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Abstract—This paper describes a power amplifier, employing circuit board, a long design time, and high cost. In this paper,
parallel-connected laterally diffused metal-oxide semiconductor we will discuss a linearization method yielding a considerable
(LDMOS) devices with optimized channel widths and bias offsets reduction in intermodulation distortion (IMD) and adjacent

to approximate ideal square-law behavior of the overall transcon- . oo .
ductance in class-AB operation. The proposed method results in channel power ratio (ACPR) for FET power amplifiers without

a significant linearity improvement over a large dynamic range Significantly increasing circuit complexity. To accomplish this
in comparison to a conventional amplifier in class-A or class-AB from a device point-of-view, Sections Il and Il provide the
operation. Measurements demonstrate an improvement of 20 dB theory and technique for square-law approximation of the drain
in third-order intermodulation distortion and 10 dB in adjacent current (ps) versus gate voltageVks) relationship near the

channel power ratio for wide-band code-division multiple access - - L . -
at 12-dB output power backoff from the 1-dB gain compression cutoff region [4]. This proves to be essential in obtaining high

point. Consequently, this amplifier can be operated more toward linearity over a wide dynamic range in class-AB operation of
the compression region with better linearity and drain efficiency the amplifier. Note that the proposed linearization technique
compared to a conventional LDMOS power-amplifier design. differs from conventional techniques since the linearization is
Index Terms—AM-AM, AM-PM, base stations, efficiency, incorporated in the device core of the amplifier itself, rather
intermodulation  distortion, LDMOS, linearization, power than by separate circuit solutions. To optimize the relatively
amplifiers. large number of design parameters involved, Section IV
discusses a dedicated linearity optimization protocol developed

|. INTRODUCTION for this purpose. This optimization protocol is based on the

i ) i ._minimization of AM—AM conversion (modulation of output

L INEARITY s one of ”“? major aspects in basejstatlo ignal amplitude as function of input signal amplitude) and
RF-power ar_nphﬂer design. Curren_tly, laterally diffuse M-PM conversion (modulation of output signal phase as

met_al—qmde_ semlconductqr .(LDMOS) IS the techno_logy _%nction of input signal amplitude) and relates the IMD to

choice in this market, providing high gain and good Imean%e large-signalSy; as function of power using the complex

compared to other semiconductor technologies [1]. Howev%wer series representation (CPSR) [5], [6]. Consequently, full

the stringent linearity requirements for the new Compleémplifier characterization of gain and linearity is combined in

modulatiWCsDch:Zmes_l,l like w ide'bfgs/l chds-div;sion rlr_}gltiplg single instrument (network analyzer) test setup and speeds
ECCGSS( 410 1)35(tj|Brbeq|UIre ﬁn 1-dB -based ampltier t% the optimization process considerably. Finally, Section V
e operate B elow the 1-dB gain compression po, tmpares the measurement results of the ultra-linear class-AB

Eﬁld?’t)' \lt\(her1_ considering theFreqL:;]rements f?,][. dnvetr st.agl MOS power amplifier against the stringent specifications of
€ situalion IS even worse. or tnese ampliers, typiCaly;.y_generation (3G) wireless networks.
a class-A operation is needed in order to meet the linearity
specifications. This is in spite of their inherent lower efficiency
and larger active die areas needed to provide the desired output
power. In conventional RF power-amplifier configurations, the
To improve on both linearity and efficiency, several linearizdeading conditions and bias operation point of the active device
tion techniques have been developed, such as feed-forward Both control the linearity of the complete amplifier [2]. In
adaptive predistortion [2], [3]. The complexity of these solu-DMOS experiments [1], it has been demonstrated that, for
tions generally results in large space consumption on the printgdlass-AB operation, the choice of the quiescent bias point
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Fig. 1. Strongly simplified model of an LDMOS device.
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Fig. 2. Measuredps versusVgs characteristic of a 12-mm LDMOS FET AT
and its derived Taylor coefficients versligs at a drain voltagdps = 26 V. R ° 520V
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class-AB operation. Fig. 1 shows a strongly simplified LDMOS o1 02 03 04 05 06 07
model used for the analysis. Note that this model assumes that Vs V]

the input power is directly related to the voltage at the gate. , _ , _

Furthermore, the model only takes into account the predorﬁlﬁ" ‘}' Ersd'fzt‘;d IM3 versus input amplitudé of the two-tone signal as
! calculate .

nant source of distortion in an FET amplifier, i.e., the nonlinear Y

Ins—Vas relationship [7], [8]. This can be modeled by means of _ N _

a Taylor series expansion around the bias pbigy as follows: Note that (2) only contains odd-order Taylor coefficients and its

numerator indicates which terms should be minimized to obtain

iqs(t) = dips Vs (1) 1 d*Ips X0 the highest amplifier linearity. Due to the fact that the numerator
dVas |y —yi,. & 20 dVig Vetes o depends on therder of the power series analysis applied, it is
1 dBlps . essential for a reasonable power range to include at least terms
31 AV Ugs(t) - up to the fifth degree [9]. In the following, we will use (2) to
@5 V=vos . . investigate the relation between the gate bias voltage and the
=m1Vgs () & Gm2vgs (1) + Gmavis (f) + gmavgs (1) IM3 distortion level as function of input power.
+ Gmsvae () - .. 1) If we consider the modeled odd-order Taylor coefficients

_ . _ _ _ shown in Fig. 3, we can observe that,s and g,,; become
Fig. 2 shows theps—Vgs relationship and its derived Taylor zerg close td/qs = 5.1 V. According to (2), this will result in

coefficients of a Philips LDMOS device with a gatewidth = minimum IM3 as function of input voltage amplitudg, while

12 mm at a typical drain voltagelfs = 26 V) used in base |\M3 will be higher for other values oFs. To illustrate this,
stations. In order to obtain a behavioral model of the drain CUYtig. 4, shows a low IM3 versuigs relationship abgs = 5.1 V.

rent source, we have fitted a thirteenth-order polynomial fungyn the other hand, exact cancellation of IM3 will only occur
tion to the third derivativey,3) of the measuredps versus at a particular value o¥s if the contributions of the third-
Vas, ranging from 4.0 to 5.8 V. Fig. 3 shows this function togngd the fifth-order components are equal and have opposite
gether withg,,; andg.,s, which are calculated by integrationsjgns. What we actually want is an overall decrease in IM3
and derivation, respectively. By substituting a two-tone signgldependent of’s, which can only be obtained theoretically if
vgs(t) = Vs(coswit+coswat) into (1), we obtain power series g|| the higher odd-order Taylor coefficients are zero. In support
expressions at frequency components throughout the spectiginthis theory, Fig. 5 shows the measured IM3 versus output
[2]. Hence, the magnitude of IM3 as function of input voltaggower of the 12-mm device at different gate-bias voltages. It

(Vs) can be expressed as the quotient of the nonlinear currg@inonstrates that IM3 has indeed an optimum for low powers
at the intermodulation frequenegy; (».., —..,) @and the nonlinear gt Vas =

: = 5.1 V, which is in agreement with our foregoing
current at the fundamental frequenigy,, as follows: analysis. In comparison with the class-AB IM3 results in Fig. 5,

. 95 ) the IM3 in class-A operation yields superior linearity in the
s, (26 —a00) 2gm3VE + ggmng low-power range. This is beca_luse, in a class-A bias _C(_)ndition
IM3 = L = 9 55 -|-  (aroundVgg = 6.5 V), all the higher order Taylor coefficients
s gm1Vs + ngzVs?’ + ng;,VS? tend to go to zero (see Fig. 2) and favors the current use of

(2) class-A driver stages in LDMOS.
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Fig. 5. Measured IM3 versus peak-envelope output power for a conventional
class-AB LDMOS power amplifier af = 1.95 GHz andA f = 200 kHz for  Fig. 6. Distributed amplifier design using four parallel LDMOS devices with
different gate-bias conditions. different gatewidths and gate bias.

In conclusion, the previous analysis indicates that, in a big@nt relationship in the class-AB (cutoff) bias region. The DS
point-of-view, the best class-AB power-amplifier linearity is obmethod will be employed as a tool to create the desired charac-
tained if its odd-order derivativeg,{; andg,.s, etc.) are small teristic. Ideally, the best approximation would include an infini-
andg,,,; is reasonably large. Section Il will exploit this featurdively large amount of devices placed in parallel, but for prac-

in a novel LDMOS power-amp"fier design_ tical reasons, we will limit ourselves to four.
Fig. 6 shows a schematic circuit implementation of this
. THEORY OF A NOVEL CLASS-AB FET technique, in which four LDMOS FETSs are placed in parallel.
POWER-AMPLIFIER DESIGN For each of these devices, the variables are the gatewidths

o ) o ) (W,,) and the gate-bias offseta\{,,) with respect toVgs

The specifications for wide-band code-division multlple-actb control the transconductance behavibfl and M2 are
cess (WCDMA) base-stations demand that the power amplifighshing networks andZ, is the characteristic impedance.
must handle signals with a large peak-to-average ratio (crqﬂe total gatewidthV’ = W, + Wy + W3 + Wy = 12 mm
factor), typically pf 10 d_B [10]. We can interpret this for having g ich equals the width of the single reference LDMOS device.
low IM3 as function of input power in the output power backoflr the analysis, we assume that the total drain current can be
(OPBO) region £ 10 dB). As discussed in Section Il, we foundy, g qejed as a single current source, which is expressed as
an optimum bias point related to the odd-order Taylor coeffi-

cients of the transconductance nonlinearity, yielding a low IM13 M Ine (V: Ws
. : . ot = 7o + AV + —Ips (Vas + AV,
as function of power in the OPBO region. Consequently, afurr> " 12 s (Vs v 12 ps (Veis 2)

ther linearity improvement can be obtalned by adjusting the + 2 s (Vas + AVs) + Ay S (Vas + AVL).
shape of the transconductance as a functiovigf. 12 12
In previous work, the derivative superposition (DS) method ®3)

has bgen proposed to minimi;e the IM3 of a C_l‘f"SS'A amp|iﬁ this equation,/ps(Vgs) is the model of the drain current
fier using parallel-connected high electron-mobility transistly rce of the 12-mm LDMOS device described in Section I

(HEMT) or MESFET devices [8], [11.]' .DS is _based on the Cakgain, we break down our Taylor-series expansion after the fifth
celing of g,,.5 itself rather than the minimization of the NUMeriarm and only consider the following odd terms:

ator of (2). More recent work on multiple gated RF CMOS de-

vices [12] again only focuses on the minimizatiorygh VErsus iy, 101 (t) = gt totVes(t) + gmg,totvgs )+ gnl57totvgs(t).

gate voltage. Note, however, that the power or Volterra-series (4)
analysis approachis, in principal, only valid at a single bias point

and that statements about IMD versus signal power should &ke Taylor coefficienty, .. .. (k is a positive odd integer) de-
ways take into account the higher order derivatives3j of the pend onW; — W, and the bias offsetaV; — AV}, shown in
nonlinearity. This is especially true when the device is operat€g), at the bottom of this page. If we now substitute this expres-
in a highly nonlinear region like the cutoff region of a MOSFETion in (2), we get an expression for IM3, which depends on
[2]. Consequently, in the case of our class-AB amplifier, focud; — W, andAV; — AV, andVgs. The complete model was
must be placed on the lowering of the total contributiongof, optimized manually in MAPLE [13] by lowering,,s and g,
gms, €tc. with respect to (2) in order to achieve a linearity imversusVgg to obtain a square-law approximatégds—Vgs re-
provement over a wide dynamic range. In fact, by doing thigtionship and low IM3 versus input sign}. The gatewidths
we approximate the square-law behavior of flyg-Vgs cur- of the devices aré’; = 3 mm, Wy = 2 mm, W3 = 2 mm,

1 deDS,tot (W17 W27 W37 W47 A‘/lv A‘/Qv Ang A‘/47 VGS)

mk,tot — 5
Gmk,tot X dVC’fs ( )

V=Vas
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Wi=3mm,AV,=0.28V
03{W2=2mm, AV, =0V

W;3=2mm, AV; =0.56 V
W, =5mm, AV, =-036V ¢

region. The design problem is now to find the optimum param-
eters (V1 — W, andAV; — AV,), which give the best overall
linearity improvement in the OPBO region. In order to over-
come these difficulties and find the optimum values of the rel-
ative large number of design parameters, we have developed a
e linearity optimization routine to obtain the desired amplifier lin-
ofRm— Uy | earity in the experiment. The proposed method is based on the
°°°°°°° CPSR and is discussed in Section IV.
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Ve V] IV. EXPERIMENTAL DETERMINATION OF THE

DESIGN PARAMETERS

Fig. 7. Modeled odd-order Taylor coefficients of the single 12-mm (solid . . . S . .
lines) and optimized distributed LDMOS device (dotted lines). This section describes an optimization method for linearity

in terms of IMD by minimizing AM—AM and AM—PM conver-

distributed gt sion. IMD can be related to AM—AM and AM—PM conversion
R T R * by means of the CPSR [6]. To justify this approach with respect
\ ., to the analysis in Sections Il and Ill, we examine the AM—AM
g - m%,;’u conversion using our simplified power series analysis by sub-
2 R A stituting a single-tone signaj () = Vs cos(wot) in (1). This
= w0 sindle + Vg =51V yields an output signal at the fundamental frequengy2] as
-120% . ¥ oV =5.2V follows:
-1dod ‘ N vg$=|5.zv 3 5
01 02 O'i/ [(\)/T 05 06 07 ids,wg (t) = grnl‘/s"i_zgrni%vg"‘%grné‘/j COs (wot) . (6)
S

Fig. 8. Predicted IM3 versus’s of the single (see Fig. 4) and optimized The term in square brackets represents the AM—AM conversion

distributed device at two different bias conditions, as calculated by (2).  as function of the input signal amplitud&. Consequently, (6)
contains all the odd-order Taylor coefficients, which also deter-

and W, = 5 mm and the bias offsets arkV; = 0.28 V, mine IM3 in (2) motivating the use of the CPSR. In a similar

AV, =0V, AV; = 0.56 V,andAV, = —0.36 V, respectively. way, charge nonlinearitie€{;s) are automatically included in

We also observe that some devices are individually biased mtfte AM—PM conversion.

toward class A and some more toward class B. Fig. 7 shows the

odd-order Taylor coefficients, 1, gms3, andg,,s of the refer- A. CPSR Model for IM3 Calculation

ence device (see Fig. 3) together with those of the optimizedhe cpsSR described in [6] assumes that the amplifier does

distributed device. Fig. 8 shows the predicted IM3 verss ot have memory effects related to the time constant of the IF
for the optimized distributed device and the reference deV'ESmponenul — w» in & two-tone test. This frequency compo-
for two situations. First, both the devices are biased in the z&f@nt causes bias modulation and should be properly terminated
crossing ofg,,3 to obtain the onvest d|stortlon at small-signa 2], [14], [15]. Furthermore, the CPSR assumes the passband of
levels. Secondly, both the devices are biased 0.1 V above {{g gmpjifier to be relatively narrow with a constant frequency
zero crossing to show that the relative improvement of IM3 dogsqhonse. In practical amplifiers for wireless telecommunica-

not only occur at a single-bias condition. However, theimprovgbn, these conditions are met and IM3 is completely charac-
ment is more pronounced when the devices are biased nearthg o by the AM—AM and AM—PM conversion.

zero crossing. . _ ~__Our method for determining IM3 can be outlined as follows.
Note that the model used in the foregoing analysis is a simpfijrst we obtain AM—AM and AM—PM conversion by mea-
fied view of real|t)_/; in pract|ce,_ other nonllne_arltle_s (liké:s, suringS»; versus input power using a vector network analyzer
Cps, and Rps) will also contribute to the distortion proper-y\a) and rewrite the CPSR model to fit the data. Secondly,
ties of the amplifier. For this reason, proper selection of thge opiain the required CPSR coefficients using a least square
gate-bias voltages proves to be a nontrivial task using the Pfgaihod. Lastly, we compute the IM3 as function of power up
viously discussed model. Until now, the amplifier is operateg, {he gain compression region using the CPSR model. Fig. 9

in the pre-compression region (10-12-dB OPBO) where thgq\s 3 hlack-box representation of the power amplifier used
transconductance nonlinearity is dominant. However, if the am-the following analysis.

plifier is operated closer to compression, the influencégf; 1) Characterizing AM-AM and AM-PM  Conver-
and Cps also becomes notable, yielding severe AM-AM andi. Equation (7) formulates the general expression for
AM-PM conversion. With respect ©0gs, we have found from the complex power series in terms of voltage [6]

simulations that the distributed device concept also yields im-

provement for the AM—PM conversion in the pre-compressiol;l(t) = ayvi(1—7)

EN: an{vr(t =)+ jH [0} (t = 7)] }] )

IThe term “distributed device” will be used in the remainder of this paper in
the sense that it is comprising of parallel-connected devices having a gatewidth +Re

equal to the gatewidth of the single reference device of 12 mm. ne3
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Amplifier 2) Obtaining the Complex Coefficient§io solve for the
P v,(t) complex coefficients needed for the CPSR, we have to fit the
Large signal measured large-signals; to (10) and (11). If we write the
v(t) Z, “S,” . input and output voltage in polar formaf;; is defined as
0
i AM-AM = dB(S,) < 5y = 2
AM-PM = /(S,) N lz,=2,
Fig. 9. Black-box representation of a nonlinear amplifier characterized by its — VO:‘*’O
AM-AM and AM-PM conversion. \'Z
a1 VsR(Vs)ed otV (V)]

In this equationy;(t), vo(t) are the input and output voltage =
related toZy = 50 €1, a1 is the linear voltage gaing,, =
R,c7% are the complex coefficientsf [v7(t)] is the Hilbert = a1 R(Vs)e? " Vs), (12)
transform ofv;(¢), 7 is the delay time of the amplifier, and
is a positive oddinteger. In order to relate the AM—AM andIf we combine (10) and (11) and (12), we can write the following
AM-PM conversion to the model in (7), we substitute a singlgystem of equations:
sinusoidu; (t) = V; cos (wet) in (7) and set- to zero since we
are only interested in deviations of the phase response. Now, (8) Tm (S21 (Vs)) _R(Vs) sin [U(Vs)]

Vs eiwot

yields the generalized expression of the amplifier output voltage ay
vp(¢) at the fundamental frequency besides other spectral com- N
ponents. We do not consider these components since all the in- - Z CVI™'R, sing,
formation for odd-order distortion is enclosed by the AM—AM oy
and AM—PM conversion
ReGnlVSD v cos [w(vs))
UO:WO (t) a1
N 1 n N
= CLIVS + Z F < n —2i- 1 ) VSan COS ¢n] COs th =1+ Z Cvg—an COS d)n (13)
n= n=3

N
— [Z 2n1_1 <& ) V3'R,, sin ¢n] sin wot (8) The complex coefficients,, = R,c’? can be determined
n=3 2 by solving the system of equations by means of a least square
method and:, is determined from the measursg; of the first
in which 7: = n!l/r!(n — »)! is the binomial coefficient. point in the power sweep (see the Appendix). A good fit was
This trigopnometric expression is rewritten in its more convenieﬂpta'ned up to the compression region m_r: 23. This is n
form, as expressed in (9), as follows: s_trong contrast to [6], wh!ch or)ly uses a third-order approxima-
tion to handle weak nonlinearities.
Vo () 3) Calculation of IM3: In Section Il, we already defined
) ) IM3 as the ratio of the signal output at the frequeBey — w»
= alVSR(VS){COS [U(Vs)] coswot —sin [¥ (V)] sin wot} to the signal output at the fundamental frequengyTo obtain
an expression for IM3, we substitute a two-tone signél) =

or
Vi[cos(wit) + cos(wst)] in (7). Equation (14) gives the gen-
Vo (t) = a1 Vs R(Vs) cos {wot+ ¥ (Vs) } (9) eralized expression for IM3 as function of input voltage am-
plitude using the CPSR model and the complex coefficients
where a, = R,c’*" calculated previously from single-tone data
N
R(Vs)sin [¥(Vs)] =Y OVZ 'R, sing,, (10) IM3 = 20* log |“o|72w1 —T2| [dBc] (14)
n=3 Uo,wl
N
R(Vs) cos [R(Vs)] =1+ > CV 'R, cosé, where
n=3
Vo W] —Wwa
and [vo.2 |

2
n N 1 n n
o n+1 . 1) =< [> n+l | [ n+3 | VIR, cos ¢,
a12n_1 2 n=3 2nt 2 2

In fact, R(Vs) represent the AM—AM conversion normalized to N n n 2) /2
a voltage gain of one andf(Vs) represents the AM—PM con- + Z — < n+1 ) < n+3 ) V&R, sin d)n]
version. = 2 2
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Fig. 11. Computer-controlled measurement setup for optimizing gate-bias
voltages for minimum IM3 over a wide power range.

Fig. 10. Hybrid implementation of the linear distributed amplifier concept.

Set initial bias offset
and parameters

|U0,w1|
2

N n 2
= CL1VS+Z2n—1<n+1> V;RnCOS(f)n
2

n=3 Read AM-AM and
Change parameters AM-PM from NWA
1/2 manually or via an
N 2 2 algorithm l
1 n
_—— [ n+1 n i 4 Fit data to complex
+ Z on—1 | —— VS Ry sin ¢y, : power series

" 27y 1 - AM-AM/AM-PM
versus Pout

Calculate complex

. . . L . . coefficients
B. Experimental Multivariable Optimization of the Ampilifier l
We first discuss the features of the novel LDMOS power am- Calculate IM3 in 4B
plifier and then we explain the linearity optimization routine in below carrier
more detail. Fig. 10 shows a hybrid implementation ofthe com- |  f--------
plete distributed device amplifier. From a matching point-of- N
view, the parallel-connected transistors can be treated as one A

single transistor as long as the devices are closely placed to-
gether with respect to the wavelength. Pre-matching is included
on the circuit board in order to deal with the typically low im-
pedances of LDMOS devices. Shortﬁm transmission lines Fig. 12. Flowchart of the linearity optimization routine in HP VEE.
were used to isolate the RF signal from the bias sources. Supply
lines were decoupled using 10~ surface mount device (SMD) optimization routine. We initially begin with the bias offsets ob-
capacitors in order to minimize bias-modulation effects and riained from the analysis in Section lll. The offsets are then man-
lated memory effects. ually changed until the IM3 versus power is minimized over a
The complete amplifier was embedded in the measuremeavite dynamic range.
setup, as shown in Fig. 11. This setup consists of an HP 8753H-ig. 13(a) and (b) shows the result before and after, respec-
network analyzer to measufg; versus power, a linear boostettively, optimizing IM3 versus signal power. Fig. 13(a) shows the
amplifier to generate the required input power, directional coaase in which the bias offsets were set to zdig; (= 60 mA)
plers to sense the input and output power, an HP 4145B b&aw Fig. 13(b) shows the case in which the bias offsets were
source to bias the individual LDMOS devices, and a computeptimized for maximum flat AM—AM and AM—PM conversion
which controls the instruments through the HP VEE softwarand low IM3 versus powet/{s = 112 mA). The dotted curves
The optimum load was determined manually by slug tunedenote the measured IM3 versus output power using a spec-
at f = 1.95 GHz using a single 12-mm LDMOS device intrum analyzer, also for verification of the proposed method. The
class-AB operation. This load condition has been used as ri#fial offset values wereAV; = 0.40 V, AV, = —0.03 V,
erence for the distributed amplifier concept. AVz = 0.60 V, and AV, = —0.30 V. Note that the drain cur-
The previously discussed CPSR model was implementedrant is slightly higher than the conventional class-AB operation,
HP VEE, which is a tool capable of performing automatic dataut this is because some individual devices are biased closer to
acquisition and data processing. The routine was used for ttiass A. We tested the same bias conditifysy(= 112 mA) also
final optimization of the bias parameters of the novel class-ABr the single 12-mm device amplifier and found a worse IM3
LDMOS power amplifier [4]. Fig. 12 shows a flowchart of thebehavior in comparison with the optimum class-AB operation
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backoff region, an improvement of 20 dB has been achieved in
comparison with a conventional class-AB design. We can also
see the disadvantage of using class-A operation with respect
to linearity and efficiency at higher output powers. We con-
clude the experiment with the most rigorous test by applying
a WCDMA test signal according to the 3GPP standard [9] at
1.95 GHz. Fig. 15 shows a significant improvement in ACPR of
the distributed device amplifier compared to the single device
amplifier under class-AB bias condition. In fact, we even out-
perform the linearity of the amplifier in class-A operation.

Table | summarizes the results with respect to-tb dBc
ACPR specification intended for final stages, as well as for a
10-dB better ACPR level intended for driver stages. These re-
sults show that by using the distributed amplifier configuration,
Itis possible to create base-station power amplifiers, which have
a significantly better linearity and efficiency than their class-A
and class-AB counterparts and require less OPBO from P1dB.

at/ns = 60 mA, which is the IM3 sweet spot for this particular

device.

V. FINAL RESULTS

VI. CONCLUSION

We have demonstrated that the square-law approximated
LDMOS power amplifier yields better linearity than conven-

Fig. 14 shows the improvement in IM3 versus output poweional class-A or class-AB single-device LDMOS amplifiers.
for the optimum biased distributed LDMOS-device amplifier toThe bias parameters were optimized experimentally for
gether with the optimum biased 12-mm LDMOS-device amplmaximum linearity over a large dynamic range by using the
fier in class-A and class-AB operation. The output load at thePSR model to predict IM3 versus power. Measurements have
fundamental was the same for all amplifiers. Note that, in tltemonstrated a linearity improvement over 20 dB in IM3 and
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10 dB in ACPR. The concept also allows for operating theeasured AM—AM and AM—PM versus input voltage. Equation
distributed LDMOS closer to P1dB, simultaneously providingl5) can be solved by using the least square method in matrix
higher amplifier efficiency and linearity. Therefore, the conceptotation

is perfectly suited for both driver and final-stage amplifiers in a .

WCDMA base-station application. z=[AT. 4] AT b (16)

APPENDIX A good fit was obtained up to the compression region/foe=

- 23 and M = 100.
In order to calculate the complex coefficients, (13) has to be

solved ford{ values of the input voltage amplitudig. We do so
by writing (13) in matrix form, as shown in (15), at the bottom
of this page, in which/ corresponds to the number of pointsin The authors wish to acknowledge the advice and support of F.
the power sweep, as performed by the network analy¥é&the van Straaten, F. Meeuwsen, and J.-W. van Velzen, Business Line
order of the complex power seriasis the vector containing the RF Modules, Concept Development and Base Station Develop-
desired complex coefficients, ahds the vector containing the ment, Philips Semiconductors, Nijmegen, The Netherlands.
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