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Important Points to consider when selecting
a Harmonic Load Pull Method

Harmonic load pull is required in order to optimize
high power, efficiency and linearity of amplifier desigoe
by choosing the corract phase of the load impedances at the
harmonic fregquencies.

Because of high power, VSHR and tuning resoclution
among others, electromechanical tuners, instead of active
or elactronic tuners, are the preferred sclution for
industrial, but also most uuiversity USEES.,

Fotential users are being confused by rumors, half-
truths and denied specific information about key
parameters, advantages and critical limitatlons of the two
aolutiona ocoffered:

a) Harmonic LSF (HLP) setups using Di- and Triplexers
b) HLP getups using Harmonic Rejection Tuners

Maury Microwave offers solutien a); Focus Microwaves
offars, in addition, solution b) using Focus’ patented
harmonic rejection tunera ({PHT).

Figure 1: Maury and Focus solution a): HLP using
Triplexers and & Tuners
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Figure 2: Focus-exclusive solution b): HLP using
Harmonic Tumers (4 tuners in total)
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Feguirements important teo all HLFP setups are:

i

2.

3.

‘ll

High harmonic isclatien, in order to be able to tuns
at each freguency separately.

Lew reflaction at low frequencies, in order to avoid
DUT inatability and spuriocus oscillations

Availability of setup components (resonators for

Focus harmonic tuners or triplexers).
High T at fo, 2fo and 3fo (Or Gfo) .

Depending on the application more requirements may apply:
5. Variation of magnltude of T'{2fo) and T'{afo)} is not
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necessary, only the phase must be adjustable.
High power handling.

When evaluating test methed a) or b) you should do not omit
to obtain commitment on the above issues from both vendors
and check agsinst the comparison below.

1. Harmenic tuning isolatieon: Triplexers coffer am
inherent advantage, compared with harmonic rejecticn
tupers. They offer, without extra measures, =4 0dB
imolation between harmonic frequencies. Harmonic
Rejection tuners offer between =13 and -35 inherent
isolation. However, when these tuners are usad in a
Focus setup the load pull software provides a “back-
tuning® capability, which, after gach tuner movemant,
restares the originally tuned values at all three
harmonics and thus enhances the harmonie tuning
igolation to 35-504B [see Focus Applicationm Notes 33a:
Harmanic Tuning Isclation in Load Pull Setups using
PHT], which is, for most practical appllications,
equivalent to the Triplexer's performance.

9 Low Raflection at low frequencies in order to avold
Spurigus Qscillations: At low frequencies Foous'
runers behave like transmission lines, and do not
generate conditions fox spuricus oscillatione of the
DUT's; low loss {coaxial} triplexers instead, are
matched only in the narrow pass band around fo
ireflactive filters) and present high |812] at f<fo and
by consequence a risk for spurious gacillations. Do
agk for wideband 5,: response of the Triplexer, oot
only the 8i1, and try to overlap with typical stability

circl=s of DUT's.
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2. Availabdlity of £r -galective o nenka:
Harmonic resonators (Focug) and Di- Triplexars (Focus,
Maury); Focus manufactures ite ewm patented rescnators
for frequencies betwssn BOOMHE:z and E0GHS, They are
delivered within typically 2 weeks ARG, if needsd even
sooner. Triplexers are not manufactured neither by
Focus or Maury: They are purchased from cutside
vendors. Available informatien on hatrmonic Di-Tri-
plexer gsourcing ia that these COMpOOeEnts =Te non=
standard and difficult to obtain. The main reason is
that the guantity is small and telecom eguipment
manufacturers are not interested in small cuentitisg
and do not carry steek of custom design items like
thie. Delivery times of 12 to 18 weeka or longer and
outragecus prices (if NRE for special designs at other
frequencies is needed] are usual. Do check prices and

delivery bafare with Triplexer manufacturers.

4. High I': Focus' harmonic

the highest reflection factor Insercion

of bath sclutieons, both at Lags [da) Tor VEWRawr
the harmonic and the funda- 0.10 0.883 16:1
mental frequencies (0.9 to 0.30 0.843 13:1
¢.9%8}). This is becausa the 0.50 0.808 §:1
only component bhetween DUT

and tuners is & low loZes transmissgion lin=., At BCS
frequencies a harmonic tuner has total insertion lose [at
fo) of less than 0.1dB, whersas triplexers introduce loss
of typically 0.548, which reduces T to values arcacd .8
or less. The table shows tha effect of ingertion loss dua

te Triplexers and adapters to the finally awvailable VSHR
at DUT reference plane.

Requirements depending en the application:

S.¥ariation of magnitude of I'{2fo) and I'(3afo} 12 not
necessary) modeling and practical tests have shown that
knowing the exact phase of the reflectien factor at the
harmonie freguencies and realizing a short at this

froquency and position delivers the best eizcuit
performance,

6. High Power: For the game reasons Foeous' harmonic tuners,
which behave like pure transmissicn lines ac fo, are

limited in power only by the connectors used (APC-T7 ~50W,
7/16 »250W) . Triplexer= are complex filter structures and
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by consequence power limited. If microstrip triplexers
are used (for lower out-of-band 5.;) power limitaticns of
a couple of Watts is typical; Do ask manufacturer‘s specs

on power handling.

Some important Remsriks:

* If you intend to use source harmonic tuning, be aware
that at very high tuner VSWR the effective setup losz can
reach up to 15 times the insertion loss of the section
beatween tuner and DUT: Bwery 0.1dR insertion loess at the
source aide (due to a test fixture, cable, triplexer or
other) will create 1.5dB additional setup loas, which

must be compensated by high power [and costly] driver

amplifiers in order to saturate ynur DUT; a Triplexer

with 0.5dB insertion lose will ad up to 7.5d8 lo=s in
this section; using a high
power driver then puts forwazd Eliding

contact is

the guestion of power handling Tare

c6f the triplexer Do ook

underestimate these source-side

tradeoffs. E. Field is
concantratad
. hers
# It is being claimed, that
glidi contacts in Harmooic :
Rejacticon Tunere [(of Foous) o ik
degrade the tuner performance over time and oreate

inaccuracy. This statement is misleading: A cross section
af the slabline shows that the sliding contact occurs on
the top of the central conductor, where there is no
electric field, Noticeable performance degradation has
not besn observed in the § years since these tuners have
been introduced.

« Changing the Fregusncy Range: In both cases the setups
must be re-calibrated: In the casze of harmonic
resonators, because they must be removed and new ones re-
installed and in the cage of triplexers, becausze the
setup must be taken apart to change the triplexer,
Changing and re-aligning the resonators is not a complex
operation. A skilled technicisn can perform the job in
less than 5 minutes, assuming he has socess to a
calibrated VNA.

* Examples: Figure 3 shows a sweep of the phase of the
harmonic reflection factor at 2fo, measured using a Focus
Harmonic Rejection Tuner (sebtup in figure 2). Figure 4



Technical Note 05:2004 Focus Microwaves Inc,

shows a 2fo contour plot measured using a Focus system
with triplexer as shown in figure 1.
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Figure 31: Phase sweep at 2fo using Focus
Harmonic Rejection Tuners
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Figure 4: Harmenic Load Pull Contour
using Focus Triplexer Setup and Software



