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                                                                                             APPLICATION NOTE 73 

BALANCING TUNERS  FOR HIGH GAMMA ON WAFER LOAD PULL 

 INTRODUCTION 

Slide screw impedance tuners have been used 

for over 50 years for noise first  (1974) and 

load pull measurements after (1976). The 

tuners use a low-loss transmission airline L (or 

a slabline)  (fig. 1) and one or more massive 

carriages (figs. 1, 2) moving along the slabline 

and housing a massive, high precision vertical 

axis mechanism, which controls the vertical 

position of a metallic tuning probe (slug), with 

the extremely high precision of a few 

micrometers (μm), required, since the 

reflection factor Γ or VSWR=(1+ |Γ|)/(1- |Γ|) 

at the tuner test port increases hyperbolically 

(Γ~1, VSWR-> ∞) with the gap between the 

slug and the center conductor (fig. 3). To 

control the phase of the reflection factor Γ, the 

massive carriages must move horizontally 

along the slabline (fig. 4); this creates 

movement horizontal of the center of gravity 

of the tuner and tilting (fig. 5).  

For testing chips on wafer, the tuners must be 

mounted on high precision 3-axis positioners, 

which allow X-Y-Z movement control. Since 

these adjustable positioners rely on linear 

bearings, they are always sensitive to 

movement of the center of gravity of the entire 

assembly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 1 
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PROBLEM AND SOLUTIONS 

The horizontal movement of the massive 

carriages of fig. 2 weighing, depending on the 

number of tuning probes (slugs) controlled, 

between 1 and 2 kg, creates a periodic horizontal 

shift of the center of gravity of the assembly 

“tuner-positioner” and causes an also periodical 

non-negligible  vertical movement of the test 

port (fig.5). This vertical movement of a single-

carriage tuner has been measured (fig. 6) using 

a Hall detector attached at the test port of a tuner 

with extended slabline (fig.9). We observe a  

dramatic movement in Z direction of over 30 μm 

before balancing the tuner but a negligible 

vertical movement after somehow balancing the 

tuner. It is impossible to fully eliminate the 

tilting by using stronger adjustable positioners, 

because they run on linear bearings for X-Y-Z 

control. Only if the tuner is connected with the 

wafer probe using a long flexible coaxial RF 

cable, which absorbs the tilting movement, the 

effect of the tilting can be ignored (fig. 7); the 

flexible cable, though, introduces insertion loss 

between the DUT and the tuner and reduces the 

tuning range (item 23 in fig. 8). To eliminate this 

insertion loss, Focus introduced, first the 

extended low loss slabline (long neck) tuners 

(fig.9) and later the DELTA tuners (fig.10), 

whereby the tuning probes (slugs) are mounted 

on long L brackets (insert in fig. 10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
XYZ TILTING MEASURE 

 

 

 

TING MECHANISM 

Fig. 5 

Fig. 6 

balanced 

Fig. 7 

Fig. 8 

unbalanced 
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These two tuner types (Long-Neck, fig. 9 and 

Delta, fig. 10) reduce significantly the insertion 

loss between tuning probe and DUT and, because 

of that, as  an additional benefit, they increase the 

tuning accuracy (see Product Note PN-94, 

“DELTA tuners inherently offer better accuracy 

on wafer”, even at very high reflection factor on 

wafer (fig. 11). 

To  benefit from the direct connection of the tuner 

with the wafer probe without deteriorating the 

contact or damaging the probe tips as can be seen 

in figs. 15 and 16, the vertical movement due to 

tilting must be less than a few μm (fig. 6). 

This is only possible if the center of gravity of the 

“tuner-positioner” assembly is not moving 

during tuning operations. If tuning requires 

moving the carriage horizontally (fig. 4) then the 

center of gravity will move and the tuner will tilt;  

Tilting elimination is only possible by balancing 

the tuners. Balancing means introducing a coun- 

terweight that mirrors the movement of the 

massive tuner carriage(s) and keeps the center of gravity of  

gravity of the assembly, “tuner-positioner” 

constant. In the case of a single-carriage tuner 

this is relatively simple: introducing a 

counterweight of equal mass, within 1/1000 of 

the carriage mass and linking directly to the 

carriage movement with inverse direction was 

proven enough (figs. 15 and 16). The situation is 

different when the tuner has two or three 

carriages that move independently.  In such  

 

 

 

 

 

 

 

 

 

Fig. 9 

DELTA 
Fig. 10 

Fig. 11 
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a case, each carriage must have its own 

counterweight and control mechanism (fig. 12), 

but, as can be seen, the mechanics is extremely 

complex.  

Alternatively, the multi-carriage tuner can be left   

intact and a large external, independently 

remotely controlled, counterweight can be used, 

together with a separate controller and control 

algorithm, to compensate, at each instance, for 

the vectorial sum of all carriage movements (fig. 

13); the control equation used for instant 

balancing  momentum generation is: 

 M*V(t) = -Σ{Μi*Vi(t)} as can be seen from the the 

time/speed chart in fig. 14. 

Hereby M and V(t) are the mass and 

instantaneous horizontal speed component  of 

the counterweight and Mi and Vi(t) those of 

each carriage; to avoid start/stop shocks in 

carriage movement, acceleration/deceleration 

ramps of each carriage were introduced and can 

create momentary imbalance of the system. For 

this the control algorithm includes the speed 

ramping phase of each carriage individually 

(fig. 14). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 

Fig. 12 

Fig. 14 

DELTA 
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Fig. 15 

Fig. 16 

BALANCED TUNER 

500 TUNER INITIALIZATIONS 
MOVEMENT 
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