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 Application Note 48 

On Wafer Load Pull Tuner Setups: 
A Design Help 

 
For reasons well known to experts in the field, electromechanical microwave tuners are used 
exclusively not only for test-fixture, but, despite their size and weight, also for on-wafer load 
pull and in many cases noise measurements too. The reasons for their use are that they provide a 
much better overall accuracy, tuning capability and power handling than lightweight electronic 
tuners, and represent a realistic “product” type solution as compared to “project” type solutions 
like “active load pull”. 
 
This note includes the following topics: 
 
1) A Typical Setup, page 1 
2) Tuner Positioners, page 2 
3) Mount a Tuner on Positioner, page 3 

4) The "Tuner-Probe" Connection, page 3 
5) Mount complete Setup, page 6 
6) Integration of a tuner, page 13

 
1. A Typical Setup 
An extended Load Pull setup, with harmonic tuning option looks as follows (figure 1): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: On Wafer Harmonic Load Pull Setup 
  
Abbreviations: DA=Driver Amplifier, CB=Power Combiner, CP=Directional Coupler, B=Bias Tee, 
AT=Attenuator; Input and Output Harmonic Tuners are optional. 
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The tuners are 
mounted either 
individually or as a 
block on Focus’ 
sturdy tuner po-
sitioners, figure 2.  
These are 3 axis 
positioners with 
micrometric screws 
in X and Y 
direction and 
special reinforced 
vertical axis to 
support even the 
heaviest tuners up 
to 40kg (90lb). 
Nevertheless most 
setups of big tuners 
and tuner 
combinations do 
not support the 
whole tuner weight 
but only half of it, 
the other half 
running on roller 
balls or bearings on 
the laboratory 
table. This is shown in later pictures. 
 
Tuners of different sizes can be mounted 
on these positioners. For stability and 
balance reasons it is recommended to 
limit the size of the tuners mounted 
directly on the positioners to model 
1808-2C or PHT-1808 (total tuner 
length = 12.5”). Figure 3 shows a 
smaller tuner, model Harmonic Combo 
4006-2H, mounted on a positioner and 
including cable and probe holding 
hardware brackets (model PBRA). 
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Figure 2: Focus Tuner Positioner, model 3AXP 

Figure 3: Focus Tuner on Focus Positioner with Focus 
Probe holding Bracket 

2. Tuner Positioners (see page 15) 
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The positioners themselves are mounted on the table of the probe stations using appropriate Allen 
screws. Depending on the size of the microscope the positioners can be mounted closer or further 
away from the chuck and the wafer. It is strongly recommended to avoid long leads between the 
tuners and the probes. They contribute insertion loss and jeopardize the tuning range of the system. 
Later in this note we describe Focus’ solutions to this fundamental load pull problem. 
 
 
3. Mounting the Tuners on the Positioners (see page 14) 
Focus tuners can be mounted on the positioners using two different methods: 
 

• A permanent setup uses Allen screws to hold the tuner base on the positioner platform. 
• A flexible setup uses self-adhesive magnetic sheet, taped on the tuner base and bonding 

magnetically on sheet metal fixed on the aluminium positioner platform. 
 
Because of the weight of the tuners, the negligible tuner vibrations and the only small movements 
required for the operation, the second method of tuner mounting is the better choice, despite the fact 
that there is no rigid fixation between the tuner and the tuner positioner.  

 
The electrical tuner control connector 
must be placed on the side of the tuner 
(option TCP-2); for both tuners the 
connector is mounted on the non-test 
(idle) port of the tuner (source tuner on 
port 1, load tuner on port 2); this 
eliminates any conflict of the control 
connector and cable with the positioner 
platform (figure 3). 
 
 
4. The “Tuner–Probe” 
Connection 
The RF connection between the tuner 

and the wafer probe is, probably, the most critical item in the whole setup. A lossy connection will 
jeopardize the tuning dynamic Γmax of the system.  
Focus offers three alternatives: 

• The traditional approach of using a flexible or semi-rigid cable 
• The Focus proposed solution of using tuners with extended slabline (“long neck”(1)) 
• The Focus proposed solution for long-neck tuners with a manual prematching module 

integrated on the extended section of the slabline. 
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• The Traditional Approach 
If a flexible or semi-rigid cable is going to be used, Focus provides appropriate probe holders, which 
attach to the tuner body and allow varying the planarity of the probe (figure 5). Flexible or semi-rigid 
cables use Teflon as dielectric. This creates insertion loss of the order of a few tenths of a dB per foot; 
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in addition this structure includes four lossy adapters:  
• The tuner connector 
• The cable connector joining the tuner 
• The cable connector joining the probe 
• The probe connector and 
• The insertion loss of the probe 
Each of those adapters includes at least one 
dielectrically filled retaining washer in addition 
to some fitting metallic parts. All this creates 
insertion loss (and residual reflections). 
At high frequencies, between 12 and 40GHz 
these losses are far from negligible, amounting to 
1dB or more. A male-female connector pair 
causes around 0.3dB loss at 40GHz.  
The reflection factor of a tuner will be reduced by 
this chain of adapters from a typical 0.85 to less 
than 0.75, possibly 0.7, not allowing to test 
transistors with internal impedance lower than 8-
9Ω. 
 
• Using Tuners with Extended Slabline 

(“Long Neck”)(1) 
Focus manufactures CCMT tuners designed for 
best on-wafer operation. These tuners have an 
extended slabline beyond the body of the tuner 
itself, in order to eliminate the flexible cable and 
one connector/adapter set. These “long neck” 
structures are available for all frequency bands of 
Focus tuners, starting at 0.8GHz and ending at 
50GHz. It is in particular at the high frequency end, beyond 12GHz, though, that the effect on 
improvement of the reflection factors at DUT reference plane is remarkable. This is obviously due to 
the increased insertion loss of cables and connectors in this frequency range. Measurements on a large 
number of 40GHz slablines manufactured over the years, reveals that the insertion loss of a K (2.9 mm) 
connector is of the order of 0.3dB at 40GHz. A 6” long coaxial semi-rigid cable has a minimum of 
0.5dB loss plus two connectors for a total of approximately 1dB at 40GHz. In other words, the 
extended slabline structure having a total loss of around 0.3dB (corresponding to the loss of 1 
connector) instead of 1.3dB (≈ cable + 1 connector) will improve the reflection factor available at DUT 
reference plane by roughly 2dB, since reflection factor follows the "Return Loss = 2x Insertion Loss" 
rule. An extended slabline structure, installed on a 6-40GHz harmonic “Combo” tuner is shown in 
figure 6. 
 

(1) US patent pending 
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Figure 5: Tuner – Probe connection using semi 
rigid cable and Focus probe holder (PBRA). 
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Figure 6: 6- 40GHz 

“Combo” 
Tuner with 

extended slabline, bent 45° and connected    directly to a wafer probe using an 
adjustable probe bracket. 

Picture detail  

Probe 
holding 
bracket 
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• Using Extended Slablines with Manual Pre-Matching Modules (“MPM”) (1) 
Prematching is known to dramatically increase the reflection factor at DUT reference plane, as long 
as insertion loss before the pre-matching slug and the DUT and between the pre-matching and the 
tuning slug are minimized.  
One efficient way of doing this is to place a pre-matching module very close to the DUT and to 
avoid, if possible, any connectors and adapters between this module and the tuner test port. 
A practical solution to both those requirements is to use an extended slabline and place a Manual 
Pre-matching Module (MPM) on 
a straight section of this slabline, 
outside the tuner, as shown in 
figure 7.  This configuration 
utilizes Focus extended slablines 
plus a manual carriage which 
holds a pre-matching module. 
Since this is a manually 
adjustable setup, the tuner with 
the MPM in its actual position 
must be calibrated “in-situ”, 
through a wafer probe pair 
connected to a THRU line. A 
special software routine, called 
“on-line de-embedding”, allows 
the user to position the MPM 
and measure it on-line or with 
a calibrated VNA. Using 
previously obtained S-
parameters of the probes 
allows on-line de-embedding 
and displaying the actual impedance on the Smith Chart (also see page 7). 
 
5. Mounting the whole Setup on the Probe Station 
The final configuration of the whole load pull setup depends of course on the number and the size 
of the tuners used. As figure 1 suggests the tuner positioners may be used to support some of the 
tuners or only the probes. The most important issue is, of course, to create a balanced, stable and 
vibration free setup, which is also easy to adjust precisely in all three directions. 
When a single small size tuner is used, as is the case for simple high frequency non-harmonic 
setups, supporting the tuner directly with the positioner is, of course, the simplest solution (figure 
3). In this case the complete arrangement of the wafer test setup is shown in figure 8: 
 
If larger tuners or a combination of two tuners, like a fundamental and a harmonic tuner, is used, 
the tuner positioner can be either used to support a platform carrying both tuners (figure 9) or, 
preferably carry only part of the weight, the remaining part being supported by a set of wheels or 
bearings (figure 10) or adjustable feet with sliding or rolling capability on the probe table or the 
supporting laboratory table (figure 11).  
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Figure 7: 2-40GHz CCMT tuner with extended slabline, bent 
45°, and a Manual Pre-matching Module, connected to a wafer 
probe.  
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In both cases the Focus tuner positioner can adjust the tuners finely in all three axes and position 
them precisely and vibration free on the test chip or on the TRL wafer standards for in-situ setup 
and tuner calibrations.  
 
Figures 13 and 14 show bent extension airlines, which can be used instead of semi-rigid cables, to 
connect the tuners with the wafer probes. In addition these extensions can be used to transform one 
type of connector to another (like APC-7 to K) and manual pre-matching modules (MPM) can be 
assembled on those sections. Being very close to the DUT these MPM’s are most efficient in 
raising the reflection factor tuning capability of the system. For each position of the MPM the tuner 
must be recalibrated, but this can be done “in-situ”, without removing the tuner from the probe 
station. 
A special routine in WinPower, called “On-Line-De-Embedding” allows one to view the reflection 
factor of the MPM even without having the tuner connected to the probe station, just by using the 
S-parameters of the probes, which can be obtained independently using Focus’ TRL calibration 
method. 
 
Figures 15 and 16 show applications of a self-made probe station, which uses only two Focus 
positioners, a microscope and a flat table for mounting the positioners. 
Figure 17 shows a complete harmonic load pull setup on an automatic wafer probe station. 
Figure 18 shows critical dimensions needed for the layout of a tuner setup on a probe station.  
Figure 19 shows the dimensions of a CCMT-1808 (0.8-18 GHz) tuner. 
Figure 20 shows the dimensions of a Focus tuner positioner. 
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Figure 
9: 
Setup 

using two large tuners, supported fully by a tuner positioner on an extended wafer probe 
station table. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Setup using a harmonic and a fundamental tuner, partly supported by the positioner 

(figure 11). 
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Figure 11: Set of Harmonic and fundamental tuners on a platform supported by a positioner (left) 

and two rolling feet directly on the laboratory table. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Top view of tuner combination supported entirely by a tuner positioner (from figure 9). 

An adjustable arm holds the probe itself, which is connected to a cable or a slabline 
extension. 

 
(*) Provided by Focus 

Chuck 

Probe Station Rolling Support Feet* Lab Table Tuner Platform* Tuner Positioner* 



 10 

Application Note 48         On Wafer Setups using CCMT…                         Focus Microwaves 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13:  45° bent airline extension with adjustable holding bracket. Connectors used: 

Tuner side APC-7, probe side K. A manual prematching module can be included. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 14:  45° bent airline extension with adjustable holding bracket. Connectors are APC-7 on      

both sides. A manual prematching module can be mounted on the horizontal part. 
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   Figure 15: Manual probe station made using self made chuck, plate and two Focus tuner   

positioners. 
 

 
   Figure 16: Self-made probe station used to load pull chips on an 8” wafer. It uses two tuner 

positioners holding airline extensions (fig.14) with manual prematching modules 
(MPM) in a configuration as shown in fig. 10. 
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Figure 17: Complete test 
setup using two fundamental 
and two harmonic tuners and 
airline extensions with 
prematching modules, all 
mounted on an automatic 
probe station using Focus 
tuner positioners and other 
hardware. The basic 
configuration is as shown in 
figures 10 and 16. 
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Figure 18: Aerial view of probe station table and microscope is required, in order to 
place the tuner positioners and the tuners and establish the best layout of the setup. 
A sketch or picture of this structure (without the tuners and positioners) with 
dimensions or scale will allow choosing the best solution.  
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6. Integration of a tuner with positioner on a probe station:  
 

Critical Dimensions 
(Aerial view of probe station with microscope is required, see figure 18) 
When planning the integration of a tuner with its positioner on a probe station the following 
dimensions A, B, C, D and H, are critical and shall be measured, in order to be able to design airline 
extensions, probe brackets and other components of the setup. Values for A, B ,C, D given in fig.18 
are typical and must be measured exactly for each setup. You should provide also for ±6” clearance 
before and behind the axis of the chuck for the tuner on the probe station platform (see figure 12). 
 

 
Figure 19: Critical Dimensions for tuner integration on a probe station (using Focus tuner 

positioners). A, B, C, D values are typical and may vary for other configurations. 
 
A = Vertical distance between microscope and wafer 
B = Length of probes to be used between probe tip and end of coax connector (probe brand and   

model must be provided for additional clearance at point "X"). 
C = Diameter of microscope at airline extension level 
D = Distance between DUT and Tuner body reference plane 
H = Height difference between Chuck and Probe station table 
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Figure 20: Layout and dimensions of 0.8- 18 GHz tuner 
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Figure 21: Structure and dimensions of a Focus 3-Axis tuner positioner. 


