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DESIGN

OF A PREDISTORTION HPA
USING A FREQUENCY
UP-CONVERSION

MIXING OPERATION

In this article, a new predistortion linearizing method using the frequency up-conversion operation of
a microwave nixer is propose. This linearizing method does not require any additional signal sowrce
in spite of the frequeney up-conversion mixing operation. It extracts the loe second-order [frequency

oo LR

points, respectively.

114

L N obile communication systems cur-
| Wi | rently use linear modulation schemes

VL for effective usage of the Frequency
spectrum resouree. Signals that use linear
modulation sehemes, however, such s QPSEK,
and 16- sl B4-QAM. have a high peak-ta-av-
erage power ratio and the signal envelope is
£']1iil1_|;{1.'1l severcly. Therelore, modern mobile
communication systems reguire VEeTY linesr
prawer .'ilti]'!]iﬁi.'ﬁ_. To.a ]l‘.nuwc'l' amplifier de-
sigmer, high linearity and high efficiency are
critical desigm issues, In fact, as the power am-
[J]if\H.‘r aperates close (o the saturation 1'{-gi-;;-||
where both high efficiency and high output
power are achicved, the (]{"f_‘_]'.‘il:]:tfi.{:ll1 in linear-
ity beeomes significant, A compromise be-
tween power elficiency and linearity must be

intermodulation distortion signal from the input signals and uses it as the mixing signal source, To
validate the proposed predistortion method, a Korean Personal Communication Service (K-PCS)
power amplifier was fabricated. With the two-tone signals amplification process, the carrier-to-
interference (C/1) ratio of the amplifier is improved by 26 dB (for P, = 22 dBm/itone), where the tico
tones are 1.8544 and 1.8556 CHz. The C/ ratio is improved by more than 20 dB for a 17 dB output
signal dynamic range. For an 1S-95A CDMA 1FA signal amplification, the improvements in the
adjacent channel power ratio (ACPR) are 10.8 dB and 6.4 dB at 885 kHz and £1.25 MHz offset

considerad. Otherwise, a linearfztion tech-
nicue to reclace the nonlinearity of the power
amplifier is the only solution. Varvious lin-
caerization methods, i||1:|1|rling fecdforward,
feedback, predistortion, LING (lineay amplifi-

[Continned on page |15
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cation with nemlinear components), methods for an RF power amplilicer, dlistortion is acceptable. In general, in
CALLUM (combined analog locked althongh the amount of reduction is the predistortion method, it is diffi-
loop universal modolator), EER (en- not as great as for a feediorward con- eult to generate the predistortion sig-
velope elimination and restoration)  limuration method, A predistortor can pals el control their magmitude and
ane so forth are reported 2 Howe- correct for both ANAM and AMPM phinse.?
er, the operating bandwidth, eflicien- distortion, is not restricted in band- In this article, & new predistortion
e, cirenit size and implementation  width and can be implemented in seheme is proposed that generates
vosts are different, according to the compact size. Therefore, the predis- the predistortion signals using a [re-
linearization technigque nsed. tortion method s proper to be use « CLECTLEY Ip-CanvErsion mixing operi-
Predistortion is conceptually the in a medinm power amplifier or tion and reduees the nonlinear com-
simplest form among linearization  when a relatively modest recluetion in ponents of the power amplifier by

controlling the predistortion signals,
The propose ] ]Jlllli\-l!ll'lillll method
dloes nol reqguire any additional sig il

. sonrees even though it is using a mis-
RADIALL QMA & QN series ing operation, This methed is simple
to wenerate the predistortion signals

are QLFITI CETﬁfiEd 3 | ane control them.!

Mixers P srform |'1'u:|1|i ney Ups o
tem-conversion oper: thigns ]:.-. 1sing
the nonlincarity of a diode or tramsis-
tor when injecting a local oscillator
(L0 r'\ig_{su;l.!.' Frither the intermedibe
“'!'I{IH']IL‘_‘L (1FY or the RF sienal is
mived with the 1O :-i;_{ui||. resulting in
the frequency up- or down-comver:
EATRIL! 1:|E1g'|';||'iu|'| For the II[1--:'rJ:I|‘.'1-|'.l.il:.l||
case, the R porl [requency compo-
nents are the som and differenee Be
tween the LO and 1F sigial frequen-
oy compone nt. I the LO signals con-
sist o b, eaquil- Lnllﬂllluh' sigmals il
t|||||u neies ) and |-'|| ..mc| hiz
I ~.|lr||;|] fre epueney s Al = 1. II then
tluex ||'¢'f|:||g ney 1_|,||I'|]‘.lu"|-! nts : l|. 1EI|:' KE
['l-::-l'l: are -; — Af, E.'u Al E o+ Af
[m 1..,1“1] -.—.-".I These |. _"Lt u|c||

+ AT fre qurency components e |.||.I
l:||1|{! order intermodulation distor-
tom E't|'|'||;||1l;|,:'i |]'|.'il! [t} 1] |I:' '|:|1'¢|-;|_|;_|,'|,'-.| in

ﬂ“l[:k I-[":k F[I[mulﬂ The Quil:k Lock Fﬁ\'mtlh@ the amplifier, Figure 1 shows the
== 10 times q'l.liCk'El' } spectrum of the frequency up-con-
1 VErsion mi»:inc_r‘-|]:u~r.Llinn.'_‘
to connect
than SMA or N
>> 360° rotable m‘terface B

L

>> 4,0% higher deénsit o

;= fy =0

S
5 S =

..... . e LOW FREQUEMCY

RADIALL e

A Fir. | The frequency speetram
reselting o o 4;:_;-.;'::-u:'|-|'.n.i|.-u eI

www.qglf.info glfinfo@radiall.com i
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Fy = AF
PORT 2

Fim. 3 Block dimerrm |.:|"I|'g.- ercanril-ardes
tore frequency Bttermondlation disfertis
whmel grnoralon

F

The transfer function of a weakly
nonlinear amplifier can be [-\lu'u*swcl
in a Tavlor series form as

l"'""ul = f:|1'|.l:| + {::‘l.l:l:" + {3 ;‘n.'i“:‘ + ]

The coefficients G, {i=1, ..., n)
are determined by thie exact ~:h.|.5|:' ol
the input/outpit characteristic. 11 the
input signal consists of two, equal-
amplitude signals as

Vi = Alvosimt) + cosiosl H

then DO, intermodulation distortion
','||||.'|‘:-|:-.*|-:'II|:§ Loy + U ifr‘h — g, 3[':‘3—
ty, ...} and harmonic components
(200, 205, 303y, 30, ...} besides the
amplified input signals appear at the
output. Figure 2 shows the output
signal spectrum for a nemlinear wn-
plifier. For the frequency np-conver-
sion mixing operation, the secnnel-or-
der, low frequency, intermoduolation
sipnal [0y — €0a) i required.

Iu this article, o second-ovder low
frequency intermodulation signal
([IM3) generator is proposel s
shown in Figure 3. The genevator
circuit consists of a small signal am-
E}liilc't. a directional 1_'-:rl1l'||r|'. an in-
ductor (L} and eapacitors, The nput
sionals are amplified and several non-
linear components are rencrated af
the small signal wnplifier output port
When the coupled and through ports
of the u:-n]:lr]' ave open cirenited, the
:-(:|15r||~r operates a5 a |'|'<||'n;|l'|:u;.~c filter,
The in-baud signals, among the am-
]:|E|En'|' output sigmals, ane terminated
in i load resistor, The LIMa, however,
is reflected by the coupler and is ex-
tracted r|i1'|311:‘,:]l an inductor,. The ca-

d o Jnge 120

Ll

ATCROWAVE JOURMNAL ® OUTORER 20

< #]8.htm[2018-06-11 2 10:24:01]




I

%
dlo

Microwave Circuits Desiegn Lab

B 7:CHNICAL FEATURE

ELS

p-i-n diode
Limiters

50

Leakage,
max, my

Direct loss,
max, dB
1.5

min, %
10

Duty Cycle,

o &

= @
a0 w
.E!'ﬁlﬂg
=@, .-
e =
S

o g

In Input
pulse power

handlir_tg, w

GHz
3.0 -3.6

13 years experience in design of input cascades of radar recievers

Model | Frequency,
code

www.alsys.com.ua
sales@elsys.com.ua
tel. +380532501372
fax. +380532595402

Welcome to our booth #H176
at Microwave Week 2004

Click LEADn#1 at mwjonmal.com
120 gr Circle 36 on Reader Service Card

At (0

=
-

LiM;
GEMERATION

\

Al

MHL17338

&

Fig. 4 Block diegrem of e praposed predistorted TPA.
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Fig. 5 S-parameters of the secored laeier
Srequeney intermoidilation distortion stepel
renerafon

pacitor, C,, is properly chosen to iso-
late the DC current and tramsmit
LIM..

TN

A predistortion high power ampli-
fier (HPA) was designed using a fre-
fuency up-conversion mixing oper-
tiom, as shown in Figure 4. The pro-
distortion circuit consists ol a power
divider, an antomatic level controller
(ALC), the LIM., a mixer, a variable
attenuator and a variable phase
shifter. The input two-tone signals are
divided into the power amplitier path
and ALC path through the power cli-
vider,

The ALC generates a constant sig-
nal level for a dynamic input power
range. Then this .x'i;_'.'n:d is divided be-
tween the LO port of the mixer and
the LIM; generator. The voltage wiin
amplifier (VOA) controls the magni-
tude of the LIMa. Finally, the LO
port signal is mied with the ampli-
ficd LIMs and the predistortion sig-
nals are generated. The magnitude
and ]t-h;u-;t': of these predistortion sig-

nals are controlled to mateh those of
the imtermodulation distortion h‘i.L:II:'lE.l:
oenerited by the FIPA with the vari-
able attenuatar and variable plise
shifter.

EXPERIMENTAL RESULTS

T valiclate the |:r1:-pu.~=|_-|:| lineariz-
ingt method, the proposed predistor
tor and HPA were Gabricated. The
operating 1'|'<'|:||1c'|u.'_'.' is the K-PCS
base station transmitting band {1540
to. 1870 MHz). The Motorola
MHL19338 deviee s used as the
HEA, for which the gain and P1AB
are 30 dB and 35 dBm, respectively.
For the LIM; gencration, the Mini-
Cireuits ERA-45M amplifier is used,
The VGA and mixer are the Analog
Deviees ADGD2 and Mini-Circwits
LEMS-30], respectively, The variahle
attenuator and varable phase shifter
are realized as |':-:|L.*L'1iml-|!_'..‘]‘.-t‘:~' in ar-
der to obtain good reflection charac.
teristic. The Sony 1T362 varactor
diode is used for the variable p]mm'
shifter and the HP PIN diode
HSMP-4510 is used for the variable
attenuator,

Figure 5 shows the transfer and
reflection characteristics bebween the
output port of the small ::i;.!ﬂ:t[ :ltl'll‘r]i-
fier and the LIM, output port of the
fabricated LIM: senerator (hetween
ports 1 and 2. Goad transfer charac-
teristios are obtained in the low fre-
quency range, but poor transter char-
acteristics are obtained in the fre-
queney band of the input signals
Thus, the LIM; components are ef-
firctively extracted from the small sig-

(Continued on page 123]
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nal ;Lm]'.ulil'iq-r ountput port. Figure 6
shows the output spectrion of the
LIM, enerator, where the input fre-
fuencies are 1.5544 and 1.58556 CHez,
respeetively. Figure T shows the out-
put spectrum of the frequency up-
conversion mixing c1]:«|~|‘:|liu|1 hetwieen
the input signals and the extracted
LIMa signal. In the mixing operation,
the signal level of the 1O is properly
cantrolled so that intermaodulation
sienals are not made from the 1O sig-

nals themselves. Therefore, only the
predistortion 1My can be obtained in
the case of small 1F signal levels. The
IF .l;ij_:{lul] level can be alse contralled
to match higher nonlinear compo-
nents hesides 1, of the TTPA,
Figure & compares the resilts of
the HPA nonlinear characteristics
withy amel without the Jpre |.|'Ll;lm'tur 115-
I|hr H fre ey up- CONVEESION :'I|I\t'II"
operation, Al the output power of T
= 221 dBmdtone, Cflgy 15 34 97
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dBe in the case without the predistor-
tor and is G597 dBe with the predis-

tortor, Henee, the O/ is |!|1|:}|u'ur.|. b

approsimately 26 dB. In addition,
Figure 9 shows the improvements in

N
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[Contneed on page 124]
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o the nonlinear characteristios for an

g ol 222 "':’. AT LA, output power range of 11 to 25 dBn/

E'é' f Lx E g = i tone. Tmprovements of at least 20 <R
E%‘ =, 1 é Bl - L arve possible in the entire range.

§2 : 3 4 =] 5.2 Wiy Figure 10 compures the results of

== — £, the HPA nonlinear characteristics

1.8525 1.8550 1.8575 I with and without the predistortor in

FREQUENCY (GHz) 2 E‘ - ﬂ E. e ﬂ a the cuse of an 1595 COMA IFA sig-

i e e R nal. The improvements in adjacent

A Fig. 10 HPA nenlinear characteristics QUTPUT POWER [dBm) :~h:u|.:~'u-l ]m-.r-:w-lr:tliﬁ :.-"LEE’H:'.'H'I' lH.-:'i

weith and eeithiond the predistortor A Fie, 11 HPA ACPR improveimcit a5 41 and 6.4 dB at {, £ 0.555 Mz and £

fiora COMA PEA signel. ﬁmr-ll'-;.ul of ewtpiat potrer for o COMA signol. £ L.25 MHz, respect ively, with an

output power of 26.5 dBm. Figure

| 11 shows the ACPR improvements of

the PA for an output power range af
2128 1o 29.05 dBindFA,

CONCLUSION

ON THE JOB
24 [ 7

In this artiele, a precdistortion HPA
seheme using a [reguency up-conver-
sion operation was proposed and the
proposed predistortor was valiclated.
The proposed predistortion maetlicwd
does not require any acdditional signal
souree even thougl it uses a frequen-
ey up-conversion mixing operation,
This method makes it very easy to
generate predistortion signals andd
comtral them. Also, o new second-or-
der low |\I'|:'l:|.l.1i:|:l;.'_'m Sif_[11=1| generition
methad is proposed. Although the
nomlinear characteristics of power
amplifiers are different apcording to
the devices nsed, their operating volt-
are and environmental conditions,
the proposed predistortor is very wse-
{ul |l'|t'l:':11l:\.{" the predistortion signals
eant he controlled by simply changing
the mixing condition. W
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