;

Figure 12a shows an example of an amplifier arrangement;

Figure 12b shows the variation in transition point amplitude, Figure 12c the efficiency at the
transition point peaks and Figure 12d the required relative phase angle variation for the
amplifier arrangement of Figure 12a;

Figure 13a shows an example of an amplifier arrangement; and

Figure 13b shows the variation in transition point amplitude, Figure 13c the efficiency at the
transition point peaks and Figure 13d the required relative phase angle variation for the
amplifier arrangement of Figure 13a.

Detailed description

[0021] Figure 1a shows an example of a three-stage amplifier circuit that is optimized for
octave bandwidth, 67%, (2:1 high band edge to low band edge ratio equals 67% relative
bandwidth) and 10 dB peak to average ratio (PAR) Rayleigh distributed amplitude signals.

[0022] The amplifier arrangement comprises three amplifier stages 104 to 103. The amplifier
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arrangement comprises a cascade of quarter wavelength transmission lines 114 to 11, coupled
between an output of one of the three sub-amplifiers or amplifier stages (105 in this example,

also referred to as the "main" amplifier) and an output node 15 of the amplifier arrangement.

[0023] One amplifier, for example the last amplifier stage, also known as the last peaking
amplifier (i.e. the third amplifier stage 103 of this example) is coupled to the output node 15.

The output of the main amplifier (i.e. the second amplifier stage 105 of this example) is coupled
to the input of first section 114 of the cascade of quarter wavelength transmission lines. The
remaining peaking amplifier (i.e. the first amplifier stage 104 of this example) is coupled to a

respective junction 124 in the cascade of quarter wavelength transmission lines 114 to 11,.

[0024] In this example the optimal load resistances (for full power operation) for the sub-
amplifiers are as follows: 4 times the common load for the main sub-amplifier 105, and 2.5 and

2.8 times the common load for the two peaking amplifiers 104 and 103, respectively (the

optimal load resistances illustrated by the values "R" in Figure 1a). The maximum output power
of the amplifiers, and the increases in admittance at each junction, are proportional to the
inverse of these numbers. The width increases illustrate these admittance increases.

[0025] Figure 1b shows the variation in transition point amplitude for the example of Figure 1a,
As can be seen, the transition point varies between 0.34 and 0.39 within the 2:1 bandwidth (the
thick curve labeled 6 in Figure 1b). The deviation of the thin curve labeled 8 from the thick
curve labeled 6 shows that the high-efficiency low-amplitude range is terminated at a too low
amplitude due to extra voltage at the main transistor output coming from series reactance.

[0026] Figure 1c shows the efficiency at the transition point peaks, and it can be seen that the
average efficiency with correct drive is close to optimal in the middle but drops a few
percentage points towards the edges.

[0027] Figure 1d shows the required relative phase angle variation for the amplifier
arrangement of Figure 1a. As can be seen, in this example the required relative phase angle at
the transition point varies between -0.4 and 0.4 radians.

[0028] Figure 1e shows class B efficiency curves for the amplifier circuit in the example of
Figure 1a within the bandwidth, where it can be seen how the single-amplifier region is
terminated at a too low amplitude (and peak efficiency at the transition point) at frequencies
outside the inner 40% relative bandwidth.

[0029] The embodiments of the invention as will be described below, provide a method to
construct very wideband amplifiers, for example Doherty amplifiers. The amplifier
arrangements according to the embodiments of the invention have high efficiency and
consistent properties over large bandwidths (in the absence of parasitic capacitances and
other practical circuit considerations). As will be described, parasitic capacitance and
inductance can be handled with methods for compensating for such parasitic capacitances and
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inductances (for high-bandwidth amplifiers).

[0030] The embodiments described below have the effect of providing an amplifier
arrangement, such as an Doherty amplifier arrangement, with "more stages than necessary".
This is made possible by using at least two of the peaking amplifiers collectively for in-phase
combining, for example by collectively driving two or more of the peaking amplifiers, to yield
maximum output power. This has the advantage of providing freedom in the number and sizes
of the peaking amplifiers, and hence in the number and impedances of the reactive output
network, such as the quarter wavelength transmission lines in a multistage Doherty amplifier.

[0031] The impedances of the quarter wavelength transmission lines can then be arranged to
optimize the bandwidth of low ripple in the transimpedance from the first (main) amplifier to the
load. The peaking sub-amplifiers can be configured to have optimal load resistances (for full
output) that are matched to the admittance difference between the quarter wavelength
transmission lines.

[0032] Low ripple in this transimpedance makes for an almost constant transition point
amplitude over the design bandwidth, which has the advantage that very simple static gain and
bias settings can be used. For a certain transition point and number of peaking amplifiers, a
tradeoff between transition point ripple and bandwidth can be made. This tradeoff may be
improved upon by increasing the number of peaking amplifiers, and hence the number of
quarter wavelength transmission lines.

[0033] The embodiments of the invention consists of modified multistage amplifiers, such as
Doherty amplifiers, in which most degrees of freedom are used for obtaining consistent
properties and high efficiency over large bandwidths. Two or more of the peaking amplifiers
are driven by time-delayed versions of substantially the same signal, for example with the
same amplitude function (for example obtained by class C biasing in the peaking amplifiers
themselves or in one or more driver stages), so at least some of the higher transition points
are not used. This means that the actual transition point amplitudes (except the lowest one in a
case where all peaking amplifiers are driven by time-delayed versions of the same signal)
become insignificant, and the degrees of freedom that the higher number of stages give can
therefore be used to increase bandwidth.

[0034] In-phase combination to the sum of maximum output powers of any number of sub-
amplifiers is possible over any bandwidth. This may be achieved by ensuring that the
admittance sums in any junction of transmission lines is the same going in as going out
(towards the output), and that all incoming waves (from successively more sub-amplifiers) are
in phase at the junctions.

[0035] To achieve full output power while optimally loading each amplifier, the examples of the
embodiments described below are configured such that the peaking sub-amplifiers have
optimal load resistances (for full output) that are matched to the admittance difference between
the transmission line sections in the multistage Doherty's quarter wavelength cascade. The
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timing of the drive signals to the peaking amplifiers may be offset by the same time as the
travel time for the wave across all prior transmission line sections. An example of an input side
network for managing this aspect is presented in co-pending application reference P43345 by
the present Applicant.

[0036] Since the embodiments of the invention provide a known output power over any
bandwidth, and do not care about one or more of the higher transition points, the embodiments
of the invention can use all degrees of freedom to increase bandwidth for the main sub-
amplifier.

[0037] For example, one way to increase bandwidth is to arrange the transmission lines, for
example the quarter wavelength sections of a cascade, to form a multi-section stepped
impedance transformer. To make the drive signal processing as simple as possible while
having high and consistent efficiency, the quarter wavelength transmission lines may be
arranged to obtain low ripple in the transimpedance from the first (main) amplifier 105 to the

load across the bandwidth, together with low reactance in the self-impedance at the main
amplifier. Low ripple and low reactance makes for an almost constant transition point amplitude
with high efficiency over the design bandwidth, which has the advantage that comparatively
simple static gain and bias settings can be used.

[0038] The transimpedance ripple and low reactance requirement may also be translated into
a reflection coefficient requirement (impedance matching), which can then be met with multi-
section stepped transformers obtained from standardized tables, for example with Chebyshev
or Butterworth responses.

[0039] The target for impedance matching, for example, is the transimpedance quotient
squared, i.e. if the transimpedance target is 3 times the load resistance (for a transition point of
0.33 of maximum amplitude), the load-to-self impedance transformation target is 9 times.

[0040] It is noted that the embodiments of the invention may be implemented with different
numbers of amplifier stages. As mentioned above, according to the embodiments of the
invention an increase in the number of stages generally yields better performance in terms of
bandwidth and/or ripple within the bandwidth.

[0041] Figure 2a shows a method in an amplifier arrangement comprising N amplifier stages
104 to 10N, comprising a main amplifier stage and a plurality of peaking amplifier stages, and a
transmission line comprising a varying impedance for transforming a load impedance to a
higher impedance at the main amplifier stage, wherein the plurality of peaking amplifiers are
coupled at intermediate locations to the transmission line. The method comprises the step of
operating the amplifier arrangement such that at least two of the peaking amplifiers are
collectively driven with time delayed versions of substantially the same signal, step 201.
According to one example the amplifier arrangement is driven such that the amplifier
arrangement comprises N-2 or fewer transition points.
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[0042] Since there are N-2 or fewer transition points, the amplifier arrangement effectively has
more amplifier stages than are nominally required in a Doherty amplifier arrangement. In other
words, the number of peaking amplifiers is increased compared to the number of peaking
amplifiers in a Doherty amplifier configured to have the same number of transition points.

[0043] In one amplifier arrangement the transmission line comprises a cascade of
transmission lines coupled between the N amplifier stages and an output node of the amplifier
arrangement, and wherein the method comprises operating the amplifier arrangement in a
Doherty mode of operation.

[0044] The plurality of peaking amplifiers may be distributed by varying electrical lengths along
the cascade of transmission lines.

[0045] According to one amplifier arrangement, the size of each amplifier stage may be
selected to have an optimal load resistance matched to an admittance step in a corresponding
junction between transmission line segments.

[0046] A transmission line connecting each amplifier to a junction between transmission line
segments may have a characteristic impedance matched to the admittance step in a
corresponding junction between transmission line segments, as will be described in further
detail below.

[0047] Figure 2b shows an example of an amplifier arrangement. The amplifier arrangement
comprises N amplifier stages 104 to 10y comprising a main amplifier stage 10> and a plurality
of peaking amplifier stages 101 and 103 to 10y The amplifier arrangement comprises a
transmission line 11 comprising a varying impedance for transforming a load impedance R pap
to a higher impedance at the main amplifier stage 105. The plurality of peaking amplifiers are
coupled at intermediate locations 124 to 125.1 to the transmission line 11. The amplifier
arrangement is configured such that at least two of the peaking amplifiers are collectively

driven with time delayed versions of substantially the same signal. The amplifier arrangement
may be configured to comprise N-2 or fewer transition points.

[0048] In one amplifier arrangement the transmission line 11 comprises a cascade of
transmission lines coupled between the N amplifier stages and an output node 15 of the
amplifier arrangement, and wherein the amplifier arrangement is configured to operate in a
Doherty mode of operation.

[0049] The plurality of peaking amplifiers may be distributed by varying electrical lengths along
the cascade of transmission lines.

[0050] In an amplifier arrangement the number of peaking amplifiers is increased compared to
the number of peaking amplifiers in a Doherty amplifier configured to have the same number of
transition points.
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[0051] As will be seen for the description of the detailed amplifier arrangements below, the size
of each amplifier stage may be selected to have an optimal load resistance matched to an
admittance step in a corresponding junction between transmission line segments.

[0052] A transmission line connecting each amplifier to a junction between transmission line
segments may have a characteristic impedance matched to the admittance step in a
corresponding junction between transmission line segments.

[0053] The impedances of the cascade of transmission lines may be configured such that the
impedances optimize the bandwidth of low ripple in a transimpedance from the main amplifier
to a load.

[0054] According to some amplifier arrangements, the transmission line 11 comprises a
cascade of quarter wavelength transmission lines coupled between an output of the main
amplifier 10, of the N amplifier stages 104 to 10y and an output node 15 of the amplifier

arrangement, wherein the cascade comprises N-1 quarter wavelength transmission lines 114 to
11n.1- In such amplifier arrangements an output of a first peaking amplifier 10y of the N
amplifier stages is coupled to the output node 15, and remaining peaking amplifiers 104, 103 to
10N.¢ of the N amplifier stages coupled to respective junctions in the cascade of quarter

wavelength transmission lines 114 to 11y.1.

[0055] Figure 3a shows another example of an amplifier arrangement. In particular, Figure 3a
shows how increasing the number of amplifier stages can improve the performance. Figure 3a
is an example of a four-stage amplifier arrangement that has been optimized for the same
criteria as the example of Figure 1a, i.e. octave bandwidth and 10 dB Rayleigh PAR, but
comprising more amplifier stages (i.e. one additional amplifier stage in this example).

[0056] The amplifier arrangement comprises four amplifier stages 104 to 104. The amplifier

arrangement comprises a transmission line comprising a varying impedance for transforming a
load impedance to a higher impedance at the main amplifier stage (i.e. reactive output
network), for example a cascade of quarter wavelength transmission lines 114 to 115 coupled

between an output of one of the four sub-amplifiers or amplifier stages (105 in this example,

also referred to as the "main" amplifier) and an output node 15 of the amplifier arrangement.
The plurality of peaking amplifiers are coupled at intermediate locations to the transmission line
1.

[0057] One amplifier, for example the last amplifier stage, also known as the last peaking
amplifier (i.e. the fourth amplifier stage 104 of this example) is coupled to the output node 15.

The output of the main amplifier (i.e. the second amplifier stage 105 of this example) is coupled
to the input of first section 114 of the cascade of quarter wavelength transmission lines. The

remaining peaking amplifiers, for example the first and third peaking amplifiers (i.e. the first
amplifier stage 104 and the third amplifier stage 103 of this example) are coupled to respective
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intermediate locations (or junctions) 124 and 12, in the cascade of quarter wavelength

transmission lines 114 to 113.

[0058] In use, the amplifier arrangement of Figure 3a is configured to operate with N-2 or
fewer transition points in the Doherty mode of operation (rather than N-1 transition points that
would normally be used in a Doherty amplifier). This is because at least two or more of the
peaking amplifiers are driven with time delayed versions of substantially the same signal. This
means that the amplifier arrangement of Figure 3a comprises more amplifier stages than are
actually needed. In other words, the number of peaking amplifiers is increased compared to a
nominal value of peaking amplifiers required to provide N-1 transition points in a Doherty mode
of operation.

[0059] Thus, Figure 3a shows an example of an amplifier arrangement comprising N amplifier
stages 104 to 10, comprising a main amplifier stage and a plurality of peaking amplifier
stages. A cascade of transmission lines are coupled between the N amplifier stages and an
output node of the amplifier arrangement such that the amplifier arrangement is configured to
operate in a Doherty mode of operation. The amplifier arrangement is configured to operate
with N-2 or fewer transition points in the Doherty mode of operation.

[0060] As mentioned above, the amplifier arrangement of Figure 3a is configured such that at
least two of the plurality of peaking amplifiers (i.e. two or more of the peaking amplifiers 104,

103 or 104 in this example) are collectively driven by time delayed versions of substantially the

same signal during operation.

[0061] The load resistance of each amplifier stage can be configured to be an optimal value
for a given output load, Ropt. For example, the size of each amplifier and the admittance of its
corresponding section of the cascade of quarter wavelength transmission lines can each be
configured to be inversely proportional to the optimal value of the load resistance. The size of
each amplifier stage is selected to have an optimal load resistance matched to an admittance
step in a corresponding junction between transmission line segments.

[0062] According to the example of Figure 3a, the optimal load resistance (for full output
power) for the main sub-amplifier 10, is shown as being 5.3 times the common load. The

peaking amplifiers 104, 103 and 104 have optimal load resistances of 6.2, 2.9 and 3.6 times the

common load, respectively (illustrated by the values "R").

[0063] It is noted that a design process for an amplifier arrangement according to an
embodiment of the present invention may first comprise the step of determining the impedance
(admittance) steps in the reactive output network, for example the wideband multistage quarter
wavelength transformer (i.e. cascade). The impedance (admittance) steps may be related to
the set of bandwidth, ripple requirements and the number of steps (peaking amplifiers). The
admittance steps (difference between the admittances of the transmission lines before/after a
junction) determines the smallest-size of amplifier, i.e. highest-Ropt, that can be used. Hence,
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1/Ropt of the smallest feasible transistor is "matched" to the admittance step. It is noted that
larger transistors, i.e. with higher output current and hence lower Ropt, can be used, but will be
underutilized. It is noted that sometimes underutilization may be used because it can provide
other benefits. The general impedance level is determined by the voltage swing on the
transistors and the total output power.

[0064] An embodiment of the invention may therefore determine the admittance of each stage
of a cascade based on one or more application criteria, and then select an amplifier size for
each corresponding stage.

[0065] Thus, the size of each amplifier stage may be selected to have an optimal load
resistance matched to an admittance step in a corresponding junction between transmission
line segments. Also, a transmission line connecting each amplifier to a junction between
transmission line segments may have a characteristic impedance matched to the admittance
step in a corresponding junction between transmission line segments.

[0066] Referring to Figure 3b, it can be seen that the variation in transition point amplitude has
been decreased to less than half of that of the three-stage example of Figure 1a above,
staying between 0.36 and 0.38 over the bandwidth. The deviation of the thin curve labelled 8
from the thick curve labelled 6 has been decreased further, meaning that the efficiency at the
transition point peaks close to the maximum possible over the whole bandwidth. As shown by
Figure 3d, the required relative phase angle at the transition point has been decreased to
between about -0.12 and 0.12 radians, which means that a constant relative drive phase of the
main amplifier will not affect efficiency much. The resulting average efficiency, as shown in
Figure 3c, is close to optimal over the whole bandwidth.

[0067] Some applications may only have access to a small number of transistor sizes. Other
applications have to realise larger amplifiers by paralleling a plurality of smaller amplifiers. The
embodiments of the present invention may provide good performance in such situations if the
transistor sizes in the optimal solution are sufficiently close to the available set.

[0068] Figure 4a shows an example of an amplifier arrangement, and in particular of an
application where only two transistor sizes are available in a 1-to-2 relation, instead of the
optimal ones in the example of Figure 3a above.

[0069] As with Figure 3a, the amplifier arrangement of Figure 4a comprises four amplifier
stages 101 to 104. The amplifier arrangement comprises a cascade of quarter wavelength

transmission lines 114 to 113 coupled between an output of one of the four sub-amplifiers or
amplifier stages (102 in this example, also referred to as the "main" amplifier) and an output

node 15 of the amplifier arrangement.

[0070] One amplifier, for example the last amplifier stage, also known as the last peaking
amplifier (i.e. the fourth amplifier stage 104 of this example) is coupled to the output node 15.
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The output of the main amplifier (i.e. the second amplifier stage 105 of this example) is coupled
to the input of first section 114 of the cascade of quarter wavelength transmission lines. The

remaining peaking amplifiers, for example the first and third peaking amplifiers (i.e. the first
amplifier stage 104 and the third amplifier stage 103 of this example) are coupled to respective

junctions 121 and 125 in the cascade of quarter wavelength transmission lines 111 to 113.

[0071] As mentioned above, in this example it is assumed that only two transistor sizes are
available, and in the example the main amplifier 10, and the first peaking amplifier 104 are

shown as being half the size of the second and third peaking amplifiers 105 and 104.

[0072] The main sub-amplifier 102 has in this case an optimal load resistance for the main
sub-amplifier of 6 times the common load resistance, while the peaking amplifiers 104, 103 and

104 have optimal load resistances of 6, 3 and 3 times the common load, respectively.

[0073] From Figures 4b, 4c and 4d it can be seen that the efficiency is only marginally
affected, although the transition point has been shifted down slightly. The variations in
transition point and relative phase angle are also almost the same as for the optimal example
of Figure 3a.

[0074] Figure 5 shows an example of an implementation of the amplifier arrangement of
Figure 4a, including an example of an input drive circuit 40. The input drive circuit 40 is
configured to control the main amplifier 105 using a first drive signal 51, and collectively control

at least two of the remaining peaking amplifiers (for example collectively control all of the
remaining peaking amplifiers 104, 103 and 104 in this example) using a second drive signal 53.

Thus, in this example each of the peaking amplifiers receives time delayed versions of
substantially the same signal 53. Further details of the input drive circuitry 40 can be found in
co-pending application P43345 by the present Applicant. Although the example of Figure 5
shows all of the peaking amplifiers being driven collectively controlled, it is noted that two or
more peaking amplifiers may be controlled in order to reduce the number of transition points.

[0075] In the example of Figure 5 the small variations in relative phase angle may be ignored
so that all signal components at the input of the main sub-amplifier 10> can have the same
phase. The class C signal part may then only need to be applied once, and with less amplitude
than in the more general system, as described further in co-pending application reference
P43345.

[0076] Since the variations in transition point amplitude are small, it is possible to have the
same transition point across the whole bandwidth.

[0077] Figure 6 shows an example of the ideal RF output current amplitudes of the sub-
amplifiers. It can be seen how the drive signal of the main amplifier 105 is suppressed above

the transition point by applying the class C signal with opposite phase to the linear signal part.
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[0078] Figure 7a shows an example of an amplifier arrangement. In this example, to further
show the steady increase in performance as the number of stages increase, it comprises a
five-stage amplifier that has been optimized for the same criteria as the previous examples.

[0079] The optimal load resistance for the main sub-amplifier 105 is in this case 6.1 times the
common load. The peaking amplifiers 104, 103, 104 and 105 have optimal load resistances of

8.2, 3.9, 3.2 and 7.2 times the common load, respectively.

[0080] Figure 7b shows the variation in transition point amplitude, where it can be seen that
this has been decreased to about a fourth of that of the previous four-stage example of Figure
4a above, staying between 0.36 and 0.365 over the bandwidth, with efficiency at the transition
point peaks close to the maximum possible over the whole bandwidth.

[0081] Figure 7d shows the required relative phase angle variation for the amplifier
arrangement of Figure 7a, where it can be seen that the required relative phase angle at the
transition point has been somewhat decreased, to between about -0.1 and 0.1 radians. The
resulting average efficiency, as shown in Figure 7c, is very close to optimal over the whole
bandwidth.

[0082] The efficiency curves over the bandwidth are now very similar, as shown in Figure 8a
(which also illustrates the frequency), and Figure 8b (without illustrating the frequency).

[0083] Parasitic reactances at the output of the transistors can be handled in many ways. For
example, pure capacitance at the transistor output node can be absorbed into the cascade of
transmission lines, making "synthetic" transmission lines of this capacitance and a shorter
transmission line of somewhat higher impedance. Lead inductance can be cancelled, for
example, by using a negative transformer as part of the series inductance in a transmission
line. A combination of the two reactance types may sometimes look like short transmission
lines. These can substantially be absorbed in the same manner as a capacitance, for example
by shortening the quarter wavelength transmission lines.

[0084] Thus, according to one embodiment at least one of the quarter wavelength
transmission lines of the cascade is adapted to compensate for parasitic capacitance. In one
example a quarter wavelength transmission line closer to the input side of the cascade is
shortened by a greater amount compared to a quarter wavelength transmission line closer to
the output side of the cascade.

[0085] Figure 9a shows an example of an amplifier arrangement according to an embodiment,
and in particular an example in which parasitic capacitances are represented by 0.1 lambda
transmission lines from each sub-amplifier, and compensation provided by shortening of the
quarter wavelength transmission lines alone.

[0086] It the example of Figure 9a it can be seen that the quarter wavelength lines can be
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shortened more at the beginning of the cascade of quarter wavelength transmission lines (for
example near the main sub-amplifier 105), since the impedances of the quarter wavelength

transmission lines are higher there. In the embodiment of Figure 9a it s noted that the "center
frequency" has moved down marginally from an uncompensated state (whereby all
quarterwave lines are optimized). It is also noted that 0.1\ transmission lines are shown
between each peaking amplifier (104, 103 and 104) and its corresponding intersection of the

cascade, and between peaking amplifier 104 and the output 15. These 0.1\ transmission lines

represent typical parasitic as mentioned above. As can be seen from the graphs below, such
parasitics do not adversely affect the operation of embodiments of the present invention.

[0087] Figure 9b shows the variation in transition point amplitude, Figure 9c the efficiency at
the transition point peaks and Figure 9d the required relative phase angle variation for the
embodiment of Figure 9a.

[0088] It is noted that the relative phase movement with frequency of the single driving of the
main amplifier 105 (i.e. below the transition point) increases. This can be compensated, for

example using the techniques outlined in co-pending application P43345.

[0089] A further consideration is that the voltage of any of the peaking sub-amplifiers (104, 103
to 10y) in response to the driven (main) sub-amplifier 10> may be held below a certain limit,

often determined by breakdown. This may be a factor that determines a frequency limit of the
amplifier. The simple way to express this is that the transimpedance magnitude from the main
amplifier 10, to any of the peaking amplifiers (104, 103 to 10y) should not be higher than the

self-impedance at the main amplifier (over the entire bandwidth).

[0090] It is noted that the embodiments of the invention are scalable to arbitrarily wide
bandwidths and arbitrarily low ripple in the transition point amplitude by increasing the number
of peaking amplifier stages. The embodiments of the invention may also be adapted to include
more stages in order to provide lower transition points.

[0091] Figure 10a shows an example of an amplifier arrangement, and in particular a 13-stage
amplifier designed for a 4:1 bandwidth (2 octaves) and very low ripple.

[0092] The amplifier arrangement of Figure 10a comprises thirteen amplifier stages 104 to
1043. The amplifier arrangement comprises a cascade of quarter wavelength transmission
lines 114 to 1142 coupled between an output of one of the thirteen sub-amplifiers or amplifier
stages (105 in this example, also referred to as the "main" amplifier) and an output node 15 of

the amplifier arrangement.

[0093] One amplifier, for example the last amplifier stage, also known as the last peaking
amplifier (i.e. the thirteenth amplifier stage 1045 of this example) is coupled to the output node

15. The output of the main amplifier (i.e. the second amplifier stage 10, of this example) is
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coupled to the input of first section 114 of the cascade of quarter wavelength transmission
lines. The remaining peaking amplifiers, (i.e. the peaking amplifiers 104 and 105 to 1045 in this

example) are coupled to respective junctions in the cascade of quarter wavelength
transmission lines 114 to 1142.

[0094] The optimal load resistance for the main sub-amplifier 105 is in this case R=6.84 times

the common load (not shown in Figure 10a because of size constraints). The peaking
amplifiers 104 and 103 to 1043 have optimal load resistances of R1=27.2, R3=20.8, R4=16.2,

R5=13.4, R6=11.5, R7=10.4, R8=10.0, R9=10.3, R10=11.7, R11=14.0, R12=18.5 and
R13=24.1 times the common load, respectively. It is noted that these values are examples only
for a particular design application.

[0095] Figure 10b shows the variation in transition point amplitude, Figure 10c the efficiency at
the transition point peaks and Figure 10d the required relative phase angle variation for the
arrangement of Figure 10a.

[0096] Figure 11a shows an example of an amplifier arrangement according to another
embodiment, and in particular an example of a 9-stage amplifier designed for a 8:1 bandwidth
(3 octaves) and 7 dB PAR (i.e. a higher transition point amplitude than in the previous
examples).

[0097] The amplifier arrangement of Figure 11a comprises nine amplifier stages 104 to 10q.
The amplifier arrangement comprises a cascade of quarter wavelength transmission lines 114
to 11g coupled between an output of one of the nine sub-amplifiers or amplifier stages (105 in

this example, also referred to as the "main" amplifier) and an output node 15 of the amplifier
arrangement.

[0098] One amplifier, for example the last amplifier stage, also known as the last peaking
amplifier (i.e. the ninth amplifier stage 10g of this example) is coupled to the output node 15.

The output of the main amplifier (i.e. the second amplifier stage 105 of this example) is coupled
to the input of first section 114 of the cascade of quarter wavelength transmission lines. The
remaining peaking amplifiers, (i.e. the peaking amplifiers 101 and 103 to 10g in this example)
are coupled to respective junctions in the cascade of quarter wavelength transmission lines 114
to 11g.

[0099] The optimal load resistance for the main sub-amplifier 105 is in this case R=4.42 times
the common load (not shown because of size constraints). The peaking amplifiers 104 and 103
to 10g have optimal load resistances of R1=14.1, R3=10.5, R4=9.01, R5=8.21, R6=7.94,

R7=10.7, R8=11.4 and R9=14.7 times the common load, respectively. It is noted that these
values are examples only for a particular design application.

[0100] Figure 11b shows the variation in transition point amplitude, Figure 11c the efficiency at
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the transition point peaks and Figure 11d the required relative phase angle variation for the
embodiment of Figure 11a.

[0101] It is noted that, according to the embodiments of the invention, the higher the numbers
of peaking transistors used, then the better the performance when reduced sets of transistor
sizes are used.

[0102] A version with only two transistor sizes (all peaking amplifiers the same size and double
that size for the main amplifier) is shown in example of the embodiment of Figure 12a.

[0103] The amplifier arrangement of Figure 12a comprises nine amplifier stages 104 to 10q.
The amplifier arrangement comprises a cascade of quarter wavelength transmission lines 114
to 115 coupled between an output of one of the nine sub-amplifiers or amplifier stages (105 in

this example, also referred to as the "main" amplifier) and an output node 15 of the amplifier
arrangement.

[0104] One amplifier, for example the last amplifier stage, also known as the last peaking
amplifier (i.e. the ninth amplifier stage 109 of this example) is coupled to the output node 15.

The output of the main amplifier (i.e. the second amplifier stage 105 of this example) is coupled
to the input of first section 114 of the cascade of quarter wavelength transmission lines. The
remaining peaking amplifiers, (i.e. the peaking amplifiers 104 and 103 to 10g in this example)
are coupled to respective junctions in the cascade of quarter wavelength transmission lines 11
to 11g.

[0105] As can be seen from Figures 12b, 12c and 12d, the transition point amplitude and
ripple deviates a little from the amplifier with optimized sizes in the previous example of Figure
11a, but the effect on average efficiency over the three octave bandwidth is small.

[0106] It is noted that the shape of the ripple can also be tailored to be some function in
frequency that can be obtained with simple circuitry on the input side. This can sometimes
enable an amplifier with a lower number of stages to meet a certain specification, without
compromising the simplicity much.

[0107] Figure 13a shows an example of an amplifier arrangement. The amplifier arrangement
of Figure 13a shows a variant in which the electrical lengths are used for obtaining the
impedance variation profile, with unit amplifiers (for example a third of the size of the main
amplifier 102) provided for the peaking amplifiers. For example, the section 114 of the cascade

of transmission lines is shown as having an electrical length of 0.25A, section 115 an electrical
length of 0.22A, section 113 an electrical length of 0.15A, and so forth as shown in the example

of Figure 13a.

[0108] According to such an amplifier arrangement each of the plurality of peaking amplifiers is
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of substantially equal size, and wherein the plurality of peaking amplifiers are distributed by
varying electrical lengths along the cascade of transmission lines. Each section of the cascade
of transmission lines can therefore have an electrical length which is selected to provide a
desired impedance variation profile.

[0109] An amplifier arrangement may therefore be provided in which each of the plurality of
peaking amplifiers is of substantially equal size, each corresponding section of the cascade of
transmission lines comprises substantially equal admittance steps, and the electrical length of
each corresponding section of the cascade of transmission lines is varied to obtain a desired
impedance variation profile.

[0110] Figure 13b shows the variation in transition point amplitude, Figure 13c the efficiency at
the transition point peaks and Figure 13d the required relative phase angle variation for the
embodiment of Figure 13a.

[0111] From the embodiments described above it can be seen that some embodiments use
different sized peaking amplifiers which are distributed using equal electrical lengths in the
cascade of transmission lines, while other embodiments use equal sized peaking amplifiers
which are distributed using unequal electrical lengths in the cascade of transmission lines,
while other embodiments use a combination of these features.

[0112] A high efficiency may be provided by the embodiments of the invention by using high-
efficiency waveforms, for example class B or class F. For amplifiers with very large bandwidths,
the amplifier configurations may be adapted to facilitate this, for example by providing push-
pull coupled amplifiers. In such an example, an embodiment may be implemented fully
differentially, so that a balun is only used at the output. It is noted that other implementations
are also feasible without departing from the invention as defined in the appended claims, and
the specific circuit techniques used may be defined by the bandwidth and other requirements
that a specific to a particular application.

[0113] The embodiments of the invention provide a universal method to construct arbitrarily
wideband amplifiers, for example wideband Doherty amplifiers with high efficiency. These
amplifiers have consistent properties over large bandwidths, which simplifies implementation of
the control and drive circuits. The embodiments have the advantage of enabling simple static
gain and bias settings can be used.

[0114] The tradeoff between transition point ripple or droop and bandwidth can be improved, if
desired, by increasing the number of collectively driven peaking amplifiers, and hence the
number of quarter wavelength transmission lines. The embodiments of the invention have the
advantage of being able to be implemented with small sets of transistor sizes.

[0115] The simplicity of the amplifier is not compromised by increasing the number of peaking
amplifiers, since the drive signal and control can be the same for all peaking amplifiers, except
an implemented difference in timing.
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[0116] In one example, at least two or more of the peaking amplifiers is driven by a signal
having substantially the same amplitude function. For example, each of the at least two or
more peaking amplifiers may be driven, during use, by a class C signal, or shaped by other
means.

[0117] In one example the amplifier arrangement is configured to only bias the peaking
amplifiers in class C mode. In another example, the amplifier arrangement is configured to
shape the main amplifier signal.

[0118] In one embodiment at least two signals are shaped differently prior to amplification, and
wherein respective amplifier stages are biased differently to cater for the at least two differently
shaped signals.

[0119] A transimpedance magnitude from the main amplifier to a peaking amplifier, over the
bandwidth of operation, may be configured to be equal or less than the self-impedance at the
main amplifier.

[0120] In the embodiments described above, it is noted that a characteristic impedance of a
transmission line (for example of the main cascade of quarter wavelength transmission lines,
or of the half wavelength transmission lines) is represented by the relative thicknesses of the
transmission lines (the smaller the thickness the higher the characteristic impedance, and vice
versa, which are labelled "R" in the various diagrams).

[0121] The amplifier arrangements described in the embodiments herein may be used in any
application or apparatus, including for example an user equipment of a communication system,
or a network node in a communication system.

[0122] In the examples described above, it is noted that a reference to a varying impedance
line may also comprise an impedance line in which the impedance is continuously varied,
rather than varied in steps as disclosed in some of the examples. Furthermore, it is noted that
a varying impedance line may achieve an impedance variation using more steps, but smaller
steps, without the need to have a peaking amplifier at all the steps. In one example, the
peaking amplifiers are effectively distributed to cover the admittance increase between their
connection points along the impedance line.

[0123] It should be noted that the above-mentioned embodiments illustrate rather than limit the
invention, and that those skilled in the art will be able to design many alternative embodiments
without departing from the scope of the appended claims. The word "comprising" does not
exclude the presence of elements or steps other than those listed in a claim, "a" or "an" does
not exclude a plurality, and a single processor or other unit may fulfil the functions of several
units recited in the claims. Any reference signs in the claims shall not be construed so as to

limit their scope.
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Patentkrav

1. Forsteerkerindretning, omfattende:

N forsteerkerstadier (101 til 10n), omfattende et hovedforsteerkerstadie og en
flerhed af peaking-forstaerkerstadier;

en transmissionslinje (11), omfattende en varierende impedans til at transfor-
mere en belastningsimpedans til en hgjere impedans pa hovedforsteerkersta-
diet (102), hvor flerheden af peaking-forsteerkere pa mellemliggende lokationer
(121 til 12n-1) er koblet til transmissionslinjen; og

hvor forsteerkerindretningen er konfigureret, saledes at mindst to af peaking-
forsteerkerne drives sammen med tidsforsinkede versioner af i det veesentlige
samme signal;

hvor transmissionslinjen (11) omfatter en kaskade af transmissionslinjer, der
er koblet mellem de N forsteerkerstadier og et udgangsknudepunkt (15) af for-
staerkerindretningen, og hvor forsteerkerindretningen er konfigureret til at fun-
gere i en Doherty-driftsmodus;

kendetegnet ved, at:

laengden pa den mindst en af transmissionslinjerne af kaskaden er indrettet til
at kompensere for parasitisk kapacitans,

hvor en transmissionslinje teettere pa indgangssiden af kaskaden forkortes
med et starre stykke sammenlignet med en transmissionslinje taettere pa ud-
gangssiden af kaskaden.

2. Forsteerkerindretning ifalge krav 1, hvor forstaerkerindretningen er konfigu-
reret til at omfatte N-2 eller faerre overgangspunkter.

3. Forsteerker ifalge krav 1 eller 2, hvor flerheden af peaking-forstaerkere er
fordelt med varierende elektriske leengder langs kaskaden af transmissionslin-
jer.

4. Forsteerker ifglge et af de foregdende krav, hvor antallet af peaking-forsteer-
kere sges sammenlignet med antallet af peaking-forstaerkere i en Doherty-for-
steerker, der er konfigureret til at have det samme antal overgangspunkter.
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5. Forsteerker ifalge et af kravene 1 til 4, hvor starrelsen af hvert forstaerker-
stadie er udvalgt, sa det har en optimal belastningsmodstand, der er matchet
til et admittanstrin i en tilsvarende forbindelse mellem transmissionslinjeseg-
menterne.

6. Forsteerker ifglge et af kravene 1 til 4, hvor en transmissionslinje, der forbin-
der hver forstaerker til en forbindelse mellem transmissionslinjesegmenterne,
har en karakteristisk impedans, der er matchet til admittanstrinnet i en tilsva-
rende forbindelse mellem transmissionslinjesegmenterne.

7. Forsteerker ifglge et af kravene 1 til 5, hvor impedanserne af kaskaden af
transmissionslinjer er konfigurerede til at optimere bandbredden med lav ripple
I en transimpedans fra hovedforsteerkeren til en belastning.

8. Forstaerkerindretning ifelge et af de foregaende krav, hvor transmissionslin-
jen (11) omfatter:

en kaskade af kvartbglgeleengde-transmissionslinjer, der er koblet mellem en
udgang af hovedforstaerkeren (102) af de N forsteerkerstadier (101 til 10n), 0g
et udgangsknudepunkt (15) af forsteerkerindretningen, hvor kaskaden omfatter
N-1 kvartbslgelaengde-transmissionslinjer (111 til 11n-1); 0g hvor

en udgang af en ferste peaking-forstaerker (10n) af de N forsteerkerstadier er
koblet til udgangsknudepunktet (15), og tilbageveerende peaking-forstaerkere
(101, 103 til 10n-1) af de N forsteerkerstadier er koblet til respektive forbindelser
(121 til 12n-2) | kaskaden af kvartbglgelaengde-transmissionslinjer (111 til 11n-

1).

9. Forsteerker ifglge et af de foregdende krav, hvor, under anvendelse, mindst
to eller flere af peaking-forstaerkerne er drevet af et signal med i det vaesentlige
samme amplitudefunktion.

10. Forstaerker ifglge et af kravene 1 til 9, hvor:
hver af flerheden af peaking-forstaerkere i det vaesentlige er af samme ster-
relse;
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hvert tilsvarende afsnit af kaskaden af transmissionslinjer omfatter i det vee-
sentlige ens admittanstrin; og

den elektriske laengde af hvert tilsvarende afsnit af kaskaden af transmissions-
linjer varieres for at opna en @nsket impedansvariationsprofil.

11. Fremgangsmade i en forsteerkerindretning, der omfatter N forsteerkersta-
dier (101 til 10n), omfattende et hovedforstaerkerstadie og en flerhed af pea-
king-forsteerkerstadie, og en transmissionslinje (11), der omfatter en varie-
rende impedans til at transformere en belastningsimpedans til en hgjere impe-
dans i hovedforsteerkerstadiet (102), og hvor flerheden af peaking-forsteerkere
er koblet pa mellemliggende lokationer til transmissionslinjen, hvilken frem-
gangsmade omfatter:

sammen at drive mindst to af peaking-forstaerkerne med tidsforsinkede versi-
oner af i det vaesentlige samme signal;

hvor transmissionslinjen (11) omfatter en kaskade af transmissionslinjer, der
er koblet mellem de N forsteerkerstadier og et udgangsknudepunkt (15) af for-
staerkerindretningen, og hvor forstaerkerindretningen er konfigureret til at fun-
gere i en Doherty-driftsmodus;

kendetegnet ved, at:

laengden pa den mindst ene af transmissionslinjerne af kaskaden er indrettet
til at kompensere for parasitisk kapacitans,

hvor en transmissionslinje taettere pa indgangssiden af kaskaden forkortes
med et storre stykke sammenlignet med med en transmissionslinje teettere pa
udgangssiden af kaskaden.

12. Fremgangsmade ifalge krav 11, hvor forsteerkerindretningen er drevet, sa-
ledes at forstaerkerindretningen omfatter N-2 eller faerre overgangspunkter.

13. Fremgangsmade ifglge krav 11, yderligere omfattende at fordele flerheden
af peaking-forsteerkere med varierende elektriske laengder langs kaskaden af
transmissionslinjer.



DK/EP 3205015 T3

14. Fremgangsmade ifglge et af kravene 11 til 13, yderligere omfattende at
udveelge starrelsen af hvert forsteerkerstadie, sa det har en optimal belast-
ningsmodstand, der er matchet til et admittanstrin i en tilsvarende forbindelse
mellem transmissionslinjesegmenterne.

15. Fremgangsmade ifglge et af kravene 11 til 14, hvor en transmissionslinje,
der forbinder hver forsteerker til en forbindelse mellem transmissionslinjeseg-
menterne, har en karakteristisk impedans, der er matchet til admittanstrinnet i
en tilsvarende forbindelse mellem transmissionslinjesegmenterne.
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intermediate locations to the transmission line, by collectively driving
at least two of the peaking amplifiers with time delayed
versions of substantially the same signal
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Efficiency, class B,7 dB transition point amplitude
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