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AUTOETCH SECTION ONE 

AUTOETCH PLASMA ETCHING SYSTEM DESCRIPTION 

1.0 System Descrlptlon 

The Lam Research Corporation CLRC) AutoEtch is an In-line, cassette to 
cassette, fully automated, single wafer, double alrlocked, para! lei 
plate plasma etching system. The automatic functions are control led by 
a 280 microprocessor. An etching program may be prepared manually from 
the keyboard and may be saved on a rec I pe programm Ing modu I e. The 
entire system Is under automatic, closed-loop feedback control and Is 
double keylocked to prevent accidental alteration of the process. 

The AutoEtch has a continuous cathode ray tube display for monitoring 
the mach f ne status an~ the process parameters. A I so, the system Is 
designed to monitor and report on Its own performance through the 
communications Interface modem to a remote diagnostics station. 

The operating pressure, RF power, electrode spacing, gas flow rates, and 
step terminating modes are programmable for each of fifteen Independent 
process steps. 

1.1 Process Charri>er 

A wafer ts transferred from a send cassette to the entrance station. 
From the entrance stat l on It moves Into an entrance a Ir I ock and then 
Into the process chamber where It Is etched by a computer controlled gas 
p I asma d t scharge. The ~a fer · f s then moved from the process chamber to 
the exit airlock, from the exit airlock to the exit station, and Is 
finally transported to the receive cassette. The double alrlocks al low 

· the process chamber to remain under vacuum at al I times. The process 
chamber Is located behind the operator Interface display. The operator 
Interface Is hinged and wl 11 swing up al lowing visual access to the 
process chamber. 

The process chamber rs equipped with quartz windows on the front and 
back. Each· window has a wire mesh screen to contain the RF field and a 
p I ex i g I ass cover for UV f 11 -ter Ing. The w I ndows a I I ow for observat I on of 
the etching process. The front window plate also serves as the mounting 
point for the capacitance manometer and a pressure switch. 

The major sub-systems of ·the process chamber are: the I ower e I ectrode 
assembly, the electrode gap drive, the upper electrode, and the RF match 
assembJ y. The chamber Is a nod I zed In order to prevent react l on w Ith the 
etching gases. Care must be exercised to prevent damage to this 
anodized coating. 
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AUTOETCH SECTION ONE 

Lower Electrode Assembly 

The lower electrode assembly contains the lower electrode or anode on 
which the wafer rests during wafer processing. The entrance arm 
transports the wafer from the entrance airlock Into the process 
chamber and positions It over a I lfter. The I lfter picks up the 
wafer and then lowers It onto the anode. When the process cycle Is 
comp I ete, the 11 fter ra I ses the wafer and sets It on the ex It arm 
wh r ch transports rt to the ex rt arr I ock. Th rs chamber I ffter Is 
moved up and down by a pneumatlc cyl lnder. The position of the 
lifter ls sensed by two llmlt switches on the lifter drive cylinder 
and this Information Js fed back to the computer. A resistance 
thermometer device (RTD), located on the electrode Insert assembly, 
sends temperature data to the CPU wh lch mon !tors the temperature of 
the anode. 

A temperature control !er heats or cools ethylene glycol that ls 
ct rcu I at Ing through the I ower electrode, ma f nta In r ng the des I red 
anode temperature. A ch 11 I er may a I so be used to contro I the anode 
temperature. 

Electrode Gap Adjustment System 

The electrode gap adjustment system provides for adjustment of the 
space between the cathode and the wafer. The e I ectrode gap Is ad­
Justed by moving the upper electrode up or down with four DC motors. 
The motors drive four lead screws which are ganged and synchronized 
with a common chain to lnsure parallelism between the cathode and the 
anode. The ·position of the upper electrode ts sensed by a 10-turn 
precision potentiometer. Two limit switches prevent the upper elec­
trode from driving too far In either direction. In addition there 
are mechanical stops which prevent the upper electrode from making 
contact with the lower electrode. 

A electrical brake system Is Incorporated to overcome the force ex­
erted on the cathode when the chamber Is at vacuum. This force ls 
relatively large and moves the upper electrode downward when power ts 
removed from the drive motors. Without a brake, the cathode would be 
forced out of posltlon at the same time the DC motors attempt to 
reposition the cathode, causing an osclllatlon of the gap adjustment 
drive system. The gap drive brake automatically locks the gap 
hous l ng In pos It I on whenever power Is removed from the four dr Ive 
motors. 

The gap housing has two large flange (Bal) seals which provide a 
dlfferentlally pumped space between the chamber and atmospheric 
pressure. 
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Upper Electrode Assembly 

The upper electrode assembly consists of an Insulator rrng, baffles, 
and the cathode. The process gases flow through a gas manrfold, to 
the baffles rn the cathode, through the shower head hole pattern of 
the cathode r nto the process chamber .d I rect I y above the wafer. The 
cathode rs electrrcally connected to the RF generator by the RF match 
assembly. 

RF Match Assemb I y 

As the process parameters are changed, the e i ectr I ca I r mpedance of 
the process chamber will also change. The RF match assembly automa+­
lcally matches the rmpedance of the plasma to the RF generator as the 
power, electrode spaclng, gas mlxture, and chamber pressure vary. DC 
motors drive two adjustable air gang capacitors. Lrmrt swrtches 
prevent the motors from drlvrng the capacltors beyond thelr operatfng 
range. 

1.2 "Butterfly" Throttle Valve 

Centro I of the chamber pressure rs ach r eved by a "butterf I y" thrott I e 
valve attached to the chamber vacuum manifold at the back of the 
machrne. The throttle valve rs control led by an automatic throttle 
valve control I er (AC-2). Adjustment and cal lbratlon of the pressure 
control assembly rs done at the factory. Mafntenance should be 
attempted only by factory trained technlcrans. In the event of a 
failure of the pressure control system, contact a LRC Servr9e Englneer 
for advice or asslstance. 

The AC-2 controls chamber pressure by comparfng the pressure setpolnt In 
the Recfpe page with the chamber pressure as monitored by the capaci­
tance manometer. 

The chamber vacuum manifold, wrth a pneumatlcal ly operated Isolation 
valve, rs attached to the chamber vacuum forl lne assembly. Thls valve 
Is normally closed and ls activated by the CPU during operation of the 
system. 

1.3 Wafer Transport System 

Indexers 

The Hine Des I gn Send/Rece Jve Indexers are mounted on the top-front 
p I ates of the AutoEtch. The send Indexer w 111 I oad one wafer at a 
time onto the wafer belt drive system. The receive rndexer takes 
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processed wafers from the belt drive system and stores them In the 
receive cassette. 

Wafer Belt Drive System 

Wafers are transported to and from the ·Indexers by a motor driven 
belt conveyor system. 

Entrance and Exit Station Lifters 

The funct I on of the entrance stat I on I I fter Is to e I evate an un­
processed wafer from the send be It to a po Int above the entrance 
station alrlock arm. The exit station llfter wlll receive a 
processed wafer from the exit station airlock arm and lower It to the 
receiver conveyor belt. The lifters are raised and lowered by 
pneumatlcally driven pistons. The wafers are held on the lifters by 
a vacuum. The vacuum Is suppl led from the air lock vacuum manifold 
and Is controlled by a solenoid valve actuated by the computer. 

An In fared sensor on the entrance stat I on f s used to In form the 
computer that a wafer Is present. There Is an addltlonal fnfared 
sensor mounted ahead of the entrance station which Is used to sense 
the presence of more than one wafer (double wafer detector). If two 
wafers are detected, the load point I tfter wl 11 not raise and the 
process wlll stop. The computer monitors these sensors at .25 second 
Intervals. 

The vacuum chuck wfll stress each wafer as It lifts It Into position 
at each station. The force exerted by the vacuum chuck will fracture 
a weak or defective wafer. This prevents weak wafers from going Into 
the chamber. 

Airlocks 

The AutoEtch alrlocks act as a buffer between the clean room en­
v I ronment and · the process chamber. The a Ir I ocks a I I ow the process 
chamber to a I ways rema In at vacuum. Wafers are I oaded and un I oaded 
from the process chamber through the airlocks. Closing the Inner 
doors Isolates the airlocks from the process chamber and allows them 
to be vented. 

Once an airlock Is vented to atmospheric pressure, Its outer door 
w I 11 open and the arm w 111 be commanded to I oad or un I oad a wafer. 
CI os t ng the outer door l so I ates the a Ir I ock from atmosphere and 
allows the alrlock to be evacuated. When the airlock pressure 
reaches a set crossover pressure, the Inner doors wlll open. Wafers 
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can now be loaded Into the chamber or unloaded from the chamber Into 
the airlock. 

The Inner and . outer doors of the a Ir I ocks are operated by two a Ir 
cylinders, a gear train, and a linkage mechanism. The linkage mech­
anlsm Is designed to Insure that the door ls mechanically locked once 
the I I nkage Is d r l ven past center. The pos It Ions of the doors are 
determined by two I lmlt switches which sense the positions of the air 
cylinder shaft. 

The airlock arm Is driven by two air cyl lnders In serf es. Transla­
tion of the I Jnear motion of the cyl lnders to the motfon that Is 
required to extend and retract the arm from the airlock Is achieved 
through a mechanlcal gear train. The posltlon of the arm Is sensed 
by three lfmtt switches and this posftlon Information Is sent to the 
computer. Hardware Inter I ocks Insure that the arr I ock doors cannot 
be closed until the arm Is centered tn the airlock. 

The Inner and outer doors are a I so prevented from open Ing aga Inst a 
differential pressure of 50 Torr or greater. The outer door cylinder 
solenoid wl 11 activate only when the airlock reaches atmospheric 
pressure. The Inner door wlll not open until the airlock vacuum ls 
within the programed pressure selected on the "machine" Parameters 
page. 

The airlocks are Isolated from the airlock vacuum pump by Isolation 
valves. A "soft pump" feature provides a delay time for the opening 
of the airlock Isolation valves during which pumping on-the airlock 
Is Initiated through a 1/4" nylon I lne to the vacuum manifold. The 
airlock Isolation valves are pneumatically driven to close and 
Isolate the airlock If electrfcal power Is lost. The airlocks also 
have a "soft vent" feature wh J ch a 11 ows N2 to be d r spursed even I y 
Jnto the airlock when It Is vented. .. 

Malntenance or repalr of the airlock system should be attempted only 
by factory trained technicians. Request assistance from an LRC Ser­
vice Engineer before attempting to repair the airlock mechanism. 

1 .. 4 Gas System 

The gas panel assemb I y, I ocated on the r lght hand s l de of t.he system, 
regulates the flow of flve gases independently. The gas panel has an 
actual capacity to accommodate six gases slnce two gases may share the 
fifth flow controller. These gases flow Into the chamber, according to 
the f I ow rates se I ected on the Rec l pe page, to create the var I ous 
p I asmas. The gases are connected to the rear pane I w I th VCR fl tt I ngs 
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and each passes through a two micron filter before entering a mass flow 
controller CMFC). 

When not being control led, the MFC's go to a "normal I y open" (N.O.) 
state and then shut down to regulate the flow of gas. There Is a pneu­
matically actuated, normally closed, valve upstream and downstream from 
each MFC. There are also two valves (V6) which route the gases either 
to the process chamber or Into the chamber vacuum manifold. 

There Is an N2 manifold In the gas panel which fs used to purge the gas 
I Ines and to vent the arr I ocks. The gas I f nes have pressure re 11 ef 
va Ives w_h I ch prevent the chamber or a Ir I ocks from becom Ing pressur I zed 
to more than one psi greater than ambient pressure. 

On Poly machines the gas panel houses a CCL4 tank. This tank holds the 
CCL4 or other process I lqulds under vacuum and stores the gas until It 
ts called for In a process. On the CCL4 tank are two 3-way valves. One 
ts used to open the tank to the chamber vacuum manifold line to pump the 
tank down to vacuum. The other valve Is used to ff I I the tank with 
CCL4, and to feed the CCL4 gas to the chamber when called for In a 
process. Both the flll and process I Ines are plumbed to the rear of the 
gas panel. The process line Is plumbed from the rear of the gas panel 
up to gas Inlet I lne #1. This outside I lne may be wrapped with heat 
tape to keep the CCL from condensing. The CCL tank also has a float 
level switch which w111 activate the "LOW CCL4 LfVEL" audible alarm when 
the tank level Is low. 

The desired flow of gas ts programmed on the Recipe page and results tn 
an analog signal being sent to the MFC. The required amount of gas will 
then flow from the facility supply, through the gas panel MFC's, to the 
process chamber. The I lne between the gas panel and the process chamber 
Is a .25 Inch stainless steel flex tube housed In a corrugated tube. In 
the event of a leak, the corrugated tube will allow the process gases to 
be safely exhausted from the AutoEtch through an external exhaust con­
nect f on on the rear of the gas pane I assemb I y. There f s a scrubber 
failure switch attached to the gas panel which will activate an audible 
alarm whenever the pressure In the gas panel enclosure Is less than .7 
Inch water column below ambient pressure. 

1.5 Temperature Control System 

The lower and/or upper electrodes wi 11 be maintained at a specified 
temperature as required for the process. The function of the tempera­
ture contro I system Is to add or remove heat from the e I ectrodes by 
ctrculatlng an electrically non-conductive ethylene glycol coolant 
(temperature controller) or deionized water (chiller). 
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The anode temperature contro 11 er cons I sts of two pumps, two check 
valves, a heater, a heat exchanger and a coolant reservoir. To heat the 
electrode, the heater llne pump wlll clrculate the coolant through the 
heater, through the electrode, and back to the reservoir. A check valve­
prevents the coo I ant from c I rcu I at Ing through the coo I Ing system when 
the heater line pump Is on. To cool the electrode the cooling llne pump 
will circulate the coolant from the reservoir, through the heat 
exchanger, to the lower electrode, and back to the reservoir. In this 
Instance the check va Ive In the heater I I ne w 111 prevent the coo I ant 
from f I ow Ing through the heat Ing system. The res I stance thermometer 
devlce (RTD), on the bottom of the electrode, sends temperature 
Information to the computer. The lower electrode temperature Is 
compared to a setpo Int va I ue se I ected by the operator, and the appro­
pr I ate section of the anode temperature controller Is activated. 

The temperature controller Is protected by two devlces. There Is a 
thermal switch In the cool Ing water line which monitors the temperature 
of the coolant and a flow switch (3GPM) which monitors the flow of the 
house coollng water used In the heat exchanger. 

A chiller may also be used either In conjunction with or Independently 
of the anode temperature controller to cool the anode, the cathode, or 
the anode and cathode. The chll ler conslsts of a closed-loop dlonlzed 
water recirculating system. The chll ler maintains a preset temperature 
I eve I as programmed on the ch I I I er I tse If. The AutoEtch system has a 
water f I ow a I arm sw Itch wh I ch mon I tors the D. I • water f I ow from the 
chiller. If water flow from the chiller drops below 2 gpm, an audible 
alarm sounds on the AutoEtch and "low water flow" appears on the Status 
page d I sp I ay on the CRT. Th Is a I arm a I I ows process comp I et I on of any 
wafers already In the system but stops the send Indexer from releaslng 
any new wafers from the cassette. 

In addition to problems associated with the flow of D.I. water this 
a I arm may a I so be tr I ggered when D. I • water res I st Iv I ty deter I orates. 
The water resistivity alarm and shutdown setpolnt on the chiller Is set 
above a 2 Meg Ohm-cm mlnlmum, usually at 5 Meg Ohm-cm. If water resis­
tivity drops below this setpolnt, the chll ler wlll shut down, the yellow 
fault Indicator light on the chlller wlll lllumlnate, and water flow to 
the AutoEtch wlll stop, activating the low water flow alarm. 

1.6 System Electronics 

The AutoEtch e I ectron I cs cons I sts of a contro 11 er drawer assemb I y, a 
power d I strl but Ion box assemb I y, and Interface electron lcs. The con­
trol I er drawer houses driver circuitry, a microprocessor card cage, a 
combination board, other printed circuit boards, and power supplies. A 
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CPU controls al I the functions of the machfne and the memory cards 
contain the Instructions. The TTL driver cards operate solenoids, 

, relays, and motors. The analog and dfgftal Input boards provide Infor­
mation to the CPU concerning the status of the machine, 

The power distribution box assembly distributes the required AC and DC 
voltages necessary for the system to function properly. The power 
distribution box Is equipped with an Interlock switch which shuts the 
main power OFF when the box door rs opened. Maintenance technicians 
should be aware that line voltages are present In the power distribution 
box when this Interlock is defeated. External to the power distribution 
assembly box, on the rear of the machine, Is the main circuit breaker 
which wfll turn OFF all power to the system. Three LCD displays on the 
dfstrtbutton box door provide current status for system hours, RF hours, 
and number of wafers cycled through the system. 

The t nterface e I ectron I cs system cons I sts of the key sw ttchbox, RTD 
f nterf ace board, end po f nt detector board, gap d r f ve assemb I y, modem, 
guard seal Interface board, R.F. generator Interface board, and the key­
board. 

The key switch box assembly Is encapsulated and should not be tampered 
with or violated since ft contains the special code that Identifies the 
machine on which ft Is mounted. Maintenance or repair of the key switch 
box should not be attempted except by LRC factory trained technicians. 

The RTD Interface board, guard seal Interface board, and gap drfve 
assembly are located under the operator Interface assembly. A modem Is 
mounted on the back of the system and allows communication between the 
AutoEtch and the LRC Remote Diagnostic Center. 

1.7 Pneumatic System 

The pneumatic system consists of pneumatic cylinders, pneumatic valves, 
an air filter, a~d a distribution manifold. In the event of a failure 
of the pneumatic system and system power, an adequate amount of air fs 
captured In the system to bring the AutoEtch components to a safe state. 

Afr Is supplied to the pneumatic system through a quick disconnect 
fitting and a one psi differential pressure check valve. The AutoEtch 
pressure regu I ator shou Id be set at 80 ps r. The a Ir passes through an 
air reservoir to a manffold assembly and then to various cyl tnders. 

The pneumat f c system has a pressure sw f tch downstream of the one ps I 
pressure check valve which monitors the air supply. If the air pressure 
drops below 83 psi, the computer wfll detect this condition and activate 
an audible alarm. 
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The components operated by the pneumat I c system are the entrance and 
exit lifters, the inner and outer doors of the airlock assemblies, the 
entrance and exit airlock arms, the process chamber lifter, the tsofa­
tlon valves, and the gas system pneumatic valves. 

1.8 Operator Interface 

Operator Interface with the AutoEtch Is limited to the keyboard on the 
front of the system._ The operation of the keyboard wll I be discussed In 
Section 3. The CRT and keyboard assembly Is hinged to provide access to 
the front of the process chamber. 

W A R N N G 

The CRT and keyboard are completely enclosed to Insure 
the safety of operating personnel. Hazardous voltages 
are present. The protective covers should not be re­
moved without the assistance of a factory trained tech­
nician. 

1.9 Airlock Vacuum System 

The at r I ock vacuum system cons I sts of the a Ir I ock vacuum pump assemb I y 
and the airlock manifold. The airlock vacuum pump Is Installed remote 
from the system. Service to the pump should be I lmlted to changing the 
o I I three ti mes a year or more often as requ I red. The a Ir I ock vacuum 
manifold with the two airlock Isolation valves connect the pump to the 
airlocks through a flexible vacuum line and a coaxial trap. The airlock 
vacuum pump Is exhausted through a .75 inch PVC pipe. Quick disconnect 
KF flanges are used throughout the vacuum system for ease of service­
ab 11 tty. 

1.10 Rf Generators 

The AutoEtch Is equipped with ENI RF Power Suppl Jes; solid state, water 
cooled, 650 Watt or 1.25 KIiowatt generators which are mounted on slides 
directly above the controller drawer. These generators operate at 13.56 
megahertz with an output Impedance of 50 ohms. The RF output power Is 
connected to an RF match box where the chamber Impedance Is matched to 
the generator output Impedance to provide maximum RF power transfer. 
The generators are automat I ca I I y contro I I ed by the AutoEtch system. 
They may be manually operated In the "signal" (direct machine control) 
mode or from the front panel of the generators. ENI GENERATORS ARE NOT 
USER SERVICEABLE. 
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W A R N N G 

High voltages are present at the output of the genera­
tors. Operators and ma I ntenance techn I c I ans must use 
caution when working near these voltages. The RF gen­
erators are completely enclosed to Insure the safety of 
operat Ing and maintenance personnel • THE COYER SHOULD 
NOT BE REMOVED. 

1.11 External Pump Package 

LRC prov I des an externa I pump package as an opt Iona I accessory for 
customers who requ I re a packaged vacuum system, Th Is package cons 1 sts 
of an Edwards EH 250 Roots Blower and an E2M40F Rotary Pump. Both pumps 
are for corrosive service and require Fombl In Y6/06 flu Id for proper 
operation. 

The pump package Is delivered with an electronics package to start and 
stop both pumps. The control electronics Includes thermal overload pro­
tection, a local or remote control switch capabJI tty, and a cartrfdge 
oil filtration system. 

Service to the pump package should be limited to changlng the oll twice 
a year or more often If requ l red. The o 11 shou Id be changed If It 
becomes dark fn color. In addition, the cartridge oll flltratlon system 
fitters should be replaced regularly. 

LRC provides an optlonal Process Pump Interconnect Kit which can be used 
In Instances where the pump Is located within three feet from the 
AutoEtch. 

A user suppl led vacuum pump-llne and flex exhaust can be used for con­
necting the AutoEtch system to the pumping stack. The maximum distance 
for remote locatlon of the pump package Is 20 feet. 
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