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I NTRODUCT! ON

The Hunmer sputter coaters were introduced in 1971 as a nore conveni ent
and efficient nethod of coating sanples for SEM

Since this introducti on many ot her desi gns have been brought to the

mar ket place. In this particular coating technique, sanples of all types
can be coated uniformy. The chanber is evacuated to approximately 1 X
10-5 Torr.

An inert gas (usually argon) is admtted to the chanber.

RF power running at 13.56nHz to the sputter gun. This RF power ionizes
the gas and forns the plasma. The ions in this plasma are propelled
toward the target where they renove material that is deposited on the
speci men.

Use of the magnetron gun allows those sanples to be coated without the
damagi ng effects of el ectron bonbardnment typical of diode systens. The
desi gn of the nagnetron system was developed to elimnate effects of high
tenperatures during plating operations. A high nagnetic flux in the gun
accelerates the electrons toward the side of the gun. The heat is npstly
di ssipated in the gun, which is why they need to be water-cool ed.

NOTI CE:
Pl ease refer to the individual manuals for the Humer 6.2 Turbo
conmponents for nore detail ed informati on about the

Tur bo- punp

RF Power Supply

RF Mat chi ng Networ k Rough-punp Sputter gun Pirani gauge
Water Flow Switch

Digital Thickness Monitor Water Chill er/Recircul ator

Varian Turbo-V 70 with brick controller Advanced Energy RFX 600 I
Advanced Energy ATX Tuner

BOC Edwar ds E2ML. 5

US Inc. MAK 2"
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Dual set point controller
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SPECI FI CATI ONS

ELECTRI CAL REQUI REMENTS
Vol t age 120 VAC
Frequency 60 Hz

Phase Singl e

Current 15 Anperes

This systemrequires 3, 120 VAC standard wall power outlets. The first
outlet is for the main system power; the second is used to power the
systems water chiller with the final power requirement being used to
power the Digital Thickness Mnitor (DTM.

The system should be placed in a roomw th adequate ventilation and
cool ing. Anbient tenperature should never exceed 75 °F.

GAS AND WATER REQUI REMENTS
| oni zati on Speci es/ WrKking Gas 5 to 20 psi Argon, 1/4" TFE Tubing
Water .5 Gal/min. @20 deg. Cel sius

DI MENSI ONS
Mai n Console Size: Hx Wx D = *60"x 23"x 28" Weight: approx. 250 | bs.
I ncl udes the chanmber and the gun with water fittings.

Chiller

Size: Hx Wx D= 17"x 12.5"x 22" Weight: approx. 25 |bs.
DTM

Si ze: HXWkD= 3"x 6.5"x 8" Wei ght: approx. 1 |b.

Maj or conponents defined bel ow have i ndividual operation and nai ntenance
manual s. Pl ease refer to these manuals for nore detail ed descriptions on
operation and nai ntenance.

VACUUM SYSTEM

Punpi ng System

Integral 70 1/s Varian turbo nol ecul ar punp, backed by 1.5 cfm Edwards
rough punp (hydrocarbon prepped) with exhaust nmist filter. The turbo
shoul d be turned on after the rough has been on for two m nutes.

Vacuum CGaugi ng

VRC Parani Gauge with dual set point controller nonitoring from 100 mforr
down to 1 x 10-5 Torr. The gauge will light up once the AC power swi tch
is turned to the on position.(The gauge will not start noving until
systemis bel ow about .1 Ton)

Val ves



The vent valve is a normally open val ve. Once the rough punp switch is
turned on the valve will close and allow the systemto punp down. The
vent valve is connected through a 10/32 port on the side of the Turbo.

Hi gh precision needle valve for process pressure control, OV OFF 110V AC
process gas val ve

Chamber

Metal 12-inch dianeter by 12-inch high, sealed with Viton 1 L-CGaskets for
chanmber ends. Chanber has additional d ass view port and NW 16 port for
external nonitoring. The chanmber weight is approximately 40 pounds,
exerci se proper lifting techniques when renoving the chanber fromthe
base pl ate.

Top Pl ate

The top plate assenbly is provided with a handle for ease of opening the
top of the chanber. Sinply lift the plate fromthe top of the chanber and
toward the support post, the hinge on the edge of the plate is designed
to help facilitate repositioning of the plate during the |oading and

unl oadi ng of the chanber.

Ensure that while noving the top plate to the stow position that you have
centered up the shutter assenbly below the gun. This keeps the shutter
fromcatching on the edge of the chanber.

Qui ck Coupl e feed-through adapter for adjusting the MAK-2 gun height.

I ncludes gas inlet port and shutter assenbly.

MAK- 2 gun

The MAK-2 gun can sputter either insulator of netals depending upon the
power source. Refer to gun manual for technical specifications, water
requirenents, and target replacenent instructions and gun mai nt enance.
Ensure that when installing a target that the gun has adequate thernal
conpound applied to the face before operating the gun.

Base plate 1 SO 63 port for direct turbo nounting, 2-KF16 port for Vacuum
gauge and DTM NMotor drive assenbly is also nmounted to the base plate for
a direct drive of the stage. 1/8" NPT port that is avail able but not used
in this application.

St age

The stage is made of alumnumand is just over 8.0 in dianeter. The notor
has a direct connection to the bottomof the stage. A switch on the front
of the systemcontrols stage rotation

Sputtering power delivery

RF Gun Power Supply

600 Watts Maximum (Limt to 400 watts), 120 Volts AC i nput, Advanced
Energy Mg. (NOTE: Certain Targets and Guns Have Lower Maxi mum Power

Val ues Due To Lower Heat Capacity)

These val ues for gun sizes are a general guideline. Individual targets
may vary greatly due to the materials properties. Water flow,
tenperature, and bonding style also will have an effect on the foll ow ng
val ues. A target manufacturer can help if there are any questions.



Gun Di anet er Recommended Wattage Maxi mum

1.3" 200
2" 400 MAK-2 gun
3,, 750
4" 1200

The power supply is interlocked through a series of switch type contacts.
I f any are broken, the power supply will shut off and stay off unti

reset by the user. High Voltage output is enabled only when the pressure
is below 20 mllitorr (SET PO NT LON and above 2 millitorr (Set Point

Hi gh), water flow is adequate, the tinmer is running, and the thickness
nmoni tor is started and has not reached set point (option).

RF Aut omati c Tuner

Advanced Energy ATX Tuner tunes the output of the RF power supply into
the varying | oad i npedance seen at the MAK 2 gun. This match was set up
to mnimze the reflected power seen by the RF Supply. Call Anatech Ltd.
prior to making any adjustnments to the front panel controls of the
controller.

General Electronics description

F r power distribution and control please refer to systemelectrical
schenmatic in the b ck of this book. DWG # 1007106- 6W 1 sheet

mai n consol e power cones in froma standard wall outlet. The power goes
t hrough an on/off, 15 Anp circuit breaker |ocated on the back panel. The
power then s [its at the terminal block |ocated on the inside back cover
of the cabinet. The RF Power Supply, AZX Matching Network and Turbo
controller will power up the main breaker is nade. None of these devices
wi |l do anything other than turn to the standby node until other steps
are taken. The AC on/off switch | ocated on the front panel controls the
power to the rest of the cabinet.

Switches: Up is on, down is off.
S-1 AC on/off, turns on the AC power to K-1, K-2 & K-3
S-2 Rough Pump on/off, turns on the AC power to the rough punp and cl oses
V-1 the normal |y open vent valve.
S-3 Turbo Punp on/off, turns on the Varian V-70 turbo punp, this swtch
shoul d be turned on after the rough punp has been on for approximtely 1
to 2 mnutes.
S-4 Stage rotation on/off, turns on and off the AC power to the notor
that drives the stage.

S-5 Gas on/off, turns on and off the AC control to the gas on val ve
S-6 RF on/off, "on" starts the timer for the RF "off' stops and resets
the timer. S-7 Water Flow switch, the switch needs to have water fl ow ng
through this switch in order to enable "RF ON'.
S-8 Hi gh-pressure set point is normally open; this switch is part of the
Vacuum neter circuit once the system has reached 20 niforr the switch
cl oses.
S-9 Low pressure set point is normally closed; this switch is part of the
Vacuum nmeter circuit once the system has reached 2 niforr the switch
opens.

FUSES:
F-1, 3 Anp (Hot side of the 120 VAC to the Rough Punp)
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F-2, 1.5 Anp (Hot side of the 120 VAC to the stage notor)
F-3, 3 Anp (Hot side of the 120 VAC to the Cabi net Fans)
Rel ays:

K-1

Contacts pin 7 — 4 Rough punp fuse and switch
Contacts pin 8 — 5 Tiner relay K-3 AC power on
Contacts pin 9 — 6 Vacuum neter AC power on
K-2

Contacts pin 7 — 4 Vent val ve switch power
Contacts pin 8 — 5 Fan power via F-3

Contacts pin 9 — 6 Gas On Switch power

| NTERLOCKS

Al'l of the interlocks below need to be satisfied in order to turn on the
RF Power :

Water Flow Switch

Hi gh pressure set point < 20 nforr

Low pressure set point > 2 nlorr

Di gital Thickness Mnitor start

Note: If the operator is using the DIMto control the RF "on tinme" then
the RE timer needs to be set to a nunber greater than the anount of tine
that it will take to achieve the desired thickness. If the operator is
using the RF "on tinme" to control the process then the DI M needs to be
set to a nunber greater than the thickness it will see during the
process. Understanding this operational requirenment will becone apparent
once the operator has had sone tine to devel op the process.

UNPACKI NG

After renoval of the systemfromthe shipping crate, make a visual

i nspection of the equi pnent for obvious shippi ng danage.

Retain all cartons, crates, and packing material until the unit is
operated and found to be in good working order.

The system has been packed in three major conpartnents, the main system
in the | arge wooden box, and the chanber, top plate, and accessories in
the two smal | er boxes. Check the accessory boxes to see that everything
i s included.

If after inspection any shipping damage is found, please contact the
Transportati on Conpany and Anatech Ltd.'s service departnent for
assi stance. 1-800-390-4449

You can al so call the same nunber to schedule the installation and
operator training. Please have the tool and all of the accessories noved
to the general area where the tool will be operated. |If you feel
confident proceed to the setup section otherwi se wait for the Anatech
Ltd. service personnel to do the setup.

SET UP (Refer to figures 1, 2 & 3)



Note: |If you have opted to have the tool installed please contact Anatech
to schedule the installation. The next steps are neant as a guideline for
setting up the tool. The instructions assune the person doi ng the work
has some basic experience in vacuum equi pnent. Mst of the parts are
bagged and | abeled. Lay all of the parts out on a flat surface as this
will aid in the setup. Avoid letting anything cone in contact with the
turbo port as this could damage the turbo.

The chanber has been shipped wi thout the gaskets installed. Unpack them
wi pe them off and place on top and bottom of the chanber.

Attach the stage to the shaft protruding fromthe base plate.

Next install the support armfor the crystal thickness detector, it
shoul d come fromthe base plate to up and over the stage. The arm shoul d
be at about 3 o' clock |ooking straight dowmn on the base plate. Connect
the Mcrodot connection to the port on the base plate and then instal
the holder for the crystal in the hol der and connect to the other end of
the M crodot cabl e.

Pl ace the chanber on top of the base plate, the view wi ndow shoul d face
the front of the tool with the extra KF-16 port on the right side. If the
port is on the left you have the chanber upside down.

a Next take the support tube and install it on the right hand side of the
chamber. Ensure that you connect the four of the screws provided. One of
the screws should be used to connect the green wire on the front of the
chanmber to the support post. This wire should be in place whenever the
chanmber is being used.

Next you can assenble the top plate, the plate has 3 exposed holes and 1
pl ugged hole. First feed the gun support tube through the 1" gun port and
ti ghten the support collar in place so that the gun is about half way
through the top plate. Do not over tighten the fitting on the gun port.
The collar holds the gun fromsliding dowmn in the port and will be
adjusted later to inprove process. Next attach the shutter plate to the
"Ain rod and feed the rod through the I A" shutter port. The renaining
port is for the gas line and will be connected later. Finally attach the
hi nge assenbly to the top plate with the hardware provided. Place the top
pl ate on the chanber by sliding the shaft into the support post. Adjust
the gun height so the gun is about 4" above the stage and tighten the
support collar. The shutter should be adjusted to a position 1" bel ow the
gun face and above the DTM Crystal holder. You can use a flashlight to

| ook through the view port and nmake the adjustnent. This height is only
nmeant as a starting point for the gun and can be adjusted accordingly to
i mprove process results.

Connect the gas line fromthe cabinet top to the top plate fitting.

Next you can connect the water lines to the guns. The tubing connections
are delicate so the hookup should provide essential strain relief. The
fittings are quick push in style for 1/4" 0. D. tubing. Connector J4 (2
pi n Mate-n-Lock) has been provided to you for connection to a water flow
switch. This switch should be put in Iine on the outlet of the gun and
provide a closed contact when water flow is above 1/2 gallons per nminute
and outlet tenperature is below 20 °C. Refer to the Tek Tenp manual for
setting up the chiller. The flow switch should be placed on the |left side
of the cabinet with the hardware provided. The intent of the hardware is



to hang the switch as well as the on/off valve fromthe rear side of the
cabi net. However we have built in flexibility to allow the operator put
the connection in al nost any conveni ent |ocation.

Finally you can install the RF cable fromthe matching network output on
the top of the cabinet to the top of the gun

Anat ech Ltd. nakes no effort to rewite individual conponent service
manual s. This manual only addresses the vacuum safety interlocks, and
systemintegration. Anatech Ltd. recommends you operate the systemonly
after reading all the material provided.

At this point Anatech Ltd. recommends you read individual manufacturers
conponent manual s for proper operation of this systemif not done so

al ready. The MAK-2 nmanual will show you how to install the new targets
into the gun. Your target has not likely been installed already.

Pl ease contact Anatech LTD s service departnent for assistance. Leave a
nmessage if necessary, an engineer will return your call. USA 1-800-
PLASMA- 9

OPERATI ON

The Anatech 6.2 Turbo uses a Varian 70 1/s turbopunp and controller
backed by Edwards E2ML.5 roughi ng punp. A high vacuumreading is

di spl ayed by a pirani Gauge, which has a range from 100 mllitorr to 0.01
mllitorr. Set points "Low' "H GH' are used as RF Power interlocks. The
magnet ron sputter gun needs water cooling and this nust be connected
first with the water flow switch installed. The 2-pin connector (P4) is
for the water flow switch. This shoul d have al ready been | NSTALLED

Make sure all hoses and cables are connected properly. Install correct
target that you wish to plate with. Place your sanples onto stage for
coati ng.

Adj ust the gun height and shutter height on top plate assenbly. Carefully
pl ace the top plate on top of the chanber. Connect the argon lines if you
have di sconnected them Set pressure to 10 psi. Turn main power breaker
on the back of the cabinet on, the RF Supply and Matchi ng Network shoul d
now have power indicated by various light being |it on the corresponding
panel s. Ensure that the DIMis plugged in and on.

OPERATI ONAL SEQUENCE

The main power will supply power to the fan, rough punp swi tch, vent

val ve, and Pirani gauge. Turn this switch on first. Next turn on the
"rough punp" switch the vent valve closes and the rough punp should start
roughi ng the chanber. After 1 to 2 minutes turn on the "turbo punp"

When t he system has been shut down for a long period of tine it nay take
several hours to punp into the .01 scale or 1 x 10-5 After reachi ng bel ow
.01 10 millitorr, turn the "GAS'" switch on to allow gas in. Adjust gas
val ve until vacuum gauge reads 5 - 10 nTorr. On the front of the AE power
supply ensure the control is set to renpte and the set point is in |oca
control. Adjust the power level to the desired value if this is the first
time you have run the tool start at 200 watts. Set output set point to
desired level with control knob. Position the shutter in front of the gun
for around a minute especially if you have not sputtered this target
recently.



Turn on the chiller and press start on the front of the DTM the IL
should light in the upper right corner of the display this indicates that
the interlocks have all been satisfied.

Next | ook at the timer relay ensure you have progranmed the tinmer to the
desired sputtering time and that the timer is set to "C' in the first
position of the thunmb wheel. Next flip the switch |ocated bel ow the tinmer
to the up position, this action should strike a plasma and start the

ti mer counting down.

Gun should light within a few seconds, run for a mnute or so before
nmovi ng the shutter out of the way. This will etch away any contam nation
that has fornmed on the surface, providing better adhesion to your
substrate.

The sputter rate should rise and level off within 10-15 seconds. Qun

power is shown in watts. Wen tinmer finishes, gun will shut off. (Keep
water running for a few mnutes after to cool gun)
If a thickness nonitor is installed as well, the relay will be connected

in series with the water flow switch. Then the gun will shut off when

t hi ckness set point is reached. Note that depending on the contro
mechani smeither tinme or thickness the one not being used to end the
process needs to be set at a greater value. If it takes 10 mnutes to
sputter to a thickness of 1000 Angstrons and you want to end the process
wi th the thickness nonitor, then you should set the tiner for greater
than 10 m nutes

Shut the turbo off first then the rough punp, the systemwll| start
venting as soon as the roughing switch is shut off.

CARE & CLEANING CF YOUR HUMMER

Vacuum Chanber

The chanber shoul d be cl eaned after every 10 coatings nmaxi rumto prevent
wat er vapor or other contam nants build up by adsorbing to coatings in
the system which will result in a |onger punping tinme (sonme biologica
and geol ogi cal specinmen will out gas for a considerable amount of tine).

Sputter Gun
The gun shoul d never be handl ed w t hout gloves, since oil and noisture
fromyour hands will crystallize on the surface. Results are that the

speci men turns blue, or you can see the plasnma form but obtain no
coating. To clean the gun, renove the water lines, RF cable, and gas
line. Wth a hex wench, take the cover and target hold down plate off of
the sputtering head. Cean the alum numparts with Scotch Barite and

al cohol. Rinse conpletely and bl ow dry. See manual for nore details.

DTM Cryst al

The digital thickness nonitor crystal hol der, nmounted on the tilt/rotate
bracket, should be cleaned rarely, only about every 40 runs. The crystal
shoul d not get cleaned, just turned over or replaced occasionally. Once
the crystal becones too heavily plated, it stops oscillating or



oscillates randomy, which will cause an oscillator failure. If turning
the crystal over can not clear this then the crystal needs repl acenment.
See the DTM nanual for nore details.

Rough Vacuum Punp

The oil in the vacuum punp shoul d be changed at regular intervals. Please
check the punmp manual for frequency of oil changes and recommended oi
types. The filter should be replaced about every 6 nonths.

Pi rani Gauge Tube

A cont am nat ed gauge tube can be cleaned by renoving it fromthe base
plate and filling it with acetone or Freon 23. Rock the tube (do not
shake) to | oosen contami nation. Rinse the tube in alcohol and bake at 150
degrees F for about 1 hour to de-gas.

Recircul ator/Chiller

The water in the chiller should be distilled to reduce the anmount of
corrosion in the cooling coils and punp. The water shoul d be changed at
| east every 3 nonths, and the water

i nes should be replaced when noticeably dirty.

Tur bopunp
The turbopunp requires no special maintenance, however with certain care
its lifetinme can be extended. Please see the manual for details.

Techni cal CONSI DERATI ONS OF SPUTTER COATI NG

| NTRODUCTI ON

In electron mcroscopy an inmage is produced by el ectrons, which flood
over the s[specinmen. Typically the materials examned in this manner are
poor conductors of electricity and as such will accunul ate a negative
charge fromthe electron floodi ng. Such a charge causes undesirabl e inmage
distortion. In order to mnimze distortion and produce cl ear clean

i mges, the surface conductivity of speci nens should be increased.

Speci nens whi ch are sonewhat conductive will yield a better inmage by
enhancing their conductivity. Specinen conductivity can be increased by
coating with netal, usually a precious nmetal such as gold or palladium
If applied correctly the coating will not inpair resolution or surface
detail. Several acceptable techniques have been devel oped and enpl oyed
routinely for electron mcroscopy. Two such nmethods are evaporative
coating and sputter coating.

EVAPORATI VE COATI NG

Evaporative coating relies on sublimation of a netal at high tenperature
and vacuum The nmetal vapor "sprays" the target material, adhering to any
exposed surfaces to the "spray". Coating in this manner is directional
and an irregularly shaped specinmen nay require tilting and rotation to
achi eve total coverage. Additionally, the netal released is hot, and can
damage sone specinens. Finally, since nmetal particle size and coating
thickness are difficult to control, satisfactory results are dependent
upon operator skill, technique and care.



SPUTTER CQOATI NG

Sputter coating is a cold process whereby netal atonms are |iberated from
a target by ion inpacts, The atons di sperse throughout the process
chamber in a manner which provi des adequate coating of irregularly shaped
speci mens, without tilting and rotating

The atons are cool; consequently no thermally induced damage results.
Sputtering s a microscopic process involving clouds of netal atons, as
opposed to the "spray" of relatively large macroscopic clunps of
evaporated netal used in evaporative coating. As a result the unifornity
and thickness of the coatings are easily controlled. In general, the
guality and repeatability obtained by sputter coating are superior to

t hat obtai nabl e through evaporative means.

ADDI TI ONAL BENEFI TS OF SPUTTER COATI NG

Several additional benefits are derived fromthe sputter process.
Sputtering is done in a soft vacuumof 5 to 70 mllitorr pressures

obtai nable by small, | DES reliable and i nexpensi ve nechani cal punps. This
elimnate the costly and el aborate hi gh vacuum punp systemrequired in
evaporative coating. Sputter coating is specific with regard to the
anmount of coating material needed to achieve a desired coating thickness.
Evaporative coating is much nore wasteful of material; consequently the
annual cost of the precious netal used is significantly reduced.

PLASMA PRODUCTI ON AND USE

Technically accurate descriptions of gas plasnmas can be obtained in
nunerous references. Rather than burden the reader with undue scientific
definitions, a lay description is provided to enhance understandi ng and
provide anple basis for working with the plasma. Gas plasma may form
whenever gas is exposed to an electric field.

If the field is sufficiently strong, a high percentage of gas atons will
surrender an electron or two and become ionized. The resultant ionized
gas and liberated energetic electrons conprise the gas plasm, or plasnma.
Typically a noble gas is used, and is ionized in an electric field
produced by hazardously high voltage

The ionized gas atons are heavy but have relatively little kinetic energy
unl ess accel erated through the electric field. Wien this is done, they
will smash into a negatively charged surface, or target, and sone of the
ions will dislodge a netal atom Once dislodged, the atomcan fl oat
around and will eventually adhere to a speci nen.

A bot hersone byproduct of this ion novenent into the target is a novenent
of energetic electrons in the opposite direction. These can inpact the
speci men and cause heating. Biological specinens, polyners, or any

speci men, which is heat sensitive, nmay be affected and distorted by this
heat, leading to artifacts when observed in the el ectron m croscope. The
Hunmmer s al | evi at e el ectron-heating problens by enploying a planar
magnetron. A magnet is located within the cathode el ectrode
configuration. Electrons nmoving away fromthe target toward the specinen
will be diverted away fromthe specinen by the magnetic field provided by
t he magnet.



The term 'sputtering' specifically refers to this process of nicking

| oose material fromthe target. The tet in 'sputtering rate' refers to
the ampunt of target nmaterial per unit tinme interval that is renoved.
Anot her useful termis 'sputter coating rate' which is the rate at which
a specinmen is covered by sputtered material, usually expressed as
angstrons per mnute. Naturally, the higher the sputter rate, the higher
the sputter coating rate will be, since there will be nore atons of
target material floating around.

Many different gases are useful for sputtering. Argon is nost frequently
used because it is reasonably priced. Nitrogen is sonetines used.
However, it has a | ower sputter rate, and hence the sputter coating rate
is decreased. Nitrogen gas will result in reductions of sputter coating
rate of about twice fromthat of argon.

Bi bl i ogr aphy

A very short bibliography follows for those individuals wishing to |earn
nore about the sputtering process.
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