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Abstract— This paper presents a power amplifier(PA) cas-  Recently models using memory polynomial with delay taps
cgde model that uses de_lay taps to obtain the_intermodulat'rp have been used for optimizing model performances [4] [3].
distortion(IMD) asymmetries. A new mathematical method is Such models predict IMD asymmetries accurately by taking

developed, based on the fourier transform of the gain and . - . .
phase output, to extract the model parameters and delays for "N account the history of past input levels. From our point of

each harmonic. The spectral asymmetries are characterizetdy Vi€W, in comparison with model with unit delays, the use of
distortions in the output envelope signal. Thus, to estima the large delays allows to take in account distant past inpeljev

model coefficients it requires a method capable to also car®f jnsuring a more accurate prediction of the LTM contribution
nonlinear phenomenons. The deformed envelope spectral alyais In practice, a main difficulty is the extraction of an optimum

is used to achieve a matrix equation system that provides agate - . e - i
solutions. To demonstrate the performances of this modelm set of delay taps. In [3], it's proposed a simplified idenéition

approach, ADS simulations and real measurement data where Method using sequential implementation based on the sweep
used. of each delay. An empirical sinus function is proposed in

[4] to calculate the non-uniform spacing index. Unless ¢hes
|. INTRODUCTION techniques are not optimum in terms of delay determination,
the interest of sparse delays has been clearly demonstrated
Development for each generation of mobile telecommuni- In this paper, we propose a method allowing a direct and
cation systems increases the requirements of radio-freiyuerigorous determination of model delays. The method is based
(RF) power amplifiers (PAs) which became one of the majon Fourier analysis of the output envelope of the amplifier.
elements in modern wireless communication systems. In tiising a polynomial description of the AM/AM and AM/PM
context, the behavioral modeling of RF PA with nonlineafunctions, and a sinusoidal envelope excitation, anadytic
properties and memory effects, i.e. frequency dependérase, expressions are established to calculate directly coeffisi
lately been the subject of intensive researches [1]. D@eglo and delays of the model.
to achieve fast and accurate performance analysis, model¥he remainder of this paper is organized as follows. In Sec-
are composed of continuous or discrete time mathematiciain I, we present the model allowing to apply the proposed
description of the PA nonlinearity and frequency response.method and to model envelope distortion and spectral asym-
An essential field of study concern the behavioral modelingetries. The method is presented and analytical expression
of RF PA affected by different types of memory, especiallgf coefficients and delays are given. Secti®® is devoted
for wide-band applications. Studies on memory effects ama the results obtained in ADS software using the method.In
measurement results have lead to a classification in twe cagection Ill, the performances are presented using real time
gories: the short-term memory (STM) caused by the frequendgmain measurement samples of the output envelope. And,
response of matching networks and filter group delay afidally, Section IV summarizes and concludes this paper.
long-term memory (LTM) due to thermal effect, control ciitcu Il. M ODEL FOR ACCURATE SPECTRAUMD ASYMMETRIES
and bias networks of the transistors [2]. The LTM causes thée
most critical signal distortion. Consequences are norsteont A Proposed model
distortions of the output signal envelope and asymmetries i Modeling asymmetries is an objective of first importance to
lower and upper sideband of the output spectrum, dependipgantify the nonlinear behavior of power amplifier and desig
on the envelope frequency. Hence, development of accuraténearization system. Different works have indicated tha
model of the LTM effect is crucial for the simulation ofoutput impedance at Intermediate frequency influence thie hi
communication system performances including PA and desiffaquency third order intermodulation asymmetry [5][6][lh
of PA linearizer, such as predistorter. [6] it has been shown by measurements that the IMD products



at2f; — fo and2f; — fi; don't have the same magnitude if thecomplex signal. The proposed model Eq.(2), used two poly-
shape of the current envelope is asymmetric. IMD asymmetmpmial functions to describe magnitude and phase conversio
had also been demonstrated by introducing a time lag or phddes structure allows to implement different delays, or ggha
shift between the AM-AM and AM-PM response [8]. Thesshift, between AM/AM and AM/PM functions, as suggested
results clearly show that the output amplitude and phaskeof by [8]. In addition, the use of two independent functions\ah
amplifier depend on instantaneous and delayed input ereel@pdirect estimation of the overall model parameters, inolgid
signal. delays. The method will be presented in the next section.
Hence, to retrieve asymmetries, the output complex envg—

. i Parameter determination using the mathematical method
lope V,..(t), is expressed as follows:

) . based on the Fourier Transform
Vour () = Fanran (Ain (1)) - exp? @im O FFarnearldin®) (1) a crycial point is the determination of the delays for each
where A;,(t) is the amplitude andb;,(t) the phase of the non linearity order. The proposed method is based on spectra

complex input envelope, taken at time t and at various delay@nalysis of the output envelope voltage to directly caleula
time t — 71, £ — 7o, ... the coefficient and delays. At first, because the model is

The nonlinear functions™ s 41, and Fuu pas are instan- based on magnitude and phase representations, we have to

taneous envelope transfer function, respectively for #ogs dete_rmine these parameters for the input and output time
and phase. They are described using two polynomial, with ¥AYing envelope. For that, the quadrature components ean b
odd-older for AM/AM (» odd) and even-order for AM/PMy( used as illustrated for the output envelope voltage:

even), as follows: i (t) = arctan (%Lt((tt))) "
— Iout(t)
N Aour(t) = cos(Pout (1))
F ((t) = (At — 1)) , . :
AnAm(t) ngoddcp (Ain(t = 7)) With these signals, we can generate a representation of
M (2) the instantaneous gain and phase characteristics, catled h
Fanpu(t) = Y dy- (Ain(t — 7)) pseudo-characteristics and noted respectively,, (t) and
q=0,g even F§,,(t), such as:
wherec, andd, are real numbers angd,, 7, the introduced FéM(t) = Aour(1) (4)
delays. Fia(t) = Pout(t) — din(t)

From the previous relations, the resulting model can be ] ) .
expressed as a sum of delayed and weighted functions,"4¥eré¢in(t) is the phase of the input sign&l,,(t).
illustrated in Fig. 1. Thus, we can be applied separately on each pseudo func-
tions F},,(t) and F},,(t) to determine the amplitude and
phase at frequencies of interest. From the first relation of
equation (2) and for a sinusoidal input at fundamental fre-
quency notedf, extracted Fourier coefficients with’},, (¢)
signal at frequenciep.f (where p is odd) is necessary for
the determination of delays tapg and the real weights,,.
Similarly, obtained Fourier coefficients with's,,(¢) signal
at frequencies;.f (where ¢ is even) is necessary for the
determination ofr, andd,.
If we note Ad,, = A,, -/ andB,, = B,, - = the complex
coefficients obtained by Fourier transform respectively on
Fi (@) and F5,,(t), we can write:

N
FIZM(t):ZAncos(th—ozn) with Q =27 f
Fiu(t) = Z By, cos(mQt — Bp)
m=0
Fig. 1. The Model of the Power Amplifier and we define the vectogsA o andgp " composed by Fourier
coefficients as:
By analogy with [3], the proposed model uses several delay _ ~ - - - 9T
taps to model the amplifier. In [3] the model presented is a Yan — [Al Az o An o AN}
memory polynomial model using sparse delay taps, followed ~ _ [Bo By - B, - BM]T (6)
by nonlinear functions using complex coefficients and aminp ~ ~ '



Throughout the pape(;)? denotes matrix transposition,de- and dy = # and the general fornffq =d,-e% and
notes that the parameteris complex and: is a representation ¢, real. MM
of a vectorz.

The termsK pyy, ; are defined as follow foi andj even :
Knowing the input and output envelope voltages and their

amplitude and phase spectral components, the identificatio L fori=;j=0

of the nonlinearities parameters can be done. For a peabdic QLJ CJ% AJ fori=0, >0

input, an analytical expression of the parameters can be Kpm,; = 1 C% A fori£0, j>i

establish to calculate directly their value. To simplifyeth 2= h o=

presentation, the following input signal envelope is cdastd 0 otherwize
Vin(t) = A (t) = Acos(Qt) @ ba=ldo dz -+ dg - du]"

Using quadrature components, such an input voltage can b&id. (2) summarize the proposed PA characterization
obtained forl;,(t) = A;,(t) and Q;,(¢t) = 0. For delayed method.
input signal and using the development of powers of cosine

[9], we can write for p odd and q even: @VCO
t ~
Aun (00,0 = A2 {2077 O ol (p-20) 217y ® | Pefeer b g
Aun(Qt—))"=47 (CL/2+2. T 157" Ck cos((a—2k) Q(t—T,))) > / '
AN
whereQ(t — 7,) = Qt + ¢, and Q(t — 75) = QU + ¢4. The MPu® s Ly Yom —>{dt
symboIC’; = W denotes the mathematical combination. ¢
Firstly, we present the approach for AM/AM function and Fig. 2. Block diagram of the proposed method

we write the equality between the teu, of the Fourier result

?/nd(ta)lll. the term at the pulsation() from the development of Il. M EASUREMENT RESULTS
’ ' The measurement system that has been used in this work is
shown in Fig.3. An Agilent N5182A MXG vector signal gen-
erator is used for the input signal with a sinusoidal modidat
signal applied on | baseband input. The output data is obdain

wherec, = ¢, - % using an Agilent Technologies MXA Signal Analyzer.

By generalizing (9) for each frequency component, we can
write the following matrix representation, férand j odd:

5 N A2k+n A
An = Z W Czk+n é2/@-’-71 (9)
k=0

Data Acquisition

Yaps = Kanm - 8, (10)
with:
1 it ; . .
I T C;7 Al Jj=>i
AMi; =N 0 otherwize
MXG Vector Signal
Generator RL
andf.=1[c; ¢ -+ G - en|T

. . Fig. 3. Measurement Bench
Therefore, once we solved Eq.10 we obtain the following 9

recurrence relation which leads to our parameters and a;lelay-l-he power amplifier is a commercial APM1855 from AD-
determination: VANCED SEMICONDUCTOR BUSINESS INC. To apply

. 1 ~ 5t ) the proposed method, the PA is driven in saturation with a
&= K Ap — Z Cpt2i KAM, 1o (11) carrier frequency/, = 1,85GHz and a sinusoidal modulating
Pr i=1 signal atf = 0,5MHz. The output datal(,; and Q,..) is
where the last termiy — An doyv_nloaded from th_e Sigr_lal Analyzer on the PC, else the co-
Kamy n' efficient calculation is achieve afisnsan () and Fanspas ()

. . . .’N .

The cogfﬂqept determination for the AM{PM funCt'oncharacteristics, using MATLAB software.
approach is similar to AM/AM case. The following recurrence Figures (4) and (5) show the measurg
relation are achieved to calculate the AM/PM coefficients ar?:omparison with their estimations using ¢
delays:

and Qyy; In
8 &rder polynomial
function achieved by applying a Fourier transform and the

1 Mg analytical method.
dy = 7 By— > dg2i Kan, oo (12)  The parameters and delays, for AM/AM and AM/PM re-
PMq,q i=1 sponses, are shown below.
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Q

c1 = 8,04
c3 = 5,30
Cy; = 8,94

with delayst, = 1,34 us, 73 = 1,83 us and 75 = 0,11 ps,
and:

dy = —2,660.101
dy =1,87.10~"
dy =1,60.10~"

with delaysm, = 1,53 us and 7 = 0,034 ps.

Fig.6 presents a comparison between the variations for

measuredd,,; (t) and ®,,:(t) and the estimated's s ans (1)

and Fanpa(t), described in Eqg.(2) and (3). This graphical
representation confirms that the delay introduction in ea
function is a solution to obtain a precise estimation model.

IV. CONCLUSION
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Comparison between the measured and the estimatgoitode and

allowed us to obtain a frequency behavior in case of nontinea
phenomenons, for the PA modeling.

The model is based on a mathematical approach that allows
the evaluation of the spectral representation under a xnatri
equation system. Because the model polynomial expression
offers the opportunity to treat separately each harmohie, t
Fourier transform is used for all parameter determination.
The addition of delays added a better accuracy to the model,
leading to other possibilities in characterizing the PA.

In the end, to demonstrate this mathematical approach,
simulated and real data were tasted. The results validate th
previous spectral analysis method which can represent the
IMD asymmetries.
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