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SECTION |
DESCRIPTION

SAFETY
The Varian lon Bombardment Gun Power Supply, Model 981-20486, provides the supply
voltages and controls to operate the lon Bombardment Gun, Model 981-2043,

WARNING
VOLTAGES DEVELOPED IN THE ION BOMBARDMENT GUN
POWER SUPPLY CAN BE FATAL.

The gun provides a high density ion beam for sputter-etching sample surfaces and, when combined
with Auger electron spectroscopy, for depth prefiling and interface analysis of thin films. The

power supply is shown in Figure 1,

WARNING
VOLTAGES UP TO 3000 V ARE PRESENT IN THE |ON BOMBARDMENT
GUN POWER SUPPLY CHASSIS AND AT THE REAR PANEL OUTPUT
CONNECTORS. THESE VOLTAGES CONSTITUTE A SEVERE SAFETY
HAZARD AND CAN BE FATAL,

The accelerating voltage provided by the power supply is variable from 0 to 3000V,
regulated and resettable to 1%. Emission current is variable from 0 to 40 mA and feedback
regulation of 1% ensures high beam current stability,

Beam focus is controlled by an adjustable veitage applied to the electrostatic lens in the
gun, X-and Y-axis deflection controls allow precise dc positioning of the ion beam over a
*5 mm range. In addition, a variable scan voltage prevides a high frequency scanning mode
which permits the scanning of an area up to 1 cm?, centered about the dc position of the beam.
Two separate scan areas can be set up, allowing the selection of three different ion beam current
densities without the need to readjust the ion gun beam parameters. The three different levels
are switch selectable and include operation in a no-scan mode, or operation in either of two

pre-sei area scans.

The unit has an automatic degas feature for cleaning the gun after exposure to atmosphere
and before an ion bombardment operation. The power supply automatically sets the proper
current and voltage levels and then removes them after a preset time of 5 minutes (6 minutes

when operated at 50 Hz line frequency).



DESCRIPTION

A connector is provided for remote on/off control which would allow, for example, convenient

timed automatic depth profile measurements.

CONTROLS AND INDICATORS, FRONT PANEL

POWER ON toggle switch, .. ... T Applies main power to control unit,
indicator lamp

OPERATE —DEGAS ............ ... Programs voltages to gun for Operate and
two-position rotary switch Degas modes. Degas mode limited to

5 minutes (6 minutes at 50 Hz)

BEAM ENERGY ON ..... R — Turns on accelerating voltage. This voltage
toggle switch, indicator, applied to grid of gun as referenced to
lamp sample fixture and power supply ground.

Power supply chassis is connected to fixture
frame via the ion gun cable to ensure a known

ground return,

Frant View

Rear View

Figure 1. fon Bombardment Gun Power Supply



BEAM ENERGY ....... >
three-turn calibrated
dial with lock

0to/50mA

SCAN VOLTAGE

o]s e e R i L AT ey
toggle switch
AREATAREA 2 C, o it vumies
toggle switch
RAEA T A s it

three-turn potentiometer

ABREAZ: cind aeaiis dha midani s s

single-turn potentiometer
{screwdriver adjustment)

DEFLECTION X-AXIS ...
potentiometer

DESCRIPTION

Sets accelerating voltage regulated power
supply from O to +3000 Vdc.

Sets regulated filament power supply
1o give the desired gun emission current
{010 40 mA).

Displays emission current in operate mode
and degas emission current in degas mode.
Includes meter mechanical zeroing adjustment.

Turns on scanning amplifier circuit. Qutput
applied to deflection plates of gun.

Selects high frequency scan voltage to be
applied to gun deflection plates.

Adjusts peak-to-peak scan voltage amplitude
applied to X- and Y-plates when AREA 1/
AREA 2 switch in AREA 1 position.

Provides adjustment of deflection voltages
to X- and Y-plates (in AREA 2 mode).
Total adjustment (AREA 1 and AREA 2)
ranges from O to 250 V at the plates.

Controls bias dc voltage to X-axis deflection
plates. As the X-axis control is turned, one
plate goes more positive while the opposite
plate becomes less positive. Plates are at
same potential when the controls is at
midrange. At this setting, the voltage to each
plate is equal to 6.5% of the beam voltage.
With control fully clockwise or counter-
clockwise, one plate is 13% of beam voitage
while the opposite plate is at 0 Vdc.



DESCRIPTION

potentiometer

FILWEIL 2, 20 o s i s s
two-position rotary
switch

CONTROLS AND INDICATORS, REAR PANEL

input terminal

VOETRAGE: .. iy ailes oa da i ramsriis
slide switch

BEAM ON/OFF REMOTE.............
three-pin - male
connector

DEGASEMISSION .......convvnnnnnn
one turn locking

potentiometer

Y-axis deflection control is identical to X-axis
control, above. ‘

Controls focus electrode voltage. At midrange,

voltage is B5% of beam voltage (2530 Vdc at

3 kV accelerating voltage). Range is typically 72% to 87%
Selects one of two filaments in the gun.

International standard three-wire connector.

Connects input voltage circuit for 115 Vac or
230 Vac operation. Disconnect power plug
before changing switch position. Be sure of
line voltage before determining switch position,

115 Vac, 1% amp; 230 Vac, 3/4 amp,

Allows remote turn on and off of beam accelerating
voltage. A switch capable of +28 Vdc and

3 amp is required. Pin A is the raw +28 Vidc.

Be careful not to short to ground.

Controls gun emission in DEGAS position.
Factory set to 20 mA (as read on front
panel meter}. Higher currents should not
be used because of thermai stress to gun.



DESCRIPTION

ION GUN.CABLE . ... .ouvusvavns ouvns A 18-t gun cable splits at the power supply

termination and to the two s. One
connector is a high voltage type and the
other is a 1/4-turn twist type used to carry
deflection voltages.

SPECIFICATIONS

Beam Accelerating Voltage
01to 3000 V
1% of beam accelerating voltage

Ripple and stability. ............... 1% of beam accelerating voitage

Filament POwWer. . .....ccooemesensneans Otod5A
0to 6 Vde
3.8 V @ 3.8 A operating

Emission Current . ..........ivinan... 0 w 40 mA

Focus Voitage ............. A A Normally 85% of bean voltage, adjusted + 10%

Grid Voltage:. oo oiia sinnidiasiadas +200 Vdc or +400 Vdc referenced to FIL common

Extractor Voltage ...........c00vvunns ~75 Vdc = 10% or +200 Vdc + 20% referenced
to FIL common

Deflaction Voitage. . ..........coueunnn Voltage range 13% of grid voitage; horizontai
and vertical

Scanning capability ................... Provides sawtooth oscillations to deflection

plates. Amplitude continuously variable with
potentiometer from O to 250 V peak-to-peak,
20 kHz. Scanning on/off switch is provided.

QUtgRMIng <oi vy s bR TR S s Emission current factory set to 20 mA, a value
which should not be exceeded. Outgassing is timed
for 5 minutes (B minutes on 50 Hz operation).
Emission may be controlled by screw driver adjustm

on rear panel.
Remote control .. ...ovivevneniaainns Beam voltage on/off.
Metering. .. ... e LN e WS Emission current {milliamperes).

5



SECTION I
INSTALLATION

GENERAL
Unpack and inspect the power supply for signs of obvious damage, Refer to the shipping
list in Section V1.

Installation of the unit is straightforward. The chassis is designed for standard 19-inch-wide
electronic equipment cabinet mounting. A suggested control panel layout is shown in Figure 2.
The control console layout is that of a typical Varian Auger surface analysis system and can be
used as a guide for installation of the power supply.

Before connecting primary power to the unit, set the primary power slide switch on the
rear panel to the appropriate position {115 Vac, 50/60 Hz, or 230 Vac, 50/60 Hz). Also ascertain
that the correct fuse is installed (1% A for 115 V, or 3/4 A for 230 V operation).

Connect the gun and cable output cable to the power supply.

WARNING:
TO PREVENT EXPOSURE TO HIGH VOLTAGE, DO NOT TURN ON THE
MAIN POWER UNLESS THE GUN AND CABLE ARE CONNECTED. (NO
EQUIPMENT DAMAGE WILL RESULT IF CABLE IS NOT CONNECTED.)

This completes the installation requirements for the gun power supply. No preliminary
checkout procedures are required; general operating procedures are contained in Section 111,



INSTALLATION

'081-2775I

" 10 kV Gun Powsr Supply ‘Storage Scope | Display Scope
s o145 1P/0 Maper, | (P10 Mapper,
sl Scanning Sample 98127751 | 881-2778)
Lock-in Amplifier Positioner_881-2757 =
981-0260 ™ o
CMA/AMC 9812775
961-2047

Cylindrical Mirror Nidigpias Easea
Analyzer Control Unit 981-2070
981-2601

e
Jon Bombardmant EZ;:' Dﬂ:l :La :al -2070)
Gun Power Supoly on
981-2046 Powsr Supply 881-2603

Point Plot Recorder
981-2071

X-Y Recorder
981-2706

Strip Chart Recorder

981:2616
Slank 70 KV Chaseis
{PIO Gun Power
Supply, 881-2148)
TSP Control Unit
Moaei 844 Digital lon 9220032
Gauge Control Unit
Muhipie Pump Uit
Lonyolush 981.0052
921-0086

Figure 2. Suggested Control Console Layout




OPERATION

Qperating Parameters

It is recommended that 20 to 30 mA emission be used with the lowest pressure of
Ar (Kr or Xe) sufficient to give the desired current density. While not affecting ion
bombardment gun operation, this will ensure longest slectron 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 sputter a few layers with a minimum of damage (using a low
energy beam).

Sputtering Procedure

The chwubcrpremu shunld be 10" torr or lower and the ion gun outgassed

gto L unit i ion manual. The Titanium Sublimation Pump
should lhan be flashed on for about 2 min at 48 A. The ion pumps are then shut
off. The inert gas (Ar, Kr, or Xe) is let in through the leak vaive to the desired
pressure (about § X 10~ torr). The ion gun is then operated according to the
<ontrol 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, additional
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.

Operation 7



SECTION I
OPERATION

GENERAL

This section outlines a general procedure for operating the power supply and ion bombard-
ment gun, Additional operating information is contained in the gun manual {Varian Publication
No. 87-400 344). For an overall Auger surface analysis system orientation, refer to Varian Publi-
cation No, 87-400 261, which provides system operating instructions. The following assumes that
the system has first been pumped down to a pressure of 5 x 10~° torr or below.

WARNING
TO AVOID EXPOSURE TO HIGH VOLTAGE SOURCES, DO NOT TURN ON
THE POWER SUPPLY UNLESS IT /S CONNECTED TO THE ION BOMBARD-
MENT GUN. SEE SECTION Ii.

DEGAS

Prior to the initial operation, or if the gun has been exposed to atmospheric pressure since
its previous operation, it should be degassed. To accomplish this, turn the control unit ON, switch
to OPERATE (to reset digital timer}, then to DEGAS. The associated indicator lamp will indicate
the system is under degas. The degas cycle will automatically terminate after 5 minutes (6 minutes
for 50 Hz operation) and the lamp will go off. If additional degassing is required, return the mode
switch to OPERATE and then DEGAS and the timer will again operate for 5 {or 6) minutes. The
degas emission current is adjustable and is factory set at 20 mA. To prevent excessively heating
the gun, which stresses the gun elements, degas current greater than 20 mA should not be used.

OPERATING PROCEDURE

The procedure outlined below covers a typical operation. The Varian Beam Probe, Mode! 981-2505,
is recommended for setting up the gun beam parameters. The Varian Beam Probe enables the ion
beam and the electron beam to intersect at the focal point of the analyzer. Beam focus and monitering
of the beam current actually reaching the sampie is also carried out using the beam probe. (Refer
to the Beam Probe instruction manual, publication number 87-400 346.)

Set up the front i;unel controls as follows:
BEAM ENERGY (ON/OFF SWITCH) ..... Off

BEAN ENERGY (CONTROL)..... e 0



QPERATION

«+... Fully counterclockwise
OPERATE — DEGAS ................. Operate .
SCAN...... S SRR ees.. Off
SCAN VOLTAGE .......... i Fully counterclockwise
FOCUS i v R . .. Midrange
DEFLECTION, X-AXIS........... +++.. Midrange
DEFLECTION, Y-AXIS................ Midrange

Adjust EMISSION for a front panel meter reading of approximately 20 mA.
Operate the titanium sublimation pump for about 3 minutes at 50 A,
Turn off the ion pump.
Introduce the bombardment gas to 2 pressure of from 1 x 10°% torrto 5 x 10~% torr.
The desired beam energy should be set using the BEAM ENERGY control and the ion
beam centered (using the beam probe) so that the focused ion beam and electron beam
intersect at the focal point of the CMA. The centering and focusing require repetitive
adjustment of the Focus and Deflection potentiometers.
An increase in ion beam current will occur with the following adjustments:
*  Anincrease in gas pressure (should not exceed 1 x 107¢).
#®  An increase in emission {a recommended operational maximum setting is
obtained by turning the EMISSION control clockwise until no further
emission current increase occurs, then decreasing the emission by 10%).
®  Anincrease in beam energy.
11 the SCAN is switched on, the beam will raster over an area which is determined

by the SCAN VOLTAGE controls. The area is variable from approximately 0 to
approximately 1 cm? at a distance of 5 cm from the gun using 3 keV of heam energy.

The beam can be set to scan over two areas (or no scan). Typically, the gun is used to
sputter through the bulk of a film layer in the no-scan mode. When an interface is approached,

scan AREA 1 mode is selected to slow the removal rate. For abrupt interfaces, scan AREA 2
can provide a further reduction in the removal rate by having the same beam current scan over
a larger aree thereby giving a lower current density. This permits an extremely careful analysis

10



OPERATION

of the interface region and minimizes the possibility of eroding completely through the interface
before the analysis is made. By pre-setting the scan areas (and therefore the average beam current
densities), and making them switch selectable, the operation is greatly simplified. This is because
the current density is preset at KNOWN levels, and changes in the levels can be selected without
affecting the other beam parameters (the gun need not be readjusted when a change in the area
scan is made).

To set the areas scanned (average beam current densities), set up for AREA 1 scan and
monitor the beam current with the Beam Probe and Electrometer while adjusting AREA 1
potentiometer (lock in place when complete). AREA 2 scan is then set with the single-turn
front panel screwdriver adjustment beneath AREA 1 (AREA 2 is always set to cover a larger area
than AREA 1 scan).



SECTION IV
PRINCIPLES OF OPERATION

GENERAL

This section ins a block diag! level circuit description of the jon bombardment
gun power supply. The power supply provides all electrode voitages in the ion bombardment
gun, including dc positioning ges to the gun deflection plates and ing voltages for ion
beam deflection. The supply is fully regulated and most regulaters in the unit are of the switching
type. Refer to Figure 3.

CLOCK SCANNER A100

The clock scanner includes the system clock generator, scan generator, degas timer, and beam
energy high voltage regulator. The OPERATE/DEGAS mode switch S3 is a multifunction switch
affecting the operation of the various circuits in the power supply, and is shown in the OPERATE
position. It is useful to understand the functions it switches when placed in the DEGAS position
[conditions, of course, are reversed when switched back to the OPERATE position):

1. Removes +28 V from high voltage regulator transistor.
2,  Shorts the grid line to ground.
3. Switches extractor from —75 V to +200 Vdc referenced to filament common.
4. Sets the bias regulator to produce —400 V on the filament referenced to the grid
(Grid is at ground.)
NOTE: In the OPERATE position, grid to filament voltage is 200 Vdc.
5. Switches in rear panel degas p i to fil: gul card. (This
i factory adjusted to 20 mA.)
6. Starts degas timer on card A100.

DEGAS TIMER

The fundamental line frequency of 60 Hz is the reference clock for this circuit. (The
degas timer duration will be six minutes with an input line frequency of 50 Hz.) Other circuit
functions in tha unit are unaffected by & primary input fine voitage at 50 Hz. When switch 53
is placed in the DEGAS position, the timer begins counting the line frequency using digital
logic, and after a 5-minute period, relay K1 is de-energized, removing the unregulated +28 Vdc
from filament regulator card A300 and bias regulator card A400, thus removing filament, grid
and extractor voltages.



PRINCIPLES OF OPERATION

SYSTEM CLOCK GENERATOR

This is a free-running oscillator with squaring circuits and driving amplifiers that provides
all system clocks with a source drive for all switching regulators. The two clock outputs are
square wave in nature and are 180 degrees out of phase. Clock frequency is set between 16 and
20 kHaz.

SCAN GENERATOR

The scan generator produces X- and Y-sweep voltages which are synchronized with the
system clock. The X-and Y-axis scans are nonharmonically related in order to produce a beam-
pattern that erodes the sample surface uniformly.

A switch and divider network (SCAN VOLTAGE) permit operation of the gun at three
different current density levels, Once set up as indicated in the Operation section, the average beam
current density can be selected as desired without affecting other beam parameters.

HIGH VOLTAGE REGULATOR

Card A100 also contains the beam energy high voltage pass transistor and transformer
switching transistors which drive the high voltage transformer and rectifier located on filament bias
power supply A200. The regulation feedback path for this circuit is provided by a resistor divider
network {shown as Rt in the block diagram).

FILAMENT BIAS POWER SUPPLY A200
This card contains the transformers and rectifier circuitry for:
®  Grid bias voltage
®  Accelerating voltage (0 to 3 kV)
@  Filament voltage

The rectifiers used on this board are special purpose, high frequency devices; general
necessary. Tnis card aiso contains a

Burpose diodes cannot be substitured if replaceme:
local clock generator and switching or chopping transistors to provide a means of feedback (for
regulation) through the bias and filament regulator transformers. This independent oscillator is
required for isolation purposes because the card is elevated to near the beam energy voltage levels.
Frequency of this clock is typically 10 kHz.



PRINCIPLES OF QPERATION

FILAMENT REGULATOR A300

This is a switching regulator type card which is synchronized by clocks 1and 2. Itis
designed with both overcurrent and overvoltage protection. Feedback is provided through
T301 end converted to de voltages for both the meter op amps and the switching transistor
comparator. Emission current programming is accomplished either by the front panel emission
control when in the OPERATE mode, or by the rear panel degas emission control when in the
DEGAS mode. Emission regulation is thereby controlied by the gun filament regulation.

BIAS REGULATOR A400
The bias regulation circuitry is identical to that of the filament regulator except that the

bias regulator has no meter op amp. It generates grid and extractor voltages.

FOCUS AND DEFLECTION CONTROLS
The focus and dc position voltages are related to the accelerating voltage. Focus is
nominally 86% of the accelerating voltage, and at maximum, the de pesitioning voltage is 13%
of the accelerating voltage. The deflection controls are ganged such that when the “X-positive”
plate becomes more positive, the “X-negative” plate becomes less positive (symmetrical deflection).



SECTION V
MAINTENANCE

GENERAL
Maintenance procedures for the ion bombardment gun power supply can be tabulated
in troubleshooting form. Before beginning troubleshooting procedures, several precautions and

techniques should be kept in mind:

WARNING
VOLTAGES UP TO 3000 V EXIST INSIDE THE CHASSIS. THESE
VOLTAGES CAN CONSTITUTE A SEVERE SAFETY HAZARD AND
CAN BE FATAL. TAKE APPROPRIATE PRECAUTIONS DURING
MAINTENANCE PROCEDURES AND OBSERVE THE INSTRUCTIONS
LISTED BELOW. BEFORE TURNING ON THE BEAM ENERGY
VOLTAGE, REMOVE HANDS AND ALL TEST EQUIPMENT FROM
THE INSIDE OF THE CHASSIS.

Except when actually taking beam energy measurements, the independent beam
energy circuit should be turned off. Test results of all other circuits are unaffected
by the operating status of the beam energy circuit, and therefore, for maximum
safety, the beam should not be turned on.

All tests should be made with the output cable and gun connected to the power supply.
All test measurements should be made in the power supply chassis, including those

of the gun element potentials. To make these tests, it is necessary to remove the chassis
from the equipment cabinet and to remove the supply top cover.

All circuit cards are oriented with their components mounted on the right side of the
cards as viewed from the front of the chassis.
For ease of identification and location, the component part numbers are keyed to
chassis and card mounting. Thus, circuit parts numbered from 1 to 89 are mounted
on circuit card A100, and so on.
The gun is designed with two filaments and a power supply rear panel switch allows
switching over from one to another in case of burnout.
A quick check of several operating voltages can be made as a means of heiping to
localize a problem before beginning a general troubleshooting procedure.
a. Measure the grid-to-filament potential across TP201 and the junction of

€218 and R218 (filament/bias power supply). The voltage should be

17



" MAINTENANCE

200 V in the OPERATE mode, and 400 V in the DEGAS mode. This check
can be made with a 20,000 &/ voit meter,

b, Extractor voltage can be measured between TP207 and the junction of C207
and R212. This voltage is typically 76 V (OPERATE mode}.

c.  Extractor voltage in the DEGAS mode is typically 200 V. This measurement
is taken between TP201 and the junction of R202 and CR202.

d.  Filament voltage (typically 4.5 V) can be read across capacitor C214.

WARNING
VOLTAGES UP TO 3000 V ARE PRESENT AT THE REAR PANEL
BEAM ENERGY CONNECTORS. THESE VOLTAGES CONSTITUTE A
SEVERE SAFETY HAZARD AND CAN BE FATAL.

7. The extractor grid improves the low energy (< 1500 eV} performance of the ion
bomt 1t gun. It is, h + very gradually eroded by the ion beam and has
an expected life of about 400 hours. Asa hole develops in the grid, the ion-beam
current density will gradually be reduced and the beam position will change slightly.
This can have a serious effect on a depth profile. This problem can be avoided by
periodically examining the grid and replacing it if erosion is apparent, |f the grid
is eroded beyond a hole of 3 or 4 mm, the operation will again be stable, but the
maximum current density at low energy may only be about 60% of the value obtained

with the complete grid.

WARNING
VOLTAGES UP TO 3000 V EXIST INSIDE THE CHASSIS, WHICH CAN
CONSTITUTE A SEVERE SAFETY HAZARD AND CAN BE FATAL.
BEFORE TURNING ON THE BEAM ENERGY VOLTAGE, REMOVE.
HANDS AND ALL TEST EQUIPMENT FROM THE INSIDE OF THE
CHASSIS.




TROUBLESHOOTING

Symptom

Cannot focus gun. Grid out of
regulation, grid bias voltage is
4600 V or higher (should be
+200 V in OPERATE mode, or
+400 V in DEGAS mode).

Cannot control emission,
Filament running at voltage of
6 10 10 Vdc (typicaily 4.5 V).

R308 very hot or smoking
(filament regulator}.

R408 very hot or smoking
(bias regulator)

19
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Remedy
Replace Q202 or U201 or U202
{filament/bias power supply).

Replace 0201, U201, or U202.

Filament short and R328 set w00
high. Fix short and readjust R328,
To adjust R328, switch to DEGAS
mode, adjust R7 (rear panel) for
40 mA on front panel meter and
adjust R328 current to clamp just
above this point. Rotate R328
clockwise until emission just starts
to drop, then back off thres full
turns. Readjust R7 for a reading
of 20 mA and lock the potentiometar,

*Grid short and R428 set 100 high,

Fix short and readjust R428,

Monitor DEGAS mode voltage

TP201 and chassis {400 Vde) and

adjust R428 clockwise until voitage

just starts to drop, then back off

three full turns, This sets overcurrent
protection on bias regulator. Adjust R7

for 20 mA of emission and lock potentiometer,
Return to OPERATE mode.



MAINTENANCE

Symptom

Beam energy dial setting and
monitor output do not agree.
Q113 very hot. Grid, filament,
or extractor may be shorted
{clock scanner}.

Damaged depth profile.

Remedy

Clear short at gun,

Beam position is altered due to hole in
extractor grid, which is very gradually
eroded by the ion beam and has an
expected life of about 400 hours, As

a hole develops in the grid, the ion-beam
current density will gradually be reduced
and the beam position will change slightly.
Avoid problem by periodically examining
grid and replacing it if erosion is apparent,

I the grid is eroded beyond a hole of 3 or
4 mm, the operation will again be stable,
but the maximum current density at low
energy may only be about 60% of the
value obtained with the complete grid.
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