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If we take the cavity voltage vector to be the real axis, 
then the generator current can be expressed as ܫ௚෩ ൌ ௚௥ܫ ൅ ௚௜ܫ݆ ൌ ௖ܸ ቀఉାଵோೞ೓ ൅ ଶ௝ఋோೞ೓/ொబቁ െ  ௕         (1)ܫ݆

where the subscripts (r) and (i) correspond ot the real and 
imaginary components. 

Therefore  ܫ௚௥ ൌ ሺߚ ൅ 1ሻ ௖ܸܴ௦௛     (2) 

௚௜ܫ ൌ ߜ2 ௖ܸܴ௦௛ ܳ଴⁄ െ  ௕ (3)ܫ

For a given generator power Pg, the amplitude of the 
generator current Ig is หܫ௚ห ൌ ඨ8ߚ ௚ܴܲ௦௛  (4) 

To obtain the most efficient tuning of the cavity, we 
need to maximize Igi by optimizing the coupling factor β. 
Substituting Eqn. (4) to Eqn. (1), the amplitude of the 
imaginary part of the generator current is then  ܫ௚௜ଶ ൌ ௚ଶܫ െ ௚௥ଶൌܫ ߚ8 ௚ܴܲ௦௛ െ ሺߚ ൅ 1ሻଶ ௖ܸଶܴ௦௛ଶ  

 

The Igi maximizes at ߚ௢௣௧ ൌ ସ௉೒ோೞ೓௏೎మ െ 1 with the value 

of ܫ௚௜ ൌ 4 ௚ܲ௖ܸ ඨߚ௢௣௧ െ ௢௣௧ߚ1 ൅ 1 

For 56MHz cavity, we have the parameters as shown in 
the table below. 

Table 1: Parameters for 56MHz cavity 

Parameter Unit Value 

Q0  2 ൈ 10ଽ ܴ௦௛ܳ଴  Ohm 40 

Gap Voltage MV 2 

Amplifier 
Power 

kW 1 

 
The optimum coupling factor ߚ௢௣௧ is 79. The 

corresponding external Q for the FPC is 2.5 ൈ 10଻. 
With ߚ ب 1, Igi is simplified to ܫ௚௜ ൎ 4 ௚ܲ௖ܸ  (5) 

We can then obtain the maximum tuning range of the 
FPC with 1kW amplifier. 

The detuning of the cavity δ consists of two 
components, contributed from the beam and the generator 
respectively. We assume the contribution from the 
generator is a small perturbation of the frequency.  This 
compensation results in an amplitude change of gap 
voltage, which is then used as the real time correction of 
the gap voltage. From Eqn. (3) we have  ܫ௕ ൌ ଴ܴ௦௛ߜܸ ܳ଴⁄ ௚௜ܫ  ൌ ௦௛ܴߦܸ ܳ଴⁄  

(6) 

From Eqn. (5) and (6), we can obtain the detuning due 
to the generator current ξ as a function of the cavity 
parameters ߦ ൌ 4 ௚ܲ ܴ௦௛ ܳ଴⁄௖ܸଶ  

 
It is important to notice that the under the optimum 

detuning setup, the detuning ability of the FPC is solely 
dependent on the cavity characteristics, i.e. the beam does 
not affect the FPC detuning.  

With the parameters in Table 1, the tuning ability of the 
1kW amplifier ξ at optimum working point is 4 ൈ 10ି଼, 
and the corresponding tuning range Δf is 1.13Hz. 

PU 
The power from the PU will only be used to feed in the 

feedback loop of the frequency tuning control, therefore 
1W is sufficient for the purpose and should be safe for the 
LLRF circuit. 

 The calculation for the PU follows the same method as 
shown in the FPC section. With 1W of power, the 
coupling factor should be 0.08, and the corresponding 
external Q is 2.5 ൈ 10ଵ଴. 

 

SIMULATION 
With the result from the theoretical calculation, 3D 

simulations are carried out via MicroWave Studio [2] to 
set the location of the FPC and PU loops with respect to 
the cavity. 

 

 

Figure 3: 3D model of the FPC setup with adjustment 
elements. 
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The current design of the FPC is shown in Figure 3. 
The adjustment of the loop location is made feasible by 
mechanical step motor. The motion resolution can be as 
small as micron range. For simplicity, the PU will use the 
same design. The motion system will be used for initial 
set up of the components. Once the cavity start operating, 
real time tuning of the frequency is achieved by the 
feedback circuit and driving amplifier. Table 2 lists the 
design parameters of the FPC. 

Table 2: Geometry of the FPC. 

Parameter Value [cm] 

loop length 3 

loop height 1.6 

loop width 1.1 

 

 

Figure 4: Installed FPC with respect to the cavity. 

Figure 4 shows the 3D view of the installed FPC. 
Matching windows are carefully designed to prevent RF 
reflection. 

The simulation is done with MWS under 50Ω port 
matching scheme. Length D is defined as the distance 
between the start point of the inner conductor of the FPC 
and the end of the cavity, as shown in Figure 5. 

  

 

Figure 5: Close up view of the FPC installation in the 
cavity. 

The external Q of the FPC port increases as the FPC 
loop retracts out from the cavity, i.e. the D increases. 
From the simulation result shown in Figure 6, to satisfy 
the optimum tuning, the FPC is retracted 4cm from 
position which the loop is fully inside the cavity, i.e. ܦ ൌ 4ܿ݉. 

 

 

Figure 6: External Q of the FPC port versus the change in 
FPC location. 

The field in between the outer conductor of the FPC 
and the chemical cleaning tube wall is less than 10 gauss, 
and even less for the PU. Thus the flange area should not 
be heat up and saved cooling efforts. 

The PU shares the same design as of the FPC, 
therefore, from Figure 6 we can also conclude the 
location of the PU is  ܦ ൌ 7.8ܿ݉. 

CONCLUSION 
The FPC and the PU of the 56MHz SRF cavity for 

RHIC can share the same design with different locations 
in the cavity. With 2MV gap voltage, the optimum tuning 
range for the current FPC design is 1.13Hz. 
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