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What is bipolar EP? 

Cathodic Pulse “Tuned” to:  

- Reduce oxide/depassivate surface 

 Eliminate need for HF  

Anodic Pulse “Tuned” to: 

- Control current distribution 

 Eliminates need for 
viscous, low water 
content electrolytes 
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Off-Time “Tuned” to: 

- Heat dissipation 

- Replenish reacting species 

- Remove reaction products 

Electric Field Control – Not Chemistry  Electrolyte Flexibility 
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Why pursue bipolar EP? 

• Electropolishing without HF 
– Labs strongly dislike HF due to safety issues 

– Ecological footprint can be reduced 

• Potential ‘Drop-in’ EP technology that may replace 
traditional HF-based EP.   

• Potential industrial scalability improvement over 
traditional EP (vertical orientation). 

• Electrolyte modification from 9:1 solution of 95% 
H2SO4:49% HF to dilute H2SO4.  Working 
concentration is 5-10 wt% H2SO4. 
– Relatively safe and ecologically superior 

• Potential improvement of EP parameter control. 
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Project Goals 

• Develop pulse/pulse reverse (bipolar) waveform capable of 
polishing fine grain niobium samples using 5-10% H2SO4. 
– Surface finish and appearance must be equivalent to trad. EP 
– Removal rates—determine what is possible. 
– Power requirements—scale for 1-cell & 9-cell cavities 

• Construct small EP facility for 1.3 GHz 1-cell cavities compatible 
with horizontal EP to prove ‘drop-in’ technology 
– Horizontal EP tool fabrication 
– US cleaning capability 
– Power supplies sized for 1.3 GHz 1-cell (0.13 m2) 
– Modest utilities—DI water, power 

• Perform iterative polishing on 1.3 GHz 1-cell cavities. 
– Sacrificial cavity for waveform development 
– Performance trial cavities 
– Vertical tests 
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Sample Studies 

• Coupon studies yielded mixed information 
– Electrolytes of 10-30% H2SO4 produced similar surface finish, 

but did affect current density and removal rates. 
– Achieved removal rates in the range of 0.1-10 µm/min.  

Tunable to applied cycle frequency and duty factor. 
– Evaluated cathodic and anodic waveform voltages + on/off 

times for heat dissipation and power requirements. 
– Achieved surface finishes of Ra <0.2 µm -- equivalent or 

better than traditional EP. 
– Determined that power requirements as a function of surface 

area did not scale with available cavity/cathode area ratios.  
Polishing edge effects dominated and skewed results. 

– Found waveform shape for niobium, but not necessarily input 
values compatible with large surface areas. 

– Terminated sample studies due to inability to scale input 
variables with available cavity parameters. 
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Bipolar Waveforms 

Cavity Polishing Waveform Details: 
• 5% H2SO4 

• 4 V anodic for 200 ms, off 300 ms, -10V 
cathodic for 200 ms  

• 10% H2SO4 

• 4 V anodic for 100 ms, off for 150 ms, -10V 
cathodic for 100 ms 

• Achieved only 1.5 µm/hour removal rates. 
*Frequency doubled due to conductivity improvement 
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Rectifier Values: 
Pavg =  199 W 
Vanodic = +4 V 
Vcathodic = -10 V 
Currentavg = 90 Aosc, 117 Arect 

Currentpk = 368 Aan, 550 Aca 

Typical 1-cell EP: 
Pavg = 630 W 
Ppk = 1 kW 
Voltage = 18 VDC 
Currentavg = 35 A 

SEE TUPO54 



‘Drop-in’ (replacement) EP? 

Horizontal EP tool at Faraday 
Technology, Inc.  Initial trials were 
performed horizontally, but transitioned 
to vertical with dramatically improved 
performance. 
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Bipolar EP Surface Details 

TE1DESYB5—20 um bipolar EP. TE1NR001 >120 um bipolar EP. 

Unmasked cathode: 
• 3:1 removal ratio beamtube/iris:equator 
 
Partially masked cathode: 
• 2.5:1 removal ratio beamtube/iris:equator 
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Performance Trial #1 

• Goal:  Verify vertical test performance of 
bipolar EP on a single-cell 1.3 GHz cavity 
(TE1DESYB5). 
– Process & Test Sequence: 

• Vertical test #1 for baseline performance 
previously treated cavity. 

• Light Vertical Bipolar EP - > 10µm removal at 
equator. 

• High pressure rinse and vertical test 
preparation 

• Vertical test #2. 
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TE1DESYB5 Performance Results 
Bipolar EP Light (~20 um) Polishing Recipe Test 

Vertical Orientation - Unmasked Cathode  
 

Proc./Test Sequence 
 
1. Loaned by DESY 
2. HPR 
3. VT #1 – No FE 

 
4. Light Bipolar EP 
5. HPR 
6. VT #2 – No FE 

 
 

VT#1 
18 MV/m – Quench   
Q0=1.5E+10 

VT#2 
30 MV/m - HFQS   
Q0=1.8E+9 
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Performance Trial #2 

• Goal:  Perform bulk electropolish on a 
poor performing cavity (TE1AES007) 
using Bipolar EP to determine process 
compatibility.   
– Process & Test Sequence: 

• Vertical test #1  

• Bulk Vertical Bipolar EP - > 50µm removal at 
equator. 

• High pressure rinse and vertical test preparation 

• Vertical test #2. 
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TE1AES007 Performance Results 
Bipolar EP Bulk (~100 um) Polishing - Vertical Orientation 

Partially Masked Cathode 
 Proc./Test Sequence 

 
1. 20 um std EP 
2. 800C bake 3 hrs 
3. HPR 
4. VT #1 – No FE 

 
5. Bulk  Bipolar EP 
6. HPR 
7. VT #2 – No FE 

VT#2 
29 MV/m  - Quench  
Q0=1.3E+10 

VT#1 
9 MV/m  
Q0=3.8E+8 

No Bake Performed. 
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Performance Trial #3 

• Goal:  Evaluate Q-disease behavior due to 
bulk and light bipolar EP.  
– Process & Test Sequence: 

• 100 K hold 
• Vertical test #3 
• 800C bake 3 hrs with end caps (no-foils) 
• High pressure rinse and vertical test prep 
• Vertical test #4 
• Light Bipolar EP – 20 um at equator 
• High pressure rinse and vertical test prep 
• 100 K hold 
• Vertical test #5 
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TE1AES007 Performance Results 
Bipolar EP Q-disease Studies 

Proc./Test Sequence 
 
1. Bulk Bipolar EP 
2. HPR 
3. VT #2 – No  FE 

 
4. 100K hold 
5. VT #3  

 
6. 800C bake, 3 hrs 
7. VT #4 – No FE 

 
8. Light Bipolar EP 
9. 100K hold 
10. VT #5 – No FE 

 
 

VT#3 – Q-disease! 
6 MV/m   
Q0=1.9E+8 

VT#2 
29 MV/m  - Quench  
Q0=1.3E+10 

VT#4 
18 MV/m - Quench   
Q0=1.6E+10 

VT#5 
17 MV/m - Quench   
Q0=1.3E+10 

No FE. 
Unknown defect. 
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Performance Trial #4 

• Goal:  Evaluate whether light bipolar EP is 
capable of producing gradients > 35 MV/m at a 
Q0 of 1E+10. 
– Process Sequence: 

• Baseline EP vertical test #1  
• Baseline light EP vertical test #2 (light surface damage 

repair + Q disease test) 
• Bipolar light EP 
• High pressure rinse and vertical test prep 
• 120 C bake 
• Vertical test #3 (standard probe) (Qext = 7.0E+09 ) 
• High pressure rinse and vertical test prep 
• Vertical test #4 (shortened probe) (Qext = 5.0E+10) 
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TE1AES012 Performance Results 
Vertical Bipolar EP Light Polishing High Performance Test  

Proc./Test Sequence 
 
1. Baseline 120um EP 
2. HPR 
3. 120C bake 
4. VT #1 

 
5. Light baseline EP 
6. HPR 
7. 100K soak 
8. VT #2 

 
9. Bipolar Light EP 
10. HPR 
11. 120C bake 48 hrs 
12. VT #3 

 
13. HPR 
14. Short probe 
15. VT#4 

 
 
 

VT#2 
30 MV/m   
Q0=5.9E+9 

VT#1 
44 MV/m   
Q0=1.9E+9 

VT#3 
44 MV/m   
Q0=1.0E+10 

VT#4 
32 MV/m   
Q0=1.1E+10 

Q0 = 5E+10? 
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TE1AES012 Performance Results 
Vertical Bipolar EP Light Polishing High Performance Test  

Proc./Test Sequence 
 
1. Bipolar Light EP 
2. HPR 
3. 120C bake 48 hrs 
4. VT #3 

 
5. HPR 
6. Short probe 
7. VT#4 

 
 
 

VT#3 
44 MV/m   
Q0=1.0E+10 

VT#4 
32 MV/m   
Q0=1.1E+10 

Qext = 7.0E+9 

VT#3 had an abnormal cool-down. 
-accidental 100 K hold 2hrs 
-warm  up to 220 K 
-quick cooldown to 2 K 
 
VT#4 may suffer from some  
residual hydrogen since no  
800C bake but had >100 um EP. 

Qext = 5.5E+10 



CONCLUSIONS 

• Bipolar EP, using a dilute aqueous H2SO4 electrolyte 
without HF yields equivalent RF performance with 
traditional EP.  

• Bipolar EP behaves similarly to traditional EP in that bulk 
bipolar EP causes Q-disease, but light bipolar EP does not. 

• Ecologically friendly and relatively benign electrolyte 
options for cavity processing exist. 

• Bipolar EP needs to be developed for multi-cell cavities. 
• Bipolar EP waveform trials need to be resumed to improve 

material removal rates.  
• Industrial partners can provide new ideas and 

technologies that advance the field of SRF.   
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