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DESCRIPTION 

General 

The Varian [on Bom bardment Gun , Mode l 981 -2043 , provides a high density ion 
bea m fo r cleaning sample surfaces and fo r depth profiling for Auge r surface 
analysis or simi lar research work. See F igure I . Power fo r the gun is provided by 
Con trol Unit. Mode l 981 -1046 (refer to manual No . 87-400 345). 

The operating bea m energy of the gun is variab le from 0 to 3000 V and feedback 
regula tion of the emission curren t ensu res beam curren t stability. A le ns system 
provides accelera tion and beam focusing. Deflection plates allow precise man ual 
beam positioning as well as high freque n cy scan n ing in bo th the X- and Y-axes. 

Scanning facilitates the uniform spu ttering of a large area of the sa mple surface. 
The ac tual size of the scanned area will depend on the separation of the gun and 
sa mple. and their relat ive orientations. When ctepth profiling with the gun in an 
uppe r port of the vacuum chamber, and a samp le holder t ilting the sample through 
30°, a few squa re mi lli meters of the sa mple can be sputtered with average cu rrent 
deii s i~ie5 varying iess i.han 5%. 

T he gun has a dual-fi la ment assembly to allow for continued lo ng-term operation. 
The filam~nt assembly is field replaceable. The gun is mounted on u 2-3 / 4" OD 
Co nFlur® Flange and is de signed ro mate to a similar-sized nange on a 1-3/ 4" OD 
port. 
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Operating Principle 

The ion gun has an electron impact ionization source and an electrostatic lens 
system for accelerating. focusing, and deflecting the ion beam. A schematic 
diagram of the ion gun is shown in Figure 2. The electrons emitted from the 
filament are accelerated into the cylindrical grid cage by a positive poten tial. 
Electron impact on the inert gas atoms within the grid cage produces ions that are 
accelerated towards the three-element lens by the extractor, then oui of the gun 
assem bly where they impinge on a sample surface. 
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Beam Probe Accessory 

Specifications 

When used in conjunction with the ion bombardment gun, the accessory Beam 
Probe, Model 98 1-2S0S, facilitates highly reproducible , quantitative spullering. 
The beam probe, a Faraday cup assembly , is also usefu l fo r alignment purposes, 
ensuring that the ion beam and the Auger gun electron beam intersect the sa me 
point o n the sample under investigation. Refer to Varian manual, publication 
no . 87-400 346. 

Ion beam energy . . . . 

Ion beam current density . 

S pu ttering ra tes . 

Ion beam diameter 

Focus . . . . . 

Filaments 

Emission cu rrent. 

Degas current . 

Automatic degas 

Operating pressure 

Mounting 

Bakeability 

Dimensions 

Variable, 0-3 keV . 

>300 IlA/crf12 at 5 cm from end of gun with 
6 X 10-' torr of Ar and 3 ke V energy 

>200 A/ min fo r Ta20, fo r the above conditions 

-2.5 mm at 3 keV and S em from gun 

Tracking and adjustable from 4 to 10 em from 
end of gun 

Field replaceable dua l, tungsten wire fi lament 
assemb ly. Filament se lec tion fro m rear of power 
supply. 

30 rnA typical. 40 rnA maximum 

20 rnA (rear panel adjustment) 

Timed for 5 min while gun energy switched 

to zero 

Up to 10- 4 torr inert gas 

2-3 /4" 00 ConFlat® Flange ( requires> 1.45" lD 
tubulation) Flange to sa mple ;;;' 8" . 

6.0" fro m flange face to end of gun; 
1.44" gun OD 

Note: For highest ion beam current density, recommended operating parameters 
are 3 kV, 30 rnA, 6 X 10-' torr argon. While there are slight variations in the 
parameters from gun to gun for the maximum current densery, the current 
density obtained with these recommended parameters should be within 30% of 
the maximum. 
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INSTALLATION 

Unpacking 

Installa tion 

The ion gun is cleaned and degassed before shipment ; therefore, the components 
on the vacuum side of the flange should be handled with clean, lint-free gloves, 
finger co ts , or with degreased tools. 

To prevent damage or contamination during shipment, the ion gun is shipped in a 
formed , clam-shell plastic container. To remove the ion gun, carefully remove the 
stap les holding the package shut, open the clam-shell, and lift out the io n gun by 
its mounting flange. 

Check the ion gu n for shipping damage. Using an ohmeter and the pin diagram 
of Figure 2, check the gu n for: 

I . Filament continuity : 

2. Pin-to-pin shorts: 

3. Pin-to-ground sho rts: 

pins I , 8, and 9 should indicate less than I n 
between any pair. 

no pins should be shorted to one another except 
pins! I 8, :lnd 9. 

none of the ten pins should show less tha n I Mn 
to ground (to the flange). 

Check that the tapered end of the shie ld is aligned with the ends of the dellec tion 
plates, i.e. , that the shield has not slipped off or too fa r on during shipment. 

Shipped with the ion gun is the lens removal jig, which should be stored fo r use 
when replacing the fi laments or grid. 

I. The ion gun is mounted onto a mating 2-3/4" flange wi th an inside clearance 
of 1.45". The sample to mating flange face distance should be at least 8". 
The ion beam current densit y at the sample decreases as the distance from 
the sample [0 the end of the gun increases. Therefore, it is usual ly desirable 
to mount the gun as close to the sample as possible without interfering with 
o ther instruments in the chamber. 

2. Connect the control unit cable to the gun . 

3. After pumping the system down 10 10-7 torr, outgas the ion gun before 
turning on the high voltage. (Set OPERATE-DEGAS switch to DEGAS, 
POWER 0 , ' ; refer to po wer supply manuaL) 

Inert Gas Source 

It is necessary to install a clean source of inert gas (Ar, Kr or Xe) on the vacuum 
system for the ion gun, A simple installation method is described here. The 
Variable Leak Valve (Model 951 -5 100) has a flare fitting gas inlet port, The inert 
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gas is research grade, in a size 7 (or larger) cylinder. The regulator and valve must 
be compatible with high purity gases and must allow pumping a vacuum up to the 
cylinder valve (Matheson Gas Products, Model 19-580, for example). 

Copper tubing (clean, OFHC, 1/4" OD) is flared and attached to the leak valve. 
The flare nut must be lubricat.ed (Fe I-Pro C-I 00 High Temperature Lubricant) 
and tightened with two wrenches. (Do not get lubricant on the flare surfaces or 
inside the tUbing.) The tubing is attached to the regulator valve fitting. 

The vacuum system is rough-pumped with the VacSorb TM Pumps. The leak valve 
and regulator valve are fully opened to evacuate the tubing and regulator up to the 
closed cylinder valve to I micron pressure. The leak valve is closed, the cylinder 
valve is opened, and the regulator adjusted for 15 psig. The cylinder valve is closed 
and leak valve opened to complete the purge. 

The tubing and regulator are then pumped with the ion pumps to less than 10-8 

torr system pressure. This outgasses the line and verifies that no leaks exist. (If 
10-8 torr cannot be attained , tighten the fittings. ) Next , clos~ the leak valve. 
Open and close the cy!L'1d~r valve to flU t.'ie tubing with gas. Pinch off the copper 
tube about 2 ft from the leak valve. (Apply glue and tape to the pinch-off to 
protect it and to prevent personal injury.) This inert gas source will fill the system 
to 6 X 10-' torr a bout I 000 cycles. 
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OPERATION 

Operating Parameters 

It is recommended that 20 to 30 rnA emission be used with the lowest pressure of 
AI (lCr or Xe) sufficient to give the desired current density. While not affecting ion 
bombardment gun operation, this will ensure longest electron gun filament life. 

Since the sputtering yield and the maximum current density both increase nearly 
linearly with energy, the sputtering rate increases rapidly with energy. On the 
other hand, increased energy disorders the sample to greater depth. Usually, a high 
sputter rate is desired (using nearly maximum ion energy); but at other times it is 
preferable to carefully spuller a few layers with a minimum of damage (using a low 
energy beam). 

Sputtering Procedure 

The chamber pressure should be 10-8 torr or lower and the ion gun outgassed 
according to the control unit instruction manual. The Titanium Sublimation Pump 
should then be flashed on for about 2 min at 48 A. The ion pumps are then shut 
off. Tne inert gas (Ar, Kr, or Xe) is let in through the leak valve to the desired 
pressure (about 6 X 10- 5 torr). The ion gun is then operated according to .the 
control unit instruction manual. 

At full power, the ion gun actually has a slight pumping action on the inert gas and 
the pressure will be reduced. If the gun is operated for long periods, additionai 
inert gas must be let in. 

If the vacuum system has been baked, the argon remains relatively clean (clean 
enough for depth profile measurements) in the system for around 4 hr before the 
ion pumps must be turned on again to restore a clean system. 
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MAINTENANCE 

General 

Field ma in tenance should be limited to rep lace ment of a burned o ut filament 
~ssembly, replacement of a damaged grid, o r removal o f a si mple electrical short. 

Under normal operating conditions, each tu ngsten wire fi lament will last abo ut 
1000 hr before burnout. When a fila ment is open, the power supp ly will show no 
emission current. The filament switch o n the rear o f the power supply can then be 
switched to the second fila ment and opera tion can con tinue. 

If a filament shorts to the grid . the grid will be damaged and must be rep laced , 
along with the filamen t assemb ly. If such a condi tion exists, the emission meter 
o n the power su pply will indicate full scale (with the emissio n contro l tu rned 
coun terc1ockwise). 

During ion bombardment , a sma ll amount o f spu ttered metal from inside the ion 
gun coa ts the ceramic elec tri cal insu la tors. Electr ica l leakage after man y hundreds 
of hours of opera tion (i n ine rt gas) will change the gun characteristics. All ion gun 
pins shou ld have a t leas t I Mn resistance to ground (the 2- 3/4" flange) . If electri
c~1 leakage is excessive , the io n gun should be rebui lt at the factory. 

filament Replacelnent 

I. Clamp the ~-3/4" nange in a vise with the lens assemb ly pointing upward. 

, Remove the shie ld by removing screw on cone. sliding it upward ( Figure 3). 

Figure 3. Removal of cone. 

, , 
• 
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3. Remove the three 2-56 screws at the base of the lens assembly (Figu re 4). 

4 '. Reclamp the gun horizontally and pull the anode assembly from its socket 
(Figure 6). 

5. Loosen the screws of the filament connectors with the. #2 Bristol wrench. 
Remove th e o ld filament assembly . 

6 . Insert the new filament assembly. Tigh ten the screw holding the cen ter 
support rod on the. filament assembly , making sure that the curved filament 
support member is concentric with the grid (Figure 7) . 

7. . T igh ten the screws holding the filaments . making sure that each filament is 
parallel to the grid . 

8. insert the lens assembly into the jig with the base with the side hole in the lens assembly 
rotated toward th e filaments in the base assembly. Push the lens assembly 
down carefu ll y unti l the top of the side hole is 1/4" from the top, 
(The pins ar e not engaged in the socket at this point.) 

Figure 4. RemOllal of screws in base of lells assembly. 
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Figure 6. Removal of anode assembly 
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Figure 7. illsert iOI/ of nelV filamel// assembly 

9. Rota te the lens assemb ly slightly until the bolt holes at th e base line up . 
Push the Jens asse mbl y down all the way. mating the con neClOr pins inside. 

10. Replace the three c-56 screws at th e base of the lens assembly. 

11. Repl"ce the flange gasket. then slide the sh ield back ove r the lens assembly . 
Line up th e hole in the co ne with the bracket and rep l" ce the screw. 

12. Check fo r filament con tinuity and no shorts as indicated in Section ll . 

Grid Replacement 

1. 

Il/ slOl/O I i011. 

thiOLigh 6 of the Ffk;i;i£ij; R£p!u Cf iii £ iij !,.oceduiE . 

Unscrew the 0- 80 screw holding the grid assem bl~' to its base.' Rem ove the 
damaged assembly. 

3. Insert rhe new grid with one of its four supports opposite th e center fi lament 
post to prevent obstructi on of em ission from the filament by a grid support 
post . Also , d o not orient the grid with the mesh overlap in front of ei ther 
filament. 
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