Product Note 40

| Active Harmonic Load Pull ALPS’ and
Passive Harmonic L/P with Active Modules *HLP-AM’
An Overview

Focus Microwaves offers two solutions for active harmonic load pull

measurements:

1- Active Load Pull System "4LPS".

2- Passive Load Pull System with Active Module extension "HLP-AM",

Both solutions can be used for fundamental and harmonic tuning and have
advantages and disadvantages compared to each other; the final choice depends
on the application. This document summarizes these solutions and provides
quantitative information on the system’s ACPR measurement capability.

Description of "ALPS"

ALFPS is a classic active |oad pull system. It is using an active loop to retrieve, amplify and re-
inject the eutput power into the output of the DUT. ALPS can generate reflection [actors up to
I at the fundamental and the harmonic frequencies. Most components of ALPS are electronic
and its operation is therefare very fast. ALPS is an ‘in situ’ system that uses a Network Amalyzer
as four-wave detector with direct triggering from the control PC. This makes ALPS's operation
very accurate and even faster, ALPS measurement speed is approximately 120 ms/point at 900
MHz. Non-linearities in the power amplifiers are not critical, since AIPS measures the actually
synthesized loads and does not rely on ence made calibrations, ALPS alsoallows to measure
large signal S-parameters and Power added Efficiency and Power Gain, which is not possible with
@ passive system (independently on the use of active modules). ALPS is easy to conncet to wafer
probe stations since cable losses are not critical.

Description of "HLP-AM"

HLP-AM is using components of the CCMT system. CCMT is a passive load pull system using
two mechanical broadband tuners for source and load pull tuning. For harmonic tuning purposes
CCMT can be extended with a diplexer or triplexer, both at source or load side of the DUT and
additional tuners can be used to control the harmonic impedances. Since test tixtures, wafer
probe stations and triplexers introduce Josses which limit the tuning range of the CCMT system,
the system can be extended by using active module (AM,[1]) extensions for each frequency, in
order to compensate for these losses, CCMT is an accurate wideband system which can handle
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high power levels, when not used with the active module extension. CCMT uses traditional techniques
for measuring power and gain (which do not allow to measure PadEff and Power Gain under all
spurce tuning conditions). CCMT speed is about 3 seconds per point. A harmonic Source Pull can be
performed by inserting a di- or triplexer and one or two additional tuners at the input side of the sefup
(figure 2). Figure 3 shows tuner calibrations at three harmonic frequencies f=0.9 GHz, 2f=1.8 GHz
and 3f=2.7 GHz. It is clear that due to the active modules used in this configuration the triplexer
losses are compensated.
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Figure 1: Setup for Harmonic Tuni ng and Load Pull using ALPS. The Network Analyzer
is used also as source and fast synchronized power/phase detector
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Figure 2: Setup for Harmonic Tuning and Load Pull (HLP) using CCMT with Triplexer
(TPLX) and active module extensions (AM)
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Figure 3:
Tuning capability at

Fundamental Frequency

f =09 GHz

Figure 4:

Tuning capability at

First Harmonic frequency
f=1.8 GHz

Figure 5:

Tuning capability

at Second Harmonic
frequency f = 2.7 GHz
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ACP Measurement Limitations

Focus Microwaves

Both presented systems require a power
amplifier as part of the load, either in
form of an "active load” (ALPS) or in
form of an "active module” (HLP-AM).
There is justified concern among test
engineers on the accuracy of
measurements involving modulated
signals, such as ACP for CDMA or other
type of modulation. The following graphs
show what can be expected and tolerated
in terms of ACP performance on one of
the 10 Watt (40dBm) amplifiers FOCUS
utilizes in its active load pull system and
the active modules themselves.
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Figure 7 shows that the amplifier used
starts saturating at 40 dBm (10 Watt) RF
power. The ACP behaviour of both close
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Figure 7: Saturation Plot and ACPR of 10 Watt Power

Amplifier

Figure 6: ACP Upper and Lower Channel 1
performance of power amplifier

channels ACP-L1 and ACP-U1
(figure 6) however starts degrading
noticeably at around 34 dBm (2.2
Watt) RF power.

It is a matter of tradeoff how far this
amplifier should be driven in order
not to falsify ACPR measurements,
Typical good transistors have channel
1 ACPR of the order of 40 to 55 dBe,
in which case this amplifier can be
driven up to 36 dBm (4 Watt) with
still acceptable results.

Figure 7 shows the saturation plot of
this amplifier, which is specified
F1dB=10Watt, but is rather optimized
for bandwidth (0.8-2.5 GHz) than
lincarity.

Using load pull data the amplifiers can be optimized for linearity and perform better in ACPR at

some cost of gain and bandwidh.

[1] "Active Module to overcome Tuner and Fixture Loss", Technical Note 6, Focus

Microwaves, April 1996.




