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Linearized Mixer Using Predistortion Technigue

Youngwook Kim, Youngsik KimMember, IEEEand Soonghak Le&enior Member, IEEE

Abstract—A predistortion technique has been proposed to re- i

IMDout [Vector |
duce intermodulation distortion (IMD) generated from the conver- | m‘éf,ﬁt.f,’[or
sion process of a mixer. In this technique, the IMD generated from a MO
a mixer in IF band was canceled by the controlled RF error signal, Generator @ Delay odulator

which is generated by a predistorter. The magnitude and phase of
the RF error signal were properly adjusted through a vector modu-

lator. This linearization technique has been verified by experiment (O Delay
of a down conversion mixer in cellular band. A two tone test has
been performed at the frequency of 836 MHz with 442 KHz sep-

I'n

aration. The results show that this method improves about 16 dB ~ Out ;—:—]\ f>'<\ PDout
of IMD3 at —18 dBm IF output power in 10 MHz frequency band b\

and increases about 3.5 dB of P1 dB of the mixer. Simple topology LPF

and good performance in linearization of IF signals renders this

technique suitable for highly linear frequency conversion in com- Lo

munication systems. Fig. 1. Schematic of predistortion circuit with mixer.

Index Terms—M3, linearization, mixer, predistortion.
The output of the IMD generatof M D,,,.;, may be expressed

as follows:
|I. INTRODUCTION

INEARITY is a critical requirement in modern communi- out =00+ a1 TGz 3T ag &7 ag T+ @

cation systems where the signal envelopes are varying witherea,, is the Taylor coefficient of the transfer function of the
time [1]. The intermodulation performance of a RF receiver i¥D generator, and: is the input signal of RF signal. When
often limited from that of the mixer, which is a key componerft WO tone RF input signal of = A cos(wi?) + Acos(wat) i
in the frequency translation in communication system. A mix&pplled to the PD circuit, intermodulation signals are generated.
with high IP3 and P1 dB is necessary to achieve a large d | order to figure out the dominant intermodulation terms, the
namic signal range. For high linearity, a number of linearizatio ptput of IMD generator was arranged as follows:
techniques have been developed in a mixer that are analogbd$Do,.: ~ ao + a1 A(cos(wit) + cos(wat)) + 2 agA®
to linearization techniques used in power amplifiers [2], [3]. (cos(2wit — wat) + cos(2wat — wit)) +---. (2)

However, the predistortion (PD) technique has not been mveslthe error signal is obtained by removing the fundamental signal

gated in a mixer until NOW. The PD tgchniques have be_en_po l6’mponents from théM D,,; signal using vector modulator.
larly used for the amplifier linearization because of their simp is error signal and the original signal from the delay-path are

topology, good performance, and low cost [4]. In a power aMbmbined at the end of the PD, and thBd,,, becomes as
plifier, the predistored RF input signal linearizes the RF outpg);ows:

signal. On the hand, we demonstrate that the predistorted RF
signal linearizes the IF signals in a mixer. This work describegfaPeut = bo + bi(cos(wit) + cos(w2?)) + b
linearized mixer with a predistorted RF input, and investigates -(cos(2wit — wat + ) + cos(2wot — wit + ) +---  (3)
its effect on the reduction of intermodulation distortion from gheres,, is variable andx is phase change in vector modu-
mixer. lator. ThisPD.,,,, is applied to a mixer with th&O signal, i.e.,
L cos(wgt). Then, the mixer outpuf/,...;, may be expressed by

Moy =co+c1 '$+CQ~$2+03~$3+C4.$4+... (4)
Fig. 1 shows the proposed mixer block diagram with prediWherecn is Taylor coefficients of mixer and is PD,; + LO.

tortion circuit. In this circuit, there are a distortion-path and @ nen |F signals from the mixer are filtered by a LPF, the mixer
delay-path. In the distortion-path, the IMD error signals are 9€Butput signals are given as follows: '

erated, and modified in magnitude and phase by a vector modu-
lator. And then, the error signal is added to the delay-path signal.

Il. THEORY AND CIRCUIT DESIGN

IFout ~ blCQL COS(wlt —wrt+ 91)
+ bica L cos(wat — wrt + 01)
+ baca L cos(2wit — wot — wrt + 62)
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Fig. 2. IF signal spectrum when output poweri¢8 dBm, (a) is without PD  Fig- 3. IMD3 level with power sweep.
and (b) is with PD.

20
19
whered,, 6,, 65 are phase delay. From the above equation, the 18
IM3 component can be canceled under the following conditions. 2 7
3 18
Amplitude Condition :  bacy = % cyb? T 15 ///‘/"\\
2 14
Phase Condition : 6 =+ 65+ 180°. (6) 8 13 Nl \
s ™~
=] 12 ~
1
[ll. EXPERIMENT AND RESULTS 10 ' ' '
. . N . . 50 60 70 80 80
A predistortion circuit has been fabricated and tested in the F R oy (Md2)
cellular band of 800 MHz. Hybrid couplers were used for power equency
dividing and power combining, and the vector modulator Wa%. 4. IM3 reduction versus frequency for PD,(,, = —18 dBm).

made of pin diodes and hybrid couplers. The IMD generator was

selected considering IP3 and insertion loss of the mixerbecalﬁ_le d distorti ircuit sh ood frequenc
IM3 level of the PD should be higher than that of the mixer. € Proposed predistortion circuit shows a g q y

As for the mixer, a mini-circuit's SCH-2500LH balanced mixeFeSponse from 65 MHz to 75 MHz.

was used, which operates up to 2.5 GHz and is rated up an RF

level of 7 dBm and a LO level of 10 dBm. The two tone test

was performed with 836 MHz and 836.442 MHz signals, the A predistortion technique was applied to a mixer to improve

LO frequency was used 766 MHz, and the IF output frequenttye linearity in frequency conversion. This is analogous to the

was 70 MHz and 70.442 MHz. techniques used in power amplifier linearization. The unique
The IF IM3 level of the mixer has been reduced by adjustinfgature of the present work is that down converted IF signals

the magnitude and phase of the input error signals using tire linearized with the predistorted RF signals in the mixer. The

vector modulators. In this work, the vector modulators wemeasured data showed that IM3 products are reduced by about

controlled to lower intermodulation products over the wid&6 dB at—18 dBm output power level in 10 MHz band. In addi-

power range rather than a great deal of IM3 cancellation t@dn, P1 dB of the mixer is improved by 3.5 dB. The measured

a particular power level. Representative two tone test resulésults show that this predistortion technique is effective in the

are shown in Fig. 2. The results show that the third ordénearization of a mixer, and this technique will be helpful to im-

intermodulation products were cancelled about 16 dB in tipeove the intermodulation performance of a mixer in multi-car-

power range up to 10 dB back off from P1 dB of the mixerier communication systems.

The IM5 level of the mixer was also reduced, but the IM5 level
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