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Abstract generator and a pad (implemented by resisiRyr®R, andR)
Commonly used diode-based third order distortion generatorswhich is utilized to sample the RF signal from the main
produce residual second order distortion signals due to thepath and also to inject the non-linear signal generated by
unmatched statistical characteristics of the diodes. In this paper, ghe distortion generatorV _is the input RF voltageR_ is
novel circuit technique is presented by which, in theory, the the internal resistance of the generator Bnds the foad
suppression of undesirable residual second order distortion $mpedance. Several types of diode-configurations can be
achieved. A theoretical analysis of the proposed novel CIrCUIthIti”ZGd to implement the distortion generator. Figures 1(b)

topology was carried out using Volterra series analysis. Simulate d h tivel ti | anti llel and
results show that the proposed technique posses a residual secofil (c) show, respectively, a conventional anti-parallel an

order intermodulation distortion (IM2) 35 dB lower than the one & conventional bridge configuration [1,5,6].

obtained with conventional architectures. Experimental resultsThe topologies of the circuits are such that when all the
indicate that 20 dB cancellation is achievable. diodes are identical only third order distortion is injected to
the main path. However, when the diodes are not identical
. second order non-lineiéies are generated. The main cause
1. Introduction for the unmatched characteristics among diodes of the same
Signal predistortion is a widely used linearization techniquetype is the dissimilarity of their ideality factons, Figure 2
which has found application in the design of highly linear shows the residual IM2 delivered to the lod&l, by a
analog optical transmitters such as the ones used in CAT\¢onventional anti-parallel  predistorter  configuration
[1-3] and microwave links [4] as well as in the design of ytilizing Shottky diodes, as a function of the ideality factor
high power amplifiers utilized in wireless communications of diodeD, (1,). The simulated results shown in the figure
and microwave radio systems [5]. The technique consists ofyere obtained utilizing the software CNL/2 [7] where it was
inserting a set of predistorters before the device to beassumed that the ideality factor of didde(n,) is equal to
linearized such that each predistorter generates a nongpe andn, changes from 1 to 1.2. Figure 3 shows the
linearity of fixed order whose amplitudes and phases, in ashottky diode model utilized in the simulatio,g]. R,
frequency range, are respectively equal and 180 degrees oghdC. are, respectively, the series resistance, and the small
of phase to the ones produced by the device to be linearizedignal junction resistance and capacitance. For simulation
As a result, the output signal, ideally, is linear (at least, thepurposes, the effect & was neglected. Table | shows the
output signal does not contain the non-linearity orders ofdiodes’ parameters, the resistor values of the pad, and the
the predistorter). However, in practice, predistorters notcurrents and voltages utilized in the simudatil ; is the dc

only generate the order of the non-linearity for which they bias current of the diodes. The sub-index utilized dach
were designed but also generate residual non-ltieiof  of the diodes’ parameters indicates with which diode the
different orders. These residual non-lingas may interact  parameter is associated.

with the main non-linearity introduced by another prommmmmoo- q

predistorter (in the case that multiple predistorters are used) R, ,F{,Zec"smr,;ir '

or add extra non-linediires to the overall circuit, which

may have a detrimental effect in the performance of the
circuit [1]. For that reason, it is important to design
predistorters that reduce, as much as possible, the
generation of unwanted non-linégas. In this paper, a
novel technique is presented by which the residual second
order intermodulation distortion (IM2) of a third order
generator is substantially reduced.

Figure 1-(a) shows a general implementation of a third-
order predistorter (TOP). It consists of a third order-
distortion
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Fig. 1. (a) Third order predistorter configuration, (b) conventional
anti-parallel generator, (c) conventional bridge generator. DC bias
circuits are not shown.
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2 Fig. 4. Proposed new configurations to reduced residual IM2, (a)
Fig. 2. Residual IM2 as a function gf. mod_ified _ anti-para_lllel _ co'nfiguration (b) modified bridge
It should be noted that the residual IM2 is significantly configuration. DC bias circuits are not shown.
reduced for values ofy, smaller than 1.01 and it is j=gyv+g,V +g,v' +......, (1)
completely suppressed whem=1. However, for larger 1
i imilar wh =1 —IZ—ISd—q
values of,, the residual IM2 becomes significant. Similar Where g, =1sd ., g, ) CRR ¢ s sd " anad TTRT
results to those shown in Figure 2 can be obtained for the ) s ] N
bridge configuration. T, g andk are respectively, the junction temperature, the
c electron charge, and the Boltzman'’s constant.
R Figures 5 (a) and (b) show, respectively, the equivalent
o\ + V- O

circuits of a Schottky diode utilized to calculate the first-
and second-order components using the method of non-

Fig 3. Equivalent circuit for a Schottky diode. linear currents. The voltag®,, is found through linear
analysis, assuming that all sources of non-litiesr are set
m n2 Rs1 Rs2 IB1 Is2 to zero. The second order current sourige;g,v; , which
1 1-1.2 50 50 1mA | 1mA represent all the second current components in the non-
Rq R1 R2 Rs Ru A linear element, is found from the voltagg calculated
750 10 100 800Q 75Q | 0dBm previously. The voltag¥, is the total linear voltage across
Table I. Diodes’ parameters, resistor values, currents and voltageghe resistoR; and the conductangg, as shown in Figure 5
used in the simulation. ().

Figures 6 (a) and (b) show, respectively, the equivalent
2. Proposed Solution and Analysis circuits for the linear and second order analysis of the TOP
Figures 4 (a) and (b) show, respectively, two novel circuit using the modified bridge configuration shown in Figure 4
topologies that reduce the generation of residual IM2 for(b). R, andV, are, respectively, the equivalent Thevenin’'s
the anti-parallel and bridge configurations. The resistance and voltage between nodes X arg-Y/Rand

modification to the bridge configuration consists of adding O

a resistomR between the middle nodes of the two branches. & ~ (9uRs D)’ @)
Meanwhile, the modified anti-parallel configuration He s

consists of adding two resistor®f to form a bridge  Vx = (guRac * DV, (3)
configuration in addition to the resistBr In this section, it _dm _ OaVa _ OuVa

(4)

is shown that by choosing proper resistor values, ala= 1 + +1F
substantial reduction of the residual IM2 can be achieved. OxRec ¥l _ 9uRs 1 (g?kRSk 1) _ _ .
The analysis of the circuits shown in Figure 4 is carried outWhere the sub-indek=1,2,3,4 is associated with the diode

using the method of the non-linear currents based or'uMmbers as indicated in Figure 4(b).

Volterra series analysis [8]. The modified bridge

configuration in Figure 4 (b) is analyzed first since, as it + Viooo- Q
will be shown later, the modified anti-parallel configuration o + V- o N -
is a particular case of it. Rs O R, (¢
From Figure 3, neglecting the effect of the non-linear @) (b)

capacitanc&, it can be seen that a Schottky diode can berjg. 5 (a) Linear equivalent circuit and (b) second order

represented by a linear resistanBg (n series with a non-  equivalent circuit used to calculate the linear and second order
linear resistanceR). R has voltagey across it and current  components using the method of non-linear currents.

i, its current-voltage relation is given by [8]:
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From Figure 6 (a), it can be seen that each of the voltgesan (a) Modified Anti-Parallel Distortion Generator
?oeuoev)v(g_ressed as a function of the linear output voltsge, as o this particular case, the model shown in Figure 6 can be
' applied to analyze the modified anti-parallel distortion
v, = b(a, +a,)+a,(a; + 34)VO<1>, 5) generator by settint,=l,,=0 anda,=a,=1/R,. By equating
g v =0, a value oR can be found as follows:
b(a, +a,)+a, (a; +a - +1) - a’(aRs +
V, = (& ta;) ; (2, 4)VO(1)7 (6) R= 0 Za (asRs ]E-J) aeéjl s +1)] - (12)
a’OB— (@R +)+alra”F—(aRs+1) +a,0
v, b ta)ra@ta), o - = g &R @
13 = o
¢ R, should be selected such tifat 0. Also,R,should not be
_b(a, +a,)+tas(a, ta,) g too large since, in that case, the third ordder intermodulation
Vi = G Vo (8) distortion (IM3) is substantially reduced in comparison to
where the one of the conventional configuration.

Figure 7 shows the residual IM2s @) as a function of),
é=b(a,+a,+a;+a)+(a+ a)( at+ a). 9) when the TOP is utilized in conjunction with the modified

The voltagey, , in turn, can be calculated as a function of anti-parallel distortion generator and the cpnventlonal one.
For both cases the parameters shown in Table | were

V_as follows:
e S TOTIoWs utilized in the simulatin. For the modified anti-parallel
Q= Ve (10) configuration,R =60Q and R=68&2. The value ofR was
1+F%élﬂb(ai+ag)+ag(ag+a4)]+ag[b(ag+a4)+a4(a1+ag)]g calculated using Eg. (12) and assuming thatl and
0 & 0 n,=1.2. 1t should be noted that for the anti-parallel

configuration, the residual IM2 is suppressed whers 1

The voltagey/? indicated in Figure 6 (b) represent the and 1.2. Moreover, if), <1.2, and the resistdR is kept

second order output voltages and it can be found, after anchanged, the residual IM2 of the modified anti-parallel
tedious process, to be: configuration is at least 35 dB smaller than the residual

, (1)

vo - —[abra+a)+ba] i, +[ab+ara)+ba] I.+[alb+a+a)+ba] I -[abra+a)+ba] L,
ai[az(b+as+a4)+ba4] +a3[a4(b+a1+a2)+baz] +é

the voltage generator by using Equations (4), (5), (6), (7),penalty in adding the resisto® and R, is a 1.5 dB
(8) and (10). reduction of the IM3 delivered to the load in comparison to

the one delivered by a conventional anti-parallel
configuration underimilar conditions. However, in most
cases, this penalty can be easily compensated by biasing the
é:liodes at a lower current or by increasing the input signal

From Eq. (11), it can be seen tha}’ is reduced to zero
when the numerator is equal to zero. A valubdfF1l/R)
can be found that satisfieg® =g. This indicates that
complete cancellation of the second order distortion can b
obtained even though the diodes have differentlityea power.

factors. Also, it should be noted that when all diodes are ™
equal, the presence of the conductanadoes not affect the 50 + I
cancellation of the second order distortion. < 04+ T Conventional
%) % I Input Power = 0 dBm
Re Vo S 0+ IM3 = 45.6 dB
X| + 2 ol Modified
(_g ) Input Power = 0 dBm
b1 a & b3 S 90 4 IM3=47.1dB
b 3
N X -100
2 a g s 110
-120 4 : . ; \
Y _ 1.00 1.05 1.10 1.15 1.2(
(b) g
Fig.6. (a) Linear and (b) second order equivalent circuits for theFig 7. Simulation results for the (a) conventional and (b) modified
bridge configuration using the methods of non-linear currents. anti-parallel configuration.
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(b) Modified Bridge Distortion Generator 30 _
Given a set of diodes, the residual IM2 of the conventional 4o | e f_‘;’;i’_ezm'ona'
bridge configuration is maximum when the selected diodes - - - 1210

-50 +

satisfy the following conditionsy,=n,, n,=n,, n,#n, where — -e— -10/1.0

Residual IM2(dB)

n, and n, are, respectively, the maximum and minimum e
ideality factors of the set or vice versa. Under those aasha ol N
conditions,a= a,, a,= a, b="b,, b= Db, 1 =1, andl = 1. 0tay e :jiittti:*tt
By equatingy ¥ =0 results: i 4 *a . *
a"(aR+1)-4"°(a R+]) Y
R= s 73 : (13) 90 : : : : :
aa, —aa 0 0.5 25 3

o i ) *Bias Current (mA)2
It is important to mention that the optimum value Rf

depends on the bias currents of the diodes since th€&ig. 8. Residual IM2 of the bridge configuration as a function of
parametera, (k=1,2,3,4) depends on the bias current of the bias current of the diodes for the case that the refster
diode D,. It is interesting to consider the case when theimplemented by two Schottky diodes.

series resistance of the diodes is set to zero. For this casg, Experimental Results
Eqg. (13) is reduced to: '

q_ (m )2,3 3 U3 Two TOPs were implemented: one using the conventional
R=r "+, (14) anti-parallel configuration and the other using the modified

- - i ~r = i version. For both cases, the same pair of HP HSMS2820

\c,:vgféﬁjged t%\lgtu’ andr, = 1/g,,. Since,r,=r,=r, it can be Schottky diodes were utilized to im%lement the circuits.
The measured characteristic of the diodes were those shown

R=2r. (15) in Table I. D has an ideality facton,=1.2. The residual
Equation (15) indicates that the resisfois approximately  IM2 of the modified configuration was 20 dB lower than
equal to twice the incremental resistance of the diodeghe one measured for the conventional one. For the
(1/glk) Th|s Suggests th&g can be imp'emented by two mod|f|ed Conf|gurat|0er:47Q and R:].SO Q. IB was Set
diodes (identical to the ones used in the bridge) in serie%O 1.5 mA. For th? measurergferjts, the  fundamental
and under the same bias citiwhs as the other diodes that raeellﬁrr]glc?;mi%r?\/liezt agrﬁj? S%H,\ﬁﬁzn 725 MHz. IM2 was
form the bridge. Consequently,¥is implemented by two '
diodes, the modified bridge configuration can work over aConclusion

range of bias currents. Figure 8 shows the residual IM2 as  this :

- . o . ; paper, a novel technique was presented that reduces
fung;:cpndogt%e d|ode? b|as.curr_ent,#3|r|]flgr;che TQP@W'.th theihe generation of residual IM2 in third order predistorters
moditied bridge configuration in which the resistaris — qing anti-parallel and bridge configurations. It was shown,

implem(e_nted by two diod_es in series of the same type to th‘?hat, in theory, the residual IM2 can be completely canceled
ones utilized in the bridge. Results are presented foreven though the diode idég factors are different.

different ideality factors of the diodes that implemént xperimental results showed that substantial reduction of
For comparison purposes, the residual IM2 as a function ofy\,5 .o e achieved. Moreover, a novel topology was
the diodes’ bias current for the TOP with a conventional 056 that may substantially suppressed the residual
brldge ponﬁguranon is aIs_o shown in t_hg figure. For the IM2 for different bias conditions.

simulation results shown in Figure 8, it is assumed that

diodesD, andD,, as well as diodeB, andD,, are identical. =~ References
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