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Introduction 
Travelling wave tubes used in communications must have internal 
components superheated to drive out impurities from the bulk materials.  Each 
component will have its own “recipe” (Temperature, Dwell, and Ramp Cycle) 
for cleaning, but in general temperatures above 1300 C are required.  
Conventional Cryopump systems may limit the maximum temperature at 
which the furnace operates, providing sub-optimal performance.   
 
This Solution Note describes the upgrading of a customer’s Vacuum Fire 
Furnace to Agilent’s V-1001 Turbo Pump from a CTI 8 inch Cryo-Pump. 
 
On first sight, Cryopumps have an advantage over Turbo-Pumps in pumping 
speeds (see Figure 1 below); however, when conductance losses are factored 
in, the advantage in pumping speed is significantly diminished.  In addition, 
several factors limit Cryopumps’ attractiveness for evacuating Vacuum Fire 
Furnaces: 

• Difficulty in maintaining adequate Cryo Cold Head Temperature 
(incidental capture of High Temperature Molecules) 

• Reduced efficiency caused by downtime from Re-generation of Cryo 
System (every 12-24 hours) 

• High Capital Costs ($8000 Pump, $5000 Compressor) and Power 
Consumption 
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Figure 1 – Pumping Speeds WITHOUT CONDUCTANCE LOSSES 

 
Existing Customer System 
The system shown in Figure 2 has a CTI 8” Cryo Pump mounted directly below the chamber, isolated only by a sliding 
gate to optimize conductance.  This configuration suffers greatly from Heat transfer to the Cold head, limiting the 
ultimate temperature, and the ramp rate the customer could use.  
 
 

 
 

Figure 2 – Customer’s “Ideal” Cryopump System 
 
Installing Water Cooled Baffles could help (maintain Cold Head temperature), at the expense of cost and complexity 
and most importantly, decreasing conductance (reducing effective pumping speed!). 
 
Similarly, increasing the distance between the Cryopump Cold Head and the Furnace (e.g., with insertion of a 90 
degree bend) helps, but again compromises conductance. 
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System Calculations 
To assess the performance of a Turbo-Pumped system, the parameters of a REALISTIC Cryopump system (with 90 
degree bend and 3” water cooled baffle to maintain cold-head temperature, per CTI recommendation) and one 
pumped by an AGILENT VPD Turbo Pump were loaded into Vac-Tran to estimate effective pumping speeds. 
 
For the Turbo Pump system, Agilent R&D recommended installation of a 90 degree bend to ensure process scaling 
particulate would not enter the turbo (see Figure 4 below).  Effective pumping speeds were calculated for:  
                     CTI Cryo 8” 

Agilent Turbo TwisTorr 750 
Agilent Turbo TwisTorr 850 
Agilent Turbo V-1001 

 

 
Figure 3 – Effective Pumping Speeds of ’90 Degree’ System (w/ Baffle for CTI) 

 
Based on the substantial improvement in Effective Pumping speed offered by the Agilent VPD Turbo-Pump 
configurations, the customer opted to install a V-1001 Turbo Pump System with Navigator Controller. 
 
Installation: Agilent Turbo Pump Solution 

 
Figure 4 – Agilent Turbo Pumping of ’90 Degree’ System 
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Pump down Cycle 
The chamber was roughed to less than 50 mTorr via direct connection (by-pass), then the by-pass valve was closed 
and the Turbo pump started (backed by the rough pump).  When the chamber pressure was below 1.0 x 10-6 Torr, the 
automated heat process (based on the ‘recipe’ or formula for the material being cleaned) was started.  
 
Several types of materials are processed (Moly-Rhenium, Titanium, Molybdenum, Monel, Hafnium, and Kovar).  Each 
material requires a unique combination of dwell time and temperature to achieve optimum cleanliness.  Higher 
permissible temperatures can allow for reduced ‘dwell’ times. 
 

 

Results 
With the Agilent V-1001 Turbo Pump in place, the Furnace’s performance must no longer be compromised to 
accommodate the limitations of the Cryo Pump. 
 
The customer has been able to develop and use more rapid ramping rates (50% reduction in ramp time vs Cryo 
System).  The Vacuum Fire Furnace can now achieve process temperatures of 1600 C, allowing the customer to 
reduce dwell times by up to 30%.  
  

 
Conclusions 
A. Turbo Pump based Vacuum Fire Furnace can outperform a cryopumped system by: 

1. Allowing the customer to use faster ramping rates (reduced process time) 
2. Allowing the customer to use higher ultimate temperatures (reduced process time AND optimized 

performance) 
3. Reducing Capital Cost associated with Cryopumped system 
4. Eliminating the need for costly and complex Water Cooled Baffles (required by Cryo-Pump to deal with 

Furnace’s heat load) 
5. Eliminating mandatory system shut-downs for Cryo Pump re-generation 

 
B. When considering the performance of cryopumped systems, care must be taken to include not only theoretical 

conductance losses, but ‘real world’ considerations such as separation from heat sources (displacement) and 
inclusion of cold baffles (mitigation) when these measures are necessary to overcome the inherent limitations of 
cryopumps. 

 
 
  



 
 

For more information: 
 
North and South America 
Agilent Technologies 
121 Hartwell Avenue 
Lexington MA 02421 USA 
Toll free: +1 800 882 7426 
vpl-customerservice@agilent.com 
 
Europe and Other Countries 
Agilent Technologies Italia S.p.A. 
via F.lli Varian 5410040 Leini (Torino), 
Italy 
Toll free: 00 800 234 234 00 
vpt.sales@agilent.com 
vpt-customerservice@agilent.com 
 
www.agilent.com/chem/vacuum 
 

System Components Utilized in this Application: 
Agilent Solution: 

• 1x V-1001 turbo pump 
• Turbo water cooling 25 C 
• 1x Navigator controller 
• 1x Vent valve installed w/ dedicated orifice  
• 7 min turbo stop (gate valve closed, fore pump on for 10 min) 
• 1x ‘T’ Mounting for Turbo with bottom of ‘T’ acting as active 

particulate trap 
• 1x Tri-Scroll 600 roughing chamber < 50 mTorr (via By-pass) 
• 2x Pirani gauges with set points in series above gate valve to 

ensure < 50 mTorr transfer pressure 
• 1x SH110 fore pump monitored with Pirani < 100 mTorr 
• 1x Hot Filament Ion Gauge located on chamber for process start 

<1.0 x 10-6 mTorr 
• Water cooled 6” spool piece to ensure minimal conductive heat 

transfer 
 
 
 
 

 

Agilent V-1001 Navigator Turbo Pump 
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